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Abstract

Keywords: Vibration control; Sensorless vector control; Magnetic bearing, Runout iden-
tification, Unbalanced magnetic pull

This thesis presents the cooperative control of an active magnetic bearing (AMB) and
sensorless drive system. Traditionally, these two systems are considered as independent
modular components within a larger system. The control of both systems requires angular
speed information. Principally, the speed is required in the unbalance control of the AMB
and the speed control of the drive. Furthermore, the speed is also required in both systems
to compute cross-coupling terms for feedforward cancellation.

Historically, the speed is estimable in both systems, but only above a threshold speed.
The speed estimation in the AMB relied on the orbit generated due to unbalance. The
speed estimation of the sensorless drive (of a surface mounted PMSM) relied upon the
generated back-emf. This resulted in the sensorless drive system requiring an open-loop
start-up procedure.

It has been found by utilizing a novel method which relies on the disturbance force on the
rotor, due to unbalanced magnetic pull, that it is possible for the AMB system to estimate
the angular position of the rotor from standstill up to an upper limit in speed. Sharing
this estimated angular position with the drive system, it is possible to skip the open-loop
start-up of the drive and start it in vector controlled mode. The drive is switched to
sensorless drive mode before the angular position accuracy upper limit is reached. After
this switchover, the estimated angle by the sensorless vector control is in turn shared with
the AMB system for unbalance control. The sensorless drive control algorithm has been
reorganized to integrate in such a manner with the AMB’s estimated angular position so
that a smooth bumpless transfer results during the switchover.

The main contributions of this work are the disturbance force model identification by the
AMB system for estimation of the angular position and the supervisory coordination of the
two controlled systems to act cooperatively. The key structure proposed for consolidation
of the shared state information between the two systems is by integration into a phase-
locked loop (PLL).
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Chapter 1

Introduction

1.1 Background

This thesis considers an active magnetic bearing (AMB) system combined with a syn-
chronous permanent magnet machine (PMSM) in the form of a flywheel system. The
inner components of such a system are depicted in Fig 1.1 with the outer supporting
structure not shown. The rotor structure is levitated within the air-gap of the AMB
stator by applying suitable counteracting forces which are generated by electromagnets.
The required suitable forces are computed by an electronic control system, based on the
position sensor signals which sense the rotor position within the air-gap. The flywheel
system is spun up by the PMSM in order to store kinetic energy. The energy is recovered
by the same PMSM acting as a generator when needed.

The AMB and PMSM combination is used in other systems besides the flywheel, such as
centrifuges, turbo-machines, and pumps.

1.1.1 Vibration control background

An active magnetic bearing faces a set of problems, which, when solved successfully,
counts (ironically) as one of the advantages of an AMB. This set of problems is broadly
categorised under vibration. A vibration classification scheme is presented in Fig. 1.2. The
classification of the “Groups” are attributable to [1]. “Group A” methods are concerned
with lowering bearing currents, e.g. allowing the rotor to rotate about its inertial axis.
“Group B” methods are concerned with the high precision rotation of the rotor about its
geometric centre.

The root cause of vibration is because all manufactured components exhibit a degree of
mass unbalance. Mass unbalance occurs when a planar rigid body’s centre of mass does
not coincide with its geometrical centre. When considering a three dimensional rigid body
as in Fig. 1.1, the centre of mass may also have a non-zero Z component. Even if the

1
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Figure 1.1: Rigid rotor free body diagram with AMBs and PMSM.

machining process may satisfy extreme geometrical tolerances, the constructed rotor may
still have mass unbalance due to inhomogeneous material density. Referring back to Fig.
1.1 the unbalance causes the rigid body’s principal axis of inertia and the Z-axis to be
non-collocated.

If the Z component of the centre of mass is zero, then the Z-axis and the principal axis of
inertia of the rotor are parallel, in which case the unbalance is known as static imbalance.
In the case of a non-zero Z component of the centre of mass, an additional angle exists
between the Z-axis and principal axis of inertia.

At standstill, the mass unbalance in itself is not a problem. Only when the rotor has an
angular velocity, Ω, does a conventional proportional and derivative (PD) controller1 have
a problem to generate the centripetal force required to reject the sinusoidal disturbance
caused by the mass unbalance. The magnitude of the required centripetal force is pro-
portional to the mass unbalance and the square of the angular velocity as shown in (1.1):

Fcen d ∝ meω
2
r . (1.1)

The PD controller cannot reject the relative high-frequency sinusoidal disturbance due to
1Assuming the controller’s objective is to rotate the rotor about the geometric centre.
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Figure 1.2: Breakdown of vibration control categories ([1, 2]).

the correction force always lagging the sinusoidal disturbance.

One proposed method of addressing this phase lag is to transform the measured rotor
position to a reference frame which is synchronous to the angular velocity of the rotor.
Relative to this new reference frame the sinusoidal disturbance appears as a 0 Hz disturb-
ance, such that an integrator term added in this reference frame and transformed back to
the stationary reference frame would result in successful cancellation of the synchronous
disturbance. The control in the rotating reference frame has been proposed and tested by
De Miras and Charara [5, 6, 7]. Cancelling the rotor vibration by the AMBs would result
in large forces being transmitted to the AMB housing in which the rotor sensors reside.
This, in turn, could result in housing resonant mode excitation as well as erroneous sensor
measurement resulting in positive feedback. Also, the forces generated by this method are
large and may saturate the AMB, hence the AMB has to be designed with large dynamic
load capacity.

Another option is to ignore the synchronous part of the position measurement via notch
filters. This would allow the rotor to spin about its principal axis of inertia [8]. As long
as the distance between the centre of mass and the geometric centre is smaller than the
clearance between the magnetic centre and the back-up bearing, the rotor will be able to
spin without run-out against the back-up bearing. This method results in a small AMB
current ripple. In the case of permanent magnet biased AMBs this result in significantly
increased efficiency due to copper loss savings.

The notch filter approach is an open-loop unbalance compensation technique and does
not present a stability problem for weakly gyroscopic rotors [8]. The gyroscopic effect is
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also a synchronous disturbance and needs to be compensated, which would be ignored by
the notch filter. As shown by [9] the gyroscopic effect is a destabilizing disturbance but
does not make the system unstable, some extra destabilizing mechanism is required for
the system to become unstable.

A notch filter implementation based on the rotating coordinate transformation is presented
by Zheng and Feng [10], which is related to the work presented by De Miras and Charara,
but establishes the equivalence between the rotating coordinate transformations and the
two-step modulator notch filter.

Observers or adaptive controllers are able to estimate the rotor unbalance and generate
an injection signal accordingly. They fall under the category of closed-loop methods.
The proponents of open-loop methods point out that the observers are of a high order.
Microprocessor/controllers have improved since the proposal of the closed-loop methods.

Also, the stability bounds of the closed-loop method have to be determined. For example,
an adaptive autocentering control is proposed by [11], which is a closed-loop method. At
certain angular velocities the estimator has to be turned off and the controller uses the
held estimator outputs for cancelling the synchronous disturbance, allowing the rotor to
spin about its inertial axis. After crossing the unstable frequency the estimator is allowed
to turn back on. They note that the method is applicable to the dynamic imbalance
case as well, but it is not usable for systems with flexible modes. Another problem with
this method is that it requires the angular speed measurement. Also a drift in the speed
measurement during the period that the estimator has to be turned off would result in an
erroneous synchronous force generated, which could destabilize the system. Low-frequency
drift in the speed estimation could be countered if the method used an angular position
input instead.

A unification between the open-loop and closed-loop method has been proposed by [8],
known as a “generalized notch filter”, since all unbalance compensation methods have a
possible “black-box” representation [1].

Other important developments have been done by Tamisier et al. [2], who managed to com-
bine a closed-loop unbalance compensation scheme with flexible mode damping (“Group
C”), which was a problem with previous methods, such as the method by [11] mentioned
earlier. They also showed that their method can be combined with other existing vibration
control techniques. Tamisier also proposed to extend his previous method to cancel the
cross-coupling term due to the gyroscopic effect [12]. He also recognized and addressed
the stability problem of closed-loop vibration control methods.

1.1.2 Sensorless vector control background

The most basic “sensorless controller” is scalar control or V/f control [13]. Sensorless vector
control has a much higher dynamic response, but for the surface mounted permanent
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magnet synchronous machines the speed and angle at stand-still and low speed are not
estimable [14]. This implies the requirement of an open-loop start-up method which
requires parameter tuning [4]. High-speed machines operate over a broad frequency range
and the parameters may need to be modelled as a function of frequency. Also, the high
frequency operation entails that the ADC, control loop execution and PWM update cycle
delays are not negligible and need to be accounted for during the control design and
compensated during control implementation.

1.2 Areas of possible contribution

All of the unbalance compensation schemes considered thus far require at least an angular
speed signal input. In order to alleviate this necessity, an extension of the unbalance
estimator has been proposed by Lee et al. [15] such that the speed signal may be extracted
from the AMB position signals themselves. This showed that there was indeed a need for
the AMB control to be independent of the speed sensor. Herzog et al. [8] also reported
on methods which are independent of a speed sensor input, i.e. the angular velocity
is estimated using phase-locked loop methods using signals internal to the notch filter.
Whether this method of removing the speed sensor actually increases the system reliability
still needs to be investigated [8]. Lee et al. [15] also recognized that if an electrical machine
is present, then this could be used instead to derive an angular speed estimation. In fact,
Lee et al. were able to use the estimated speed from the AMB vibration control as an
input for an induction machine drive, although they admitted that the system had slow
speed variation, i.e. a low dynamic drive was used.

Nevertheless, these methods rely on a certain amount of unbalance of rotor eccentricity to
be present such that the signal-to-noise ratio (S/N) is large enough to accurately estimate
the angular velocity, hence they also only work at higher speeds. Lee et al. [15] also
suggested that their proposed algorithm should be tested in combination with a vector
controlled drive (higher dynamics/faster speed variation).

The speed estimation from either the AMB or electrical drive does not work well at low
speed. The speed estimation bandwidth of the AMB has not been tested or compared
with that of a sensorless electrical drive. Only in one instance in literature [15], did the
drive benefit from speed estimation from the unbalance control.

The presented background on the developments of vibration control, especially the last
noted shortcomings and suggestions for future research from the literature, has been in
preparation for the problem statement presented in the following section.

From a practical implementation viewpoint, computational improvements of the imple-
mented controllers are always welcomed. In the control of high-speed machines, it is
especially desirable to improve computational efficiency because it leads to higher possible
sample rates. Hence, the control is less influenced by time delay and quantization effects.
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Delays can be compensated using static delay compensation [13], but such compensation
is only an approximation. The best remedy to compensate delay is to make the delay as
small as possible. The prototyping platform for this study is the DS1005 system which
employs a single, dated, PowerPC processor, which has the job of performing the AMB
and the PMSM control. Performing advanced control techniques of just one of these sys-
tems on a single processor is a demanding task. Performing the control of both systems
on one processor thus demands computational efficiency of the entire system. Seeking to
improve the computational efficiency also encourages the discovery of possible instances of
sharing state information between both systems resulting in a higher probability of finding
ways to make the system cooperative.

1.3 Problem Statement

The speed and angle estimation of the sensorless drive and active magnetic bearing have
not been considered in unison, despite the fact that the sensorless drive and AMB reside
in the same system. The estimation of the speed and angle have only been considered
with respect to the two systems as independent modular units. The development of an
algorithmic structure or framework which fuses and consolidates the state estimation of the
two systems would be a theoretic advancement with practical value. A second shortcoming
of these two systems is in the lack of angular estimation at standstill and low speed. The
angular dependent disturbance force presented in the bearingless drives literature may be
beneficially exploited to overcome this shortcoming.

1.4 Research aims and objectives

The research aims and objectives of this thesis are:

• Identify previous methods of combining the AMB and drive control in literature.

• Identify problems and weaknesses within the AMB and drive systems that may be
alleviated by combining the control into a cooperative control strategy.

• Develop simulation models of the AMB and drive systems of varying fidelity for
control system development and accurately representing the non-idealities of each
system.

• Investigate and analyse new methods of realizing cooperative control methods.

• Reduce the computational demand of the AMB and sensorless drive control such
that it is implementable on a single control platform.

• Perform parameter identification of the developed system models.
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• Develop or modify existing hardware to allow the implementation of the developed
control algorithms.

• Implement and test the novel algorithms.

1.5 Research methodology

Literature study: Identify previous methods of combining the AMB and drive control.
Identify problems and weaknesses within each system that may be alleviated by
combining the control into a cooperative control strategy.

Modelling and experimental testing: During the modelling phase, try to discover
non-idealities or effects which are usually neglected or unwanted and develop meth-
ods to compensate for these and to exploit them for additional control functionality.
This is an iterative process which is alternated with testing on the physical system.
Discrepancies in the measured system response which deviates from the “standard”
system model provide clues for unmodelled non-idealities which may be exploited.

Combine/factorize functional patterns: Determine which control structures in the
AMB and drive system are similar such that these structures may be combined or
factored into one structure in order to yield a cooperative control and to reduce
computational overhead.

Non-ideality parameter identification: Perform parameter identification to obtain
the parameters of models for the non-ideality effects which are to be exploited for
extra functionality.

Parameter identification of nominal system parameters: Perform parameter iden-
tification of the nominal system parameters, i.e. the AMB and the PMSM, which
takes into account the influence which the non-idealities would have on the system
parameters. In the case of the AMB system parameters, the effect of sensor run-out,
air-gap irregularity and the disturbance force due to the permanent magnet of the
PMSM have to be accounted for. In the case of the PMSM, the non-ideality due to
the inverter non-linearity and three-phase line filter has to be accounted for.

Develop or modify existing hardware: The non-ideality effects which are to be ex-
ploited may generate relatively small amplitude signals which may easily be corrup-
ted by measurement noise or other secondary non-ideality effects. Thus, in order to
successfully implement the algorithms, the hardware may has to be modified or new
hardware has to be developed so that the S/N of the system is sufficient such that
the primary2 non-ideality effects may be exploited and that the secondary3 non-

2An example of a primary non-ideality effect is the angular dependent disturbance force due to the
permanent magnet of the PMSM.

3An example of a secondary non-ideality effect is that of the inverter non-ideality (e.g. dead-time).
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ideality effects may be compensated for. The measurement noise may be remedied
by synchronizing the inverter of the drive and all of the switching power amplifiers
of the AMB. In addition, shielding, grounding, and EMI-filters may also have to be
reviewed.

Implement and test algorithms: Implement the control algorithms of the separate
AMB and drive control systems and evaluate the performance of each separate sys-
tem as a baseline. Implement the cooperative control algorithms where the separate
control algorithms become linked and overlapping functional algorithms are refact-
ored into a unified structure. The performance of the cooperative control is compared
to the baseline performance.

1.6 Contributions of research

The unique contributions in this work are as follows:

• Development of an empirical model and parameter identification procedure for the
characterization of the permanent magnet’s force disturbance.

• An algorithmic advancement in the open-loop start-up of the sensorless vector con-
trol which allows for a bumpless transition from open-loop to closed-loop operation.
The bumpless start-up procedure also reduces the computational complexity of the
sensorless vector control.

• Utilization of the permanent magnet’s force disturbance to estimate the rotor angular
position at standstill and to allow for sensored vector control start-up. The bumpless
start-up method is modified to allow for the vector control to start-up with the AMB
functioning as the angular position sensor and smoothly transitioning to the drive’s
estimated angular position.

• The development of a novel inverter non-linearity identification procedure and post-
processing algorithm which is able to recover the zero voltage component algebra-
ically and thus decouple the non-linearity so that look-up tables may be generated
to compensate for the non-linearity as it originates in each individual phase as a
function of the phase current.

Publications

During the course of the thesis, two conference articles were presented:

Control of magnetically suspended rotor combined with motor drive system [16]:
This paper presented the start-up of the sensorless drive using an open-loop start-up
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strategy. Upon switching to the sensorless control after start-up a current transient
would result. The paper presents a method of reinitializing the current controllers
upon switchover such that a smaller transient results. At higher speed, a weighted
averaging of the sensorless drive’s speed and the estimated speed from the unbal-
ance control is considered in order to reduce the speed ripple and subsequent current
ripple in the drive.

Pseudo-magnetic centre identification of an active magnetic bearing

for sensorless drive control start-up [17]: The paper presented a method of detect-
ing the runout of the rotor by means of an estimated force disturbance. The true
magnetic centre is approximated by a method called the pseudo-magnetic centre
identification. During the course of the paper, it was assumed that the angular
variation of the estimated pseudo-magnetic centre was only due to the magnetic
centre variation. It was noted that the pseudo-magnetic centre variation is influ-
enced by external disturbance force variation. It was thought that the disturbance
force causes only a DC offset, but as will be presented in this thesis, the disturbance
force variation was responsible for the angular dependence in the estimated mag-
netic centre. Hence, the pseudo-magnetic centre may be considered as an indirect
or model-free method of exploiting the angular dependent disturbance force.

The previous paper presented an indirect method of exploiting the angular dependent
disturbance force. In this thesis an angular dependent disturbance force model is presen-
ted, which allows for a more rigorous treatment in deriving the estimated angle from the
disturbance force. Hence, a journal article will be submitted presenting the model based
disturbance force angular estimation of the rotor, along with the cooperative control in-
tegration with the drive.

1.7 Thesis overview

The thesis is outlined as follows4:

Chapter 2: Literature study As stated in the methodology the literature study con-
sists of a selecting a vibration control method, which will suit the requirement of
being able to be combined with the sensorless vector controlled drive. Also, back-
ground on the sensorless vector drive control and its own shortcomings need to be
presented from literature. Previous methods of codependence between the AMB
and the sensorless drive is sought, which are later evaluated and improved upon in
this study. Novel methods of codependence and cooperation between the AMB and

4Note that no results chapter is included. The results of the designed control presented in each chapter
is included at the end of that chapter.
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sensorless drive can only be claimed in showing that the new method is absent from
literature or that it results from combining existing methods in a new way.

Chapter 3: AMB control The AMB control design consists of the design of the AMB
controller in centre-of-gravity coordinates using a feedback linearisation framework.
This is followed by the design of the rotor rigid body dynamics observer, since
utilization of the estimated disturbance force later on is an important signal to be
exploited to obtain cooperative control features. Two different disturbance force
models are presented. The first is based on the unbalanced magnetic pull due to
the permanent magnet of the PMSM alone. The second model, builds forth on the
former model to compensate the disturbance force due to improper force inverse
function parameters and compensation of higher order terms in the force function.
With the AMB control designed and disturbance forces compensated the unbalance
control design and measured results are presented.

Chapter 4: Sensorless vector control The sensorless vector control is well established
in the literature and the control design procedure of Kshirsagar et al. [4] is followed.
The drive used in this thesis has a three-phase line filter. The work presented by
Salomäki [18] addresses the sensorless control of drives with filters. Salomäki opts
for a full-state observer approach, but due to unwarranted computational complexity
the observer presented by Kshirsagar et al. is justified and used instead. This comes
down to using a reduced order observer. The start-up method of the sensorless
vector control is modified to yield a bumpless start-up which is computationally
more efficient than a pure open-loop start-up which switches to closed-loop at some
predefined threshold speed. The chapter finishes by extending the non-salient fixed
parameter observer proposed by Kshirsagar et al. to a salient parameter varying
observer for the sensorless control.

Chapter 5: Cooperative control integration This chapter presents the estimation of
the angular position based on the disturbance force due to the unbalance magnetic
pull of the PMSM. The angular estimation of the AMB and the sensorless drive is
fused using the modified tracking controller which was originally only used for angle
estimation in the sensorless drive. The cooperative control start-up improves upon
the open-loop start-up.

Chapter 6: Conclusion and recommendation The outcome of the hypotheses are
discussed based on the measurement results in the previous chapter. The discrep-
ancies between the implemented system and the simulation results are discussed.
Based on the experience and insights gained during the course of the study, recom-
mendations are made for future research.

Appendix A: Inverter non-ideality compensation The non-ideality compensation con-
sists of a novel method of characterising the inverter non-linearity and decoupling
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the distortion to a non-linear function for each phase. The non-linearity/distortion
is mainly caused by the dead-time effect and secondarily by non-linear device voltage
drops. The DC bus disturbance rejection is also presented with an efficient means
of calculating the reciprocal of the DC bus voltage based on the Newton-Raphson
method. The appendix finishes off with a method of compensating the distortion due
to the quantization noise of the PWM, which is not so much important for control
purposes, but is required during the inverter non-linearity characterisation.

Appendix B: PMSM parameter identification The PMSM parameter identification
is important to include as the parameter accuracy influences the performance of the
speed and angle estimation by the sensorless control. The quality of the estimated
speed and angle in turn will influence the performance of any other subsystem which
depend on either as an input. It is found that the three-phase filter combined with
the PMSM has non-linear parameters, which should either be accounted for via an
averaging technique (choose a robust value) or the electrical domain observer has to
be extended to be parameter varying.

Appendix C: AMB parameter identification The AMB system parameter identific-
ation consists of the rigid rotor plant and AMB force function parameters to be
identified. The parameter identification is performed by pulsing each AMB indi-
vidually and fitting the force function parameters using an off-line method so that
the simulated response matches the measured response.

Appendix D: AMB power amplifier design The AMB power amplifier design presents
an overview of the chosen topology and the reasoning behind various design choices.
Most of the design choices of the power amplifier can be traced back to a requirement
of reducing the switching noise within the system. A comparison of the noise on the
eddy current sensor signals between the old (commercial) and the newly developed
power amplifier is presented as a performance evaluation.

Appendix E: Digital supplement The digital supplement provides some useful simu-
lation models and algorithm code embedded into the pdf version of the thesis.





Chapter 2

Literature study

The literature study serves to provide background on active magnetic bearings and sensor-
less drives and the control of these systems. Advantages of each technology and the short-
comings or difficulties faced implementing and operating each system are also highlighted.
Previous methods of addressing these challenges are reported. Special emphasis is given
to previous methods which reported on coupling the control of these two systems.

2.1 AMB introduction

2.1.1 Active magnetic bearing operating principle

air gapx −

Figure 2.1: Active magnetic bearing system.

An active magnetic bearing (AMB) is an example of a mechatronic system [19]. Its purpose
is to provide a magnetic force in order to suspend an object, typically a rotor, such that
it can rotate freely. The AMB achieves this objective by incorporating components that
originate from diverse engineering disciplines. As shown in Fig. 2.1, the force required
to suspend a rotor is generated by electromagnets which may be aided by permanent

13
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magnets to provide bias flux. The required currents in the electromagnets are computed
in a controller which take the rotor position measurement as input. The current references
generated by the control software are actuated by power amplifiers. The control software
needs to continuously update the reference current because the AMB system is inherently
unstable [1]. Usually, there is a backup bearing with an inner diameter larger than the
rotor in order to catch the rotor in case of an AMB failure.

2.1.2 Advantages of AMBs

It is not difficult to imagine the benefits of using an AMB compared to a conventional
bearing. The advantages are (amongst others):

• The system has lower rotational friction losses.

• Very high-speed operation.

• Lubrication-free operation is environmentally friendly and requires less or no main-
tenance. In fact, some applications demand lubricant-free operation, e.g. the helium
heat exchanger of a pebble bed modular reactor [20].

• There is less of a misalignment problem possible between two bearings on the ends of
the rotor, i.e. the AMB can tolerate larger misalignment than that of conventional
bearings [21].

• Due to lower friction losses and the ability to control vibration, AMBs lend them-
selves to systems which require higher operating speeds and enabling new applica-
tions [22].

• The rotor position signals and the electromagnet currents can be used for fault
diagnosis of the AMB and rotor [23, 24, 25, 26].

• The controller signals are also proportional to the bearing forces which may also
elucidate operating conditions of the rest of the plant itself. For example, monitoring
of the cutting tool condition in a milling machine [27].

• No bearing “run-in” is required [28].

• No current leakage between stator and rotor due to induced common-mode voltages
on the rotor by the motor drive, since the AMB air-gap provides galvanic isolation.

Due to the advantages of the AMB, it is typically used in applications such as machine tool
spindles [29], vacuum systems, turbo-machinery, flywheel energy storage [30] and inertial
wheel systems used for attitude control of satellites [1]. Other future applications AMBs
have been considered, such as AMB applied to jet engines [31].
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2.1.3 Disadvantages of AMBs

AMBs, however, have their own drawbacks, such as:

• Higher initial capital cost. An AMB may have a lower cost if the payback period of
the AMB is shorter than the system lifetime. More importantly, depending on the
application, better performance outweighs the higher cost [29].

• Limited load capacity due to magnetic saturation, limited coil current and a min-
imum required air-gap [32, 33].

• Larger size and weight. Despite AMBs having a larger size, it has been shown
that AMBs can replace conventional bearings on some existing systems (retrofitted)
[34, 19].

• Increased complexity and more sources of possible failure.

• AMB systems require specialist knowledge to design, commission and maintain [28].

Despite the disadvantages, certain applications demand AMBs to be used. The advantages
often outweigh the disadvantages, depending on the intended application.

2.2 AMB control

2.2.1 Brief overview

The complexity of the control algorithms used to generate the currents within the AMB’s
electromagnet has developed alongside the development of the electronic processing units.
Initially, AMB controllers were simple analogue PID controllers. The AMB control was
based on decentralized control, i.e. the control signal was originally derived from the
position signal of that particular axis [35]. With the advent of digital electronics, the
control could be realized digitally and a centralized control scheme could be implemented
which accounted for the coupling of position signals of different ends of the rotor into a
centralized control law.

Originally, the control law was designed using a linearisation of the plant and actuator,
but also due to digital electronics, a non-linear control law could be realized [36]. As
processing capacity increased higher and higher order controllers could be realized on a
single processing unit [37].

Another control advancement made possible due to increased computational capacity is
the compensation of other disturbances such as unbalance control and compensation of
the rotor gyroscopic effect, which is presented next.
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2.2.2 Disturbance compensation

2.2.2.1 Unbalance control

All rotors have a certain degree of mechanical unbalance. Unbalance is the condition that
a rotor’s inertial axis of rotation does not coincide with the geometrical centre. This is
caused by machining inaccuracy and non-uniform material density.

Unbalance is corrected, up to a certain specification, by measuring the vibration caused by
a rotating rotor and removing or adding mass on the rotor so as to cancel the unbalance.
Even after balancing some unbalance remains within the tolerated limit allowed for by
the balance specification. In applications requiring the rotor to accurately spin about
its geometric centre a stringent unbalance specification is given and/or the AMBs are
designed to operate at higher bearing load forces and power amplifiers are designed to
operate at higher bearing load currents.

Active magnetic bearings have the ability to allow the rotor to rotate about its centre of
mass due to the extra degree of freedom allowed for by the air-gap between the rotor and
the electromagnet pole tips of the AMB. In certain applications, it is preferable to rotate
the rotor about its centre of mass. The unbalance explanation is further aided by Fig.
2.2. The centrifugal force, F , required for the rotor to rotate about its geometric centre
whilst sustaining a mass unbalance is given by [38]:

F = rεMΩ2 , (2.1)

where rε, is called the mass eccentricity of the rotor, with massM . The eccentricity is the
displacement of the centre of mass, point C, from the geometric centre, point G. The rotor
is assumed spinning with a velocity of Ω. By controlling the AMB in order to allow the
rotor to spin about its centre of mass the AMB does not have to generate this centrifugal
force.

.
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Figure 2.2: Rotor unbalance and eccentricity.

Unbalance control is achieved by “ignoring” or filtering the deviations of the position sensor
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signals which are synchronous to the rotation of the rotor [39, 40]. By not generating a
reactive force in response to the synchronous deviations of the position signals a force-free
control is achieved. It is thus as if the rotor is spinning in free space. With unbalance
control the AMBs only have to stabilize the rotor and account for other disturbance forces
such as gravity.

Various unbalance control techniques have been presented in the literature, but they can
be broadly classified as open-loop and closed-loop techniques. Open-loop techniques are
able to cancel the synchronous disturbance of the position signal by a priori knowledge of
the unbalance and a signal may be generated given the rotor angle as an input to cancel the
disturbance signal. Closed-loop methods determine the unbalance disturbance magnitude,
phase and frequency from the synchronous disturbance signal in order to generate a signal
which is used to cancel the synchronous disturbance which is fed into the control.

The most common example of a closed-loop method is that of the notch-filter. The
notch-filter requires the speed of the rotor as a parameter input in order for the notch
centre frequency to correspond to the rotor frequency. The notch filter introduced into
the control-loop has an effect on the overall closed-loop dynamics and thus need to be
accounted for in the control design in order to ensure stability. The design of a generalized
notch-filter presented by [8] takes the sensitivity function into account in the design process
in order to arrive at a stable unbalance control law.

The position signal disturbance, due to unbalance, may be modelled as:

rεx = |rε| cos (Ωt+ φ) (2.2)

rεy = |rε| sin (Ωt+ φ) . (2.3)

Usually, the unbalance control algorithm requires the rotor frequency, Ω, as an external in-
put and the unbalance control only determines the magnitude and phase of the unbalance.
An alternative, but equivalent expression of the unbalance disturbance signal is given by:

rεx = Ax cos (Ωt) +Bx sin (Ωt) (2.4)

rεy = Ay cos (Ωt) +By sin (Ωt) , (2.5)

which accounts for the phase offset, φ, of the unbalance with the trigonometric sum of
sine and cosine terms. The unbalance control thus operates by determining the truncated
Fourier series coefficients, Ax, Bx, Ay, By, online. From these coefficients, a reference
signal is generated which cancels the synchronous disturbance from the measured signal.

The unbalance control is depicted in block diagram form in Fig. 2.3. The notch filter
reproduces an estimate of the eccentricity disturbance, ŷd, depicted as an output meas-
urement error, yd. The disturbance estimate is subtracted from the sensor signal and is
no longer present in the input signal, u (t), to the control.
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Figure 2.3: Unbalance control block diagram (adapted from [3]).

It has been shown that the unbalance control may also estimate the rotor frequency from
the disturbance in the position signal [41, 15, 42, 43, 44]. This is done in order to make
the unbalance control independent of the requirement of speed or angular position signal
inputs. Herzog et al. mentioned that it may increase the system robustness to do away
with reliance on the position signal for unbalance control, but further investigation was
required. Indeed, Hutterer [44] showed that estimation of the rotor angle included in the
unbalance observer may be used as a back-up to the estimated angle from the sensorless
drive in case the drive should fail.

2.2.2.2 Geometric centre control

In applications requiring the rotor to spin precisely about the geometric centre, the dis-
turbance rejection problem is formulated differently. Unlike the unbalance control which
aimed at reducing the control effort in the AMB reference currents, the geometric centre
control instead enhances the control effort such that the position variation due to the force
disturbance is cancelled. It has been noted by Jiang et al. [3] that the geometric centre
control may be obtained by switching the pickup and insertion points of the unbalance
control. The insertion point may also be inserted at other possible points further forward
in the signal path.

The geometric centre control is thus depicted as in Fig. 2.4. Instead of modelling the
unbalance as a measurement error it may also be modelled as a disturbance force, Fd. By
providing an estimate of the force disturbance, F̂d, which matches the centrifugal force
required to keep the rotor spinning about the geometric centre no position disturbance
results due to the unbalance. Jiang et al. [3] showed that the same notch filter algorithm
(based on online identification of the Fourier coefficients) may be used for either unbalance
or geometric centre control, by switching the pickup points. Information of the rotor speed
is required in both the unbalance and geometric centre control.

An example of an application requiring the geometric centre control is that of an AMB
supported spindle used for micro-milling [27]. Besides compensation of the unbalance force
another non-ideality is that due to runout of the sensor ring on which the AMB position
sensor measures the rotor position. Runout is due to the non-circularity of the sensor ring.
Left uncompensated the runout will affect the quality and precision of the machined part.
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Figure 2.4: Geometric centre control block diagram (adapted from [3]).

The runout is a function of the angular position and may be determined offline or online
and subsequently subtracted from the measured rotor position given that the rotor angle is
known or estimated. Blom [27] presented an online estimation of the runout, modelled as
a truncated Fourier series, given noisy angular position signals and extended the method
to also estimate the rotor angular position if no such angle information is available.

2.2.2.3 Compensation of the gyroscopic effect

Although not a disturbance in itself, the gyroscopic effect is excited by disturbances,
such as unbalance, and tends to exacerbate the response to disturbances. The control
stability of a rigid rotor is analysed by Dimond et al. using a nondimensionalized model
with different values for the ratio of polar inertia to transverse inertia, P =

Jp
Jt

[9]. For
the linearised force model, the rotor is asymptotically stable but tends towards marginal
stability as the inertia ratio of the rotor increases. A rotor with a high inertia ratio is called
a highly gyroscopic rotor. The gyroscopic effect alone does not cause the rotor to become
unstable but in the presence of other destabilizing mechanisms, such as delays, the control
may become unstable. It has been shown in the analyses performed by Mohamed and
Emad [45] that the nonlinear model of the AMB in conjunction with the gyroscopic effect
is sufficient to cause a Hopf bifurcation, i.e. the control is not stable in an equilibrium
point but a limit cycle results.

Due to the destabilizing gyroscopic effect of the rotor the control gains have to be de-
signed as speed dependent or another option is to use a model-based compensation of
the gyroscopic effect via a feed-forward compensation. Feed-forward compensation of the
gyroscopic effect also requires the rotor speed as an input, as pointed out by [40] (and
implemented by others, e.g. [46]) and more recently revisited by Hutterer et al. [47, 48].
The system’s sensitivity function and hence the system eigenvalues are demonstrated to
be speed independent after feed-forward compensation of the gyroscopic effect. Another
reason why the speed independent eigenvalues due to feed-forward compensation of the
gyroscopic effect are desirable is that it simplifies the design of the unbalance control
which has to take into account the sensitivity function in order to guarantee stability [8].
Hutterer et al. [49] demonstrated such an unbalance control including gyroscopic com-
pensation in. The unbalance observer that they presented included estimation of the rotor
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speed which in turn was utilized by the gyroscopic compensation.

2.3 Sensorless drive control

2.3.1 Basic types of sensorless control

The type of drive considered in this thesis is the three-phase permanent magnet syn-
chronous machine (PMSM). The most basic form of sensorless control of the PMSM is by
generating an open-loop voltage which is proportional to the angular speed of the rotor.
This is the so called V/f or scalar control [13]. A small voltage surplus is added in order to
overcome the resistive and inductive voltage drop of the stator windings and inverter non-
ideality [50]. The stator current causes a magnetic field such that the rotor experiences a
torque due to its permanent magnet which tends to align, but lag that of the stator. The
angular difference between the revolving stator and rotor magnetic fields thus ensures the
continued production of torque.

For higher efficiency and improved dynamic control of the torque, the stator current is
controlled in order to independently manipulate the magnitude and phase of the current.
This results in the so-called vector or field oriented control (FOC). In order to ensure that
the angle of the stator’s magnetic field is aligned 90◦ ahead of the rotor’s magnetic field
during motoring mode (or lagging during generating mode) the rotor angle is required,
which may be obtained from an angular position sensor or may be estimated from the
voltage and current measurements of the drive using an observer.

Angle and speed estimation are mainly accomplished by two possible means. The first is
the estimation of the back-emf, i.e. the voltage induced in the stator due to the rotation
of the rotor. The other is by the exploitation of saliency, i.e. measuring the angular
dependent inductance of the machine by means of current injection and capturing the
corresponding response to estimate the inductance and infer the angle from the inductance
variation.

2.3.2 Sensorless drive start-up

At standstill, the rotor angle is unobservable using back-emf based methods since no back-
emf is generated [51]. At low operating speeds, the back-emf magnitude is small or in the
same order of magnitude as that of the voltage distortion due to inverter non-linearities.
As the rotor speed increases the S/N of the estimated speed, based on back-emf methods,
improves. For machines with saliency, the rotor angle may still be estimated at stand-still
and low speed. One such saliency-based method is known as INFORM [52].

Yang and Hsu [53] demonstrated the combined control of a saliency and back-emf based
sensorless drive. The saliency based angle estimation is used for the drive start-up and
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a gradual transition to the back-emf based sensorless control is performed as the speed
increases. A smooth transition is achieved by using a speed-dependent weighting function
for the saliency and back-emf feedback signals used as inputs to a single phase-locked loop
used for the speed and angle estimation. Previous methods relied on two separate observ-
ers. The control switched over from the saliency-based estimate to the back-emf based
estimate at a threshold speed which caused an unwanted transient during the switchover.
By utilizing a single observer and phase-locked loop a smooth (bumpless) transition is
achieved with no current spike during the transition.

The surface mounted permanent magnet machine has little saliency and observation of
the initial angle and speed is problematic. A lot of research has been done to improve
the initial angle estimation accuracy and to increase the speed range for which a usable
estimate may be obtained.

Wu et al. [54] have found that the initial angle may be determined by inducing saturation
in the stator back-iron by applying square voltage pulses and measuring the resulting
current. If the stator magnetic field is additive to the rotor magnetic field the inductance
saturates easier and a larger current pulse results. In the case that the fields are opposing
the stator inductance remains large and the current does not increase as much. By applying
the voltage pulses to the various phases and measuring the response the initial rotor angle
may be estimated. The authors did not account for the possible risk of demagnetization
of the permanent magnets. In the case that the stator back-iron is sufficiently large a very
high saturation current would be required which may endanger the permanent magnets.

By accurately accounting for the variation of the stator phase resistance the observer
usable speed range may be increased, but at standstill, the rotor angle (and thus speed) is
still unobservable [55]. Jansson et al. [56] presented an observer for non-salient machines
and focused on improving the synchronization at start-up. They modified the current
control law such that id =

iq
λs
, which according to them causes the sensitivity to stator

resistance variation to “vanish”, at least analytically. Their start-up algorithm does not
include an open-loop phase on purpose in order to show that the estimator still converges
after the haphazard start-up characterized by large disturbances in the drive current and
estimated states.

In the speed range that the angle is unobservable, an open-loop start-up strategy is re-
quired. Fatu et al. [57] have proposed a current based open-loop start-up and named it
I − f control. The advantage of the current based start-up over that of a V/f start-up
is that the current controllers inherently compensates for the inverter non-ideality and
stator resistance. Hence, the so-called boost voltage does not have to be manually con-
figured. Their method uses a low pass filter to switch from the open-loop generated angle
to the back-emf based estimated angle. Although the authors claim little transient upon
transitioning it is significant enough that this technique may not be called bumpless.

Special attention to improving the reliability of the rotor start-up is presented by Arafa
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et al. [58]. They also overcame the start-up problem by employing a current controlled
open-loop start-up.

Other means of improving the usable speed range over standard observers is with the
use of advanced filtering and control techniques in order to try to overcome the effect of
noise. One such method is the Rao-Blackwellized particle filter implemented on an FPGA
presented by Šmídl et al. [59]. The filter is realized by implementing a Kalman filter on
the linear part of the model and a sequential Monte Carlo run is performed only on the
non-linear part of the model which improves computational efficiency.

2.4 Towards cooperation between AMB and drive

2.4.1 Similarities in development

2.4.1.1 Benefits due to increase in real-time processing capability

The AMB and sensorless drive controllers have both benefited by the increase in processing
capability of digital controllers. This has allowed the implementation of complex, non-
linear controllers and compensation of non-idealities in order to improve performance and
to reduce cost. Compensation of non-idealities such as unbalance in AMBs or torque
ripple reduction in drives result in a direct performance improvement and has an implicit
cost saving as a result. For instance, the balancing specification does not have to be
as stringent resulting in fewer iterations of the balancing procedures. Compensation of
torque ripple in the control may result in less vibration which in turn may increase the
service life of the machine.

2.4.1.2 Reduction in sensor count

Another means by which more complex controllers result in cost savings is that it aids the
reduction of the number of sensors required. For AMB systems the eddy current sensors
are costly and extensive research has been done in the field of self-sensing [60]. Self-sensing
entails that the AMB actuator itself may be used to infer the rotor position. Self-sensing
relies on the variation of the inductance of the AMB actuator which is a function of the
air-gap between the electromagnet pole tip and the rotor. Self-sensing may either reduce
the system cost by replacing the sensors or increasing the system reliability by acting as
a redundant sensor.

The estimation of the angular position and speed from the unbalance observer proposed
by Hutterer et al. [49] is also in the spirit of reducing the sensor count as implied by the
use of the term “self-sensing” in their paper title.

In sensorless drives, the most obvious means of reducing the system cost is by replacing
the angular position sensor with an angular position observer. Removing the physical
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sensor entails a cost saving of more than the cost of the sensor itself. The increased cost
of designing the system to make room for the sensor and its connections to the controller
is also saved. In harsh operating environments removing the physical sensor also increases
the system robustness.

Several secondary sensors in sensorless drive systems may also be removed in order to
reduce the sensor count and hence the cost of the system. In the compensation of the
inverter non-linearity, some of the earliest used methods were to directly measure (and
filter) the output voltage of the drive for sensorless control. With the improvement in
switching transistors, faster switching is possible with less dead-time required. Inverter
non-ideality compensation algorithms also improved. The result is that voltage sensors
may be removed and the inverter non-ideality may instead be compensated by feed-forward
means made possible by increased processing capability.

The number of current sensors required for the drive has also decreased. The most obvi-
ous method of reducing the sensor count is by doing away with the rotor angular speed
or position sensor and replacing it with a sensorless control algorithm. Examples of the
position sensor may be an accurate encoder or a low-resolution hall-effect sensor. The
sensorless control algorithm requires a drive current measurement. One means of reducing
the current sensor count is to measure only the DC link current and from the switch state
inferred from the PWM pulse pattern, the phase current may be reconstructed. This has
been proposed by Blaabjerg and Pedersen [61] (or even earlier by others). The phase cur-
rent reconstruction accuracy has increased over time along with the algorithm complexity
made possible by increased processing capability [62]. Initially, the sensorless algorithm
also required phase voltage measurement, but another means of reducing the number of
sensors in the drive is to remove the phase voltage measurement and use the reference
voltage in the sensorless control instead. The inverter output voltage non-linearity is
compensated via feed-forward terms instead of feedback using voltage measurement [63].

The trend in increased processing capability and continuous improvement in system per-
formance and cost reduction of the AMB and drive systems has lead to instances of inter-
dependence between the AMB and drive systems. Lee et al. [15] used the speed estimate
from the AMB unbalance control as a speed sensor for the induction machine drive. It
was also noted that the estimated speed signal from the drive may also be used as the
frequency input required for the unbalance controller. Hence, it has been shown that the
drive and AMB in the same system may be used as a speed sensor required by the other
system. Use of the estimated signal in one system which originated from the other sys-
tem was done as an option which was serendipitously available without purposeful intent
during the system design.
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2.4.2 Interdependence between AMB and drive systems

The easiest form of interdependence to recognize between the AMB and drive systems
is when the physical boundary between the two systems are removed. With a physical
merging of the AMB and drive system the so-called self-bearing motor or bearingless drive
results [28]. The stators of the AMB and drive are fused with the current in the joint stator
coils controlled to yield a torque producing current and a levitation force current. The
study of this thesis is the focus of cooperation between the control of a physically separate
AMB and drive system. Many of the concepts still carry over to the case when the two
systems are physically merged.

It has been suggested in the literature that the estimated speed and angle of the drive may
be used in the unbalance control and gyroscopic feed-forward compensation [8]. Later it
was further investigated by Hutterer et al. [49, 44] whom also developed a speed observer
using signals internal to the unbalance control itself as a redundant speed signal source
in the event of a drive fault. Without the speed and angle for unbalance control and
gyroscopic feed-forward compensation, the rotor may become unstable. Unfortunately,
the performance of the unbalance observer was only demonstrated during steady-state
and not for rotor acceleration and that at only one particular speed.

In the case that the angle and speed estimates are generated from signals internal to the
unbalance estimator itself the speed estimator bandwidth has to be higher than that of
the unbalance estimator. This condition is satisfied by decreasing the unbalance estimator
bandwidth. Stated differently, the unbalance estimator bandwidth could be increased if
it had an independent angular position input. The reduction of the unbalance estimator
bandwidth causes concern during acceleration of the rotor as it may not be fast enough
to track the unbalance. As noted by Herzog et al. [8] the convergence of the unbalance
estimator has to be fast enough to follow the peak angular acceleration, but slow enough
in order to limit the bandwidth to reject noise and interference with the first bending
mode.

During the literature study, as the number of examples of interdependence grew, it became
apparent that a classification scheme for the interdependence between the AMB and drive
systems would be useful. Such a classification scheme is proposed with the aid of Fig.
2.5. The nodes, “AMB Control” and “Sensorless drive Control”, denote vertices of a graph.
The node, “CM”, denotes a condition monitoring system. The edges, E and G, denote
data flows to the condition monitoring system and edges, F and H, denote potential
data flows back to the respective systems in the form of alarms. The self-loops in the
graph, A and B, denote instances where a non-ideality or disturbance in a system has
been compensated such that the system itself benefits due to its compensation. Instances,
where the primary compensation mechanism results in useful information and has been
used in the accompanying system by the authors, are denoted by edges, C andD. Instances
where useful information resulted from the compensation which could have been used or
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may be used in the future are denoted with edges, C’ and D’. Examples of the type of
scenario in each category follow:

A Compensation of the unbalance and eccentricity due to runout with unbalance control
or geometric centre control.

B Utilization of the back-emf for speed and angle estimation of the rotor.

C, C’ If the compensation in A, such as unbalance control in the AMB, resulted in the
estimation of the angular frequency which is in turn used in the drive’s speed control
loop.

D, D’ If the estimation of the angular speed and position in B is used by the AMB
unbalance control.

G Stator current signals, estimated back-emf, frequency, and angle.

E Rotor position within the air-gaps, estimated frequency, and angle.

H Drive safety shutdown command, speed limit reference.

F Switching over to a redundant AMB upon a failure detected by the condition monit-
oring. Upon condition monitoring fault detection the AMB control may reconfigure
the control to use the appropriate matrix transformation for inverse force actuation.
For example, the method presented by [64]. Another type of fault is the rub of the
rotor against the back-up bearing, upon detection the control may enter a subroutine
to recover rotor position following contact, e.g. [65].

AMB Control

Sensorless drive Control

A

C'

D

D'

B

C

CME

F

G

H

Figure 2.5: AMB and sensorless drive interdependence classification.

Corne et al. [66] have used an AMB test rig as a means of emulating mass unbalance and
misalignment between two rotating shafts. Frequency domain signatures in the drive’s
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stator current were characterized which serve as a means to detect and prevent faults in
mechanical bearings. It is important to note that the eccentricity detected is that within
the plane of the stator of the motor. If a rigid rotor is assumed it may further be assumed
that a direct correlation exists between the eccentricities of the rotor within the drive and
AMB stators. If the rotor is flexible the two eccentricities may be uncorrelated but still
have a dynamical relationship.

An eccentricity fault diagnosis is also presented by Ebrahimi and Faiz [67, 68, 69]. In-
stead of generating the fault signatures with a specialised test rig, the authors present
an analytical approach with parameters obtained from FEM simulations. The generated
signatures are also in the frequency domain.

Han et al. [70] studied the forces experienced by the rotor due to an eccentricity within
the motor’s stator. This force is typically named the unbalanced magnetic pull. The force
experienced by the rotor in a PMSM is a function of the d-axis current. In high-speed
machines, the drive usually has a relatively large current control bandwidth. Thus, the
possibility exists to use the drive’s stator as an extra control plain in flexible rotors to
help pass the first bending mode frequency.

In self-bearing motors, the required force and torque may be quite non-linear and are
both functions of the angular position and stator currents. The force and torque are
modelled as polynomials of the rotor angular position and current by Manninen et al.
[71]. The physically separated AMB and drive may beneficially borrow these type of
models to suppress the disturbance force due to unbalances magnetic pull. This requires
communication of the current and angular position from the drive control to the AMB
control (type D interdependence).

Other works of note which included models of the disturbance force are that of Mukherjee
et al. [72] and Zhao et al. [73], which are from the self-bearing literature. The reason
that these works are of interest is that the speed and angle estimation is performed using
back-emf or saliency-based methods, but they show that the radial disturbance force is
also a function of the angular position. Estimation of the rotor angle from the radial
disturbance force could not be found in the literature by the author.

Table 2.1, presents a summary of the literature in which interdependence between the
drive and AMB have been identified by applying the proposed classification scheme to
each instance.
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Table 2.1: Previous interdependence and cooperative control uses in literature.

Authors Reference A B C C’ D D’ E,F G,H
Lee et al. [15] X X
Lee et al. [74] X X

Shafai et al. [75, 42] X X
Hutterer et al. [49, ?] X X X X
Jiang et al. [3] X
Corne et al. [66] X X

Ebrahimi and Faiz [67, 68, 69] X X
Manninen et al. [71] X

Blom [27] X X
Abulrub et al. [65] X
Raggl et al. [76] X X X
Meeker [64] X

2.5 Cooperative control

This chapter concludes with the proposal of the need for cooperative control between the
AMB and the sensorless drive systems. The previous instances found in the literature
were only of general interdependence between the AMB and drive system. Cooperation is
a specialised instance of interdependence in which both systems benefit due to interaction
and sharing of resources to achieve a shared goal. Referring back to Fig. 2.5, cooperation
would typically be an instance in which actions denoted by edges C and D, are simul-
taneously present. From table 2.1, it can be observed that little attention has been given
to such instances, but that there is an indication towards such cooperative control. Even
if edges C and D were present, it would not necessarily constitute a cooperative control,
since each system may benefit from the other without a common goal or a synergistic effect
resulting.

The sensorless control of a bearingless pump presented by Raggl et al. [76] may be an
instance of cooperative control between the AMB and drive. The bearingless pump has
an initial angle uncertainty. The rotor angle is required in order to produce the correct
levitation force on the rotor which is initially in contact with the stator. An alignment
step is not allowed due to the requirement of the bearingless pump to not cause any
abrasion. The initial rotor angle is determined from the radial position sensors. Thus,
the drive obtained information from the AMB which is a type B and C data flow. The
polarity of the rotor magnet is detected by first assuming the polarity and applying the
levitation force. If it was correctly assumed the rotor will levitate and it will be confirmed
by the radial position sensors. If it was erroneously assumed the rotor will not levitate
(or rotate) and the assumption is corrected and the procedure is repeated. During the
sensorless control of the drive, the estimated rotor angle is shared with the AMB, a type
D data flow, in order to produce the correct levitation force. Thus, state information was
shared in turn, in a cooperative fashion to achieve a shared goal between the parts which
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constituted the AMB and the drive of the bearingless pump system.

    AMB Control  

             Sensorless drive 

                               Control

   Back-emf based angle 

estimate

Unbalance control 

based angle estimate

Consolidation

mechanism

,AMB ,AMB
ˆˆ ,r r 

,PMSM ,PMSM
ˆˆ ,r r 

ˆˆ ,r r 

Figure 2.6: Ad-hoc coupling between the AMB and drive control systems.

Other instances, with the noted exception, in which the AMB and sensorless drive control
shared state estimation were of an ad hoc nature. Typically, the state estimation of the
speed and angle are performed by separate subsystems within the AMB and sensorless
drive. The allocation of resources for estimation within each system is thus repeated. The
estimated states are shared with the other system by means of a consolidation mechanism,
which is typically controlled by means of a finite state machine. Switching over from
one estimation source to another result in a transient in the consolidated output state.
An instance of cooperative control may be achieved by factoring out the separate state
estimation subsystems and replacing it by a single state estimation system, as presented in
Fig. 2.7. The mechanism which consolidates the state information of each system should
be designed with an awareness of the requirements and attributes of both systems. Also
note that it is not the estimated speed and angle itself which are given as inputs to the
consolidator, since those estimators have been moved outside of each system. Instead,
it is the antecedents of the estimated states, indicated by the prime in

(
ω̂r, θ̂r

)′
AMB

and(
ω̂r, θ̂r

)′
PMSM

, which are shared with the state estimation consolidator.

The design of the AMB and sensorless vector control is thus performed with the view that
the controllers will be integrated into a cooperative controller. The next chapter presents
such a design of the AMB control.
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Figure 2.7: Cooperative control by means of system aware state estimation consolidation.





Chapter 3

AMB control

3.1 Introduction

The purpose of this chapter is to present the modelling and control of the AMBs used in
the flywheel system studied in this thesis. The flywheel system used in this study was built
during the course of three previous Master’s degree projects [77, 78, 79]. Due to many
non-idealities within the system, its operation did not satisfy the original specification.
Thus, one aim of the models presented in this chapter is that the model fidelity should
be such that the non-idealities are accounted for so that they may be compensated within
the control.

An optimistic viewpoint is taken with regard to the non-idealities in that besides being
unwanted, some of them may have exploitable characteristics, i.e. that they may have
beneficial features. Irrespective of the presence of a desirable feature of a non-ideality, the
non-ideality compensation strategy used, seek to make use of methods where the drive and
the AMB system may operate cooperatively in order to address the non-ideality. With
this in mind, the model(s) used is thus closely tied to the controller used in this study.

More specifically, the non-ideality which will be exploited for angular estimation of the
rotor via the AMB control is the angular dependent force disturbance presented in section
3.6. The AMB control design is based on a force framework using feedback-linearisation
in order for the AMB to accurately actuate a reference force, which includes the force
disturbance feed-forward term. Any residual force disturbance, caused by inaccurate feed-
forward force disturbance compensation is estimated by the force disturbance observer,
presented in section 3.4.1.

31
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3.2 AMB control

3.2.1 Synopsis of the test facility

As mentioned, the flywheel system to be used in this study was built during the course of
three previous Master’s degree projects. One project focused on the design of the three-
phase inverter for the flywheel which is driven by a PMSM [79]. The inverter is connected
to the PMSM via a three-phase LC low pass filter in order to reduce the electromagnetic
noise interference (EMI) of the three-phase inverter. The design of the AMBs and the
electrical control cabinet in which the system electronics are integrated is presented by
[77]. The electrical control cabinet houses a dSPACE DS1005 controller suited for rapid
prototyping control development and is equipped with the applicable expansion I/O cards.
The mechanical design of the flywheel rotor and its enclosure is presented by [78]. The
flywheel enclosure housing is designed as several modular units such that it is capable
of supporting a vacuum for the high-speed rotor in order to reduce windage loss. The
reader is referred to those Master’s theses for further information regarding e.g. technical
drawings, etc.

The components housed by the enclosure such as the flywheel, AMBs, PMSM, and sensors
are presented in Fig. 1.1.

3.2.2 AMB modelling

A simplified diagram of a heteropolar AMB with its associated sensors, interface elec-
tronics, controller and power amplifiers is depicted in Fig. 3.1. The eddy current probes
sense the position of the rotor and feed back the measured position to the controller via
a signal conditioning interface board. The controller samples the signal and computes a
new current reference for each AMB coil which is actuated by a current controlled power
amplifier (PA), such that the rotor position maintains the desired trajectory.

The force produced by the top electromagnetic actuator/pole is given by [1]:

F (iy+, y+) = K

(
iy+

y+

)2

, (3.1)

where iy+, is the current in the actuator that pulls the rotor towards the positive direction
of the y-axis, y+, is the resulting air-gap of the top actuator due to the positioning of the
rotor and K, equals:

K =
1

4
µ0N

2Ag cos (θ) . (3.2)

The parameters of the force gain coefficient, K, are:

• µ0 is the permeability of free space
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Figure 3.1: Simplified AMB system.

• Ag is the projected pole face area of a single pole

• N is the total number of turns of both pole pairs

• cos (θ) is the term which accounts for the pole face surface normal vector being
angled at an angle, θ, with respect to the actuator axis.

The force expression can be rewritten as:

F (iy+, y+) = KF (Li)2 , (3.3)

where KF = 1
2KL cos (θ), KL = 2

N2µ0Ag
and the inductance is given by:

L (y+) =
N2µ0Ag

2y+
(3.4)

=
1

KLy+
. (3.5)

The reason for modelling the force as a function of the inductance is so that the position
dependence of the inductance can be computed once and then included in the power
amplifier and the force producing models of the AMB. This assumes a linear actuator
model, i.e. the saturation region is avoided, such that the total and differential inductances
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are equal. The differential inductance is defined as:

L∂ =
∂λ (y+, i+)

∂i+

∣∣∣∣ y+ = y0

i+ = i0

, (3.6)

and the total inductance as:

L∆ =
∆λ (y+, i+)

∆i+

∣∣∣∣ y+ = y0

i+ = i0

. (3.7)

The relationship between the two types of inductances are depicted in Fig. 3.2. In
order to take the saturating characteristic of the actuator into account for the power
amplifier model, it depends on the differential inductance which decreases dramatically as
the actuator saturates. The force model of the actuator depends instead on the total flux
linkage and thus the “large signal” or total inductance.

[A]i

 ,

[Wb]

i y

{

{
i

L

L

0i

Figure 3.2: Total and differential inductance.

3.2.3 Feedback linearisation

The force reference, F ∗y+, produced by the force controller in the previous section needs to
be converted to a current reference, i∗y+, in order to be actuated by the power amplifiers
which are current controlled. The derivation follows from the force equation relating the
inductance and current:

F ∗y+ = KF

(
Li∗y+

)2 (3.8)

∴ i∗2y+ =
F ∗y+

KFL2
(3.9)

= F ∗y+K 1
F
R (y+)2 , (3.10)
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where R (y+), is a position-dependent coefficient1 and, K 1
F
, is the reciprocal of KF . Thus,

the current reference squared can be calculated without performing a divide computation,
which saves a significant amount of computation time. Also, instead of calculating the
square root on the dSPACE controller (which would have a high computational cost) it
is calculated on board by the power amplifier controller with the aid of a look-up table.
Hence, the power amplifiers are utilized as a parallel computational aid to lessen the
burden on the centralized controller.

Further simplification is possible by combining gains as follows:

i∗2y+ = F ∗y+KiF y
2
+ , (3.11)

where KiF =
K2
L

KF
, and y+, is the air-gap.

3.2.4 Force/current bias

In order to yield a linear controller, a force bias must be added to circumvent a finite
current slew rate limit near zero force. That is, by looking at the square root function it
can be observed that when the force reference is very small and suddenly increases, the
corresponding amount that the current needs to increase is large and exceeds the rate
that the power amplifier can increase the current. By adding a force bias the controller
can stay clear from the slew rate limited region. In order to aid the selection of such a
bias force, it is preferable to add the force bias in terms of a current bias. The amount of
force bias to add which corresponds to a certain amount of current bias is determined as
follows:

(F ∗ + F0) = KF (L (i∗ + i0))2 (3.12)

∴ F0
F ∗, i∗=0
≈ KF (L0i0)2 , (3.13)

where L0, is the nominal inductance when the rotor is suspended in the centre of the
air-gap.

It is important to note that the bias is not added in order to linearise the force-current
relationship as in current biased control. Thus, the force reference for a pole pair actuating
in a differential configuration is generated by:

F ∗+ = F0 + F ∗ (3.14)

F ∗− = F0 − F ∗ , (3.15)

where F ∗+, and F ∗−, are the forces in the positive and negative directions of the axis of
interest.

1R (y+) =
R
N2 , where R is the reluctance.
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3.3 Control in centre of gravity coordinates

3.3.1 Rigid rotor model

A rigid rotor model is used for the model of the plant and for centralized control design.
Fig. 3.3, depicts the centre of gravity coordinates definition of the rigid rotor supported
by AMBs.

z
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1sy

1sx

 a, 2by
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 d,

 c, 

xg

yg

Figure 3.3: Centre of gravity coordinates definition.

The notation used is based on the model presented in [9]. Subscripts with an s denote
sensor coordinates, b denote bearing coordinates and cog the centre of gravity coordinates.
The governing equation for the rigid body model is given by:

Müg + ΩGu̇g = fg,AMB , (3.16)

where Ω, is the angular frequency of the rotor. M, is a diagonal inertia matrix:

M =


M 0 0 0

0 M 0 0

0 0 Jt 0

0 0 0 Jt

 , (3.17)

where M , is the mass of the rotor and Jt, is the transverse polar moment of inertia. G, is
the gyroscopic matrix:

G = Jp


0 0 0 0

0 0 0 0

0 0 0 1

0 0 −1 0

 . (3.18)
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The governing equation may also be represented as a signal flow diagram as in Fig. 3.4.

b,AMBf gugu&& gu&
1

s

-ΩG

1

s
T
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Figure 3.4: Signal flow graph of rigid rotor plant.

The set of vectors for the centre of gravity, sensor and bearing coordinates are defined as:

ug =


xcog

ycog

θxg

θyg

 , us =


xs1

ys1

xs2

ys2

 , ub =


xb1

yb1

xb2

yb2

 . (3.19)

The transformation from c.o.g. to sensor coordinates is given by:
x1s

y1s

x2s

y2s


︸ ︷︷ ︸

us

=


1 0 0 −c
0 1 c 0

1 0 0 d

0 1 −d 0


︸ ︷︷ ︸

Qs


xg

yg

θxg

θyg


︸ ︷︷ ︸

ug

, (3.20)

and the transformation from c.o.g. to bearing coordinates is given by:
x1b

y1b

x2b

y2b


︸ ︷︷ ︸

ub

=


1 0 0 −a
0 1 a 0

1 0 0 b

0 1 −b 0


︸ ︷︷ ︸

Qb


xg

yg

θxg

θyg


︸ ︷︷ ︸

ug

. (3.21)

3.3.2 Full-state feedback gain design

For a full-state feedback controller the reference c.o.g. force, to be actuated by the AMB,
f∗g,AMB, is produced by:

f∗g,AMB = Kx , (3.22)

where K, is the feedback gain vector and x = [ug|u̇g], is the centre of gravity state vector.
In order to generate the reference bearing forces the c.o.g. reference force is transformed
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to bearing coordinates with:

fb,AMB =
1

a+ b


b 0 0 −1

0 b 1 0

a 0 0 1

0 a −1 0


︸ ︷︷ ︸

QT−1
b

fg,AMB . (3.23)

The feedback gain matrix can be further expanded into terms responsible for stiffness, Kp,
and damping, Kv, as in:

K = [Kp|Kv] . (3.24)

The full-state feedback control law is substituted back into the system model, yields:

Müg + ΩGu̇g = Kpug + Kvu̇g , (3.25)

Furthermore, if the gyroscopic term is assumed cancelled using a cross-coupling approach,
then the model further reduces to:

Müg −Kvu̇g −Kpug = 0 . (3.26)

Taking the Laplace transform, yields:

(
s2M− sKv −Kp

)
ug (s) = 0 . (3.27)

Thus, the control design problem reduces to determining the pair (Kp, Kv) which yields
a solution for the matrix characteristic equation:

s2M− sKv −Kp = 0 . (3.28)

The tilt and translation modes2 may be decoupled if the pair (Kp, Kv) is chosen appro-
priately. The matrix characteristic equation then reduces to two characteristic equations,
one for each mode:

s2M − sKv,t −Kp,t = 0

s2Jt − sKv,r −Kp,r = 0
, (3.29)

where Kv =
[
Kv,t Kv,t Kv,r Kv,r

]T
, and Kp =

[
Kp,t Kp,t Kp,r Kp,r

]T
, and

the second superscript indicates whether the gain is for the translation or rotational
modes. The gains can be chosen determined by equating the characteristic equations to a
prototype characteristic equation with coefficients determined by the ITAE criterion [80].
For a second order model the characteristic equation with optimal coefficients for a step

2i.e.(x, y) and (α, β) coordinate pair is decoupled.
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input is:
s2 + 1.4ωns+ ω2

n = 0 . (3.30)

The gain and coefficient relationship are summarized in table 3.1, where the subscript for
the natural frequency has been changed to, c, in order to distinguish the natural frequency
of the controller from that of the observers which are presented later on.

Table 3.1: Full-state feedback gain design.

Modal equation Proportional gain Velocity gain
Translation Kp,t = ω2

c,tM Kv,t = 1.4ωc,tM

Rotation Kp,r = ω2
c,rJ Kv,r = 1.4ωc,rJ

The AMB system parameters are required for the numerical evaluation of the designed con-
troller. The identification of the AMB and rotor parameters are presented in appendix C.

Design gains for high stiffness

The full-state feedback design for decoupled control has thus been reduced to the selec-
tion of only two parameters: the natural response frequency, ωn, for each mode. This
parameter, in turn, can be related to the maximum translational and tilt acceleration
constrained by the actuator’s peak force and torque production.

From [77] the maximal linear force of the AMB was designed to be ≈ 112 N. Assume
that the peak force has to be produced over half of the displacement. This results in an
equivalent stiffness of:

Keq =
F̂

g0/2
(3.31)

=
112 N

500/2µm

= 448× 103 N ·m−1 .

Along with the mass of the rotor, this equivalent stiffness results in an undamped natural
frequency of:

ωc,t =

√
Keq

M
(3.32)

=

√
448× 103

17.6

= 159.5 rad · s−1 ,

for the translation mode control. Excessive amplitude displacement due to the superpos-
ition of translation and tilt modes are prevented by separating the natural frequencies of
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the two modes by a certain factor. For the flywheel application in this thesis, the natural
frequencies are chosen as: ωc,r = 2 × ωc,t ≈ 319 rad · s−1. With these two values chosen
the resulting gain constants are summarised in table 3.2.

Table 3.2: Full-state feedback gain constants for high stiffness.

Modal equation Proportional gain Velocity gain
Translation Kp,t = 448× 103 Kv,t = 3.93× 103

Rotation Kp,r = 11.8× 103 Kv,r = 51.8

Design gains for low stiffness

The design gain based on peak force at half the air-gap displacement results in quite a high
stiffness. The flywheel application has relatively low external disturbances and unbalance
control may be used to let the rotor rotate about its centre of mass. Thus, high disturbance
rejection is not a requirement and a lower stiffness may be used. A lower control stiffness is
desirable as this in turn results in a lower observer bandwidth requirement which results
in higher noise rejection by the observer. Higher noise rejection results in an audibly
quieter flywheel, which is desirable for end-users. In case the unbalance control becomes
unstable with an initial prototype control implementation the unbalance control may be
safely switched off without large control currents to compensate the unbalance due to the
low stiffness. In the case of high stiffness, the control currents could be limited by the
power amplifier, resulting in unstable control.

Choosing the peak force in (3.31) as 20 N, results in the control gains listed in table 3.3.

Table 3.3: Full-state feedback gain constants for low stiffness.

Modal equation Proportional gain Velocity gain
Translation Kp,t = 80× 103 Kv,t = 1.66× 103

Rotation Kp,r = 2.11× 103 Kv,r = 21.9

The selection of the control integrator gain, Ki, comes as an afterthought. Basically, it is
chosen large enough for the rotor to settle fast enough to the centre of the AMB air-gap,
but small enough not to significantly influence or compromise the closed-loop dynamics.
An integrator gain of 20× 103 is chosen for the tilt and the translation mode for most of
the control experiments to follow.

3.4 AMB observer

The full-state feedback design requires the velocity of the rotor. The velocity can be
obtained either by numeric differentiation or with the use of an observer. Numeric differ-
entiation has the disadvantage of increasing the noise in the system which in turn may
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excite unmodelled dynamics of the rotor such as the bending mode located at 710 Hz. The
increased noise may also saturate the current controller in the case of measured outliers,
which in turn may also destabilize the rotor. In order to avoid these problems an observer
is employed which has the advantage of significantly reducing the noise of the velocity
estimate.

In order to design the observer, it is usually required that the plant model is in state-space
form. The state-space plant model is also typically required for the full-state feedback gain
design. Instead, the gains were designed by noting that the system characteristic equation
could be derived by inspection due to plant simplification. In this case, it is convenient
to first transform the model in observer canonical form, since the required observer gains
can be calculated via inspection from this form. The rigid rotor model is given by3:

Müg = f∗g,AMB , (3.33)

where f∗g,AMB, is the force reference generated by the full-state feedback. The first state
variable of the observer is chosen as the estimated position, x̂1 = ûg, and the second state
variable as the estimated velocity x̂2 = ˙̂x1 = ˙̂ug.
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Figure 3.5: Signal flow graph of rigid rotor state observer.

Fig. 3.5 depicts the signal flow graph of the rigid rotor model with the observer gains
included in the feedback. Lp is the gain for position and Lv is the gain for velocity.
Each gain can be further resolved into the gains for translation and rotation modes, i.e.

Lp =
[
Lp,t Lp,t Lp,r Lp,r

]T
, and Lv =

[
Lv,t Lv,t Lv,r Lv,r

]T
.

The state equation for the estimated rigid rotor observer, from the signal flow graph, is:[
˙̂x1

˙̂x2

]
=

[
0 1

0 0

][
x̂1

x̂2

]
+ M−1f∗g,AMB + L (x1 − x̂1) . (3.34)

3Assuming that the gyroscopic term is cancelled via a feed-forward term.
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The required observer gains are determined by considering the observer error dynamics,
thus the inputs f∗g,AMB, and x1, can be set equal to zero, resulting in:

[
˙̂x1

˙̂x2

]
=

[
−Lp 1

−Lv 0

][
x̂1

x̂2

]
. (3.35)

Two observations4 can be made:

• The system of equations are seen to be in the observer canonical form, thus the
observer gain required to satisfy a desired characteristic equation can be determined
from inspection.

• The incredible result that the system of equations is completely free from all model
parameters, i.e. the observer poles are freely determined only by the observer gain5.

Even though it may appear that the observer gains can be selected freely, the selection is
still bounded by several factors:

• The measured input to the observer passes through anti-aliasing filters and is also
further delayed by the ADC’s sample-and-hold. Therefore, the observer bandwidth
should at least be less than the measurement bandwidth;

• furthermore, the observer bandwidth is primarily reduced to reject measurement
noise.

It is a common requirement that the observer bandwidth should be an order faster than
the underlying system dynamics, in order to avoid unwanted phase shift in the observation.
The characteristic polynomial for the observer is:

det (sI−A) = s2 + Lps+ Lv . (3.36)

The prototype characteristic equation is chosen once more using the ITAE criterion [80]:

s2 + 1.4ωns+ ω2
n = 0 . (3.37)

The natural frequency for the observed modes is chosen an order of magnitude greater
than the natural frequency for the controlled modes, i.e. ωo,t = 10ωc,t, and ωo,r = 10ωc,r.
The design of the observer gains is summarized in table 3.4.

The observer gain constants obtained by the design procedure, corresponding to the high
stiffness control, are given in table 3.5.

4Pun unintended!
5Of course, the observer is not immune to modelling errors, since the observer inputs rely on the

bearing-to-c.o.g. coordinate transformation.
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Table 3.4: Observer gain design.

Modal equation Proportional gain Velocity gain
Translation Lp,t = 1.4ωo,t Lv,t = ω2

o,t

Rotation Lp,r = 1.4ωo,r Lv,r = ω2
o,r

Table 3.5: Observer gain constants for high stiffness control.

Modal equation Proportional gain Velocity gain
Translation Lp,t = 2.23× 103 Lv,t = 2.55× 106

Rotation Lp,r = 4.47× 103 Lv,r = 10.02× 106

Theoretically, the observer gains corresponding to the high stiffness control can also be
used for the low stiffness control (i.e. it would still be stable), but this results in unneces-
sary high bandwidth. The observer gains, corresponding to the low stiffness control, are
given in table 3.9.

Table 3.6: Observer gain constants for low stiffness.

Modal equation Proportional gain Velocity gain
Translation Lp,t = 943.9 Lv,t = 455× 103

Rotation Lp,r = 1.89× 103 Lv,r = 1.82× 106

3.4.1 Extended observer design

The observer can be extended in order to include the estimation of external (disturbance)
load forces. The extended observer state equation is: ˙̂x1

˙̂x2

˙̂x3

 =

 0 1 0

0 0 1

0 0 0


 x̂1

x̂2

x̂3

+ M−1f∗g,AMB + L (x1 − x̂1) , (3.38)

which has the following error dynamics:

 ˙̂x1

˙̂x2

˙̂x3

 =

 −Lp 1 0

−Lv 0 1

−La 0 0


 x̂1

x̂2

x̂3

 . (3.39)

Thus, the characteristic polynomial for the extended observer is given by:

p (s) = s3 + Lps
2 + Lvs+ La . (3.40)

The extended observer frequency is kept the same as for the original observer design. The
third order ITAE polynomial is given by [80]:

s3 + 1.75ωns
2 + 2.15ω2

ns+ ω3
n . (3.41)
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The bearing coordinate force disturbance, from the estimated states, is given by:

F̂b =
(
Q−1
b

)T (
M ˙̂x2 − f∗g,AMB

)
, (3.42)

where Q−1
b , is a coordinate transformation from c.o.g. to bearing coordinates. Hence, the

disturbance force is the difference between the position controller reference force and the
actual resultant force as estimated by the observer.

The design of the extended observer gains is summarized in table 3.7.

Table 3.7: Extended observer gain design.

Modal equation Proportional gain Velocity gain Acceleration gain
Translation Lp,t = 1.75ωo,t Lv,t = 2.15ω2

o,t La,t = ω3
o,t

Rotation Lp,r = 1.75ωo,r Lv,r = 2.15ω2
o,r La,r = ω3

o,r

The extended observer gain constants obtained by the design procedure, corresponding to
the high stiffness control gains, are given in table 3.8.

Table 3.8: Extended observer gains for high stiffness control.

Modal equation Proportional gain Velocity gain Acceleration gain
Translation Lp,t = 2.79× 103 Lv,t = 5.47× 106 La,t = 4.06× 109

Rotation Lp,r = 5.58× 103 Lv,r = 21.9× 106 La,r = 32.5× 109

The extended observer gains corresponding to the low stiffness control gains are given in
table 3.9.

Table 3.9: Extended observer gains for low stiffness control.

Modal equation Proportional gain Velocity gain Acceleration gain
Translation Lp,t = 1.18× 103 Lv,t = 977× 103 La,t = 306× 106

Rotation Lp,r = 2.36× 103 Lv,r = 3.91× 106 La,r = 2.45× 109

3.5 Unbalanced magnetic pull

Several works have considered the effect of the unbalanced magnetic pull (UMP) due to
the permanent magnets of the motor. Within the realm of electrical machines equipped
with roller bearings, the disturbance force is of concern as it influences the vibration,
audible noise and the bearing lifetime [81]. In [82] the effect of the winding structure,
pole-pairs and stator slot number on the UMP is investigated. For a high-speed flywheel
application, these machine parameters are constrained for efficiency reasons and the dis-
turbance frequency cannot simply be increased in order to reduce the ripple amplitude.
In bearingless drives, the model of the magnetic pull due to the permanent magnets is of
importance as it pertains to its main operation, i.e. levitation of the rotor [83].
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In this work the drive and AMB magnetic structures are considered decoupled from each
other, i.e. they are separate modular units, but the effect of the UMP on the radial AMB
controller is considered. A similar setup is considered by [70], in which the force due to
the permanent magnet is modelled as a stiffness model. Due to the high number of poles
of their motor, the force due to the motor is mainly dependent on the eccentricity and not
as much on the angle of the rotor, i.e. only a force ripple results.

The disturbance force due to the permanent magnets of the motor in this work is also
approximated with a stiffness model, i.e. Hooke’s law. Since the flywheel uses a 2-pole
PMSM, the disturbance force is also a function of the angular position of the rotor. Fig.
3.6 depicts the model of the flywheel with a spring located at the centre of the magnet
coordinates.
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Figure 3.6: Spring force model of unbalanced magnetic pull and coordinates.

The force acting on the centre of gravity due to displacement, (xmc, ymc), of the rotor
within the stator air-gap of the PMSM is modelled as:

FPMx = kxxmc + Fx0

FPMy = kyymc + Fy0

MPM
x = mcF

PM
x +Mx0

MPM
y = mcF

PM
y +My0 ,

(3.43)

where mc, is the couple length from the magnet centre to the centre of gravity, kx|y is
a stiffness associated with the x|y-axes, Fx|y0 is a constant force offset and Mx|y0 is a
constant torque offset. Equation (3.43) can be considered as being the first order terms
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of a Taylor expansion of the actual non-linear force relationship. The sensor coordinates
are transformed to the magnet centre coordinates by:

[
xmc

ymc

]
︸ ︷︷ ︸

umc

=
1

m1 +m2

[
m2 0 m1 0

0 m2 0 m1

]
︸ ︷︷ ︸

Qmc


x1s

y1s

x2s

y2s


︸ ︷︷ ︸

us

. (3.44)

The parameters of the permanent magnet are determined by the following test procedure:

• The rotor is suspended with a minimal amount of the bias force (current);

• a spiral position reference slowly sweeps the rotor position reference.

• The reference point of the rotor for when the control is active is the magnetic centre
(presented in section 3.7).

• The rotor is not rotating during this test.

• During the sweep, the radial AMB control is periodically switched off for a brief
period, by setting the reference current to the power amplifiers to zero,

• and then turned back on to allow the rotor to restabilize onto the spiral trajectory.

• During the control-free time, the rotor is free to accelerate into the direction caused
by the permanent magnet disturbance force.

• The test is repeated for the rotor aligned from 0◦ to 340◦, in 20◦ steps.

An example spiral trajectory response using the proposed procedure is as depicted in Fig.
3.7. Note that the top and bottom mean positions differ somewhat, due to differences
in the magnetic centre of the top and bottom AMBs. Although not ideal, the deviation
from the geometric centre is well within the confines of the air-gap (±500µm) and retainer
bearings (±350µm).

The parameters of the UMP model are fitted by comparing the rigid body model response
under the influence of the UMP disturbance model with the measured position during the
free acceleration. The L2-norm is used as the cost function. The Response Optimizationr

tool in Simulinkr is used to fit the parameters. The parameters identified by the estima-
tion procedure as a function of the rotor angular position is reported in Figs. 3.8 and 3.9.
It can be seen that the stiffness parameter varies with a period of π rad, whilst the offset
force and torque varies with a period of 2π rad. Hence, the stiffness and bias force and
torque parameters are modelled as:

k = a cos (2θ) + b cos (2θ) + c (3.45)

F0|M0 = a cos (θ) + b cos (θ) + c . (3.46)
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(a) Top AMB rotor response. (b) Bottom AMB rotor response.

Figure 3.7: Spiral trajectory rotor response with free acceleration during zero control
pulse.

The numeric solution for the parameter fit of the permanent magnet disturbance force
model is presented in table 3.10.

Table 3.10: Disturbance force trigonometric function fit parameters.

(a) x-axis parameters.

Kx

[
N.m−1

]
Fx0 [N] Mx0 [N.m]

a -5576 0.4702 -0.02051
b 987.6 -2.38 0.3056
c 22.75e3 -1.225 -0.01801

(b) y-axis parameters.

Ky

[
N.m−1

]
Fy0 [N] My0 [N.m]

a 5065 -2.253 -0.2993
b -781.1 -0.4562 -0.01596
c 21.66e3 -0.1297 -0.2903
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Figure 3.8: Fitted unbalanced magnetic pull, x-axis parameters.

0 1 2 3 4 5 6 7

(rad)

1.4

1.6

1.8

2

2.2

2.4

2.6

2.8

k y

104

Modelled k
y

Sinusoidal fit

[N
.m

  
]

-1

(a) ky.

0 1 2 3 4 5 6 7

(rad)

-3

-2

-1

0

1

2

3

F
 

[N
]

y0

Modelled F
y0

Sinusoidal fit

(b) Fy0.

0 1 2 3 4 5 6 7

(rad)

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

M
   

  [
N

.m
]

y0

Modelled M
y0

Sinusoidal fit

(c) My0.

Figure 3.9: Fitted unbalanced magnetic pull, y-axis parameters.
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The effectiveness of adding the unbalanced magnetic pull compensation to the control is
demonstrated by repeating the pulsed spiral test. The difference is that in this case, in-
stead of switching the total reference force to zero as is done to characterize the disturbance
force, only the control reference force component is switched to zero. Thus, the unbal-
anced magnetic pull compensation feed-forward term is still present during the period
that the control reference force is pulsed to zero. The rotor response with compensation
is demonstrated in Fig. 3.10.

(a) Top AMB rotor response (ib = 0.5A). (b) Bottom AMB rotor response. (ib = 0.5A)

(c) Top AMB rotor response. (ib = 1.5A) (d) Bottom AMB rotor response. (ib = 1.5A)

Figure 3.10: Spiral trajectory rotor response with feed-forward compensation.

The test is repeated with a reduced bias current of ib = 0.5 A, and a normal bias current
of ib = 1.5 A. It can be seen that in the case of the higher bias current the spiral trajectory
response is somewhat ellipsoid, indicating that the unbalanced magnetic pull is not the
only source of disturbance, but that inexact reference force actuation by the AMB also
need to be compensated. The manner in which the disturbance force was characterised,
i.e. by switching off all of the radial AMBs to achieve free acceleration under the influence
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of the permanent magnet disturbance force is thus not able to capture the disturbance
force due to higher order force function characteristics and cross-coupling due to the AMB.
An improved disturbance characterisation and compensation model, which is able to take
these other disturbance sources into account, is presented in section 3.6.

3.6 Generalized disturbance force model

3.6.1 Initial model

The rotor control response with the unbalanced magnetic pull compensation is an im-
provement over the uncompensated case, but there are other sources of disturbance which
are unaccounted for by the unbalanced magnetic pull model. In order to exploit the an-
gular dependence of the unbalanced magnetic pull the remaining disturbance forces also
need to be accounted for. The aim of the generalized disturbance force model is thus to
combine static disturbances due to the permanent magnet and inaccurate force actuation
by the AMB. Dynamic disturbance forces such as the unbalance are not accounted for in
this model. The remaining force disturbances are caused by higher order non-linearity in
the force-current relationship of the AMB, as well as cross-coupling between the AMB’s
x-and y-axes of each pole.

The force-current relationship of (3.8) is merely an analytical approximation of the true
force-current relationship. The non-linear characteristics of the magnetic material, such
as saturation, introduce higher order terms into the true force-current function, which can
be represented as:

Fy+ = KF (Liy+)2 +
n∑
i

fi (iy+, y+) , (3.47)

where the residual term
∑n

i fi (iy+, y+), captures the higher order terms. The functions,
fi, may be chosen as multinomial functions of the current and the air-gap. The force
function accuracy can be arbitrarily increased by adding more higher order terms.

Cross-coupling between the x-and y-axes result due to air-gap irregularities, lamination
tolerance, and asymmetric rotor placement within the air-gap. Fig. 3.11, serves as an
example where the asymmetry between two poles of the same electromagnet has been
exaggerated. The rotor is suspended at the magnetic centre using the procedure presented
in section 3.7, thus if cross-coupling results due to lack of rotor centering, some other
unaccounted phenomenon is influencing the magnetic centre to deviate. Since the AMB
poles are all simultaneously exited during the magnetic centring procedure some magnetic
asymmetry (such as magnetic grain orientation of the laminations) may influence the
magnetic centre to deviate. Regardless of the exact cause of cross-coupling, the following
development accounts for an approximation of the cross-coupling force.

The unequal air-gaps of each pole could also have arisen due to rotor non-circularity. The
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yF 

xyF 

Figure 3.11: Example of AMB pole asymmetry (exaggerated).

result is that the x-axis component of the force does not cancel for each y-axis electro-
magnet pole. The same is true for the x-axis force producing poles, i.e. it would also
generate a non-zero y-axis force. This cross-coupling disturbance force is a function of
flux in each electromagnet pole of the heteropolar AMB. Hence, the force function for the
positive y-axis should also be a function of the currents in the adjacent x-axis poles:

Fy+ = KF (Liy+)2 +
n∑
i

fi (iy+, y+) +
n∑
i

fi (ix+, x+) +
n∑
i

fi (ix−, x−) . (3.48)

The inversion of (3.48), to obtain the required reference current from the reference force, is
a highly computationally intensive task (if not impossible in real-time). Fortunately, there
are some simplifying assumptions at our disposal in order to obtain an approximation. The
first assumption is that the rotor disturbances are such that the control currents do not
experience extreme deviations from the operating bias current. The second assumption
is that the rotor deviations due to the disturbances are also limited. These assumptions
allow for a small signal linearisation of the disturbance forces for the rotor operating about
the desired reference point (i.e. the magnetic centre). The higher order terms in the force
function and the cross-coupling terms thus become functions of the bias current:

Fy+ = KF (Liy+)2 +
n∑
i

fi (ib, y) +
n∑
i

fi (ib, x) (3.49)

= KF (Liy+)2 + Fby (ib, x, y) . (3.50)

A similar relation in the case of the x-axis force disturbance exists. The disturbance force
is assumed in bearing coordinates, hence the b subscript. Equation (3.50), represents only
the compensation of the disturbance force due to the AMB bias current. The original aim
is to improve the compensation of the unbalanced magnetic pull as presented in section
3.5.
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The unbalanced magnetic pull force was considered only as a function of the rotor angular
position, θr, but in reality it should also be a function of the d-axis current component. The
permanent magnet field is aligned to the d-axis. Thus, an increasing id causes an increase
in the stator field, which causes a repelling force towards the rotor’s magnetic field. Hence,
the disturbance force may be extended by including the functional dependence on id and
is thus characterised as:

Fy+ = KF (Liy+)2 + Fby (ib, x, y, θr, id) . (3.51)

The disturbance force may be compensated via a feed-forward term which is added to
the PD controller generated reference force. Note that only the PD controller reference
force feeds into the rigid body observer. Since the disturbance force cancels with the
feed-forward term the feed-forward component must not pass into the observer.

The generalized disturbance force is modelled as a linear transformation and offset force in
bearing coordinates. The decentralized version of the generalized disturbance force model
is given by:

Fb = Γ (ub − umc (θr))︸ ︷︷ ︸
1

+ Fb0 (θr, id)︸ ︷︷ ︸
2

, (3.52)

where ub =
[
x1b y1b x2b y2b

]T
, is the measured rotor position in bearing coordinates,

umc (θr) =
[

MCx1 MCy1 MCx2 MCy2

]T
is the magnetic centre feed-forward term

presented in section 3.7.2. Γ is a stiffness matrix, defined as:

Γ =


γ11 γ12 0 0

γ21 γ22 0 0

0 0 γ33 γ34

0 0 γ43 γ44

 , (3.53)

where each entry is a sum of the first and second harmonic components, including an
offset:

γ11 = a sin (2θr) + b cos (2θr) + c sin (θr) + d cos (θr) + e . (3.54)

The off-diagonal zero entries in the stiffness matrix, Γ, indicate that there is no coupling
between the top and bottom AMBs, only between the axes within an AMB.
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The DC offset force, Fb0 (θr) =
[

Fbx1 Fby1 Fbx2 Fby2

]T
, has a similar expansion

with the difference that the coefficients are also functions of the drive’s d-axis current, id:

Fb0_x1 (θr, id) = a sin (2θr) + b cos (2θr) + c sin (θr) + d cos (θr) + e (3.55)

a (id) = maid + ca (3.56)

b (id) = mbid + cb (3.57)

c (id) = mcid + cc (3.58)

d (id) = mdid + cd (3.59)

e (id) = meid + ce . (3.60)

The procedure to determine the coefficients of the stiffness matrix (first term in (3.52))
is done by characterising the required control force for a spiral reference rotor trajectory.
The spiral sweep is performed at rotor angles which range from 0◦ − 340◦ in 20◦ steps. It
has been found that the stiffness matrix Γ is essentially independent of the PMSM drive
current. The spiral sweep which excites the disturbance force as a function of the deviation
of the rotor from the magnetic centre is thus performed at a fixed drive current of 2.5 A.
Fig. 3.12a, serves as an example of the characterisation procedure which depicts the rotor
response to a spiral loop reference. The integrator gain of the PID controller is set quite
high (e.g. 200×103) so that the reference spiral trajectory is followed closely. The sweep is
performed over a long period, i.e. 60 s, which also aids in following the reference trajectory
closely. The required controller reference force is depicted in Fig. 3.12. The purpose of
the stiffness matrix is thus to transform a circular reference in the position coordinates
into an elliptical compensation force. Note that the centroid of the elliptical control force
is different at different rotor angles. The stiffness matrix does not account for this. It is
instead the purpose of the second term of (3.52) to account for the offset force.

The dependence of the disturbance force offset (second term in (3.52)) on the rotor angle
and drive current is in turn independent of the rotor deviation and is thus characterized
by slowly rotating the rotor with the d-axis current ranging from 2 − 10 A in 2 A steps
with the rotor held fixed at the magnetic centre. The offset force for different amounts of
d-axis drive current is presented in Fig. 3.13.

The difference between the test procedures for the unbalanced magnetic pull and the
generalized force disturbance is that for the unbalanced magnetic pull the disturbance
force is characterized dynamically (i.e. from acceleration due to the disturbance force)
whilst for the generalized force disturbance, the static force produced by the controller
is recorded. The unbalanced magnetic pull test procedure thus determines the actual
acceleration without any regard to errors in the inverse force model parameters. Residual
errors in the inverse force model parameters are indirectly accounted for by the reference
force generated by the PID controller. Thus, the generalized disturbance force model
accounts for parameter errors, higher order force-current terms and cross-coupling.
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(a) Spiral loop tracking with high integrator gain (θr = 0◦).

(b) Control force required to track reference spiral trajectory.

Figure 3.12: Stiffness matrix characterization with id = 2.5 A (bottom AMB only).

The effectiveness of the generalized disturbance force model is evaluated by repeating the
sweep for the spiral trajectory, but this time with a low integrator gain (i.e. 20 × 103).
The comparison of the rotor response with and without the feed-forward compensation
switched on is depicted in Fig. 3.14.

The generalized disturbance force model parameters are listed in table 3.11. In order to
improve the computational overhead, those coefficients which had a small impact on the
residual error (e.g. less than 15% difference) of the fit were trimmed from the model. It
can be seen that with the feed-forward model switched on a small control error results,
hence little control effort is required to cancel the disturbance force. It is important to
note that the feed-forward model had the correct rotor angle as input. If the rotor angle
has an error then more control effort is required to cancel the disturbance force and a
larger trajectory deviation results. This property is further exploited in chapter 5, such
that the disturbance force is used to search for the true rotor angle which minimizes the
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Figure 3.13: Current dependent disturbance force offset characterisation.

(a) Without compensation. (b) With compensation.

Figure 3.14: Comparison of generalized disturbance force feed-forward compensation.

disturbance force.
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Table 3.11: Generalized disturbance force model parameters.

(a) Top AMB.

γ11

[
N.m−1

]
γ12

[
N.m−1

]
γ21

[
N.m−1

]
γ22

[
N.m−1

]
a 2736 -577.6 -626.1 -2582
b -709.9 -2682 -2787 353.3
e -18.56e3 -3880 -1873 -18.1e3

(b) Bottom AMB.

γ11

[
N.m−1

]
γ12

[
N.m−1

]
γ21

[
N.m−1

]
γ22

[
N.m−1

]
a 4905 -1024 -1234 -4930
b -1307 -5131 -5299 1041
c -201.6
d 407.2
e -32.4e3 -3820 -40.83 -32.6e3

(c) Fitted bias force in bearing coordinates.

Fb0_x1 [N] Fb0_y1 [N] Fb0_x2 [N] Fb0_y2 [N]

a 0.0098 0.1449 0.0410 0.0613
b 0.0876 -0.1413 0.0773 -0.1075

c mc = -0.1049
cc = -0.1621

mc = 0.1172
cc = 1.73 -0.2732 0.5774

d md= -0.08745
cd = 2.376

md= -0.04794
cd= 0.6374 0.3241 0.0974

e me = 0.02628
ce = -0.6778

me = -0.03714
ce = 0.9301 0.6296 -0.9771

3.6.2 GDF model for cooperative control

The preliminary model presented in section 3.6.1, introduced an improvement on the
unbalanced magnetic pull model presented in section 3.5. However, it still has a few
shortcomings. In the drive literature, the q-axis current is generally termed the torque
producing current. The q-axis current however also causes a radial disturbance force
which was not accounted for in the preliminary model. The second shortcoming is the
high computational burden of computing the polynomial fit outputs of the preliminary
model. Instead, it is possible to store all terms of the disturbance force model as functions
of the rotor angle in look-up tables. The look-up tables also reduce the disturbance force
error compared to the residual errors of the polynomial fits. The higher order harmonic
perturbations may be accounted for without an increase in computational load by means
of using look-up tables. The angular dependent stiffness term is also responsible for only
a small fraction of the disturbance force, hence it will be discarded. Thus, the generalised
disturbance force model, for use in the cooperative control, is modelled as:

Fb (θr, id, iq) = Fb0 (θr) + Kxyd (θr) fd (id) + Kxyq (θr) fq (iq) , (3.61)



3.6. GENERALIZED DISTURBANCE FORCE MODEL 57

where Fb0 (θr), is an angular dependent offset force term, Kxyd (θr) is a coupling coefficient
which couples the d-axis current to the xy-axis force and Kxyq (θr), couples the q-axis
current to the xy-axis force. The coupling coefficient terms are a function of the rotational
angle, θr, as it implicitly includes the inverse Park transformation, but it also takes into
account secondary coupling magnitude variation as a function of the rotor angle. The
functions fd (id) and fq (iq), take into account that the coupling of the current-to-force
may not be a direct linear relationship, but that it may be linearly related to a nonlinear
function of current. It is expected that the force is related to the square of the current,
but other nonlinearities due to e.g. saturation may have an influence.

The offset force dependent term is obtained by slowly rotating the rotor and capturing the
required control effort force to counteract the force disturbance. The rotation is performed
with a small d-axis current term and the rotor angle is assumed equal to the open-loop
reference angle. Unlike the preliminary model, the offset force is no longer a function of
the drive current, since this has been accounted for by the current-force coupling terms.
The required DC offset force, which is stored in look-up tables as a function of the rotor
angle, is presented in Fig 3.15.
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Figure 3.15: Current-free disturbance offset force.

The current-to-force coupling coefficients, Kxyd (θr) and Kxyq (θr), are also determined
by slowly rotating the rotor with a small d-axis current. A sinusoidal current, with
frequency,fe = 10 Hz, is injected into the d-axis to determine the d-axis current to force
coupling coefficient. The sweep is repeated using a current injection amplitude of 2 A, 4 A

and 8 A, in order to fit the current-to-force coupling functions, fd(id) and fq (iq). The
sweep is repeated to determine the q-axis current-to-force relationship. The disturbance
force (in xy-coordinates), caused by the injected current, is correlated to the injected si-
nusoidal signal. The correlation magnitude determines the coupling coefficient magnitude.
The disturbance force is determined by the extended rigid body dynamics observer presen-
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ted in section 3.4.1. As the rotor slowly rotates, the disturbance force appears as a signal
modulated according to the rotational angle. The correlation step can thus be considered
as a demodulation step. Thus, the demodulation step is performed by multiplying the
force disturbance with the injected sinusoid and low pass filtering via integration. The
output of the integrator is again modulated with the unit disturbance signal in order to
generate an output compensation force, F∗b,xy, which is added to the control reference
force, F∗b,PI. The control reference force is the term that feeds the rigid body observer,
thus as the coupling coefficients converge to cancel the disturbance force, the disturbance
force is no longer present in the controller reference force and thus also no longer in the
observed disturbance. The purpose of the two-step modulator is the same as that used
for the unbalance control (presented in section 3.8.1), except that the disturbance force is
generated by means of the injected drive current, as opposed to the unbalance force. The
coupling-to-force calculator is as depicted in Fig. 3.16. The output of the integrator is
the total coefficient required to cancel the disturbance force due to the injected current.
The integrator output is saved and post-processed in order to separate the product of the
normalized coupling coefficient, K (θr), from the current coupling function, f (i).

X

 sin 2 ef t

 X
,

ˆ
b xyF

+

   rK f i

*

,PIbF *

,AMBbF

*

,b xyF





Figure 3.16: Current-to-force coupling coefficient calculator.

The result of the identified current-to-force coupling coefficients is presented in Fig. 3.17.
It can be observed that the coupling to the top AMB is much smaller than the coupling
to the bottom AMB. This is due to the machine asymmetry with the motor’s permanent
magnet residing on the bottom of the rotor. The bottom AMB coupling coefficient is
dominated by the fundamental, i.e. it varies once per rotation because the PMSM has one
pole-pair. The fitted current coupling functions have been identified as:

fd (id) = −7.89× 10−3 i2d + 0.884 id + 0.15 (3.62)

fq (iq) = −8.71× 10−3 i2q + 0.868 iq + 0.17 (3.63)

The negative coefficient of the quadratic term indicates that saturation may have had an
influence. Further investigation is required to determine the exact cause.



3.6. GENERALIZED DISTURBANCE FORCE MODEL 59

0 1 2 3 4 5 6
-0.04

-0.02

0

0.02

0.04

T
op

 A
M

B
 c

ou
pl

in
g 

(N
/A

)

0 1 2 3 4 5 6

r
 (rad)

-0.2

-0.1

0

0.1

0.2

B
ot

to
m

 A
M

B
 c

ou
pl

in
g 

(N
/A

)

(a) d-axis coupling coefficients.
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Figure 3.17: Normalized current-to-force coupling coefficients.
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3.7 Magnetic centre identification

A method of determining the effective rotor position within the air-gap of the AMB was
originally presented by Marshall [84], known as the multi-point method (MPM). The focus
was to provide “...predictions of the shaft force and rotor position based using only current
pairs without air-gap measurements.” The work was extended by Prins [85] in which the
concept of an effective rotor origin is characterized which differs from the rotor geometric
centre in order to increase the force estimation accuracy. The effective origin of the rotor
within the AMB air-gap is defined by Prins et al. [86] as the “...unique rotor location for
which a magnetic circuit based force model of the bearing is satisfied for zero position offset
of the rotor along each control axis.” It is desirable to use the effective rotor origin as the
rotor reference point as the control plant is more linearised with the rotor suspended at
this point. By knowing the difference between the effective rotor origin and the geometric
origin also finds application during commissioning and troubleshooting an AMB [86].

The multi-point method suspends the rotor at different locations within the air-gap with
different bias currents in order to generate a set of non-linear simultaneous equations
which are solved off-line. Spangler et al. [87] extended the work of Marshall and Prins,
based on the multi-point method, in order to characterize a full coordinate transformation
between the sensed geometric rotor locations and the effective coordinates which satisfy
the magnetic circuit model. The result is a reduced force estimation error.

A method of determining the effective origin using an on-line method using bias current
injection and observing the rotor deflection caused by the induced disturbance force when
the rotor is not at the centre is proposed by Caple et al. [88]. The effective rotor origin
is also referred to as the magnetic centre to distinguish it from the geometric centre. The
magnetic centre and the geometric centre may differ from each other due to runout which
in turn is caused by inhomogeneities in the sensor target material [89], mechanical and
electrical runout and stresses within the material [90].

Kruger et al. [17] proposed a method of identifying an approximation of the magnetic
centre in order to increase the convergence rate of the pseudo-magnetic centre identific-
ation. Faster estimation of the magnetic centre in turn made it useful for other on-line
applications, such as rotor angle estimation during start-up.

3.7.1 True magnetic centre identification

In this section, a method for the on-line determination of the true magnetic centre is
presented. Consider the force equation of a differential driving magnetic actuator:

F = K

[(
i0 + ic
x0 − x

)2

−
(
i0 − ic
x0 + x

)2
]
, (3.64)
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where i0, is the bias current, x0, the nominal air-gap size, x, the rotor deviation and ic,
is the control current. First, assume that the rotor is deflected from the magnetic centre,
but that the control current is such that the forces are in equilibrium. From inspection,
it then follows that an additional increase in the bias current will result in a net increase
of the force towards the side which has the smaller air-gap. Thus, to drive the rotor to
the true magnetic centre the reference position, u∗b , has to be adjusted in the opposite
direction of the disturbance force created by injecting a bias current perturbation. The
rotor reference is adjusted until the rotor perturbation due to the current perturbation is
nullified.

In order to obtain persistent excitation of the deviation from the magnetic centre a periodic
current disturbance, im sin (ωt), is added to the bias current. The estimated disturbance
force is then correlated to the disturbance input signal via the inner product which yields
the estimated magnetic centre offset as:

ûm = Gtmc

∫
F̂b sin (ωt) dt , (3.65)

where Gtmc, is a gain for setting the rate at which the magnetic centre is identified.
The amplitude of the bias current perturbation is in the range of: 0 < im < i0. As
the rotor approaches the true magnetic centre the amplitude of the disturbance force
decreases. Thus, the rotor approaches the magnetic centre asymptotically as the input to
the integrator converges to zero.

3.7.2 Magnetic centre feed-forward compensation

The magnetic centre as a function of the rotor angle can be identified online from which
a look-up table or a sinusoidal fit may be generated off-line. The air-gap disturbance due
to the run-out may then be compensated via a feed-forward term which takes as input
the estimated rotor angle. This section presents the sinusoidal fit solution because it aids
in gaining insight into the predominant terms. For the final control implementation, the
magnetic centre is stored as a look-up table with the angular position serving as the table
index.

For the bottom AMB a single harmonic term had sufficient accuracy, which had the
following form:

MCx|y2 = a sin (θr) + b cos (θr) + e . (3.66)

For the top AMB a second harmonic term had to be added to achieve a good fit:

MCx|y1 = a sin (θr) + b cos (θr) + c sin (2θr) + d cos (2θr) + e . (3.67)

The magnetic centre is measured online by using the true magnetic centre identification
procedure presented in section 3.7.1. During the identification, the rotor is slowly rotated
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by an open-loop drive current. The rotor angle is assumed to coincide with the open-loop
reference angle due to the slow rotation. The measured and fitted magnetic centres are
displayed in Fig. 3.18.
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Figure 3.18: Magnetic centre identification results.

Due to run-out present on the sensor ring and the angular dependent sized air-gap in
the AMB itself, the measured rotor position does not constitute the true rotor position
and hence not the true air-gap. The true air-gap is required by the feedback linearisation
where a force reference is transformed into a current reference, as presented in section
3.2.3. In order to correct for the variation in the air-gap due to a non-circular rotor and
sensor ring, the magnetic centre deviation needs to be added to the measured rotor signal.
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Table 3.12: Trigonometric function fit parameters for the magnetic centres.

MCx1 [m] MCy1 [m] MCx2 [m] MCy2 [m]
a -3.59e-06 -5.37e-06 -6.05e-07 9.41e-07
b -6.72e-06 -2.22e-06 4.38e-07 3.73e-08
c 6.40e-07 2.65e-06
d 1.52e-06 2.13e-06
e -62.8e-06 -38.2e-06 -16.7e-06 -16.3e-06

R2 0.993 0.985 0.961 0.884

Thus, the true air-gaps for use in the feedback linearisation of (3.11), are computed using:

ux2+ = ūx2+ − (x2s + MCx2) (3.68)

ux2− = ūx2− + (x2s + MCx2) (3.69)

uy2+ = ūy2+ − (y2s + MCy2) (3.70)

uy2− = ūy2− + (y2s + MCy2) (3.71)

ux1+ = ūx1+ − (x1s + MCx1) (3.72)

ux1− = ūx1− + (x1s + MCx1) (3.73)

uy1+ = ūy1+ − (y1s + MCy1) (3.74)

uy1− = ūy1− + (y1s + MCy1) , (3.75)

where the nominal effective air-gaps, ū, are obtained from table C.2, subscripts x|y indicate
the axis of interest, subscripts 1|2 indicate the bottom or top AMBs respectively and
subscripts +|- indicate the positive or negative force producing pole of the AMB.

3.8 Unbalance control

3.8.1 Unbalance control principle

The unbalance control used for the flywheel is quite similar to that presented by Herzog
et al. [8] in that it implements a generalized notch filter using the two-step modulator,
with the notable difference that it is not the position disturbance which is the filter input
but instead the force disturbance as estimated by the force observer.

The force disturbance at the centre of gravity coordinates from the estimated states is
given by:

F̂ cog = M ˙̂x2 − f∗g,AMB . (3.76)

Hence, the disturbance force is the difference between the position controller reference
force and the actual resultant force as estimated by the observer. The adaptation gain
used for the unbalance control is selected as ε = 10 × 10−6M−1. This reduces the com-
putational burden, since instead of using the disturbance force as the signal to be filtered
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the disturbance acceleration can be used directly. Using the disturbance acceleration the
mass term is thus cancelled, i.e. ε = 10× 10−6.

The block diagram of the two-step modulator is depicted in Fig. 3.19.
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Figure 3.19: Two step modulator notch filter.

The integration of the two-step modulator with the observer, controller and plant is de-
picted in Fig. 3.20, where O (s) is the force observer, C (s) is the control and G (s) is the
plant. The two-step modulator is represented by the TSM block.
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
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

Figure 3.20: Disturbance force notch filter included with control.

3.8.2 Simulation response

The unbalance control is verified via simulation in Simulinkr using a detailed model of
the AMB force, rigid body model and control in centre of gravity coordinates as designed.
Fig. 3.21, depicts the unbalance control response for an eccentricity of 176µm.kg, i.e.
the centre of mass is displaced by 10µm. At, t = 1 s, the rotor is accelerated from 0

to 6000 r/min. At, t = 10 s, the unbalance control is switched on. As can be seen, the
response of the centre of gravity coordinates decays and the rotor spins about its centre
of mass.

A simulation model of the AMB control with unbalance control is included in appendix E.6.
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Figure 3.21: Unbalance control response.

3.8.3 Measured unbalance control response

The experimental result of the unbalance control is presented in Fig. 3.22. At, t = 1 s,
the unbalance control algorithm is switched on by switching the adaptation gain from
zero to ε = 2 × 10−6, with the rotor spinning at 4500 r/min. The unbalance control was
stable with the original gain of ε = 10 × 10−6, but the Fourier coefficients generated
at the integrator outputs of the two-step modulation notch filter was influenced by the
measurement noise and it was decided to lower the adaptation gain. The top AMB x-axis
had severe resonance excitation which was dissimilar from the other AMBs. This is due
to a structural mode excitation which is discussed in appendix C.4.2. It can be observed
that the current does decrease from ≈ 1.5 Apk−pk to ≈ 0.5 Apk−pk, in the axis with the
highest amount of vibration. The current in the other axes decrease, but only slightly.
The measured position response is from a relatively small orbit to an increased orbit of
≈ 25µm in the top and bottom AMBs, as expected since the rotor should rotate about
the centre of mass. Thus, the geometric centre, as measured by the sensors, rotates almost
about the centre of mass. The AMB control used the low stiffness gains as designed in
section 3.3.2.

It was observed that in order for the unbalance control to function as desired, i.e. cause
a reduction in the reference AMB currents, the generalized disturbance force (GDF) feed-
forward model as presented in section 3.6, had to be switched off. If it is switched off
the unbalance control output generates an output position such that the centripetal force
due to the rotor mass unbalance cancels with the unbalanced magnetic pull. This results
in a reduced current ripple in the AMB. This may be explained by first noting that the
input to the unbalance control is not the synchronous component of the measured position
as usually done in the literature, instead the synchronous component of the observed
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disturbance force is used as the input to the unbalance notch filter. Secondly, the reference
force which feeds into the disturbance force observer is that produced by the PID control.
When the GDF feedforward is activate, the disturbance force observer does not account for
the UMP as a disturbance force. Thus, the resulting orbit generated accounts only for the
unbalance disturbance. After the position control has been compensated by the unbalance
control, the GDF feedforward still produces a current reference to counteract the UMP,
resulting in a larger total control current. When the GDF feedforward is inactive the
reference control force also includes the component required to compensate UMP. Hence,
the disturbance force which feeds into the unbalance control now also includes the UMP
component (as if it is unbalance).

The reference orbit generated by the unbalance control is such that the disturbance force
which feeds into the unbalance control (in effect the control effort) is minimized. Thus,
when the GDF is switched off, the reference orbit generated by the unbalance control
is such that the control effort to compensate for the sum of the unbalance and UMP is
minimized. In essence, the rotor orbit is such that the negative stiffness force cancels with
the external disturbance force, resulting in minimized control effort and hence smaller
current ripple. Thus, in the case that the GDF is switched on, some of the AMB force is
used to counteract the UMP. When the GDF is switched off, the resulting orbit is such that
the control effort generated to counteract the UMP and mass unbalance, is minimized.
Thus, a smaller control effort is expected with the GDF switched off.

The unbalance control subtracts the fundamental component of the sensor runout, but
higher order harmonics present in the rotor measurement due to rotor runout pass through
to the control, which limits the amount of current ripple reduction. Thus, there is a
difference in the simplified model of the unbalance and runout, and that of the actual
presented system. The unbalance control is thus developed further in the following sections
to improve the current ripple (and vibration).
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(a) AMB reference currents.
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Figure 3.22: Unbalance control switch-on response.
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3.8.4 Higher order harmonic compensation

Due to runout of the sensing surface which is sensed by the eddy current position sensors,
higher order harmonics of the rotational frequency are present in the measured rotor
position. The unbalance control, presented in section 3.8.1, compensates only for the
fundamental component of the runout and unbalance. The higher order harmonics pass
through and are still reacted upon by the controller. The derivative component of the
controller is especially responsible for generating a current ripple due to the higher order
harmonics. The residual force disturbance due to the higher order harmonics may still
excite rotor bending modes or structural modes. The magnitude or severity of the higher
order harmonics is in part determined by the machining surface finish quality.

Fig. 3.23, illustrates that the higher order harmonics present in the runout may be ap-
proximated by adding Fourier series terms using the two-step modulation notch filter and
replacing the rotor angle, θr, with the n-th harmonic multiple of the angle. The adaptation
gain is selected such that ε1 > ε2 > . . . εn.
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Figure 3.23: Higher order harmonic two step modulator notch filter.

The measured unbalance control response, with a 2nd harmonic term added, is depicted in
Fig. 3.24, again with the rotor spinning at 4500 r/min. The 2nd harmonic adaptation gain
was selected as: ε2 = 0.1 × 10−6. At, t = 1 s, the unbalance control for the fundamental
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component is switched on and the current ripple decreases to a steady state value. At,
t = 18 s, the 2nd harmonic unbalance control term is switched on and the current ripple
decreases further from ≈ 0.65 Apk−pk, to ≈ 0.35 Apk−pk. The bottom AMB current ripple
is essentially unchanged. The envelope of the rotor position response is similar to the
fundamental unbalance control response presented in Fig. 3.22 and is not presented again.

In order to reduce the current ripple even further, more and more harmonic component
terms need to be added, with diminishing returns in current ripple reduction compared to
the computational cost.

Figure 3.24: Unbalance control response with 2nd harmonic term included.

3.8.5 Runout compensation and unbalance control via look-up tables

Increasing the number of harmonic unbalance control terms, as in the previous section, is
computationally expensive and unwarranted since a better alternative is possible. Instead,
the runout and unbalance combination may be identified as a function of the rotor angular
position and stored in a look-up table. Since the estimated rotor angle is available from
the sensorless drive, the runout may be compensated via the LUT acting as an open-loop
feed-forward term.

The influence coefficient method of runout identification is presented by Kim and Lee
[91] for geometric centre control. Usually, when considering runout identification in the
literature, geometric centre control is implied [92, 93, 94, 95]. Geometric centre control
requires the separation of the unbalance and the sensor runout components, since the
unbalance force increases as the speed increases, but the sensor runout manifests as sensor
displacement. Thus, separate components are required for feed-forward compensation in
the case of geometric centre control.
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Centre of mass unbalance control does not require the separation of the two components,
since if the rotor rotates about the inertial axis, no speed dependent unbalance force is
generated since it is supposed to be zero. In the flywheel application of this thesis, centre
of mass unbalance control is preferred, since it results in less rotor-AMB vibration, reduced
AMB current and less noise.

An iterative method for identifying the combined sensor runout and mass unbalance is
presented next. Given a low stiffness control gain and an unbalance controller for the
fundamental and second harmonic components, the rotor will tend to rotate about the
centre of mass if the rotor speed has surpassed the first and second rigid body modes, albeit
with some error, due to phase lag and unaccounted higher order harmonic components
in the sensor runout. By measuring the AMB sensor position and rotor angular position,
the sensor runout6 may be stored as a look-up table with the rotor angle as the LUT
index. On the next iteration, the sensor runout is subtracted from the measured rotor
position. Since there is now less disturbance at the control output, because the runout is
at least partially compensated by the runout LUT, the unbalance control is able to achieve
a control response with a smaller current ripple. Hence, the rotor is rotating closer to the
centre of mass due to less disturbance. The sensor position is again measured from which
an updated sensor runout LUT is generated. This simple iterative technique is possible
because the unbalance and runout components do not need to be separated in the case
of centre of mass control. The look-up table has to be generated with the unbalanced
magnetic pull feed-forward model compensation switched on. If it is not switched on the
unbalance control output will generate an output position such that the centripetal force
due to the rotor mass unbalance cancels with the unbalanced magnetic pull. This results
in a reduced current ripple, but only for that particular speed, because the rotor is not
spinning about its principal axis of inertia. It may be possible to measure runout LUTs
at different speeds, with the unbalanced magnetic pull switched off, and compute a speed
weighted linear combination of the sensor runout for the sensor runout at a particular
speed.

The result of the identified sensor runout using the iterative identification technique is
shown in Fig. 3.25. The measurements were performed with the rotor spinning about its
centre of mass at 4500 r/min for the first two iterations and at 6000 r/min for the last two.
The higher rotor speed aided in faster runout identification convergence. For successive
iterations, the amplitude of the runout changes decreased, especially at higher speeds.
This indicates that the rotor is still not spinning perfectly about its centre of mass at the
lower speed. At a higher speed, this condition is closer to being satisfied. One possible
explanation for the deflection from the centre of mass is that the UMP may be speed
dependent (possibly due to eddy currents) and that the GDF model which compensates
the static UMP, does not match the UMP at a higher speed.

6The runout, relative to the centre of mass, is approximated as the sensor position with the mean
component removed.
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Figure 3.25: Iterative runout identification.

The displacement vector from the geometric centre to the centre of mass is implicitly
included in the look-up tables. Hence, the unbalance controllers for the fundamental and
second harmonic, which are computationally expensive, may be removed. The flywheel
system may now be started with the LUT feed-forward compensation switched on. It may
also be switched on at a higher speed, without concern of possible instability, since the
look-up table based runout compensation is now open-loop.

The AMB current response to enabling the sensor runout LUT at, t = 1 s, is displayed
in Fig. 3.26. The rotor is spinning at 6000 r/min. As can be observed the LUT based
runout compensation and unbalance control, yields superior results in terms of current
ripple magnitude, compared to the simple harmonic unbalance controllers presented in
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the previous section. The current ripple, ignoring the lower frequency transient, is ≈
0.12 Apk−pk. The reason why such a low current ripple was achieved is because the LUT
used to compensate the sensor runout in the result Fig. 3.26, was generated with the
unbalanced magnetic pull feedforward compensation switched off. At a higher speed, a
higher current ripple will result, since the rotor is not spinning about its principal axis of
inertia.
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Figure 3.26: Unbalance control response with look-up tables.

Fig. 3.27, presents the unbalance control result where the sensor runout LUT has been
generated with the unbalanced magnetic pull switched on. The AMB current ripple is not
quite as low as for the case where the LUT has been generated by switching the unbalanced
magnetic pull feed-forward compensation off. The difference is that the current for the
LUT associated with Fig. 3.27 should remain relatively constant even at higher speed
since the rotor is spinning about the principal axis of inertia.

If the flywheel is spun up with the runout compensation already switched on, the resulting
displacement orbit is dependent upon the disturbance force which results due to the error
in the estimated rotor angle used as the LUT input. As the speed increases the angle
estimation of the sensorless drive improves and the sensor runout error decreases, which
in turn results in lower AMB current and vibration. The estimated angle also undergoes
a transient error during sensorless drive transients, such as speed set-point changes, or a
switch from motoring to generating mode, which in turn results in a disturbance in the
LUT based unbalance control. The two-step modulation notch filter using the sensorless
drive’s estimated angle would also be influenced by a sensorless drive transient. The
dependence of the unbalance control on the sensorless drive’s angle estimation error thus
needs to be investigated further, in order to quantify these interactions, which will be
presented in chapter 5 dealing with the cooperative control.
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Figure 3.27: AMB currents with principal axis based sensor runout LUT.

Another non-ideality which needs to be compensation is the delay due to the phase shift
caused by the power amplifiers. In the notch filter implementation, the phase shift due to
the power amplifiers should be implicitly compensated. Any phase shift due to the power
amplifiers causes an increase in the synchronous component of the current ripple which
is corrected for by the notch filter. Nevertheless, Peng et al. [96] have shown that the
synchronous vibration component improves when the delay due to the power amplifier is
explicitly compensated. In the case of the open-loop LUT based unbalance control any
additional phase shift, such as that due to the power amplifiers, has to be compensated
using a model-based approach. Hence, it is recommended to compensate for the power
amplifier delay in order to achieve higher operating speeds of the flywheel when using the
LUT based unbalance control.

3.9 Conclusion

This chapter presented the AMB control design in the centre of gravity coordinates using a
force-based framework by means of feedback linearisation. Models of increasing fidelity of
the force disturbance caused by the unbalanced magnetic pull were derived. Procedures for
parameter fitting of these models were also described which included the parameter results
of each procedure. The final force disturbance model, appropriate for the cooperative
control, was presented in section 2.5.

The AMB design ended with a presentation of the unbalance control design. The online
unbalance control was also progressively improved by accounting for higher order har-
monics in the sensor runout. For efficient control implementation, the sensor runout was
accounted for by means of look-up tables.
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The force disturbance model and the unbalance sensor runout look-up tables are dependent
upon the rotor angular position. At standstill and low speed, the rotor angle is estimated
by means of the estimated force disturbance which results due to incomplete cancellation
of the unbalanced magnetic pull and the angular dependent force disturbance feed-forward
model. The estimation of the rotor angle using the force disturbance is presented in chapter
5. At higher operational speed the source of the estimated speed is gradually transferred
to the sensorless vector controller. The sensorless vector control design is presented in the
next chapter.



Chapter 4

Sensorless vector control

4.1 Introduction

The aim of this chapter is to present the design and implementation of the sensorless vector
control of the flywheel system used for this thesis. The main contribution to sensorless
control is the bumpless start-up method, presented in section 4.3. The preceding sections
are presented in order for the work to be self-contained, namely the modelling of the
motor combined with the three-phase filter, the current and speed control design and the
observer design. The observer design is extended in section 4.4 in order to account for the
frequency dependent resistance and the current dependent inductance of the machine as
determined during the PMSM parameter identification presented in appendix B.

4.2 Sensorless vector control design

4.2.1 PMSM model

Many introductory sources present the modelling and control of electrical machines, such
as [97, 98] (and will therefore not be repeated here). The derivation of the mathematical
model of a three-phase permanent magnet machine is also presented in [13]. The state
space model of a three-phase PMSM in the rotor reference frame is given by (adapted
from [99]):

d

dt
isd = − 1

τs
isd + ωrσisq +

vsd
Ld

d

dt
isq = −ωr

σ

(
λp
Ld

+ isd

)
− 1

στs
isq +

vsq
Lq

d

dt
ωm =

1

Jp
(Te −Bωm − Tl)

Te =
3

2
zp (λpiq + Ld (1− σ) isqisd) ,

(4.1)

75
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where d
dt , is the time differential operator, zp is the number of pole pairs, σ =

Lq
Ld

is the
saliency factor, τs = Ld

rs
is the d-axis stator electrical time constant, λp is the peak flux

linkage due to the permanent magnet, Ld and Lq, are the direct and quadrature axis
inductances, respectively, B, is the viscous friction coefficient and, Jp is the polar moment
of inertia. The transformed terminal voltage, vsdq, and load torque, Tl, are the inputs to
the model. The state variables of the model are the transformed stator current, isdq, and
the rotor angular frequency ωm1. The PMSM used in this study has a surface mounted
permanent magnet, for which the saliency factor is assumed unity. The mechanical angular
frequency of the PMSM is coupled to that of the AMB model. In certain simulations, it
is sufficient to couple an existing PMSM speed response simulation to the AMB, whilst in
others, where the PMSM control is dependent on the AMB unbalance control response,
both models have to be coupled in the same simulation.

The parameters of the machine and more importantly, the identification thereof, is presen-
ted in section B.

4.2.2 Three-phase LC filter model

The drive used for the flywheel system has a three-phase LC filter in order to reduce the
noise coupled from the drive to the AMB’s eddy current position sensors [100]. The design
of the filter used in this system is presented by de Klerk [79]. The influence of the filter on
the sensorless control is presented by Salomäki [18]. Fig. 4.1 depicts a simplified control,
inverter, filter and PMSM. Ideally, the controller uses the inverter current, iA, in order
to compensate the dead-time. This requires however an extra set of current sensors and
typically the stator current reference, i∗s, is used instead2.

PMSM
1..6G

dcv

si

svDead-time 
compensation

Av

Ai

fL

fC

   Drive control

*

r

Figure 4.1: PMSM drive equipped with three-phase LC filter.

1Note that, ωr = zpωm, is the angular frequency in electrical coordinates.
2Note that the reference frame of the three-phase variables is purposefully kept ambiguous in Figure

4.1.
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The state space model of the three-phase filter is given by [18]:

d

dt
iAd = − 1

τA
iAd + ωriAq +

vAd − vsd
Lf

d

dt
iAq = − 1

τA
iAq − ωriAd +

vAq − vsq
Lf

d

dt
vsd =

iAd − isd
Cf

+ ωrvAq

d

dt
vsq =

iAq − isq
Cf

− ωrvAd ,

(4.2)

where ωr, is the PMSM electrical angular speed, τA =
Lf
rlf

is the time constant of the
filter inductance, and rlf , Lf , Cf is the filter resistance, inductance and capacitance, re-

spectively. Thus, the filter inputs are the inverter output voltage, vA =
[
vAd vAq

]T
,

and the PMSM stator current, is =
[
isd isq

]T
. The inverter output current, iA =[

iAd iAq

]T
, represents an internal state to the filter and the stator terminal voltage,

vs =
[
vsd vsq

]T
, is an output which in turn serves as an input to the PMSM model of

(4.1).

Salomäki’s approach to estimating the speed and position was to use a full-order observer
in order to account for the states of the filter and the machine. In the event that the filter’s
cutoff frequency is sufficiently high above the machine’s highest operating frequency the
delay introduced by the filter may be neglected [101]. A reduced order model of the filter
is thus considered and the filter is taken into account simply by adding the inductance of
the filter to that of the stator inductance.

4.2.3 Cascaded control design strategy

The sensorless vector-control design strategy presented by Kshirsagar et al. [4] is based on
classical frequency domain techniques. In the design of the sensorless controller, several
controllers are cascaded. Each inner loop needs to be “faster” than the preceding outer
loop by successively increasing the control bandwidth. The outermost loop is the speed
control, after which the current control follows. The state variables for the current control
loop assumes that the angle used for transforming the measured currents to the rotating
reference frame is accurately observed. The estimated angle is derived from the estimated
electrical states by a phase-lock loop, thus the electrical domain observer has the “fastest”
dynamics of all the loops. Since the outer-most loop is the speed control loop, all other
loop control bandwidths are set relative to the speed loop which acts as a normalizing
factor. The sensorless vector control bandwidths are selected according to the design
procedure developed by Kshirsagar et al. [4] and are summarized in table 4.1. Note that
the observers follow the controllers which break the numerically increasing bandwidth
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pattern. The observers are not cascaded to the controllers in the strictest sense but are
somewhat parallel to the controllers.

Table 4.1: Bandwidth selection for sensorless vector controller [4].

Control loop Symbol Value relative to ωs
Speed controller ωs 1
Current controller ωc 50

Angular speed observer ωt 20
Electrical state observer ωo 200

4.2.4 Current control

The current control design for a drive equipped with an angular position sensor is presented
in [13]. Assuming that the angular position is accurately measured the design of the current
control PI gains boils down to choosing the current control bandwidth. In the case of a
sensorless vector control, the current control bandwidth is bounded in its relation to the
electrical state observer. Nevertheless, the design procedure is essentially the same.

The key to the current control design is with the aid of feed-forward linearisation terms.
In the case of the AMB control presented in section 3.3, the non-linear gyroscopic term
was cancelled with a feed-forward term. After the cancellation of the non-linear term,
the residual system dynamics was linear and a full-state feedback control design could be
performed. In the case of the PMSM, the speed-dependent cross-coupling terms may also
be cancelled via a speed-dependent feed-forward term. Due to the resulting linear system,
the classical frequency domain design can be employed. Much of the sensorless vector
control design presented here is based on the design presented in that article and readers
are encouraged to consult the reference. As stated previously the design is repeated here
so that the thesis is self-contained to a certain degree.

As opposed to the design of the current control in the sensored case, one first assumes that
an accurate estimated rotor angle, θ̂r, is available for the Park transform to be used. The
estimation of the angle is presented later in section 4.2.6. After cancellation of the speed
dependent terms of (4.1) the residual dynamic behaviour is that of a simple RL-load:

d

dt
ir̂sd =

1

L

(
rir̂sd + v∗d

)
d

dt
ir̂sq =

1

L

(
rir̂sq + v∗q

)
,

(4.3)

where v∗d and v∗q , are reference voltages generated by the PI current control loop. The
superscript, r̂, indicates that the variables are in the estimated reference frame. The
inductance, L, is the sum of the stator and three-phase filter inductance. The same holds
for the resistance: r = rs+rlf . A saliency factor of unity is assumed since a surface mount
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PMSM is used in this work. The feed-forward decoupling term is produced by:

vDNdq = −ω̂r

[
0 L

−L 0

][
ir̂sd
ir̂sq

]
, (4.4)

where ω̂r, is the estimated angular speed. In the design presented by Kshirsagar et al. the
decoupling term is set to zero during the open-loop start-up. For the modified start-up
procedure, presented in 4.3, the estimated angle slides from an initial open-loop signal to
a closed-loop signal and the decoupling term is thus added even from start-up.

Besides the machine dynamic cross-coupling which is cancelled by the feed-forward term,
the delays due to the anti-aliasing filter and sampling delays also produce cross-coupling.
This cross-coupling is decoupled with the aid of a speed-dependent rotation matrix, as
originally presented by Sepe and Lang [102]. An implementation of the rotation matrix
decoupling for a high-speed PMSM is presented in [50] as part of the non-ideality com-
pensation of a V

f -controlled drive, but is also applicable to vector controlled drives. In
fact, the derivation of the speed dependent rotation matrix makes use of the small angle
approximation for trigonometric quantities. In the case of a vector controlled drive, where
the angle is available either via measurement or estimation, the angle may be corrected
with a speed-dependent phase delay term explicitly, which does not make the small angle
approximation by correcting the cross-coupling with a rotation matrix. Thus, the delay is
compensated in the angle used for the Park transform and yields a more accurate delay
compensation. The compensation of the delay is presented in section B.2.2.

As presented in [13], the open-loop gain for the PI control combined with the linear plant
of (4.3), is:

Gc (s)GP (s) =

(
Kp_c +

Ki_c

s

)
1

sL+ r

=
ωc
s

(
s
Kp_c

ωc
+
Ki_c

ωc

)
1

sL+ r
, (4.5)

where ωc, is the cross-over frequency. Kp_c and Ki_c, are the proportional and integral
gains of the PI current controller. The PI gains are thus chosen in order to cancel with
the plant [13]:

Kp_c = ωcL

Ki_c = ωcr .
(4.6)

Thus, in order to complete the current control design, one needs to select the cross-over
frequency, ωc, as per table 4.1.

4.2.5 Speed control

A PI speed controller is used for speed control. The viscous friction is considered negligible,
thus the mechanical dynamics result in a pure integrator. Consequently, the PI controller



80 CHAPTER 4. SENSORLESS VECTOR CONTROL

gains cannot be chosen directly in order to cancel with the plant, as was done for the
current control design. Hence, a zero in the transfer function remains. The closed-loop
dynamics of the speed controller is given by [4]:

Gs_cl (s) = KT zp
sKp_s +Ki_s

Jps2 +
(
sKp_s +Ki_s

)
KT zp

, (4.7)

where KT = 3
2zpλp, is the torque constant, and Kp_s, Ki_s, are the position and integral

gains, respectively. The zero of the closed-loop transfer function is cancelled by adding a
pre-filter [4]:

Gpf (s) =
Ki_s

sKp_s +Ki_s
. (4.8)

The closed-loop dynamics incorporating the pre-filter thus results in a second-order system
and the PI gains are set by equating terms to the generalized second-order polynomial.
This results in the following speed control PI gain expressions:

Kp_s = 2ζωs
Jp

KT zp

Ki_s = ω2
s

Jp
KT zp

,

(4.9)

where ωs, is the speed control bandwidth which is chosen as per table 4.1.

4.2.6 Observer

4.2.6.1 Estimated reference frame state equations

In order to estimate the states of the system described in (4.1), one first has to note that
the state variables of the system described in (4.1) are in a known reference frame. For
the sensorless vector control, the states are estimated in a reference frame which itself
is estimated. Theoretically, a stable electrical state observer can be designed to observe
the states in any reference frame, but only the true rotor reference frame is of practical
value. By casting the voltage equation in the estimated reference frame and noting the
properties of the estimated states when the estimated reference frame and the actual rotor
reference frame have an angular difference a corrective law for the estimated angle may
be deduced in order to drive the estimated reference frame to align with the true rotor
reference frame.

The voltage equation of the stator, in the rotor reference frame, is given by:[
vAd

vAq

]
=

[
r −ωrL
ωrL r

][
ids

iqs

]
+ L

d

dt

[
ids

iqs

]
+ ωr

[
0

λp

]
, (4.10)

where, r = rlf + rs and L = Lf + Ls, are the combined stator and three-phase filter
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resistance and inductance, λp is the pole flux and vAd, vAq, are the direct and quadrature
inverter output voltage in the rotor reference frame. The total back-emf adds only to the
q-axis voltage in the machine equation when the actual rotor angle aligns with the d-axis.

Figure 4.2: Back-emf in true and estimated coordinates [4].

Fig. 4.2, depicts how the true back-emf projects onto the estimated reference frame for
the case that an angular error exists between the estimated and the true rotor angle. The
angular error is defined as:

θ̃r = θr − θ̂r , (4.11)

With an angular error present, the back-emf projected to the estimated reference frame is
given by:

ed̂ = ωrλp sin
(
θ̃r

)
eq̂ = ωrλp cos

(
θ̃r

)
.

(4.12)

Thus, the stator voltage equation in the estimated rotor reference frame is given by [4]:[
vAd̂
vAq̂

]
=

[
r −ωrL
ωrL r

][
id̂s
iq̂s

]
+ L

d

dt

[
id̂s
iq̂s

]
+

[
−ed̂
eq̂

]
. (4.13)

If the d̂-axis component is positive (negative) the estimated reference frame has to recede
(advance) in order to align with the true rotor reference frame. Therefore, the estimated
d̂-axis back-emf in the estimated reference frame, êd̂, can be used as an input to a phase-
locked loop (PLL), as proposed by [4], to decelerate or accelerate the estimated reference
frame angular velocity. If the input to the PLL is zero the estimated reference frame
coincides with the true reference frame. This condition is met if the angular velocity of
the estimated reference frame is that of the rotor, i.e. ω̂r = ωr.

Since the back-emf in the estimated reference frame, ed̂q, is an unmeasured quantity it is
promoted to an internal state variable which has to be estimated, i.e. êd̂q.
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4.2.6.2 Electrical state estimator

The observer used to estimate the electrical states is a classical3 Luenberger observer. The
estimator has the generalized form [4]:

˙̂x = Ax̂ + Bu+ L (y −Cx̂) , (4.14)

where the matrices are given by:

A =


− r
L ω̂r

1
L 0

−ω̂r − r
L 0 − 1

L

0 0 0 0

0 0 0 0

 , (4.15)

B =


1
L 0

0 1
L

0 0

0 0

 , (4.16)

C =

[
1 0 0 0

0 1 0 0

]
, (4.17)

L =

[
l11 l21 l31 l41

l21 l22 l32 l42

]T

. (4.18)

The state, input and output4 vectors are respectively given by:

x̂ =
[
îd̂s îq̂s êd̂s êq̂s

]T
, (4.19)

u =
[
vd̂s vq̂s

]T
, (4.20)

y =
[
îd̂s îq̂s

]T
. (4.21)

The design of the observer consists out of the selection of the observer gains, l∗∗, of the
feedback gain matrix, L. Note that the observer is non-linear since the estimated speed,
ω̂r, in the A matrix is one of the system state variables. Usually, the electrical and
mechanical time constants vary significantly, such that it may be assumed that the rotor

3Actually, the observer is adaptive due to speed dependence.
4In order to design the observer gains, the error dynamics under consideration is that of the current,

hence the output is defined as the estimated current. In reality, the estimated back-emf is the “true”
output since this is the observer output used for the speed and angle estimation.
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speed is constant within one processing cycle of the electrical domain observer. Under
this assumption the electrical state observer is linear. The characteristic equation of the
observer is given by [4]:

Co (s) ≡ det (sI−A + LC) (4.22)

= s4 + a1s
3 + a2s

2 + a3s+ a4 . (4.23)

If the dq-axes are decoupled via feed-forward terms in the estimator (as is done in the
control) and the gains are chosen appropriately then the eigenvalues are that of a repeated
second-order system:

Co (s) =
(
s2 + 2ζω0s+ ω2

o

)2
. (4.24)

The observer gain selection as presented by [4] is followed. The back-emf in the estimator
is decoupled by setting the terms l32 and l41 equal to zero. The electrical time constant
of the machine is overridden by appropriate selection of l11 and l22. The dependence on
the estimated rotor speed, ω̂r, is cancelled by l12 and l21. The effect of cancelling the
dependence on the estimated speed results in the estimator poles being constant over the
machine operating speed range. The final estimator gain matrix thus results in:

L =


− r
L + 2ζωo ω̂r

−ω̂r − r
L + 2ζωo

ω2
oL 0

0 ω2
oL

 . (4.25)

The design of the electrical state observer is thus reduced to the selection of the observer
bandwidth, ωo, and damping, ζ. The selection of the bandwidth is related to the other
cascaded control loops as discussed in section 4.2.6.1 and summarized in table 4.1. The
damping is normally selected in the range of ζ = [0.7, 1].

From the comparison of the gain matrix design presented by [4] to the pole placement
design presented by [14], one can observe that the observer gain matrix design by [4] is
much simpler due to the design being performed in the estimated rotating reference frame.
Cancellation of the observer pole dependence on the estimated speed has the advantage of
simplifying observer stability verification. By making the system poles speed independent,
then if the system is stable at one speed it should be stable for all other speeds.

4.2.6.3 Phase-locked loop (tracking controller)

The PLL is also called a tracking controller by Kshirsagar et al. since the estimated
reference frame “tracks” the true rotor reference frame. The tracking controller is depicted
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in block diagram form in Fig. 4.3. The norm:

|xdq|=
√
ê2
d̂

+ ê2
q̂ , (4.26)

is used to normalize the d-axis estimation error that feeds into the tracking controller,
thereby keeping the tracking controller dynamics independent of the rotor speed. The
cancellation of the speed dependence may be verified by substituting (4.12) into (4.26):

|xdq| =
√(

ωrλp sin
(
θ̃r

))2
+
(
ωrλp cos

(
θ̃r

))2

= |ωrλp|
(4.27)

The error in the estimated back-emf thus feeds into a proportional and integral controller,
which generates an estimated speed, ω̂r, which is integrated to yield the estimated rotor
angle, θ̂r. This angle is then used for the Park transform of the drive voltage and current
to the estimated rotor reference frame which serves as input to the electrical domain
observer, represented by the term Gobs (s). In actuality, it is problematic to use the
measured drive voltage, since appropriate sampling and filtering has to be employed to
remove or reduce the PWM carrier from the measured voltage. Instead, the rotor reference
frame voltage may be used as the input to the observer. This, however, necessitates that
inverter non-ideality compensation is employed such that the assumption that the reference
voltage is sufficiently equal to the actuated drive voltage is valid. The inverter non-ideality
compensation is presented in appendix A.
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Figure 4.3: Back-emf based tracking controller.

4.2.6.4 Improved back-emf error input for tracking controller

The tracking controller presented by Kshirsagar et al. makes use of only the (normalized)
estimated d-axis voltage, êd̂, as input to the tracking controller. Equation (4.12) makes use
of the small angle approximation to relate the angular error, θ̃r, linearly to the estimated
d-axis voltage, êd̂. It may appear that information in the estimated q-axis voltage, êq̂, has
nothing to contribute to the estimation of the angular speed since it is related by cosine
to the angular error, θ̃r. In the event that the estimation angle is small, i.e. after the
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tracking controller has “locked” on, this is indeed the case. During start-up of the drive,
the angular estimation error may be significant however and the estimated q-axis voltage,
êq̂, may aid the tracking controller. During large transients, as the angular error increases,
the gain of the sine term reduces, but that of the cosine term increases. Thus, by adding
the cosine related q-axis voltage, êq̂, to the tracking controller, the tracking controller gain
is overall, more constant.

The d-axis voltage, êd̂, was introduced to the tracking controller by noting that a d-axis
voltage reference is required which corresponds to an angular estimation error of zero,
hence: ê∗

d̂
= 0. Similarly, the q-axis voltage, êq̂, may be introduced to the tracking

controller by noting that the normalized q-axis voltage reference corresponding to zero
estimation error is:

ê∗q̂ =
ωrλp cos

(
θ̃r

)
|xdq|

∣∣∣∣∣∣
θ̃r=0

= 1 .

(4.28)

Thus, the tracking controller with improved back-emf error input is as depicted in Fig. 4.4.
The total back-emf error feeding into the PI controller is now the sum of the normalized d-
and q-axes error components. The addition of the q-axis voltage error term to the tracking
controller requires a small amount of extra computation.

PI 
0

ˆ
1dqn

e
 

  
 

linG xdq

ˆ
dq

e

ˆ
dqn

e

ˆ
r ˆ

r

 obsG s

ˆ

*

Adq

v

 ˆrC 
sabciŝdqi
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Figure 4.4: Tracking controller with improved error input terms.

4.3 Bumpless start-up method

4.3.1 Background

The sensorless vector controller described thus far is mainly from the design proposed by
Kshirsagar et al. [4], which has been extended to incorporate the three-phase line filter.
The proposed start-up method differs significantly from that presented by Kshirsagar and
is novel. The start-up method has the advantage that it is simpler and has no transient
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compared to Kshirsagar’s method. The start-up method is a contribution in its own right
with respect to drives, but the purpose of the new start-up method is that it has the
capability of blending angular position sensor estimates from other sources as presented
in the next chapter.

The general term applied to techniques aiming to reduce the incurred transient upon
switching from one controller to another is known as bumpless transfer [103].

Two main ideas from the literature are combined to yield a start-up method which in its
combined form has not yet been proposed. The first idea is to implement a current control-
loop right from the start instead of using an open-loop V/f control. Current control at
start-up has been suggested by several researchers. The I − f starting method proposed
by Fatu et al. [57] and the start-up strategy proposed by Wang et al. [104] both propose
to use current regulation during start-up. The idea to use a single reference frame for
estimation and control is presented by Taghirad et al. [105], but their control used a
voltage control loop. Elsewhere in the literature computation of the reference voltage in
the open-loop reference frame coordinates is presented in the γδ-coordinates. If an open-
loop voltage controlled strategy is used beyond a certain speed a stabilization loop has to
be added [106]. If the open-loop start-up can transition to a closed-loop controller before
the intermediate destabilizing speed is reached the stabilization loop may be discarded.

The current- and voltage control start-up methods each have their own merits. The current
control inherently compensates for the inverter non-ideality, i.e. the voltage reference
generated by the current control loop compensates for voltage disturbances due to dead-
time effects and unknown stator winding resistance. The current-controlled start-up is
also less dependent on known motor parameters, as pointed out by Fatu et al. [57]. The
disadvantage of the current control is that the stator voltage induced due to rotor speed
perturbations are not allowed to cause a corresponding current. Such a current, which is
allowed by a voltage controlled start-up, helps to dampen the rotor speed perturbations
at start-up. Increased rotor speed perturbation at start-up increases the possibility of
the rotor losing synchronization with the open-loop generated stator-field with the rotor
thus failing to start-up. The voltage controlled start-up is a bit of a misnomer since the
voltage is not typically controlled by a feedback loop. Instead, the inverter output voltage
produced is the result of an open-loop generated voltage reference based on the model
of the machine. Due to the model dependency, the voltage controlled start-up is more
sensitive to machine parameters. The inverter non-ideality is overcome by the addition of
a so-called “boost” voltage, which has to be tuned during the drive commissioning.

A compromise or hybrid control is possible with a reduced current control gain at start-up
which allows the inverter non-ideality to be overcome, whilst simultaneously providing at
least some damping to the rotor speed perturbations [13].

In a sensorless drive which uses an open-loop start-up, regardless of whether it is current-
or voltage controlled, at some point the drive has to transition from open-loop to closed-
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loop control. Typically, estimation of the electrical state variables for speed and angle
estimation is processed in addition to the open-loop start-up. This results in increased
computational load. During the switchover from open- to closed-loop the estimator states
and drive current control experiences an unwanted transient.

Various means have been proposed to dampen the transient response upon transitioning
from open- to closed-loop at start-up. One method is to re-initialise the speed and current
controller integrator outputs to what the outputs would have been in the new reference
frame upon switching over to the new reference frame. Such a method is proposed and
demonstrated by Kruger et al. [16]. Although a satisfactory transient is obtained it
requires extra computation to perform the reinitialization. Also, the transition algorithm
is not symmetrical for run-up and run-down.

The initialization problem of reference or off-line controller is also experienced by other
bumpless transfer methods. Turner and Walker [103] presented a method of bumpless
transfer based on ideas from linear quadratic theory. Their method assumes that all
controller realizations are completely controllable and all states observable. In the case of
the PMSM control, the back-emf is analytically unobservable at standstill and practically
unobservable at low speed.

Arafa et al. [58] present an observer-based sensorless control of the PMSM with a focus
on the drive’s start-up. They used a current controlled open-loop start-up with a pre-
alignment step (which they referred to as homing). They investigated the open-loop
start-up with two different common types of load profiles, i.e. a fan (TL ∝ ω2) and roller
(TL ∝ ω) load profile. In addition, they considered the possibility of not using a fixed
homing step5 and thus the start-up at various error offset angles. With the two different
load types, the open-loop start-up was successful for the different initial angle errors,
except for the fan type load with an initial offset angle greater than 4π

3 .

Two possible solutions to the failed start-up are proposed by Arafa et al. The first is
to reduce the start-up ramp slope and the second is to use a homing current for a short
period of time (the rotor is not allowed to settle) before the open-loop ramp starts. In
the experimental result, they presented for the angular tracking of the open-loop, the real
and estimated angles all converge prior to switchover to closed-loop control. This indicates
that although they considered different types of loads in simulation the experimental result
is for no-load during start-up. Also, the ramp rate is relatively low given the inertia of
their experimental start-up, otherwise the open-loop angle would lead the measured rotor
angle. Upon transitioning from open- to closed-loop control the authors also applied a
speed reference step input. This made it impossible to distinguish whether the current
transient originated from the transitioning algorithm or due to the speed reference step.

The start-up strategy proposed by Fatu et al. [57] performed a transition to a back-emf
based sensorless control by blending the estimated rotor angle, θ̂r, and the open-loop

5That is an alignment step in which the rotor is allowed to reach a steady state and thus a know rotor
angle before the open-loop ramp begins.
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reference angle, θ∗r , using a first-order lag compensator after reaching a certain critical
threshold speed. The time constant of the lag compensator implies a dynamic response
for the angle and has thus to be chosen according to the open-loop speed ramp slope. If
the speed ramp slope is changed during commissioning, for example, decreased ten fold,
then it would appear that the blending angle transient reaches steady state much sooner
relative to the final speed and exposes the algorithm to speed estimate disturbances.

In order to overcome this time-dependent blending, Ştirban et al. [107] proposed that the
angle blending should strictly be a function of a speed dependent weighting ratio and do
away with the lag compensator blending strategy. The angle is estimated by a PLL based
observer and blending occurs after the output of the PLL.

Wang et al. [104] also recognized the transitioning problem at start-up and critiqued the
proposed start-up transition methods of [57, 107], and point out the difficulty in selection of
the parameters required for the transition algorithm. Wang et al. present their own start-
up and transition algorithm which takes a novel approach and addresses the design of the
start-up and transitioning algorithms. They also present a large signal stability analysis
which was lacking in the previous start-up and transitioning algorithm presentations. This
has to be distinguished from the small signal stability analysis performed to ensure the
stability of the V/f controlled drive and verify the efficacy of the stabilization loop.

The method proposed by Wang et al. can be divided into four regions. First an alignment
step, which is common amongst the start-up procedure. Secondly, a constant current
reference i∗q in the synchronous reference frame is used to ramp up the speed to a threshold
speed. Thirdly, upon reaching the threshold speed, the speed is kept constant whilst the
current reference i∗q is gradually reduced, whilst the estimator for the field oriented control
is active in the background. As the current is reduced the difference between the open-loop
angle and estimated rotor angle decays. Upon reaching an angle difference threshold the
control may switchover to the sensorless vector controller, which constitutes the fourth
region. There are mainly three parameters which have to be selected for the start-up:

• The peak open-loop reference current i∗q which is dependent on the load profile which
is assumed known. Only the average load during start-up has to be known.

• The start-up ramp rate, Kω, which is a function of the open-loop reference current
i∗q ,

• and lastly, the current reduction rate, Ki, during the constant speed region.

The design of the proposed method by Wang et al. [104] is much clearer, but with
the drawback that the start-up method is dependent on the constant speed region to
reduce the open-loop reference current until it equals the estimated q-axis current. This
prolongs the time required for start-up. In addition, there is no usable rotor angle and
speed estimation information available until the transition to field oriented control has
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completed. In practice, the angle and speed estimation during start-up improve linearly
as the speed increases and a good start-up strategy has to be able to make use of the
information available.

4.3.2 Proposed start-up method

4.3.2.1 Modified tracking controller

The proposed method modifies the previous methods of [57] and [107] to blend the open-
loop reference and estimated speeds as opposed to the angle. This is achieved by moving
the blending before the PLL (tracking controller presented in section 4.2.6.3) instead of at
the PLL output. The blending weight is calculated as:

Wobs = sat

[
Mt

(
ω∗r
ωr_th

− 1

)]1

0

, (4.29)

whereWobs, is the observer enable weight, which is saturation limited to the range [0, 1], ω∗r
is the reference speed, ωr_th is a threshold speed, Mt is a transition slope. From standstill
up to the threshold speed the start-up is pure open-loop. The weight for enabling the
observer is visualized in Fig. 4.5. At the threshold speed, ωr_th, blending of the reference
and estimated angular speeds start until reaching a reference speed equal to ω∗r = ωr_th/Mt

where the input to the tracking controller is purely from the back-emf error term. It is
important to note that upon reaching the closed-loop reference speed no distinct switching
action is performed. The blending step is the transition from open-loop to closed-loop
control. The proposed method thus has a smaller number of distinct regions during start-
up compared to the previous methods.
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0
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Figure 4.5: Observer enable weighting function.

A simple application of the observer weight to the PI controller input of the PLL is by:

ePLL = ẽd̂Wobs + ω∗r (1−Wobs) , (4.30)

where ẽd̂, is the back-emf estimation error of the tracking controller as presented in Fig.
4.3.
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From simulation, it has been found that application of the simple weighting method is
not sufficiently “smooth”. If a large back-emf estimation error-disturbance is present at
the input, even at a relatively low speed, the resulting estimated speed, ω∗r , may deviate
without a bound from the reference speed. The deviation of the estimated speed from the
reference speed may be bounded by adding a disturbance rejection loop at the input to
the reference speed:

ePLL = ẽd̂Wobs +
(
ω∗r − ω̂r_k−1

)
(1−Wobs) . (4.31)

Due to the direct feed-through of the proportional gain in the tracking controller an
algebraic loop results if the estimated speed, ω̂r, is fed back directly. In order to break the
algebraic loop the previous control cycle’s speed estimate, ω̂r_k−1, is fed back instead.

The modified tracking controller, with the reference speed dependent weights, is displayed
in Fig. 4.6. As can be seen, the feedback loop of the estimated speed has as input the
reference speed. Thus, with respect to this loop, the weighted back-emf input term appears
as a disturbance. This loop thus serves as a secondary measure to transfer the reference
speed to the back-emf more smoothly than a merely fixed weighting scheme.

When the reference speed exceeds the threshold speed the angle used in the coordinate
transformations is the open-loop reference angle blended with the estimated reference
angle. The blended angle is still denoted by, θ̂r, as it is the output of the tracking controller.
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Figure 4.6: Modified tracking controller.

4.3.2.2 Speed controller start-up

The rotor is aligned with an open-loop reference current in the d∗-axis, with reference
angle, θ∗r = 0. The magnitude of the reference current, i∗d, is set according to the load
torque required for start-up. In the flywheel application, the load torque is that of the
load inertia. Hence, the reference magnitude current is determined by the ramp rate. As
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the reference angle starts to rotate the true rotor angle falls behind the reference angle,
such that d∗-axis is decomposed into direct and quadrature axes components in the true
rotor reference frame. Thus, a torque producing current results which cause the rotor to
accelerate even though the torque producing current reference is zero. Fig. 4.7, illustrates
the decomposition of the current in the applicable reference frames during the alignment
and acceleration steps. The true rotor angle lags the reference angle according to the
amount of required torque. If the rotor angle lags the reference angle by more than π

2 the
stator current is insufficient to provide enough torque. Beyond π

2 the torque decreases and
the rotor loses synchronism.

A different convention is used to denote the current reference in the start-up procedure
proposed by Wang et al. [104]. They set the reference current as i∗q . Usually, different
conventions are equivalent as long as the convention is consistently applied. This is not so
in this case. The proposed convention here, that the reference current should be, i∗d, has
further benefits as will be explained.
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Figure 4.7: Decomposition of reference rotor currents in real and reference coordinates
during start-up.

During the transitioning from open- to closed-loop, the speed controller in the proposed
start-up is already active. As the tracking controller speed is transferred from the reference
speed to the estimated speed, the speed error is transferred from zero to the actual amount
of error. Hence, the speed controller becomes gradually switched on, implicitly due to the
modified tracking controller, and a reference torque producing current is automatically
generated to accelerate the rotor to track the reference speed. In the convention proposed
by Wang et al. the controller is limited to keeping i∗q constant during the ramp-up phase.
This is also the reason why their method requires a distinct transfer step in order to
reduce the reference current, i∗q , until it equals the estimated torque producing current, îq,
after the ramp-up has completed, but before the field oriented control can be switched on.
Thus, the speed controller cannot take over the task of providing i∗q during the ramp-up
phase, due to the convention that Wang et al. used.
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The excess open-loop reference current which had to be reduced by the method of Wang
et al. is also reduced in the proposed method. As the speed controller takes over the
task of generating a q-axis reference current in the estimated reference frame, i∗q̂ , the total
stator current may exceed the inverter current limit if the d∗-axis reference current is not
reduced. The d-axis current reference is generated by:

i∗d =

id_init , Wobs ≤ ccth(
id_init −

∣∣i∗q∣∣Wcc

)
(1−Wcc) + id_biasWcc , Wobs > ccth

(4.32)

where

Wcc =
1

1− ccth
(Wobs − ccth) , (4.33)

and ccth, is a user selected current control threshold percentage between the initial trans-
ition, ω∗r_th, and the transition completion speed, ω∗r

Mt
, in the range of [0, 1]6. The current

control threshold is used to generate a sliding weight for the d-axis current reference func-
tion in (4.32). The current control weight, Wcc, is automatically limited to the range [0, 1]

due to the limiting on Wobs and is displayed in Fig. 4.8. With ccth = 0.5, i∗d will start
to decrease midway in the transfer of open- to closed-loop control. The d-axis current
is limited by two mechanisms. The first is by means of the current control weight term,
(1−Wcc). The second means is by the negative correlation with the q-axis reference cur-
rent. Thus, as the speed controller progressively takes over the task of generating torque
producing current the d-axis reference current is reduced.

The reason why the speed controller is able or allowed to progressively take over the
task of producing torque producing current is that the tracking controller angle output
is converging towards the true rotor angle. Hence, the current control in the estimated
reference frame is partially able to produce real torque producing current, with decreasing
error as the observer and tracking controller is gradually switched to full back-emf mode.

The d-axis reference current is decreased to a minimum bias current level, id_bias. A
current value of 1 A (0.04 pu)7, is used for the flywheel application. This is in order to
allow a minimum three-phase current amplitude, with well defined current zero crossings,
in case of low loads. Well defined current zero crossings are required for the chatter-free
operation of the inverter non-ideality compensation.

6Typically 0.5 is used.
7pu - per unit. The normalization factors used is the rated value specified in the electrical machine

design [77] or drive design [79]. Throughout the following text, the per unit value is presented in paren-
theses with the actual value somewhere in the paragraph. Thus, the normalization value used, if desired,
may be calculated.
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Figure 4.8: Current control weight function.

4.3.2.3 Start-up parameter selection

In total, there are four primary parameters and one secondary parameter to be tuned for
the start-up. These are:

i∗d_init The maximum d-axis start-up current. This is set according to the initial load and
ramp-up rate.

ωr_th The threshold frequency where the back-emf feedback starts to blend with the
reference frequency term to yield the blended rotor angle.

Mt The transition slope. This is determined by the transition completion speed, ωr_fin =
ω∗r
Mt

.

ccth The current control threshold percentage. This determines the d-axis current switch
off, which starts at: Wobs = ccth, and is completed at: Wobs = 1.

id_bias This sets the minimum d-axis control current reference, to ensure a residual current
for the inverter non-ideality compensation to function correctly. It does not influence
the start-up performance as such but ensures that the sensorless control functions
correctly after the transition is completed.

The start-up parameters were mainly “tuned by hand” using simulations of the drive to
yield the desired response. In the start-up procedure proposed for the sensorless control
by Kshirsagar et al. [4] the speed at which the observer is turned on is determined by the
condition that the motor’s back-emf must exceed the distortion due to the inverter:

ωr_init ≥
1

λp

TDT
Tsw

Vdc , (4.34)

where λp, is the peak magnet flux linkage, Tsw is the switching period, TDT is the dead-
time, and Vdc is the DC bus voltage. For the PMSM and drive in this work the observer
turn-on frequency using their method would be 10 Hz (≈ 0.03 pu). The speed at which
Kshirsagar et al. switches to field oriented control is 0.03 pu after enabling the observer
estimation. In this work the observer is partially switched on much earlier, i.e. at 3 Hz

(≈ 0.01 pu), but with little weight in the control. At 10 Hz, the observer is only 58 % on,
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but is fully operative and in sensorless control mode at a higher speed of approximately
15 Hz (0.05 pu).

4.3.2.4 Simulated start-up

The response of the simulated start-up is shown in Fig. 4.9. All of the subplots share two
x-axes. The top x-axis presents the reference speed, whilst the bottom x-axis presents the
time. The first second is an alignment step (for simulation the rotor starts at the correct
angle). The start-up initial frequency threshold, ωr_th is set to 3 Hz (0.01 pu). Start-up
completes at 15 Hz (0.05 pu). From 15 Hz to the final frequency of 20 Hz, the drive is
in full sensorless mode, with a minimum id due to maximum torque per ampere control.
The initial start-up current is set to 20 A and the start-up ramp rate is set accordingly to
10 rad.s−18. From the figure, it should be noted that the current transient during start-up
is “smooth” or “bumpless”. No high-frequency current transient is observable during the
switchover.

Figure 4.9: Simulated bumpless start-up method response.

8The speed reference generator presented by Kruger is used for the ramp [13].
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The start-up response, shown in Fig. 4.9, used the standard tracking controller error input
term, as proposed by Kshirsagar et al. [4]. Fig. 4.10, compares the angular estimation
error using the standard and improved back-emf error input terms of the tracking con-
troller, as developed in section 4.2.6.4. The same start-up conditions are used as for the
previous test. During the first four seconds of the pure open-loop phase, the tracking
controller output is unchanged. During the transition from open-to closed-loop, the track-
ing controller which included the q-axis back-emf error term yielded a smaller estimation
angle error. The estimation angle settles at the same time towards zero because the small
signal angular error dynamics is determined by the d-axis term. The q-axis term is useful
for limiting the error during the large signal error dynamics. The addition of the q-axis
back-emf error term to the tracking controller may thus be beneficially employed in the
bumpless start-up method.
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Figure 4.10: Tracking controller back-emf error input comparison.

A simulation model of sensorless vector control using the bumpless start-up technique is
provided in appendix E.7.

4.3.2.5 Measured start-up response

The measured start-up and run-down response are shown in Figs. 4.11a and 4.11b, re-
spectively. Since the rotational angle of the flywheel cannot be measured the estimated
angle is uninformative and is not plotted. Instead of the angle, the estimated back-emf is
displayed. After about 12.5 Hz, at 10 s the d-axis back-emf tends to zero, indicating that
the observer has settled. The current show no high-frequency transients during the bump-
less start-up. The start-up is in good agreement with the simulation. For the run-down,
the DC bus voltage increases due to the braking action of the drive which returns energy
to the DC bus capacitors. After reaching about 180 V, the DC bus brake is activated.
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The large ripple on the DC bus brake is due to a hysteresis controller used for the DC
bus braking circuit9. As can be observed, despite the disturbance on the DC bus, no
disturbance is observable on the back-emf estimates or in the controlled current. This is
due to accurate sensing and compensation of the inverter’s gain dependence on the DC
bus voltage in the current control loop.

The proposed start-up algorithm could successfully be used for run-up and run-down of
the rotor without asymmetric boundary conditions, unlike the previous methods found in
the literature discussed in section 4.3.1.

9Despite an hysteresis voltage controller, the switching action is clocked synchronously with the system
clock used for the PWMs in order to reduce EMI.
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Figure 4.11: Measured start-up and run-down response using the bumpless start-up
method.
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4.4 Observer with time-varying parameters

4.4.1 Observer equations for salient machine

The observer with time-varying parameters uses the polynomial fit of inductance and
resistance presented in section B.2.4. The current dependence of the inductance causes
a dynamic saliency to result. The observer developed by Kshirsagar et al. and used in
section 4.2.6.2 assumed a non-salient machine. Hence, the equations must be adjusted to
take the saliency into account. The resulting A matrix is thus:

A =


− r
Ld

Lq
Ld
ω̂r

1
Ld

0

−Ld
Lq
ω̂r − r

Lq
0 − 1

Lq

0 0 0 0

0 0 0 0

 , (4.35)

and the observer gain is:

L =


− r
Ld

+ 2ζωo
Lq
Ld
ω̂r

−Ld
Lq
ω̂r − r

Lq
+ 2ζωo

ω2
oLd 0

0 ω2
oLq

 . (4.36)

The resistance is computed using the polynomial fit, given by:

r(f) = 8.99× 10−7f2 + 4.06× 10−4f + 0.165 , (4.37)

and the inductances are calculated using:

Ld (id) = −2.48× 10−6 |id|2 + 53.3× 10−6 |id|+ 465× 10−6 (4.38)

Lq (iq) = −2.48× 10−6 |iq|2 + 53.3× 10−6 |iq|+ 465× 10−6 . (4.39)

The time-varying resistance and inductance are also used in the feed-forward terms of the
current control.

In the non-parameter varying observer, the only time-varying parameter was the rotational
speed. The time-varying inductance implies that division is now required. The division is
computationally expensive. Since the rate of change of the current is limited the division
is instead computed using the Newton-Raphson approximation. The Newton-Raphson
approximation of computing the reciprocal of the DC bus voltage is presented in-depth in
appendix A.4 and is not repeated here for the inductance.
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4.4.2 Time-varying parameter observer results

Ideally, the parameter varying observer is compared to the non-parameter varying observer
by comparing the estimated and measured angular position of both observers. Unfortu-
nately, the rotor angle is not measured in the flywheel system. Another means of determ-
ining the efficacy of the time-varying parameter salient observer is by means of current
step responses. The aim of accounting for the time-varying parameters in the control is
so that it should cancel out with the varying parameters of the actual machine so that it
is perceived externally as if the control and machine are both non-parameter varying.

The measured d-axis current step response comparison for constant and varying paramet-
ers is shown in Fig. 4.12. As can be observed the step response is more self-similar for the
varying parameter observer. This indicates that the drive’s eigenvalues are more constant
over operating conditions. This is a desirable feature, especially if another system, such
as the AMB is made dependent upon the drive’s estimated angle.

The self-similarity in response is also apparent in the estimated d-axis back-emf, as shown
in Fig. 4.13.
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Figure 4.12: d-axis current step response comparison.

The estimated q-axis back-emf response to the d-axis current step response is shown in
Fig. 4.14. The coupling of the d-axis current to the estimated q-axis back-emf causes a
large offset in the case of the constant parameter observer. This coupling is less apparent
in the case of the parameter varying observer. Since the tracking controller rotates the
estimated reference frame so that e∗d = 0, the offset in the q-axis voltage may also be an
offset in the d-axis, which is suppressed by tracking controller. Thus, the q-axis back-emf
offset may indicate an error in the estimated angle. The angular estimation error will be
investigated further in the next chapter by observing the disturbance force compensation
which takes the estimated angle as an input.
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Figure 4.13: Estimated d-axis back emf comparison.
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4.5 Conclusion

This chapter presented the design of the sensorless vector control. The electrical domain
observer was modified to account for the machine’s parameter dependencies on the ro-
tational speed and current. The structure which allowed for the bumpless start-up of
the drive was by means of modifying the tracking controller (PLL) which estimates the
rotational speed and angle. The bumpless start-up method reduced the computational
load because the open-loop reference angle and estimated angle are no longer separate
structures. The unified structure is capable of gradually changing its characteristic as the
control transitions from open- to closed-loop control.

The modified tracking controller is further modified in the next chapter which presents the
cooperative control of the AMB and sensorless drive. The tracking controller is modified
by replacing the open-loop start-up with the disturbance force based angle estimation,
presented in the previous chapter. The start-up of the drive using the estimated angle
from the AMB and switching over to the sensorless vector control using the bumpless
start-up strategy is a form of cooperative control between the AMB and the sensorless
drive.





Chapter 5

Cooperative control integration

5.1 Introduction

The disturbance force experienced by the AMB due to the permanent magnet of the
PMSM is a function of the angular position of the rotor. With a feed-forward term, the
disturbance force may be cancelled if an accurate angular position of the rotor is used as
input to the feed-forward term. If an estimated angle, with a residual error, is used as input
to the disturbance model a residual disturbance force results because the feed-forward term
has incomplete cancellation with the actual disturbance force due to the error in the angle
input. The residual disturbance force may be estimated by an observer and used as a
corrective input to the angle estimation. The proposed control loop structure used for
angle estimation using the residual disturbance force is a phase-locked loop (PLL)1.

The key to the cooperative control is that the same phase-locked loop used for the back-
emf based angular estimation is also used for the angular estimation based on the residual
disturbance force. Originally, the PLL formed only part of the sensorless vector control.
Since the disturbance force observed in the AMB control may also be used to estimate
the speed and angle using a PLL, the PLL may be factored out of each system and
serves as a point of interface or coupling between both systems, as illustrated in Fig.
5.1. The inputs to the PLL are active during different operating phases, determined by
the reference angular speed. By interfacing both systems to the same PLL, a smooth
transition from one operating phase to another is possible vs. a hard transition from
one angle estimation to another using two separate estimation schemes. The sharing of
a common PLL structure also reduces the computational footprint. Referring back to
chapter 2, in which the cooperative control was introduced in general terms in section 2.5,
it can be seen that Fig. 5.1 is an instantiation of the general idea for a cooperative control
presented in Fig. 2.7. The antecedents of the state consolidation inputs,

(
ω̂r, θ̂r

)′
AMB

and(
ω̂r, θ̂r

)′
PMSM

, are realized as the estimated force disturbance, Fb,d, and the estimated

1The PLL is elsewhere referred to as a tracking controller in the literature [4].
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Figure 5.1: PLL as interface between AMB and sensorless drive.

The AMB disturbance force compensation for the permanent magnet may be used as
an angular position sensor, which can estimate the angle at standstill and the low-speed
region. Hence, the drive control may start-up in sensored vector control and transition to
sensorless mode. A sensored start-up is preferable to open-loop start-up because it allows
for a faster and more reliable drive start-up without a pre-alignment step. Additionally, the
rigid mode frequencies of the AMB are passed with less excitation due to the unbalanced
magnetic pull, because the error of the angle used for the feed-forward disturbance force
compensation is smaller in comparison to the open-loop start-up.

5.2 Angular estimation fusion

5.2.1 Open-loop force error model

In order to determine how the rotor angle can be estimated using a phase-locked loop
from the disturbance force, an understanding of the force error model has to be gained.
The force disturbance model used to investigate the error dynamics is the generalized
disturbance force (GDF) model presented in section 3.6. Fig. 5.2, depicts the force error
model. For the following development, to gain understanding, the force disturbance model
with the true rotor angle, θr, as input is assumed to represent the real force disturbance
experienced by the AMB due to the PM. The force disturbance model using the estimated
angle, θ̂r, as input represents the feed-forward term that will be used in the control to
cancel the force disturbance due to the unbalanced magnetic pull. The force error is
later substituted by the estimated disturbance force obtained by the rigid rotor dynamics
observer presented in section 3.4.1.

The force error in stationary bearing coordinates, resulting due to a difference between
the real rotor angle and the estimated rotor angle, is given by:

F̃b,xy = Fb,xy (θr)− Fb,xy

(
θ̂r

)
. (5.1)
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Figure 5.2: Force error model.

The force error model is evaluated numerically by sweeping θ̂r relative to θr. The actual
rotor angle, θr, is rotated at a fixed angular frequency, ωr. The estimated rotor angle is
equal to the actual rotor angle plus a modulating phase shift:

θ̂r = θr + φ . (5.2)

The angle error is defined as:

θ̃r = θr − θ̂r (5.3)

= −φ . (5.4)
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Figure 5.3: Open-loop force error characterization.

Fig. 5.3a, depicts the swept input angles for the force error model for two periods of the
modulation angle, φ. The drive current input to the force model is set to zero for the
sweep. During the sweep, the rotor is held at the magnetic centre and not allowed to
move about due to the disturbance force. Fig. 5.3b, depicts the resultant force error in
stationary bearing coordinates2 which appears as an amplitude modulated wave, which

2Only the bearing force for the bottom AMB is depicted since this is the side which experiences the
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suggests transforming the force error in stationary coordinates to a rotating reference
frame, rotating at an angular frequency ωr. Transforming the force disturbance to a
rotating reference frame eliminates the fundamental component of variation of force due
to the rotation. Thus, the only variation of force is that due to the swept modulation
angle, φ. Transforming the force error in stationary coordinates to a rotating reference
frame using:

F̃′b,dq =

[
cos (θr) sin (θr)

− sin (θr) cos (θr)

]
︸ ︷︷ ︸

R(θr)

F̃b,xy , (5.5)

results in the force error depicted in Fig. 5.4. From the force error in rotating coordinates,
it can be concluded that the force error is modulated sinusoidally as a function of the
phase shift angle between the actual rotor angle and the angle used for the feed-forward
term. Higher order harmonics are present due to asymmetry in the force magnitude in
the stationary xy-axis, 2nd harmonic dependency of the force model and non-orthogonal
basis vectors of the unbalanced magnetic pull3.
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Figure 5.4: Force error in rotating coordinates.

5.2.2 Angle estimation with PLL

The force error in rotating coordinates is analogous to the estimated back-emf in dq-
coordinates (see section 4.2.6). For the force to serve as an input to the phase-locked loop
angle estimation, in a similar manner as the back-emf based angle estimation, the d-axis
component has to vary linearly through zero (small angle approximation). This is not yet
true for the force error in rotating coordinates depicted in Fig. 5.4. In order to satisfy the

greatest disturbance by the permanent magnet due to the rotor asymmetry.
3i.e. the force disturbance is an ellipsoid.
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required condition the force in rotating coordinates requires a further fixed angle rotation,
rotated by an offset angle, θ0:

F̃b,dq = R(θ0)F̃′b,dq . (5.6)

Fig. 5.5, reveals that the desired force characteristic is achieved after rotating the force
error in rotating coordinates by an additional offset angle of θ0 = 75◦. The fixed angle
rotation accounts for the angle offset between the d-axis of the permanent magnet for
back-emf estimation and the angle for the peak force disturbance. This offset angle is not
universal, i.e. it will vary from system to system and has to be calibrated for each system.
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Figure 5.5: Force error in rotating coordinates, including fixed rotation, R(θ0).

The phase-locked loop for estimation of the angle by means of the force disturbance com-
pensation loop is depicted in Fig. 5.6. The input to the loop is the rotor sensor position,
angular speed and drive current. The rotor position and speed are inputs to the rigid
rotor observer which estimates the disturbance force in bearing coordinates. The drive
current is required by the generalized disturbance force (GDF) compensation term. The
disturbance force is transformed to rotating coordinates via the rotation matrix, R

(
θ̂r

)
,

and a further rotation by a fixed offset angle, θ0. The total rotation transformation could
have been performed in a single step via:

R
(
θ̂r + θ0

)
= R

(
θ̂r

)
+ R (θ0) , (5.7)

which is avoided however in order to reduce computational complexity, because the tri-
gonometric entries in the rotation matrix, R

(
θ̂r

)
, are obtained from the same LUT gen-

erated trigonometric entries used by the Park transformation in the drive control. The
trigonometric entries of the Park transformation would thus be invalid for use in the drive
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if the fixed offset angle was added prior to the table look-up. The fixed offset angle rotation
matrix entries are generated at compile time and therefore do not require trigonometric
function evaluation at run-time. The required offset angle is obtained from the numeric
evaluation of the open-loop force error model in section 5.2.1. The reliance on the rotation
matrix entries used in the drive control for the feed-forward force disturbance compens-
ation in the AMB control, is another example of cooperative control in that variables
required for the control of one system may be usefully re-employed in another system, to
achieve the shared goal of reducing the computational load.

The PI controller takes the d-axis force disturbance component as input and (de)accelerates
the estimated reference frame speed, ω̂r, in order for the d-axis force disturbance compon-
ent to be equal to zero. The estimated rotor angle is obtained directly via numerical
integration. The estimated angle is used by the force rotation matrix, R

(
θ̂r

)
, as well

as the Park transformation, C
(
θ̂r

)
, which is required for the drive current input to the

GDF feed-forward term. In fact, the trigonometric terms for the Park transformation are
computed only once in the drive control and are shared with the force disturbance model.
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Figure 5.6: Disturbance force based tracking controller.

5.2.2.1 Simulation of force disturbance based rotor angle estimation

The angle estimation based on the disturbance force is tested by means of simulation,
prior to implementation on the physical hardware. The simulation model is represented
in Fig. 5.7, which consists of the AMB controller, the rigid rotor plant model, and the
unbalanced magnetic pull model. The drive simulation model is not directly incorporated.
The rotor angle is varied using an open-loop model, by integrating a rotor speed which
is the substitute speed of the drive. The disturbance force on the rotor is modelled
using the generalized disturbance force model. The sum of the AMB force, Fb,AMB, and
the unbalanced magnetic pull force, FGDFb,xy, is the net force, Fb, which is acted upon
the rotor. The rigid rotor plant output is the measured position in sensor coordinates,
us, which in turn is the input to the AMB controller. Internal to the AMB controller
the tracking controller (PLL) estimates the rotor angle, θ̂r, using the estimated force
disturbance, F̂b,xy, as input.

The force disturbance caused by the drive current is taken into account, by assuming a fixed
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dq-current in the unbalanced magnetic pull model. The reference dq-current is transformed
into stationary three-phase coordinates using the open loop angle, θr. The three-phase
current is then transformed to the estimated reference frame using the estimated angle
output of the tracking controller, θ̂r, similar to what would have occurred if a drive was
present in the simulation. The additional disturbance force due to an error in the dq-
current caused by an estimation error in the angle is thus accounted for.

,
ˆ

b xyFRigid body 
observer

Rigid rotor
 plant

,GDFb xyF

COG

AMB controller

su,AMBbF bF

r dt r

Unbalanced magnetic pull

 * ˆ
rGDF 

*

,PIbF




 rGDF 





Figure 5.7: Force based angle estimation simulation model.

Fig. 5.8, displays the response of the force disturbance based angle estimation. The same
tracking controller gain as designed for the sensorless drive is used. The AMB control gains
used here correspond to the low stiffness gain design. The force disturbance is reduced by
an additional attenuation of 0.1, before feeding into the tracking controller. The rotor is
spun-up at, t = 1 s, from standstill to 600 r/min. The PLL output, ω̂r, is able to track
the open-loop reference speed, ω∗r . At, t = 8 s, a disturbance angle step input of π

6 rad

is added to the estimated reference angle. This mismatch between the force feed-forward
model and the unbalanced magnetic pull model results in an estimated force disturbance
of approximately 2 Npk. The force disturbance based PLL tracking is able to correct for
the error in the angle estimate in about 0.5 s. Quite a large disturbance in the speed
estimate is apparent, 100 r/minpk. Band-limited white noise is added to the simulated
drive current and rotor position with amplitudes of 0.1 Apk and 5µmpk, respectively. The
output speed estimate has a ripple of approximately 30 r/minpk due to the added noise.
It is thus advisable to use the reference speed wherever possible in the cooperative control
start-up4.

A simulation model of the rotor angle estimation from the UMP force disturbance in the
AMB system is provided in appendix E.8.

5.2.3 Integration of force and back-emf based estimation

Section 5.2.2, presented the estimation of the rotor angle using the same PLL structure as
was used for the sensorless drive angle estimation. The difference resides in the PLL input

4Such as in the calculation of speed dependent decoupling terms.
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Figure 5.8: Simulation response of PLL using disturbance force input.

terms. The input of one is based on the estimated back-emf, whilst the other is based on
the estimated disturbance force.

A modification of the PLL for sensorless drive angle estimation was presented in section
4.3.2.1, in order to allow the bumpless start-up method to smoothly switch from the open-
loop reference angle, θ∗r , to the back-emf estimated angle, θ̂r. In this section the open-loop
control input to the tracking controller is replaced by the estimated disturbance force.
The PLL thus switches smoothly from one angle estimation source to another, depending
on the rotor reference speed. Such a fused tracking controller is displayed in Fig. 5.9. The
estimated force disturbance and back-emf both feed into the same tracking controller,
with their inputs weighted according to the reference speed. The weighting is performed
using the weights, we and wF . In this thesis, the same design for the weights as for
the open-loop control is used5. The back-emf weight, we, is thus equal to the observer
enable weight, Wobs, as presented in section 4.3.2.1. The weight for the estimated force
disturbance input, wF , is thus equal to 1−Wobs.

PI �
*ˆ | 0dd Fe� �
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'
,b̂ dqF ,b̂ xyF

ˆ
r�

,b̂ dqF
� �0R �

dt� r̂�

pK
d̂nF

ˆˆqe

ˆˆde
� �obsG s

Aabcv
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Figure 5.9: Tracking controller fusion.

5A different weight design could have been used considering the unique attributes of the tracking
controller inputs.
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The idea to use the PLL as the appropriate structure to transition from one estimated
source to another was discovered independently during the course of this thesis. After
implementation, it was found that other researchers, Yang and Hsu [53], have proposed
the same idea to use the PLL to transition from a saliency-based estimation to a back-emf
based estimation of the drive. Another difference in the application of the idea here is
that two different systems, the AMB and the drive, are used to integrate into the PLL.

5.2.4 Cooperative start-up

5.2.4.1 Drive response

The result of the fusion between the back-emf and disturbance force into the PLL tracking
is evaluated with respect to the drive in this section.

Fig. 5.10, presents the response to the initial turn-on of the PLL estimation for various
initial angle misalignments. Prior to turning the PLL tracking controller on6, the rotor
is aligned to a known initial angle, θinit. The initial angle estimation settles in approx-
imately 1 s to within 10 % of the true initial angle. In the case of zero initial angle error,
the estimator does not experience any additional transient behaviour due to the turn-on
process of the estimator. It is thus possible to store the last known rotor angle as estim-
ated by the force disturbance based angle estimation before system turn-off and initialize
the estimated angle to the last known angle again upon system turn-on. The initial angle
estimation is much quicker compared to the time required to wait for the rotor to settle
during an alignment step when using an open-loop start-up.

The cooperative control start-up is presented in Fig. 5.11. The cooperative PLL estimation
has been switched on prior to start-up. At t = 0 s, the speed reference is ramped from
standstill to 1200 r/min. Initially, a significant estimated speed ripple is observed which
leads to a reference q-axis current ripple.

In order to get the start-up to work as desired, the speed control-loop proportional gain,
Kp_s, had to be gain scheduled using the observer enable weight:

K∗p_s = Kp_s (0.1 +Wobs) . (5.8)

A high-frequency disturbance loop in the force disturbance compensation is present which
tends to amplify the disturbance. A disturbance in the current reference produced by fluc-
tuations in the speed controller causes force disturbances due to inexact force disturbance
compensation. The force disturbance has a high-frequency loop along the proportional
gain path of the tracking controller and the speed controller, as indicated by the red lines
in Fig. 5.12. The gain scheduling of the speed controller proportional gain reduces the

6Note that before the PLL integrators are released from reset, it is critical that the AMB must be
suspended, otherwise the control reference from the AMB is interpreted as a disturbance which corrupts
the PLL state estimation integrators to Inf values.
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Figure 5.10: Initial angular estimation response.

amplification of the force disturbance via this loop. In the selection of which proportional
gain should be reduced to break the high-frequency disturbance loop, the speed controller
proportional gain was chosen instead of the tracking controller gain. This maintains the
constraint that the tracking controller bandwidth has to be larger than the speed controller
bandwidth.

As the rotor is spun up, using the cooperative control, the back-emf observer is gradually
enabled by means of the bumpless start-up as presented in section 4.3. At 50 % of the
final reference speed the back-emf and force disturbance inputs to the tracking controller
are weighted equally. The same inverter current limit is used for the cooperative start-
up, as for the open-loop bumpless start-up, but the cooperative start-up can make better
utilization of the available current limit so that the effective torque producing current is
much higher. This allowed a faster cooperative control start-up in 9 s vs the 13 s of the
open-loop start-up (excluding the time required for rotor pre-alignment for the open-loop
start-up). It can also be foreseen that the cooperative start-up will be able to better
handle different torque load profiles, but this could not be validated on the flywheel test
system. Also, note that the estimated back-emf during the cooperative start-up did not
present the same low-frequency transient compared to the open-loop start-up presented
in Fig. 4.11a, which also indicates an improved electrical domain observer convergence at
lower speed because the current fed into the observer has been transformed to a rotating
reference frame with a smaller error in the estimated angle.

By modifying the bumpless start-up method to replace the open-loop start-up region
with the force disturbance based angle estimation, the bumpless characteristic has been
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maintained, i.e. there is no high-frequency transient present during the handover of the
disturbance force based angle estimation to the back-emf based angle estimation.
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Figure 5.11: Cooperative control start-up response.
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The run-down test result is presented in Fig. 5.13. Once again, a faster ramp rate was
possible using cooperative control. The large current perturbation near zero speed is
due to the decreased speed controller proportional gain, hence a large oscillatory speed
ripple is caused by the dominating integrator gain of the speed controller. This is however
unavoidable due to the necessity to decrease the speed controller proportional gain to
break the high-frequency force perturbation loop mentioned earlier.
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Figure 5.13: Cooperative control run-down response.

5.2.4.2 AMB response

The cooperative response with respect to the AMB performance is presented in this section.
In order to compare the cooperative control to the uncooperative control case, the ramp-
up rate of the drive in the cooperative control case has been reduced to match that of the
uncooperative control. The drive is ramped-up from standstill to 1200 r/min.

Fig. 5.14, presents the AMB control response comparison between the cooperative and
the uncooperative control case. The uncooperative control case consists of an open-loop
start-up which transitions to the back-emf sensorless control using the bumpless transfer.
The rotor geometric centre has been specified as the position control reference7. In the case
of the cooperative control start-up, a much smaller position deflection can be observed,
especially for the bottom AMB. This is because the angle input to the force disturbance
compensation has a smaller error during start-up, hence there is less residual disturbance
force present during start-up of the cooperative control. After the drive has switched to
back-emf based sensorless control the two responses are basically the same.

In Fig. 5.15, the cooperative and uncooperative control is again compared, but with the

7The geometric reference has been specified to rotate about the magnetic centre. The mean position
offset has been subtracted for clarity of the plots.
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Figure 5.14: AMB position control response comparison with geometric centre reference.

position reference now being the centre of gravity. This is accomplished by subtracting the
sensor runout from the measured position using the runout compensation and unbalance
control using look-up tables, as presented in section 3.8.5. Again, the cooperative control
response yields less disturbance and the sensor position variation remains essentially flat.
The uncooperative control case excites the rigid body modes as those frequencies are
passed. The low stiffness control gains are used during the test, hence the rigid body
mode frequencies are relatively low.

0 2 4 6 8 10 12 14 16 18 20
-4

-2

0

2

4

T
op

 s
en

so
r 

(m
)

10-5

0 2 4 6 8 10 12 14 16 18 20
Time (s)

-5

0

5

B
ot

to
m

 s
en

so
r 

(m
)

10-5

Figure 5.15: AMB position control response comparison with centre of mass reference.
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5.3 Unbalance control dependency analysis

Since the flywheel system did not include an angular position sensor some indirect methods
are required to evaluate the effectiveness of the electrical domain observer with time-
varying parameters presented in section 4.4. In the initial presentation of the time-varying
parameter observer8 the observer was evaluated by means of current step responses.

The unbalance control of the AMB serves as another means to indirectly evaluate the
electrical domain observer of the sensorless drive. The unbalance is compensated by means
of look-up tables which contain the information of the sensor runout and unbalance which
have a fixed relation as regard to the angular position of the rotor. Hence, any error in the
angular position of the sensorless drive will reflect in the ability of the AMB unbalance
control to reject the unbalance and maintain a minimum control effort.

Fig. 5.16, presents the AMB control current for one axis which results using the constant
and the adaptive observer of the sensorless drive. For the experiment the rotor is spinning
at 6000 r/min. At, t = 0 s, a current of 10 A is injected to the d-axis drive current reference.
For clarity, a constant current of 0.4 A is added to the displayed current for the adaptive
observer case. In the constant observer case, a larger AMB current ripple results, compared
to the current ripple for the adaptive observer. The estimated angle used for the sensor
runout look-up table has a larger disturbance in the case of the constant observer.
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Figure 5.16: Unbalance control response comparison with different electrical domain ob-
servers.

The AMB’s unbalance control response could thus be used to validate the improved per-
formance of the angle estimation of the adaptive observer. The use of the AMB control to
infer useful information on the performance or parameter tuning of the sensorless vector

8Also referred to as the adaptive observer.
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controlled drive is here also considered under the category of cooperative control. In the
future, current control ripple of an AMB dependent on the sensorless drive’s estimated
angle could be used as a cost function for an on-line parameter tuning optimization loop
of the drive.

5.4 Angular estimation redundancy

In section 5.2, the cooperative control start-up with the AMB acting as an angular position
sensor for the sensorless drive was presented. After start-up, the angular position and
speed of the sensorless drive are in turn shared with the AMB. In case of a failure in
the motor drive, the angular position information used in the unbalance control is no
longer available. This problem was pointed out by Hutterer et al. [43] and proposed
a solution to this problem by estimation of the angular position and speed from the
unbalance control as a redundant mechanism. The aim of their solution is to yield the
AMB control independent of the drive in case of a failure. The algorithmic structure
which they proposed that estimates the angular position from the unbalance is separate
from the original angular position estimation of the drive. Hence, some type of switchover
from the drive state estimates to the AMB state estimates is required. This may result
in a transient during the switchover and a bumpless transfer mechanism comes as an
afterthought. The unbalance observer that Hutterer et al. proposed have to operate in
the background even whilst the AMB control relies on the drive control.

The switchover from the sensorless drive to the AMB unbalance observer is a form of
interdependence, even perhaps cooperation, but not in the fullest degree. In order to
count as cooperative control, the sensorless drive and AMB unbalance estimation have to
use a shared algorithmic structure. This would make it possible for the state estimation
of the AMB unbalance control to be shared in return with the drive. In case a redundant
drive is used, then upon failure of one drive the angular estimation via the AMB unbalance
control can be used to correct for the angular and speed estimation. Upon switching over
to a redundant drive the sensorless control state estimation experiences a transient, due
to estimator initialization, because of the shared state information of the AMB with the
sensorless drive.

5.4.1 Phase detector

A correction mechanism which feeds into the tracking controller (PLL), based on the
unbalance and sensor runout, should be developed in order to be used as a redundant
angular estimation source. Such a mechanism is a phase detector. The phase detector is
based on the orthogonality property of two sinusoidal signals which are π

2 rad out of phase.
Since the two signals are orthogonal, e.g. sin (ωt) and cos (ωt) , the internal product of
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the two signals:

P =

∫
sin (ωt) cos (ωt) dt , (5.9)

is equal to zero. The x- and y-signal pairs of the runout have the property of orthogonality.
The internal dot product of the measured AMB9 y-coordinate position signal projected
unto the x-coordinate of the estimated reference frame thus has to be zero if the angular
position error is zero. If there is a difference in the angle of the true and estimated reference
frames, a non-zero projection results. Such a projection is depicted in Fig. 5.17, where
the estimated reference frame is leading the true reference frame.

Figure 5.17: Runout depicted in misaligned true and estimated reference frames.

The projection of the sensor runout signal unto the orthogonal pair of that signal can thus
be used to derive phase error between the true and estimated reference frames. The phase
difference can thus be computed using:

PD =
(
uxy − uxy

(
θ̂r

))
◦ uxy

(π
2

+ θ̂r

)
, (5.10)

where ◦ denotes the dot product, uxy is the measured rotor position, uxy

(
θ̂r

)
is the

sensor runout LUT accessed as a function of the estimated angle. Since the x- and y-pairs
are orthogonal to each other, an estimate of the phase advanced sensor runout may be
computed as:

uxy

(π
2

+ θ̂r

)
≈


uy1

(
θ̂r

)
−ux1

(
θ̂r

)
uy2

(
θ̂r

)
−ux2

(
θ̂r

)

 , (5.11)

which saves on computation time since the LUT does not have to be accessed again with
the phase shifted angle, π2 + θ̂r. The phase difference can thus be zero in two cases, either
the sensor runout cancels with that present in the measured signal, or the two signals
are orthogonal to each other. The phase difference vector needs to be further reduced
in dimension. Since each dimensional component provides phase information, they all
may be summed. Each dimension of the PD computation presents an integration step.

9For either the top or bottom AMB.
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Integration and summation are linear operators, hence they may be interchanged and
only one integrator is required. The purpose of the integrator is to obtain the average
phase difference and suppress higher intermodulation harmonics. In order to yield a faster
transient estimate of the mean component, but still suppress the higher harmonics, the
integrator is replaced with a low pass filter. In order to prevent the low-frequency rotor
response from interacting with the mixing process, the sensor runout error signal is also
high-pass filtered, prior to the mixing step. Thus, the scalar PD is calculated according
to:

PD = LPF
(

Σ4
1

[
HPF

(
uxy − uxy

(
θ̂r

))
.uxy

(π
2

+ θ̂r

)])
. (5.12)

Thus, the runout LUT is subtracted from the measured position signal, which is projected
unto the π

2 phase shifted runout signal, after which the dimensions are summed and
integrated. The PD signal may be fed into the tracking controller, by a proportional gain,
which consolidates the estimated states of the drive and the AMB. The low-pass filter
cut-off frequency is chosen as 10 Hz and the high-pass filter cut-off frequency is chosen as
2 Hz.

The proposed phase detector is, in essence, an open-loop method. Therefore, it is sensitive
to AMB controller gain variation and compensation of inexact external forces. Any un-
compensated external force, which results in a difference in the rotor orbit from the sensor
runout orbit, results in a non-zero phase detector offset. Such an offset is a function of
the angular speed and needs to be compensated:

PDPLL = Kp (PD + PDo (ωr)) , (5.13)

where PDPLL, is the compensated phase detector output fed to the tracking controller,
PDo (ωr), is the speed dependent phase detector offset and Kp is the phase detector gain.
Since the signals of the AMB are in the µm range, the phase detector gain is quite high. For
this system a gain of 3× 109 has been selected via simulation. An example of an external
force disturbance, accounted by the phase detector offset, would be inexact unbalanced
magnetic pull feed-forward compensation.

5.4.2 Redundant angle estimation result

In case the drive fails, the estimated back-emf is switched to zero and thus no-longer
drives the tracking controller in order to align the estimated reference frame with that of
the rotor. Using the phase detector of the unbalance/sensor runout signals the tracking
controller angle can be kept synchronized to the angle of the rotor. Fig. 5.18, presents
the result of the redundant angle estimation by means of the runout phase detector.

At t = 5 s, the drive is switched off which simulates a drive failure. As can be seen, the
speed of the motor is able to track the rotor speed, which now decays due to windage
friction loss. At t = 57 s, the drive is switched back on, without the speed controller
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Figure 5.18: Drive response with AMB redundant angle estimation response.

enabled, otherwise a current transient would obscure the presented result. It can be seen
that the drive’s estimated speed is continuous to the region where it was tracked by the
runout phase detector. During the time that the drive is off, the estimated angle of the
tracking controller is still used by the sensor runout look-up table. Since there is no visible
increase in the AMB current ripple it can be concluded that the estimated angle of the
rotor is still correct.

A noticeable transient in the estimated speed is visible when switching the drive back
on. This is related to the current control step response. The resulting transient in the
drive estimator is however smaller compared to the case had the angle estimate not been
tracked. The initialization of the drive upon coming back on-line, has to be further
improved, since the transient in the estimated speed may cause instability in the AMB
gyroscopic compensation. The phase detector gain design also has to be improved to verify
stability at higher speeds.

5.5 Conclusion

This chapter presented the cooperative control between the AMB and the sensorless drive.
The force disturbance due to the unbalanced magnetic pull was used to estimate the angle
of the rotor using a PLL. The angular estimation of the force disturbance was merged with
the angular estimation of the back-emf using the same PLL. The angular estimation using
the force disturbance estimation was able to estimate the rotor position at standstill and
low speed and was subsequently used to replace the open-loop start-up component in the
bumpless start-up method presented in the previous chapter. The AMB and sensorless
drive thus cooperated to yield faster start-up than the open-loop start-up by allowing a
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higher ramp-up rate and doing away with the need for a pre-alignment step.

In order to complete the cooperative control, the redundant estimation of the angular
position was integrated into the tracking controller by means of a sensor runout phase
detector so that the unbalance control is still possible in case of a drive failure. It was also
possible to switch the drive back on which simulated a redundant drive replacing a failed
drive.

The AMB control response using the cooperative control was analysed and showed an
improvement over the open-loop control, due to an increase in accuracy of the angular
dependent force disturbance compensation.

In the absence of a true angular position sensor, the angular dependent sensor runout
/ unbalance control could be used to gain insight into the performance of the sensorless
drive’s angular estimation when comparing a parameter varying observer to a constant
parameter observer.





Chapter 6

Conclusions

6.1 Summary

The work presented in this thesis aimed to show that an active magnetic bearing and
its drive can perform cooperatively to satisfy a control objective. Traditionally, these
two systems operate as two separate modular units with the exception of the bearing-
less drives when the two units are combined into a single electromagnetic structure. The
cooperative control proposed in this work is aimed towards the case that the drive and
AMB are traditional separate modular units, in order to show that even for that case the
two systems may benefit by sharing the control state information.

In chapter 3, the AMB control is designed which includes identification of the force disturb-
ance model. The force disturbance’s angular dependence, due to the permanent magnet,
serves as the basis for angular estimation of the rotor at standstill and low speeds which
is presented in chapter 5. The angular estimation by the AMB allowed for the drive to
start-up in sensored vector control mode. Designing the AMB control in a force framework
with feedback linearisation allowed for accurate actuation, without which the rotor angle
estimation based on the force disturbance would not have been possible. The force-based
controller required accurate AMB parameters and the estimation thereof is presented in
appendix C. Exploitation of the relatively small force disturbance due to the PMSM re-
quired that the eddy current sensors have good S/N. This was achieved by synchronous
sampling of the ADCs which required synchronising the PWMs of both the drive’s inverter
and the AMB power amplifiers. In addition to synchronisation, the power amplifiers were
designed with a modified topology which allowed for soft switching, which aided in the
reduction of EMI and thus cleaner eddy current position sensor signals. The design of the
power amplifiers is presented in appendix D.

The sensorless vector control presented in chapter 4 is based on the back-emf based sensor-
less vector control presented by Kshirsagar et al. [4]. The drive used in this study has a
three-phase line filter which had to be taken into account for the sensorless control. Also,

123
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it was found in the parameter estimation presented in appendix B that the PMSM com-
bined with the filter had non-linear parameters. In stand-alone operation, the start-up of
the sensorless vector control algorithm was modified in order to allow a smooth, bumpless
start-up procedure, which also reduced the computational complexity. For the open-loop
start-up procedure to work well, compensation of the inverter non-linearities was essential.
A novel improvement in the characterisation of the inverter non-linearity is presented in
appendix A.

The bumpless start-up method revealed that the phase-locked loop is an appropriate struc-
ture for the two modular systems to integrate with each other. The overlap in functionality
of the phase-locked loop for angle estimation by force and back-emf allowed for a single
phase-locked loop to be employed which allows for a reduction in computational overhead
which facilitates towards the goal of processing the drive and AMB control on a single
processor. The redundant angle estimation, by means of sensor runout phase detection,
was also integrated into the same PLL.

6.2 Unique contributions

The unique contributions in this work are as follows:

• Development of an empirical model and parameter identification procedure for the
characterization of the permanent magnet’s force disturbance.

• An algorithmic advancement in the open-loop start-up of the sensorless vector con-
trol which allows for a bumpless transition from open-loop to closed-loop operation.
The bumpless start-up procedure also reduces the computational complexity of the
sensorless vector control.

• Utilization of the permanent magnet’s force disturbance to estimate the rotor angular
position at standstill and to allow for sensored vector control start-up. The bumpless
start-up method is modified to allow for the vector control to start-up with the AMB
functioning as the angular position sensor and smoothly transitioning to the drive’s
estimated angular position.

• The development of novel inverter non-linearity identification procedure and post-
processing algorithm which is able to recover the zero voltage component algebraic-
ally and thus decouple the non-linearity so that look-up tables may be generated to
compensate the non-linearity as it originates in each individual phase as a function
of the phase current.
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6.3 Recommendations for future work

Some of the results in the thesis had some loose ends, which may be improved upon
by future work. For example, it has been shown in Fig. 5.16 that the sensor runout /
unbalance control using look-up tables is sensitive to variation in the estimated angle.
The focus of the result presented in Fig. 5.16 was on the improvement of the parameter
varying observer over the constant parameter observer. This sensitivity indicates that the
AMB control current ripple may be used to construct a cost function which feeds into the
tracking controller, by means of an on-line optimization algorithm, in order to correct for
sensorless drive angle estimation error due to parameter variation or non-linear response.
The angle offset correction may be performed by overriding the reference d-axis back-emf
voltage, e∗d, with the AMB control current ripple cost function.

Other future work includes the following:

• The reinitialization of the sensorless drive may be improved, such that the drive
control does not experience a significant disturbance when the drive turns back
on. Such a reinitialization would be beneficial in a scenario which could occur
where redundant drives interface with the same flywheel. The fusion of the tracking
controller presented in this thesis is already an improvement since the estimated
angle is already converged when the drive turns back on, but it may be improved
further.

• The phase detector gain design for the redundant angle estimation has to be im-
proved and tested at higher speeds.

• The parameters, or “knobs”, of the proposed bumpless start-up method require a
more rigorous analytical foundation. It has been shown that the number of start-
up parameters using the bumpless start-up method is potentially less than other
start-up methods, due to less distinct start-up phases.

• The force disturbance based angle estimation has to be extended to horizontally
levitated systems. It is foreseen that the disturbance due to gravity may require
extra compensation terms.

• The cooperative control may be extended to other types of electrical machines (be-
sides the PMSM), such as an induction machine. Although an induction machine
does not have a d-axis which is fixed to the rotor the induced drive currents will still
produce a disturbance force which may be beneficially compensated.

• The signal-to-noise of the estimated angle from the disturbance force may be im-
proved by performing measures which increase the disturbance force when the angle
estimate has an error. In this work, the rotor was spun up relatively in the centre of
the air-gap of the AMB stator. The eccentricity in the electrical machine air-gap may
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be increased by starting the rotor further away from the AMB air-gap centre. This
could potentially increase the disturbance force and hence the angular estimation
accuracy.

• The force disturbance based angular estimation made use of eddy current position
sensors. Further research should be performed to test if the force disturbance ob-
server is accurate enough if the rotor position sensors are replaced by a self-sensing
scheme.

6.4 Closing

The cooperative control presented in this thesis showed that the AMB and drive control
can have a mutually symbiotic relationship. The main benefit for the sensorless drive
is that it can start in sensored vector control due to the angle estimation by the AMB.
This furthered the aim of self-sensing to reduce the sensor count in an AMB-drive system.
Various mechanisms for estimation of the angle by the AMB were presented based on
non-idealities within the AMB system. The AMB control, in turn, benefited from the
sensorless speed estimation of the drive which was used as an input to the gyroscopic
compensation of the AMB which permits the use of a linearised AMB control law. The
AMB control also benefited by using the estimated angle of the drive in the unbalance
control. The symbiotic interchange of state information between the two systems to yield
a synergistic system behaviour was by no means exhaustive. A unifying foundation to
combine previously disparate non-idealities with the aim of exploiting those non-idealities
for improved functionality was presented. Future discovery of non-idealities within the
AMB-drive system may be added under the umbrella term: “cooperative control”.
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Appendix A

Inverter non-idiality compensation

A.1 Introduction

Compensation of the inverter non-idealities is essential for the sensorless vector (and scalar)
control to function appropriately, especially during start-up [108, 50, 109, 110, 111, 112].
Accurate compensation of the inverter non-idealities also aid other applications, such as
motor parameter identification [111, 113, 108] and model based predictive current control
[114]. Since this thesis is concerned with accurate angle estimation of the drive for use
in the AMB vibration control the inverter non-ideality compensation used is presented
for repeatability of the angle estimation results. Besides meeting this requirement the
inverter non-ideality compensation is presented since a novel method for characterizing
the inverter non-ideality from which look-up tables (LUT) are generated for feed-forward
compensation has been developed.

A.2 Inverter upgrade

The development of the inverter used in this study was presented by de Klerk [79]. The
inverter design at that time opted to use IGBTs. Recent advances in power electronics
in the form of Silicon carbide (SiC) MOSFETs have improved on the capabilities of the
IGBT based inverter. Ding et al. [115] have investigated the impact of using the SiC-
based inverter in a PMSM drive. They found that the SiC-based inverter can reduce both
switching and conduction loss. Due to the decreased switching times a lower dead-time
can be used which in turn reduces the inverter voltage distortion.

Thus, as a first improvement on the inverter non-ideality the inverter is upgraded by
swapping the IGBTs1 out with SiC MOSFETs2. The ultrafast freewheeling diode3 used for

1IRG4PC50W by International Rectifierr.
2C3M0065090D by Creer.
3HFA25PB60 by International Rectifierr.
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the IGBT which featured soft recovery has been replaced by the SiC Schottky diode4 which
features zero reverse recovery and low device capacitance. The IGBTs had a continuous
current rating of 27 A @ 100 ◦C whilst the SiC MOSFETs have a rating of 23 A @ 100 ◦C.
Despite the lower current rating the improvement in conduction and switching loss means
that the device will operate at a lower temperature and does not have to be de-rated as
much. In order to understand why the drop-in replacement for this inverter is possible
the losses need to be compared. The continuous conduction losses for the IGBT and SiC
MOSFET given a constant device current are:

Pc_IGBT = vce(on)ic (A.1)

Pc_SiC = Rds(on)i
2
d , (A.2)

where vce(on), is the IGBT on-state voltage drop, ic the collector current, Rds(on) the SiC
MOSFET on-state resistance and id is the drain current. For the current range where
the SiC MOSFET device voltage drop, vds = Rds(on)id, is lower than the IGBT’s voltage
drop, the SiC MOSFET will have lower conduction loss than the IGBT. The on-state
voltage drop for the IGBTs used in the old inverter was 1.8 V @ 100 ◦C ∧ 27 A. The on-
state resistance of the selected SiC MOSFET is 80 mΩ @ 100 ◦C ∧ 20 A. Thus, the SiC
MOSFET will have lower conduction loss for a continuous current up to 22.5 A. The
inverter load current operates sinusoidally and not with a constant continuous current,
thus in reality the SiC MOSFET losses will be much lower than the break even case of
22.5 A used to show that the losses will be lower.

The decrease in conduction loss does not generalize to higher current drives in which
the constant voltage drop of the IGBT is advantageous. In order to obtain “best of
both worlds” researchers have considered hybrid switches which is obtained by paralleling
combinations of both types of transistors, e.g. [116, 117]. At lower currents most of the
current is conducted by the SiC MOSFET and as the current increases the conduction loss
is clamped by the IGBT. By turning the IGBT off before the SiC MOSFET the increased
turn-off loss due to the IGBT tail current can also be avoided.

The SiC MOSFET has lower input and output capacitance, therefore the driver used for
the IGBT is also capable of driving the SiC MOSFET. Since the capacitance is lower,
switching times are shorter and the SiC-based drive has lower switching loss [118]. The
upgrade to the SiC MOSFET is not as straight forward as it first seems. The increased
switching speed leads to increased ringing and resulting EMI. The self-turn on phenomenon
where the switch opposite to the one being turned off in the same half-bridge may turn itself
on due to the Miller capacitance is of a concern. Due to this it is generally recommended
to switch the SiC MOSFET off with a negative gate voltage. The gate threshold voltage of
the SiC MOSFET is lower but its turn-on after the threshold voltage is much more gradual
than that of IGBTs or Si MOSFETs, hence the self turn-on is not that severe as for the

4IDW12G65C5 by Infineonr.
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aforementioned transistor types. Another method of reducing the chance of self turn-on
is to use an asymmetrical gate driver impedance, i.e. decrease the turn-on slew rate by
increasing gate driver impedance and to decrease the impedance that keeps the switch in
the off state. These observations and proposed solution has also been recommended by
Novak et al. [119]. The modified gate driver circuit used is shown in Fig. A.1. The original
gate driver for the IGBT had only a 10 Ω gate resistor. The circuit component values were
obtained after extensive SPICE simulations which included parasitic inductance. The
gate capacitance, Cg, and gate resistance, Rg, is placed as close to the switch as possible
to reduce ringing caused by the TO− 247 package lead inductance. The added gate
capacitance and resistance is placed on the component and not on the PCB, this is done
by replacing the gate lead with the gate resistance oriented towards the source lead. The
gate capacitance is soldered onto the source lead in the direction of the gate lead, thereby
minimizing the parasitic loop inductance Lg. The gate driver component values were
chosen such that the ringing was minimized without increasing the total loss to more
than what the original IGBT switching losses were. Compared to the IGBT the resulting
turn-on loss is greater but the turn-off loss is smaller.

Figure A.1: Gate driver modification for SiC MOSFET.

With the inverter upgraded to use SiC MOSFETs along with the modified gate driver,
the dead-time used could be reduced from 1µs to 250 ns. This is the minimum dead-
time allowed by the DS5101 digital waveform output board used to generate the PWM
signals. Considering unequal turn-off and turn-on delay and driver delay skew the resulting
effective dead-time is on the order of 150 ns. The overall reduction in distortion is actually
greater than the factor of four improvement in dead-time since the on-state voltage drop
across the device adds in a similar manner due to that off the dead-time voltage distortion.
This can be verified by noting the average output voltage for phase x as derived by Kang
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et al. [120] is:

Vx (ix) = V ∗x − ix
RT +RD

2
− Voffsign (ix) (A.3)

Voff =
VT0 + VD0

2
+
TDT + Ton − Toff

Tsw
Vdc , (A.4)

where RT/D, and VT/D, are the linearised resistance and offset voltage of the transistor
and anti-parallel diode transfer characteristic, Tsw is the switching period, TDT is the
dead-time, Ton/off is the turn-on and turn-off delays and Vdc is the DC bus voltage. For
a SiC MOSFET VT0 is zero. Also, due to synchronous rectification by the MOSFET the
effective diode voltage drop, VD0, is also nearly reduced to zero. The offset voltage can
be decomposed into two contributing terms according to (A.4), one for the device offset
voltage and another for the dead-time. For the dead-time used after the upgrade the
contribution of the dead-time to the offset voltage is approximately 0.9 V, which is in the
same order of magnitude as the IGBTs threshold voltage, ≈ 1 V @ 100 ◦C ∧ 1 A.

After accounting for the device voltage drops and switching delays the total offset voltage
reduction is closer to a factor of seven. Thus, exchanging the IGBTs for SiC MOSFETs
has a considerable improvement as regards to reducing the combined inverter distortion
caused by the dead-time effect and device voltage drops.

The next section (A.3) presents the compensation of the dead-time (and other non-
linearities) with the aid of look-up tables. This raises the question: “Why reduce the
non-linearity with the hardware approach?” This is answered by noting that the non-
linearity compensation with the LUTs would still have a residual error. If it is assumed
that the correction of the original voltage distortion, vD, with a LUT has multiplicative
uncertainty, γ, then the residual voltage distortion is given by:

ṽD = γvD . (A.5)

It is reasonable to assume that the multiplicative uncertainty would be the same regardless
whether the inverter is upgraded. Hence, the residual voltage distortion would be reduced
if the original voltage distortion has been reduced a priori with a hardware upgrade.

A.3 Dead-time compensation

A.3.1 Background

The most obvious and direct way of compensating for the inverter non-ideality is to meas-
ure the output voltage and correct for the voltage error with a voltage control loop as noted
by Blaabjerg et al. [63]. Due to the increased cost of the voltage sensors and complica-
tions which arise due to averaging of the PWM voltage by signal conditioning circuits a
feed-forward compensation of the voltage distortion is preferred. Dead-time compensation
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methods presented in literature can be divided into off-line [121, 50, 122, 120, 123, 124]
and on-line methods [125, 126, 127, 128, 129, 130].

On-line methods often operate on an internal model principle which tracks the harmonics
(sixth) caused by the distortion created by the dead-time effect. From the tracked har-
monics a voltage is generated to reject the harmonic, e.g.. [131]. On-line methods have
the advantage that the control loop which generates the compensation voltage can adapt
to changes in the disturbance voltage due to effects such as temperature variation, current
slope at the zero crossing, DC bus voltage variation, switching device deterioration and
other unforeseen disturbances. On-line methods have the disadvantage of adding compu-
tational burden on the control processor, possible instability in the adaptation algorithm if
plant characteristics fall outside of the assumed range and ineffective compensation during
load variation and the consequent transients. For these reasons, the off-line methods are
the first choice for compensation.

The amount of correction achieved by the non-adaptive methods is usually acceptable
despite the possible variation in operating conditions. Also, the off-line compensation is
usually effective during machine transients. The off-line methods have lower computational
burden during control, but comes at the cost of an a priori commissioning procedure. The
method presented by Bolognani et al. [132] has the peculiarity that they generate a
LUT for feed-forward compensation by storing a period of the waveform generated by a
repetitive controller which is an on-line method, but the final compensation in the form
that the LUT used is an off-line method.

Of course, a combination of an off-line method as a first-order correction and an on-line
method for the residual error will yield good accuracy during transients and reduce the
harmonics at steady-state operation.

Many of the presented off-line methods, especially earlier methods, consider the model of
the dead-time effect to be merely a voltage offset which depends on the current polarity
[63], such as in (A.3), [120]. A further improvement on dead-time modelling considers
the effect of the parasitic capacitance of the switching device and cables connecting the
electrical machine [133, 134]. The parasitic capacitance causes the voltage distortion to no
longer exhibit a step change but instead to have a finite slope at small current amplitudes.
Over the years the fidelity of the models for dead-time and other inverter non-idealities
has progressively increased. A detailed model with physically representative parameters
is presented by Bedetti et al. [135]. The identification of the model parameters via a self-
commissioning procedure is also presented. The paper concludes with a table comparing
various compensation strategies, including amongst others LUTs, piecewise-linear approx-
imation, voltage measurement, harmonic based and their own proposed compensation.
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A.3.2 Compensation using look-up tables

Schellekens et al. [136] investigate and compare the performance of various dead-time
compensation strategies where the feed-forward models have varying levels of fidelity.
As the fidelity increases the feed-forward model complexity (and hence computational
burden) increases with the notable exception of compensation via LUTs. From the results
presented by Schellekens et al., LUTs arguably obtained the best compensation.

From the literature, it is apparent that the trend for accurate compensation of the in-
verter non-idealities first progressed by increasing model complexity, which has become
too burdensome and yields diminishing returns for further investment in model complexity.
Compensation methods have moved on towards quantitative black-box models in the form
of higher order regression models which are implemented as LUTs. Due to computational
complexity, the higher order model is evaluated off-line and stored as a LUT. Depending
on the amount of memory a high-resolution LUT can be stored or a lower resolution LUT
can be stored with some of the resolution regained with on-line interpolation. Hence, the
usual trade-off between memory and computation time.

Compensation via LUTs has the added benefit of taking second-order non-linearities into
account [132]. One example of such a second-order non-linearity is the turn-on/off delay
dependence on the commutated current which causes the effective dead-time to vary with
current magnitude. Usually, the turn-on/off delay is assumed independent of current,
such as in (A.4). For large dead-time values, the assumption is justified. For newer
generation drives the dead-time decreases and the variable turn-on/off delay may be taken
into account in order to improve the drive’s performance.

Various methods of characterizing the inverter non-ideality and generating the LUT entries
have been proposed in the literature. The most representative methods are presented in
[132, 136, 137, 110, 138, 52, 108, 111, 109]. A selection of the aforementioned methods will
be discussed with the aim of exposing the assumptions made by previous authors during
the experimental characterisation of the inverter non-ideality. The method proposed in
section A.3.3 aims to overcome these assumptions without adding extra hardware in the
inverter non-ideality characterisation.

One of the methods of characterizing the dead-time is to step the current in the α-axis
and keep the β-axis current zero whilst the machine is stationary [110]. The non-linear
distortion of the inverter can be separated into two terms, one component of the distortion
has units in Volt and the other component is unitless. The component which has units in
Volt originates from sources such as anti-parallel diode voltage drop while the switch is off
and IGBT voltage drop while the switch is on. The distortion due to this component does
not vary as a function of the DC bus voltage. The unitless component originates due to
the dead-time and the voltage distortion which results at the output of the inverter which
varies as a function of the DC bus voltage. In order to take this into account, the voltage
distortion is often measured at different DC bus voltages. The effective load resistance
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voltage drop, which consists of the combination of the machine and switch resistive voltage
drops, manifests as a DC bus independent voltage drop. This is separated from the DC
bus dependent voltage drop by measuring the effective resistance at two high current
values where it is assumed that the variation in the non-linear distortion terms are zero.
Bojoi et al. [138] also assumed that the non-linear component is symmetrical for positive
and negative load current. By exciting the load with current steps only in the α-axis the
machine load impedance is assumed symmetrical. The non-linear voltage distortion is also
assumed equal in each phase.

Each phase’s non-linearity can be separated from each other by introducing extra hardware
into the measurement setup. An extra RL-load impedance is connected between the phase
output and ground by Xie et al. [52]. This can be repeated for each phase. Xie et al.
[52] also suggest that excitation in the α-axis only may result in characterisation of the
inverter non-linearity which “...might not be accurate enough”. Xie et al. assumed that
the voltage distortion for the top and bottom switch is equal, otherwise, an extra set of
measurements are required with the RL-load impedance connected to the positive rail of
the DC bus.

Gaeta et al. [108] also introduced a method for accurate inverter non-linearity charac-
terisation by adding a circuit with two relays connected to the three-phase inverter. The
purpose of the relays is to bypass the voltage drop of one of the switches in a leg (top
or bottom, hence two switches). This allows characterisation of the inverter non-linearity
without assuming that the voltage drop of the top and bottom transistors are equal or that
the non-linearly of each phase is equal. The previous two methods does away with most
of the assumptions made by previously mentioned authors, but does so at the expense of
extra hardware.

A.3.3 Proposed dead-time characterisation

A.3.3.1 Corrective reference voltage from current control loop

,PIv 
PMSM

1..6G

dcv

abci

*i

i

abcv
PI+

-

1

dcv

*

abcv

DT,abcv

PI,abcv

OFFV abcR *

abci *sgn abci1C

1C 

*

abcd

C

Figure A.2: Inverter non-linearity characterization.
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The characterisation of the inverter non-linearity is explained with the aid of Fig. A.2.
A current reference in the αβ-plane is generated and applied to the input of the current
control loop. The PMSM rotor is assumed stationary and locked. An isolated wye con-
nection is assumed such that the zero sequence component (γ component) is null. The
terms, C and C−1, denote the Clarke transform and its inverse. As opposed to the meth-
ods in literature the current reference is not stepped in the α-axis, but instead a rotating
current reference is applied with the amplitude ramped. The rotation frequency is higher
compared to the slope of the ramp. The current reference, i∗αβ , can, therefore, be rep-
resented with a spiral, as depicted in the left of Fig. A.3. The same spiral reference for
phases a and b in the stationary reference are on the right side of Fig. A.3. Thus, the
whole αβ-plane, which is representative of all current combinations that the load can be
subjected to within the rated current range, is excited. The rate of change of the current
reference is so small such that the inductive voltage drop of the stator can be considered
negligible.
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Figure A.3: Spiralling current reference.

The proportional and integrator (PI) terms in the current control loop correct for the
non-linear inverter voltage drop and compensates for the load’s resistive impedance. In
order to have a very small current error, a large PI current control gain is required. The
combination of a large current control gain and inverter non-linearity causes a limit cycle
to be excited when the current passes through zero. This limit cycle appears in the form
of chatter in the voltage reference as the current passes through zero. In order for the
reference voltage to have a smoother transition in time through zero, the current reference
slope is reduced as it approaches the zero crossings. Thus, to prevent the unwanted
chattering the current reference depicted in Fig. A.3 can be expressed in the three-phase
reference frame and in the time domain as depicted in Fig. A.4. Another means of reducing
the chatter caused by the large gain and inverter non-linearity is to add the traditional
means of dead-time compensation with the feed-forward term, vDT,abc, to the PI generated



A.3. DEAD-TIME COMPENSATION 151

reference voltage, vPI,abc. The sum of the PI control voltage and the feed-forward voltage
yields the resultant three-phase reference voltage, v∗abc.
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Figure A.4: three-phase current reference in the time domain.

By capturing the resultant reference voltage, v∗abc, and transforming it back to a two-
phase coordinate system, v∗αβ , as a function of the applied current reference a feed-forward
functional relationship for the steady-state voltage required to overcome the inverter non-
linearity and DC voltage drop can be generated, i.e. v∗αβ

(
i∗αβ

)
. This functional rela-

tionship can be stored as two 2D LUTs. The problem with this approach is that the
LUTs require a large amount of memory to be stored, i.e. it suffers from the “curse of
dimensionality”.

One method to overcome the memory requirement to store the 2D LUTs is to approximate
the look-up tables. This can be achieved by considering the 2D LUT as a matrix. This
matrix can be decomposed by using the singular value decomposition (SVD) [139]. Using
SVD, a matrix can be decomposed into:

M = UΣV∗ , (A.6)

where the matrices, U and V∗, are unitary matrices and, Σ, is a diagonal matrix containing
the singular values. After the decomposition has been performed only those columns and
rows which correspond to a relatively large singular value is kept, e.g. the first three
columns of UΣ and V. An entry to the original matrix is thus approximated with:

Mij ≈ Ui1Σ11V1j + Ui2Σ22V2j + Ui3Σ33V3j . (A.7)

The problem with this approach is firstly the requirement of on-line computation required
to obtain the inputs for the LUT in the desired reference frame which is not necessarily
available depending on the chosen reference frame for the sensorless vector control imple-
mentation and the computation of regenerating the desired output. Secondly, the inherent
loss of accuracy due to the SVD approximation.
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Ideally, the inverter non-linearity should be represented by three look-up tables with a
phase current reference as input and a phase reference voltage as output. Thus, one look-
up table per phase. This is justifiable since the non-linearity for each phase is dependent
on that phase’s current and is independent of the current in the other phases. The reader
might be perplexed at this point since this seems entirely obvious. What then is the
difficulty? The problem with this approach is that upon transforming the reference voltage,
v∗αβγ , to the three-phase reference voltage, v∗abc, the zero component in the αβγ-plane is
assumed null. This causes the component of the reference voltage which corrects for the
distortion to become coupled in the abc-stationary reference frame. Thus, there is no
longer a 1:1 correspondence between a phase’s current and that phase’s reference voltage.

Bolognani et al. [132] addressed this coupling due to the lost information of the zero
component, referred by them as the homopolar component, by assuming that the distortion
couples equally between the different phases. They then proceed to approximate the
uncoupled phase voltage by multiplying the coupled phase voltage with a factor of 2

3 . The
look-up table entries corresponding to high current value inputs are limited to be equal
to the traditional dead-time compensation. In order for this multiplication factor to be
valid, the load impedance has to be symmetrical and the non-linearity for each phase also
has to be equal. Due to asymmetry in the load and differing non-linearity for each phase,
a residual error will remain in the LUT using their technique. Other authors have solved
this coupling by isolating the distortion in each phase by using extra hardware during the
characterisation, e.g. [52, 108].

A.3.3.2 Algebraic recovery of the zero sequence component

The zero sequence component can be recovered mathematically by realizing that the meas-
urement combination of, i∗αβ and v∗αβ , after transforming it into the three-phase reference
frame, can be formulated as an overdetermined system of equations.

Suppose that the look-up table is discretised into n entries, i.e. the input phase current
sequence is arranged as:

ix1..n = {ix1, ix2, ...ixn} , (A.8)

where ix1, corresponds to the minimum input current and ixn, the maximum input current.
The look-up table voltage output sequence is arranged as:

vx1..n = {vx1 (ix1) , vx2 (ix2) , ...vxn (ixn)} . (A.9)

In order to handle the effects of quantization, it will be assumed that the look-up table
has a number of entries equal to a power of two. The inputs can thus be represented with
a range of B-bits, such that the total number of entries are:

n = 2B . (A.10)
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With an indexing system for the look-up table entries established, indexing to distinguish
the same measurement sample in different reference frames amongst numerous samples
still needs to be established. The samples will be denoted with a #N in the superscript
of an αβ-reference frame sample, but in the subscript with the associated phase, i.e.
current sample number #1 in the αβ-reference frame after transforming to the three-
phase reference frame is denoted with:

QB

(
Ci#1

αβ

)
=

 ia#1

i#1b

i#1c

 . (A.11)

The purpose of the #N is to denote the numerical location of the sample within that
phase’s look-up table. Thus, a#1 denotes the index of the first sample in the look-up
table associated with phase a, it has a numerical value within the range [1..n]. Since the
look-up table inputs are quantized and the αβ-reference frame sample is not, an extra
quantization operator, QB, with B-bits is required to round off the three-phase reference
current value to the nearest valid look-up table input address.

The power variant Clarke transform given by [14]:

 vα

vβ

vγ

 =
2

3


1 −1

2 −1
2

0
√

3
2 −

√
3

2
1√
2

1√
2

1√
2


︸ ︷︷ ︸

C

 va

vb

vc

 , (A.12)

is used in the formulation of the system of equations to recover the zero component. For
a single reference voltage, v∗αβ

(
i∗αβ

)
, the inverse of C would have resulted in a coupled

three-phase voltage if vγ is assumed zero. In fact, the quantity of interest is actually the
decoupled three-phase voltage, vabc, and not necessarily the zero component. Once the
uncoupled voltage is estimated the zero component can indeed be calculated. Thus, it is
mathematically equivalent to recovering the zero component, which was the root cause of
the coupling to occur and which caused an erroneous non-linearity characterisation.

For the first pair of current reference and voltage values the following equation can be
formulated:

vα

(
i#1
αβ

)
= C11va (ia#1) + C12vb (ib#1) + C13vc (ic#1)

vβ

(
i#1
αβ

)
= C21va (ia#1) + C22vb (ib#1) + C23vc (ic#1)

vγ

(
i#1
αβ

)
= C31va (ia#1) + C32vb (ib#1) + C33vc (ic#1) .

(A.13)

Equation (A.13) is not invertible, because vγ is still unknown. Therefore, there are more
unknowns than equations for measurement pair #1. For a different measurement sample,
e.g. sample q# sample count, one of the entries on the right hand side may correspond
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to some of the entries corresponding to the equation for the first sample. For example,
ia#1 = ia#q. This can be justified with the aid of Fig. A.5. The red horizontal line crosses
the red phase current at the same current value for each cycle. For each red line crossing
the vertical green line indicates what the other phase current values are which correspond
to that measurement set. Thus, for each sample occurrence in the figure, one phase current
(the red phase) has the same value, but the other phases have different values. Hence, the
solution procedure for the unknown, vγ , is to add the equations which correspond to the
other samples to the system of equations. The number of unknowns for the look-up tables
is 3n, one for each phase voltage. Thus, at least 3n equations are needed in order to solve
for all the unknowns. Due to measurement noise, more equations result in reducing the
noise in the solution of the look-up tables. There are a total number of N > 3n equations.
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Figure A.5: Repeated sample occurrences of three-phase current reference.
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In order to prepare for expressing the system of equations for all the samples, the equation
for a single sample, (A.13), is reformulated in block matrix notation:


vα

(
i#1
αβ

)
vβ

(
i#1
αβ

)
vγ

(
i#1
αβ

)

 =


1..n 1..n 1..n︷ ︸︸ ︷

· · · C11
1,a#1 · · ·

· · · C21
2,a#1 · · ·

· · · C31
3,a#1 · · ·

︷ ︸︸ ︷
· · · C12

1,b#1 · · ·
· · · C22

2,b#1 · · ·
· · · C32

3,b#1 · · ·

︷ ︸︸ ︷
· · · C13

1,b#1 · · ·
· · · C23

2,b#1 · · ·
· · · C33

3,b#1 · · ·


︸ ︷︷ ︸

M



va (ia1)
...

va (ian)

vb (ib1)
...

vb (ibn)

vc (ic1)
...

vc (icn)



,

(A.14)
where the change in super-and subscripts in the term, C11

1,a#1, denotes that the value of
the Clarke transform matrix, C11, is located in the first row at the a#1-th column. Note
how the index has been transferred from the transformation operand, va (ia#1), to the
operator, C11

1,a#1.

For the set of all samples, the system of equations can be formulated in block matrix
notation as:



vα

(
i#1
αβ

)
vα

(
i#2
αβ

)
...

vα

(
i#Nαβ

)


=


· · · C11

1,a#1 · · ·
· · · C11

2,a#N · · ·
...

· · · C11
N,a#N · · ·

· · · C12
1,b#1 · · ·

· · · C12
2,b#2 · · ·
...

· · · C12
N,b#N · · ·

· · · C13
1,b#1 · · ·

· · · C13
2,b#2 · · ·
...

· · · C13
N,b#N · · ·


︸ ︷︷ ︸

Mα



va (ia1)
...

va (ian)

vb (ib1)
...

vb (ibn)

vc (ic1)
...

vc (icn)



.

(A.15)
Even though the terms, C11

1,a#1 and C11
2,a#N , are written in the same column, they are not

necessarily in the same column. They are only somewhere in the same column matrix.
Null entries are denoted with, “· · · “. For each row, there are only three non-zero entries.
The resulting system of equations is thus highly sparse. A similar set of equations as
(A.15) exist for phase β. There is no such set of equations for γ. Augmenting matrices
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Mα and Mβ constitute the full system of equations, i.e.

M =

[
Mα

Mβ

]
. (A.16)

The solution of the complete system of equations is:

vαβ_1..N = Mvabc_1..n , (A.17)

which yield the desired entries of the uncoupled voltage look-up tables for each phase,
vabc_1..n. The matrix, M, is rather large, but fortunately also sparse. Hence, a sparse
solver is used. Also note, that the inverse of M is not desired which would have taken
quite a lot of resources to compute. Instead, only vabc_1..n

5 is of interest.

A.3.3.3 Algorithmic generation of system matrix from measurements

From (A.15), it is clear that the entries of the matrix, M, need to be populated algorith-
mically from the set of measurements. Algorithm A.1, presents such an algorithm in
pseudocode. Line 6 declares the quantized array of current value addresses for the look-up
table. Lines 10 and 11 declares a nested for-loop with counters for phase-a and phase-b.
The counters for phase-a and phase-b, #a6 and #b, sweeps a grid of indices which rep-
resents all combinations of current values within that grid. Therefore, the complete input
domain is composed of the Cartesian product of two look-up tables. Referring back to Fig.
A.3, it is clear that only the current values in the slanted elliptical domain of the ab-plane
are valid current values which have been excited by the spiralling current excitation in the
αβ-plane. Hence, the next step is to check if the phase-a and phase-b current combination
produced with the nested for-loop does indeed fall within the radius of the αβ current
range. This is performed by generating the phase-c current from the algebraic relation
assuming a wye connection (Line 15):

ic = − (ia + ib) . (A.18)

With iabc now known, iαβ can be computed with the Clarke transform (Line 19), after
which, its norm can be determined to check if it lies within the swept radius (Line 21).
If iαβ does indeed lie within the radius, then an interpolative surface fit of the measured
voltage reference, Valpha and Vbeta, is evaluated and assigned to the V_AB vector
(Lines 23 & 29). The row location is determined by equation_number which is incre-
mented each time a new equation is added. The column positions for the entries into the
system matrix, M, is thus now determined with the aid of the for-loop counters, #a and
#b. The index for phase-c, #c, is derived from the other two phases by finding the index

5The method used to calculate vabc_1..n in this work is with the ’lsqr’ function in Matlab.
6Bold characters in this section refers to identifiers within the listed algorithm.
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in ix where ic resides.

The interpolative surface fit of the measured voltage,v∗αβ , is required to approximate the
voltage reference value generated by the control loop at the location of the grid points
generated with the nested for-loop, since these points do not coincide exactly with the
current reference values, i∗αβ , used to excite the plant. Other methods such as directly
interpolating the measured response voltage using the transformation of grid points to the
original reference points, without an in-between step of a surface fit, could also have been
used.

The rank of M in (A.17) is 3n. With the algorithm’s grid generation method, an upper
bound of 2n2 equations are generated. Not all of the equations are valid though, because
not all of the points in the abc-coordinate grid, generated by the nested for-loop, maps to
within the disc generated by the excitation radius in αβ-coordinates. Supposing that the
limiting radius of iαβ is 15 A, then the length of the semi-minor axis of the elliptical region
shown in Fig. A.6, can be determined by noting that the semi-minor axis corresponds

to the vector iabc =
[

7.5 7.5 15
]T

A which has a length of ≈ 15 in αβ-coordinates.

Similarly, the vector iabc =
[

12.95 −12.95 0
]T

A, also transforms to a vector with
length ≈ 15. Thus, the ratio of the area of the ellipse to the area of the square grid is
representative of the effective number of equations. This ratio is independent of the actual
limiting current radius. The ratio, with the aid of our numerical example, is thus:

Area of ellipse

Area of square
≈ πab

s2
(A.19)

=
π ×

(√
2× 7.5

) (√
2× 12.95

)
s2

=
2π 7.5× 12.95

302

= 0.6781 .

Hence, the effective number of equations is 0.6781 × 2n2 = 1.36n2 > 3n which is strictly
greater than 3n for n > 2. Thus, the system of equations generated by the algorithm is
always overdetermined.
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Figure A.6: Elliptical region in abc-plane which maps to the valid disc in the αβ-plane.
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Algorithm A.1 Generation of system of equations from inverter sweep measurements.

1 const n %LUT s i z e
2 const i_n %Most nega t i v e curren t va lue f o r LUT
3 const i_p %Most p o s i t i v e curren t va lue f o r LUT
4 const i_ab_radius %Sweep rad ius in alpha−be ta p lane
5
6 ix = i_n : ( i_p−i_n )/n : i_p ; %Range f o r LUT curren t va l u e s
7
8 equation_number = 0 ;
9
10 for #a = 1 : n
11 for #b = 1 : n
12
13 i a = ix(#a ) ;
14 ib = ix(#b ) ;
15 i c = −( i a + ib ) ;
16
17 #c = Find l o c a t i o n o f i c in ix ;
18
19 i_alpha_beta = C∗ [ i a ib i c ] ’ ;
20
21 i f | i_alpha_beta | <= i_ab_radius
22 equation_number++;
23 V_AB( number_equations ) = Valpha ( i_alpha_beta ) ;
24 M( equation_number , 0∗n + #a ) = C11 ;
25 M( equation_number , 1∗n + #b) = C12 ;
26 M( equation_number , 2∗n + #c ) = C13 ;
27
28 number_of_equations++;
29 V_AB( number_equations ) = Vbeta ( i_alpha_beta ) ;
30 M( equation_number , 0∗n + #a ) = C21 ;
31 M( equation_number , 1∗n + #b) = C22 ;
32 M( equation_number , 2∗n + #c ) = C23 ;
33 end
34 end
35 end
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A.3.3.4 Extension to separate voltage dependent and independent parts

The entries of the look-up table identified from the solution of (A.17), i.e. vabc_1..N , has
Volt as units. Since the inverter non-linearity has a component which varies with the DC
bus voltage and a component which is independent of the DC bus voltage the separation
of the non-linearity in these two components would aid in DC bus disturbance rejection.
This can be achieved by identifying the LUT entries in terms of a unitless duty cycle and a
three-phase resistance. The duty cycle component corrects for the distortion which varies
due to the DC bus voltage and the resistance component approximates the voltage load
which is independent of the DC bus voltage.

In order to achieve this aim (A.17) is modified to determine the LUT entries in duty cycle
units and extended to estimate the three-phase load resistance, as shown in:

vαβ_1..N =

[
v#q
dc Mα C11ia C12ib C13ic

v#q
dc Mβ C21ia C22ib C23ic

]
︸ ︷︷ ︸

Mvdc#r


dabc_1..n

Ra

Rb

Rc

 (A.20)

where #q denotes the voltage of the q-th sample. Assuming the same LUT resolution,
(A.20) compared to (A.17) has the same number of rows, but has three columns more.
In order to obtain an accurate separation of the DC bus dependent and independent
components, the measurement has to be repeated for several DC bus voltages and the set
of equations is adjoined to obtain the full system of equations. The superscript in, vdc#r,
denotes the r-th measurement set corresponding to a certain DC bus voltage.

A.3.4 Verification on simulated non-linearity
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Figure A.7: Current control loop of simulated asymmetrical load with dissimilar non-
linearity.

In order to verify the claim that an asymmetrical load and dissimilar non-linearities for
each phase can be identified the proposed method is first tested on a known load via
simulation. The simulation is conducted in the Matlab Simulink R© environment. The
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diagram representing the simulation is shown in Fig. A.7. An RL-load is simulated with
the current solved in αβγ-coordinates. The isolated neutral point constraint is imposed
by forcing the zero component equal to zero by multiplying the αβγ-coordinate current
with the matrix W110, i.e.:

iαβ =

[
1 0 0

0 1 0

]
︸ ︷︷ ︸

W110

iαβγ . (A.21)

The dissimilar gain, Gabc, and a signed square root followed by a saturation represents
a non-linearity approximating a curve similar to the dead-time effect. A fictitious non-
linearity is used as opposed to a switch-level simulation representation of the dead-time
effect because the simulation time would take prohibitively long otherwise. The spiralling
current reference as discussed in section A.3 is applied to the current control loop. The

example numerical values used in the simulation is: Gabc =
[

1.7 2 2.3
]T

and Rabc =[
1 1.25 0.75

]T
. The DC bus voltage dependence of the non-linearity is taken into

account by first normalizing the distortion with the nominal DC bus voltage, v̄dc, and then
calculating the voltage distortion by multiplying with the DC bus voltage, vdc, for that
particular measurement. The extended look-up table identification presented in section
A.3.3.4 is used.

If so desired, the extended identification can be reduced to the simple identification by
setting vdc = v̄dc = 1 in the simulation and in (A.20). In this case, the resistance is
still identified but does not have a physical interpretation. It still has a mathematical
interpretation, i.e. it corresponds to the linear component of the non-linear voltage which
correlates with the current. The total non-linear voltage is then determined by:

vx1..n = dx1..n +Rxix1..n , (A.22)

where dx, has the unit of Volt for the special case that vdc = 1, and x, is the phase of
interest and ix, is the quantized array of LUT input currents.

The result of the three-phase non-linearity’s reduced identification is shown in Fig. A.8.
The corresponding estimated resistances are: R̂abc = [1.097, 1.350, 0.848] Ω. Since vdc =

1 V for the simplified case, there is no way of separating the voltage component due to
the non-linearity and that due to the resistance. This results in the overestimation of the
resistance and the resulting LUT entries are not monotonically increasing.

The extended identification result is shown in Fig. A.9. The estimated resistance for
various combinations of DC bus voltages used is reported in table A.1. A nominal voltage,
v̄dc, of 80 V was used. For two DC bus voltage measurement sets a close approximation
to the true resistance is obtained. The result does not converge any further for more than
two DC bus voltage measurement sets. Since these results are for a noiseless simulation
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Figure A.8: Look-up tables of identified non-linearity for a single DC bus voltage meas-
urement.

one must be careful not to generalize. For real-world data, more measurement sets will
produce more accurate parameter estimates. The steady state error in the regression of
the estimated resistance is expected since the non-linear voltage disturbance has a linear
component which correlates with the linear voltage of the resistive voltage drop.

The error of the look-up table is shown in Fig. A.10. In order to reduce the error due to
the higher slope near the zero crossing a higher resolution LUT has to be used. It has been
found that the accuracy of the estimated resistance is also a function of the LUT resolution.
For a 1025 entry LUT, the estimated resistance is: R̂abc = [0.999, 1.2503, 0.7503] Ω, after
one iteration. The estimation of the non-linearity also has an iterative characteristic upon
the error. This is due to the residual current error in the current control loop during
the excitation. By replacing the first order dead-time correction in Fig. A.2, by the
identified look-up table the current error in the current control loop is smaller due to
better feed-forward correction upon a second iteration of characterizing the inverter non-
ideality. Indeed, the estimated resistance upon a second iteration with a 1025 entry LUT
is: R̂abc = [1, 1.25, 0.75] Ω (i.e. exact).

From the obtained results it can be concluded that the algebraic zero component recovery
is indeed capable of decoupling the voltage distortion amongst the three-phase voltages,
because the asymmetric three-phase resistance could be identified and the per-phase error
asymptotically approaches zero as the LUT resolution increases and the characterization
is repeated with the updated LUT as the feed-forward term in the current control loop
(disregarding numerical aberrations).

The application of algorithm A.1 is better understood at the hand of the actual implement-
ation added in appendix E.1 which was used to post-process the simulated measurements
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for the verification presented in this section.
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Figure A.9: Identified look-up tables of non-linearity for three DC bus voltage measure-
ments.
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Figure A.10: Look-up table error.
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Table A.1: Estimated resistance as a function of DC bus voltage.

#vdc vdc [V] R̂abc [Ω]

1 1 [ 1.097 1.350 0.848 ]

1 80 [ 0.941 1.156 0.727 ]

2 75, 85 [ 0.997 1.248 0.748 ]

3 75, 80, 85 [ 0.997 1.248 0.748 ]

A.3.5 Validation on PMSM drive

This section presents the measurements and the non-linearity characterization of the
PMSM drive used in this work. The drive is controlled with the modular dSPACEr system
using the DS1005 controller. The experiment is coordinated from within the ControlDeskr

environment in which signals are logged and afterward processed in Matlabr.

Before the measurements are conducted the hall-effect current sensor offsets are carefully
calibrated, by first allowing the sensors thermal drift to settle. The current sensors have
a small hysteresis window, thus the current sensor offset is not simply subtracted, instead
the maximum and minimum current are first applied to the drive and switched off, after
which the current offset is noted each time. The correct offset is thus determined when
the resulting hysteresis window has zero bias.

The drive’s current is swept with a spiral current reference as previously discussed. The
resulting reference voltage v∗αβ is captured and interpolated with a surface fit, as shown in
Fig. A.11. Another viewpoint of the algebraic zero recovery algorithm is that the displayed
2D-functions are decomposed into three 1D-functions to yield the desired look-up tables.

The chosen look-up table resolution is 12-bits, i.e. 212 = 4096 entries. The extended
decomposition is performed with the measurement sweeps performed at DC bus voltages
of 155 V, 160 V and 165 V. The result of the full measurement decomposition is shown in
Fig. A.12. The estimated resistances are: R̂abc = [0.167, 0.157, 0.166] Ω. Some notable
features from the identified non-linearity should be highlighted. Firstly, the non-linearity
is not symmetrical about the zero current index (2048). Secondly, a higher order non-
linearity for a small negative current is visible. Thirdly, the LUT is not monotonically
increasing for larger positive current values. The latter may be caused by different res-
istances for positive and negative current for each phase, i.e. corresponding to the on
resistance for each separate SiC MOSFET. The physical explanation of the origin of these
irregularities is beyond the scope of this thesis, except to note that the author has not
come across these higher order non-linearities in previous literature regarding non-ideality
compensation.

The original measured surface can be reconstructed from the look-up tables and the dif-
ference calculated to yield the residual error of the fit, which is displayed in Fig. A.13.
By characterising the inverter non-linearity over the complete domain of interest (and not
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(a) v∗α (iαβ)

(b) v∗β (iαβ)

Figure A.11: Surface fit of v∗αβ on polar coordinate domain.

just the α-axis) the deviation of the residual from the zero plane is minimized in a least
squares sense. Some of the structure of the original surfaces are apparent in the resid-
ual. This suggests that there is still room for improvement in order to achieve an exact
compensation of the inverter non-linearity, viz. when the residual error appears as noise.

The effectiveness of using the look-up tables is investigated by comparing the residual
control effort of the PI current controller whilst employing the LUTs in the feed-forward
compensation. The current is swept as shown in Fig. A.14a and the resulting residual
control voltage required to keep the current error zero is shown in Fig. A.14b. The LUT
based feed-forward compensation has much lower residual control effort compared to the
“traditional” dead-time compensation shown in Fig. A.15. The “traditional” dead-time
compensation in this example is defined as a piecewise linear feed-forward compensation,
equal for each phase.

Another classical means of evaluating the compensation is by visual confirmation of the
drive’s ability to track a sinusoidal current reference. A measured sinusoidal current with
a reference frequency of 5 Hz and amplitude of 1 A is shown in Fig. A.16. No current
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Figure A.12: Estimated three-phase inverter non-linearity.

Figure A.13: Residual error for 2D fit reconstructed from 3× 1D LUTs.

clamping phenomenon is visible and the total harmonic distortion (THD) of 0.37 % is ex-
ceptionally low for a three-phase drive. Typically, authors in the literature marginalize the
current clamping phenomenon by showing the current tracking performance for the rated
current. In this case, no current clamping is visible, even for a small current amplitude.

A comparison of the THD for load currents varying as a function of the fundamental
frequency and magnitude is presented in Fig. A.17

One possible cause for the residual error (i.e. the inability of the LUT to exactly cancel
the voltage drop required for zero current error) is that due to the “thermal noise” in the
measurement procedure. Fig. A.18, shows the residual voltage error, before and after
applying a current reference,

∥∥∥i∗αβ∥∥∥ ≈ 20 A, for approximately 20 s. The same current
sweep as in Fig. A.14a, is applied. As shown, the voltage generated by the control loop
to compensate the residual error is quite different even for such a small time period of
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(b) Residual control reference voltage with LUT compens-
ation.

Figure A.14: Look-up table effectiveness as feed-forward non-linearity compensation.
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Figure A.15: Residual control effort for “traditional” dead-time compensation.

self-heating. This suggests a future development to adjust the LUT output (or add a
dimension) according to the measured or estimated temperature of the load.
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A.3.6 Modified three-phase filter
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lfr fL

fC

cfd
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Ai si Ai si

Figure A.19: Modified three-phase LC filter.

The three-phase filter presented in section 4.2.2, can be slightly modified as depicted in
Fig. A.19. The series resistance, rlf , is the parasitic resistance of the filter inductor, Lf .
The resistance, rcf , in series with the filter capacitor, Cf , is an intentionally added series
resistor which helps to dampen the high Q of the LC filter at the resonant frequency and
helps to prevent instability of the inverter. It has been found that the winding resistance
(which includes core loss) of the filter inductor is sufficient for damping of the large signal
response of the resonant frequency for stabilizing the inverter control. Therefore, the series
capacitor resistor may be removed.

In order to accurately compensate for the dead-time, the dead-time compensation should
ideally be calculated according to the inverter output current, iA. This entails measure-
ment of the inverter output current for the dead-time compensation as well as the machine
stator current for the back-emf angle estimator. The increased number of current sensors
considerably increases the cost and complexity of the system. Instead of using the meas-
ured inverter output current, the stator current may be used instead, if the phase delay
of the filter is sufficiently small, i.e. the cutoff frequency of the filter is sufficiently high.
Additionally, instead of using the measured stator current it is better to use the reference
stator current as it is less affected by measurement noise which disturbs the dead-time
compensation. The addition of the antiparallel diode pair, dcf , provides better small signal
damping than the resistor, rcf . This can be seen by noting that the diode loss is greater
than the resistor loss for small currents that satisfy:

Pr < Pd

i2Cf rcf < iCf vd

iCf <
vd
rcf

,

(A.23)

where vd, is the diode voltage drop. For a resistance of 1 Ω, as used in the design by
de Klerk [79], the current for which the diode provides higher damping is in the order of
700 mA. Higher damping of small current perturbations results in a smaller phase shift
between the inverter and stator current, hence in better dead-time compensation when
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the stator current is used in the dead-time compensation.

Thus, to recapitulate, the filter inductor parasitic resistance provides large signal damping
for inverter stabilization (especially if it is not wound with Litz wire) and the antiparallel
diode pair provides better small signal damping which improves the dead-time compens-
ation.

The damping characteristics is validated via simulation. Fig. A.20, compares the drive
currents using the two different filter configurations. The filter legs are symmetrical in
each case of the filter configurations. Different phases are compared using the two different
filters, so that the influence of one current zero crossing on another phase may be apparent.
The inverter current control uses the same dead-time compensation for both simulations.
The difference in current distortion and ripple is thus determined by the difference in
filter configurations. From the figures it can be seen that the current has a ripple in the
configuration with no diodes in the filter. The ripple is excited afresh by each zero current
crossing. In the case of the filter with diodes, the ripple decays before the next zero current
crossing is reached. Due to the decaying current ripple, the dead-time compensation
performs better, since the current zero crossing of the current reference and the actual
current is in closer agreement.
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Figure A.20: Comparison of dead-time compensation for original and modified filter.
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A.4 DC bus disturbance rejection

For accurate angle estimation in sensorless vector control, a varying DC bus voltage and
its ripple need to be accounted [140]. The varying steady state value of the DC bus
voltage, obtained by passive rectification of the AC input, arises due to various sources
of fluctuation on the AC grid. A ripple on the DC bus voltage is also caused due to the
passive rectification. The ripple component can be reduced via passive filters, but this
adds extra volume, weight, and cost to the drive [141].

The current control loop of the vector control rejects the disturbance on the output current
[13, 50]. The current control loop is able to reject the DC bus disturbance by varying the
reference voltage applied to the pulse width modulator. In the sensorless vector control
it is this reference voltage which is taken as the input to the back-emf based speed and
angle estimator, thus the varying DC bus voltage directly affects the observer estimates.
Therefore, another means of DC bus disturbance rejection is required which does not rely
on the current controller’s ability to reject the disturbance. This is usually accomplished
via cancellation of the inverter’s gain dependence on the DC bus voltage when converting
the reference voltage to a duty cycle value. In analogue modulation circuits, this was done
by making the amplitude of the triangle carrier dependent on the DC bus voltage. In
digital control, the required duty cycle is calculated directly from the reference voltage

d∗abc =
v∗abc

Gi (vdc)
, (A.24)

where the inverter gain in the linear region is given by [142]:

Gi (vdc) =
vdc
2
. (A.25)

Since the embedded controller used in this thesis (DS1005) has to control both the AMB
and PMSM drive systems, the high computational cost of the division in (A.24), is un-
wanted. One means of approximating the division is to linearise the reciprocal function
using its Taylor series expansion:

f (vdc) =
1

vdc
(A.26)

=
1

v̄dc
− vdc − v̄dc

v̄2
dc

+ . . . , (A.27)

where the expansion has been evaluated about the nominal voltage, v̄dc. The reciprocal of
the nominal voltage is calculated at compile time. The linearisation is obtained by trun-
cating the expansion after the first two terms and is only accurate for a certain variation
of the nominal DC bus voltage.

Another means of approximating the reciprocal is by recursive calculation using the
Newton-Raphson iterative method [143]. The function whose roots are sought is defined
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as:
f (x) =

1

x
− vdc . (A.28)

Applying the Newton-Raphson method leads to the iterative formula:

xi+1 = xi −
f (xi)

f ′ (xi)
= xi +

(
xi − vdcx2

i

)
= xi (2− vdcxi) . (A.29)

Since the variation in the instantaneous DC bus voltage is bounded, the iterative cal-
culation for the current control cycle can be initialized from the previous control cycle’s
calculation. For one iteration, the number of computation cycles7 is 3 compared to 31 for
the full reciprocal8.

A third means of computing the reciprocal is with a look-up table. Since the time required
to convert the floating point value to an integer for use as an address input to the LUT
is already long, compared to the iterative method, the LUT based method will not be
investigated any further.

A.4.1 Evaluation of iterative DC bus voltage reciprocal calculation

The accuracy of the iterative calculation for the reciprocal is evaluated via simulation. A
chirp voltage, vr, is added to a nominal DC bus voltage and the reciprocal is calculated.
The reciprocal estimate is computed using n-iterations per control cycle. The percentage
error is used for evaluation and is calculated as:

e1/v =

1
vdc
− xi
1
vdc

× 100 , (A.30)

where 1
vdc

, is the exact inverse and xi, is the reciprocal estimate computed using (A.29).

The nominal DC bus voltage is chosen as 160 V and the voltage ripple magnitude is
chosen as 10 % of v̄dc, i.e.16 V. The chirp signal is swept from 0.1− 1 kHz. The relatively
large percentage voltage ripple (compared to the real ripple magnitude on the drive’s DC
bus) and frequency range serves as a means to “stress test” the limits of the iterative
calculation’s accuracy.

Fig. A.21, presents the percentage error of the estimated reciprocal for the described test
with n = 1, 2. The percentage error at the maximum frequency is less than 1 % for n = 1

and less than 0.01 % for n = 2. The accuracy with n = 1 is deemed sufficient for use on
the drive. The iterative calculation is able to attain such high accuracy because it does not

7IBM PowerPC750 processor.
8The cost of the instruction level floating point divide is actually in effect even worse than 31 cycles

because it blocks the processor’s pipeline unit.
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Figure A.21: Percentage error of reciprocal estimation via Newton-Raphson.

have to restart the approximation each control cycle but uses the estimate of the previous
control cycle to update the new estimate.

A.5 PWM quantization noise suppression

Another type of non-ideality which may be compensated is the quantization of the PWM
period. If left uncompensated, the PWM quantization noise would result in a disturbance
which the current control loop would need to reject. The voltage reference in the current
control loop would contain the information of the disturbance and end up deteriorating
the speed and position estimated by the sensorless vector control. The origin, analysis
and compensation of the PWM quantization noise via a Delta-Sigma Modulator (DSM) is
presented more in-depth in [13, 50] and is only briefly repeated here, as it generally lacks
attention in the broader literature.

It should be noted that the PWM generator in newer microcontrollers have increased
the timer resolution, such that the PWM quantization noise becomes negligible and the
DSM can be disregarded since the computational overhead of the DSM is unwarranted.
The switching frequency in most drives is such that the PWM quantization noise can be
disregarded.

It should be noted that due to the nature of the PWM quantization that it cannot be
compensated by the LUTs used in the feed-forward compensation of the dead-time effect.
In fact, the DSM was used during the inverter non-ideality characterization, represented
by the ∆Σ-block in Fig. A.2. Without the DSM, a current reference sweep as in Fig.
A.14a, results in a residual control voltage reference as shown in Fig. A.22. Compared
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to Fig. A.14b, a significant ripple can be observed and the peak-peak variation is more
than doubled (≈ 120 mV vs. ≈ 60 mV). Yet, the total residual control voltage can still be
considered relatively small. Hence, the DSM may be left out during the sensorless control
for the drive used in this work.
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Figure A.22: Control voltage distortion due to PWM quantization.



Appendix B

PMSM parameter identification

B.1 Introduction

A large number of parameter identification methods for electrical machines are presented
in the literature. Parameter identification methods for field commissioning can be broadly
classified into statistical and deterministic procedures [144]. Statistical methods use es-
timation theory to minimize a chosen cost function with system measurements as inputs.
The cost function is minimized when the estimated parameters correspond to the desired
values which best “explains” the measured inputs. Deterministic methods rely on specific
tests to measure each parameter. Often, statistical methods estimate many parameters
simultaneously. Deterministic methods follow an elimination process such that each test
is set up in such a manner that one parameter is measured per test so that unknown para-
meters do not affect that test’s measurement result and parameters which do affect the
result are available from a previous test and may be substituted to solve for the unknown
for which that particular test was constructed.

Statistical methods can be further sub-classified into online and off-line methods. Popular
versions of online statistical methods are the model reference adaptive system (MRAS)
technique [145] and the recursive least-squares method (RLS) [146]. Balamurali et al.
[147] present an off-line parameter identification technique for a Line-Start PMSM using
improved particle swarm optimization on an extended model.

Despite the large array of parameter identification methods, little attention has been
given to frequency dependence of the parameters for use in sensorless vector control with
a few exceptions. Duran et al. [148] take the skin effect into account when estimating the
parameters of the induction machine online. Kerkman et al. [144] considered two different
deterministic methods to identify the machine inductance and showed that the result
using the existing pulse-based method is affected by the skin effect. Their newly proposed
method was not affected by skin effect. Kellner et al. [149] studied the impact of the iron
losses on the identified parameters of the PMSM. They introduced iron loss parameters

175
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into the PMSM model which are frequency dependent. Without these parameters, the
identified inductance would have been influenced by the excitation frequency. Novak
et al. [150] have implemented an on-line (MRAS) technique for estimation of a high-
speed PMSM’s parameters, in which they have reported on the speed dependence of
the identified parameters. They considered the effect of time delay in the system as with
regards to control stability but did not indicate the influence of the delay on the estimated
parameters.

The other main non-ideality of concern is saturation dependent inductance [151, 152].
Taking saturation into account improves the estimation accuracy of salient machines using
high-frequency injection methods.

B.2 Proposed parameter identification technique

B.2.1 Principle of control effort minimization
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Figure B.1: Synchronous current control for control effort minimization.

The parameter identification of the PMSM stator parameters used in this study is based on
a novel off-line statistical measurement procedure which considers the machine parameters
to be frequency dependent. The method is explained with the aid of Fig. B.1 in which
current control in the synchronous reference frame is depicted. The rotor is assumed locked
during the identification procedure. Given a constant current reference in the synchronous
reference frame, ie∗dq, two sources of control effort are responsible for actuation, namely the
proportional and integral (PI) controller and the feed-forward (FF) compensation term.
The feed-forward term represents the current-to-voltage relationship of the stator, i.e. the
stator impedance. Since a surface mounted PMSM is considered the saliency is assumed
one, thus Ld = Lq = L. The feed-forward term also includes the decoupling term. The
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feed-forward term is given in (B.1).

vd = rsid − ωeLiq
vq = rsiq + ωeLid .

(B.1)

The total reference voltage is the sum of the PI controller and the feed-forward term:

ve∗dq = vedq_PI + ve∗dq_FF . (B.2)

The feed-forward term is updated with resistance and inductance values which are de-
termined by an on-line optimization algorithm. In this study, a modified version of the
Nelder-Mead simplex search is used in which some of the optimization parameters are
adapted according to the search dimension [153]. The simplex search algorithm has been
implemented to process in the background process of the DS1005 controller. The back-
ground process consists of the remaining time after all the control code has been executed
in the real-time processor before the next control period starts. The cost function used in
the optimization is the control effort by the PI controller, which is computed as:

F (v) =
√
v2
d_PI + v2

q_PI , (B.3)

The control effort used by the simplex search is low-pass filtered with a cut-off frequency
of 0.5 Hz. After each update of the resistance and inductance terms the control effort is
allowed to settle before it is sampled for the next iteration of the simplex search. When
the feed-forward term has settled to the “true” resistance and inductance, ideally all of the
reference voltage, ve∗dq , is generated by the feed-forward term, ve∗dq_FF . The resistance and
inductance are evaluated over the operating frequency range of interest, i.e. 0− 400 Hz.

For accurate parameter identification it is important that the actual three-phase voltage
reference follow the reference three-phase voltage reference, hence the inclusion of the
“Non-ideality compensation” block in Fig. B.1. Under- or overcompensation of the dead-
time effect results in a too large or too small identified stator resistance, respectively.

The parameter identification presented here is very similar to that proposed by Mercorelli
[154], but with some key differences. Instead of minimizing the control effort, his cost
function for optimization minimizes the variance between the measured current and the
estimated current predicted by an ARMAX model. An algebraic relation exists between
the estimated ARMAX coefficients and the inductance and resistance parameters of in-
terest. Only the estimated inductance is used in the decoupling term. He goes forth
to prove that the cost function for the optimization is minimized when the difference
between the feed-forward decoupling term and the actual machine coupling is minimized
in a stochastic sense.

Since the proposed identification procedure is with the motor locked, only the stator
impedance parameters are identified. The back-emf constant can be identified separately.
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One example is to use a deterministic test by spinning the rotor to a known reference
speed and turning the current control off. The measured terminal voltage with zero stator
current thus corresponds to the induced voltage by the PM. Another example is to note
that the sensorless control method used in this thesis estimates the back-emf directly
without using the PM flux linkage parameter. Hence, the back-emf constant follows from:

λp =
êq
ω̂r

. (B.4)

B.2.2 Delay compensation

The angle used for the rotating reference is generated by integrating the reference syn-
chronous frequency, ωe:

θe =

∫
ωedt . (B.5)

In transforming the synchronous reference voltage, ve∗dq , to stationary coordinates the syn-
chronous reference angle is compensated with an output delay compensation angle:

θo = θe + φo , (B.6)

where the output delay compensation angle is computed by the product of the time delay
and the reference frequency:

φo = Toωe . (B.7)

Compensation of the delay in the inverter has been discussed extensively in the literature
e.g. [155, 156] in order to reduce cross-coupling and improve stability. Delay in the output
voltage reference results in a rotation which is ambiguous to cross-coupling. Hence, no
or improper compensation of the inverter delay results in frequency dependent stator
impedance parameters as identified by the simplex search.

For the parameter identification at standstill, it is only the total loop delay, TΣ, which
affects the parameter identification. At this stage, the input and output delays cannot be
distinguished yet, so the input delay, φi, is assumed zero whilst the total is attributed to
To.

After the stator impedance parameters have been identified (and other commissioning
steps have been completed) it is possible to distinguish between the input and output delay
with additional tests. With the speed control loop of the sensorless vector controlled drive
set to spin at a reference frequency, ω∗r , the reference current in the estimated reference
frame required to keep the speed constant is ir̂∗q . Due to the input delay there is an error
between the actual torque producing current and that in the estimated reference frame,
i.e. iq 6= ir̂∗q . The input delay, which minimizes reference current generated by the speed
control loop, is then searched for. With the reference current minimized the true delay
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has been identified. The constraint that the total delay has to be kept constant has to
be enforced during the search. Thus, the input and output delays have to be scheduled
simultaneously, using:

φi = Tiωe (B.8)

φo = TΣωe − φi . (B.9)

In the drive control the transformation of stationary reference frame to rotor reference
frame variables, the input delay is compensated using:

θ̂r_in = θ̂r + Tiω̂r , (B.10)

whilst the output delay is compensated in the angle used for the transformation of rotor
reference frame variables to stationary reference frame variables:

θ̂r_o = θ̂r + Toω̂r . (B.11)

The input and output transformation angles are used as inputs for a look-up table pro-
cedure which returns the trigonometric quantities required for the Park transformation
matrix. In addition, the double angle trigonometric quantities are also returned by the
look-up table procedure as required for the generalized force disturbance model (GDF)
presented in section 3.6. Thus, the AMB control benefits by making use of the drive’s soft-
ware routines (with a small extension) which already generates the trigonometric quant-
ities. By sharing computed quantities required in the control of both is another form of
cooperative control by the AMB and drive.

B.2.3 Output delay characterisation

The estimated parameters R̂, L̂, T̂o, cannot be uniquely identified by the simplex search,
because the optimization converges to a local minimum which is determined by the initial
parameter values. Thus, the problem arises as to what output delay is the true delay. This
can be determined by relating the output power according to the estimated resistance and
the measured input power, i.e. a linear correlation should exist in the case of the true
output delay.

The predicted output power according to the estimated resistance is calculated according
to:

P̂o =
∣∣ie∗dq∣∣2 R̂ (ωe) , (B.12)

where
∣∣∣ie∗dq∣∣∣, is the modulus of the reference current in the synchronous reference frame.

The average input power is calculated as the product of the measured average DC bus
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input voltage and line current:

Pi = IdcVdc . (B.13)

Figs. B.2a and B.2b, show the resistance and inductance as identified by the proposed
parameter identification scheme for various output delays used in the delay compensation.
For determining the correct output delay a coarse frequency domain is used. With the
underestimated output delay of 0.5× Ts the resistance first increases and then decreases
according to the frequency, which does not have a physical explanation. With the output
delay greater than 1 × Ts the resistance is monotonically increasing, which is physically
plausible.

The estimated output power vs. measured input power is shown in Fig. B.3 from which it
can be deduced that the true delay is 1.25× Ts, since it has the closest linear relationship.
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Figure B.2: Estimated parameter as a function of excitation frequency and output delay.
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Figure B.3: Estimated output power vs. measured input power.

B.2.4 Identified stator parameter results

With the correct output delay compensation determined in the previous section, the stator
parameter identification is repeated over a finer frequency and current domain. Figs. B.4a
and B.4b, show the identified resistance and inductance for the output delay of 1.25×Ts

for a frequency range of 0 − 400 Hz and a current range of 0.5 − 16 A. From the figures,
it can be deduced that the resistance is primarily a function of the frequency and the
inductance is primarily a function of the current.

In order to use the measured resistance and inductance in the sensorless control a poly-
nomial fit of each measurement is conducted. The resistance’s current dependence is
averaged out and fitted as a function of frequency only. In a similar manner, the induct-
ance’s dependence on the frequency is averaged out and fitted as a function of the current
only.

The result for the fit of the resistance and inductance is as shown in Fig. B.5, along with
the equations of the fitted polynomials.
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(a) Estimated resistance.

(b) Estimated inductance.

Figure B.4: Frequency and current dependence of estimated stator parameters.
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B.2.5 Other PMSM parameters

The nominal PMSM parameters are presented in table B.1. The rotor inertia is from the
rotor design presented in [78].

Table B.1: PMSM parameters.

Parameter
description

Symbol Value

#Pole pairs zp 1
Nominal stator
inductance

Ld 500× 10−6 H

Stator resistance rs 0.172 Ω
Permanent magnet
flux linkage

λp 46.4× 10−3 Wb.t

Rotor polar moment
of inertia

Jp 0.107 kg.m2

Viscous friction loss
coefficient1

B 87× 10−6 N.m.s.rad−1

1Without vacuum in the enclosure.



Appendix C

AMB parameter identification

C.1 Axial AMB calibration

C.1.1 Sensor gain calibration

The eddy current sensor gain has to be calibrated for the specific material unto which
the eddy probe senses. For the axial degree of freedom, the eddy current sensor gain is
fitted by comparing the measured position to that predicted according to the analytical
solution for free-fall. Thus, the rotor is suspended with some preliminary control and then
dropped. Due to the non-negligible magnetization of the axial AMB and induced eddy
currents in the thrust disc the initial force, after setting the axial AMB current to zero, is
not zero and is unknown. Fortunately, the rotor bounces on the axial retainer bearing and
on the second drop the magnetization and eddy currents have decayed and the residual
force is close to that of gravity alone. The analytical solution for free fall is:

z (t) = zt0 −
1

2
g (t− t0)2 , (C.1)

where t0, is the time of peak amplitude and where the initial velocity is equal to zero.

Fig. C.1, shows the comparison of the measured and predicted drop response. It turns out
that the axial sensor gain required to match the measured response is close to unity, i.e.
0.96. The calibrated axial sensor gain is thus 7.55 mV/µm. This is because the material
of the bolt which holds the thrust disc in place, unto which the eddy current sensor senses,
has characteristics similar to that of 4140 steel, which is the material for which the SKF
CMSS65 series 5mm sensor was calibrated for [77].

185
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Figure C.1: Axial rotor drop for sensor calibration.

C.1.2 AMB force function identification

The AMB force function parameters are used in the inverse function to derive a current
reference for the amplifiers from a force reference. Since the disturbance force is known,
i.e. gravity, the force function parameters of the axial AMB can be fitted by using the
sum of squared difference of the analytically predicted axial force and the known force.
Sufficient equations are generated by sweeping the rotor from bottom to top. The equation
describing the axial force is given by:

Fz = KFt (Lzt (z) it)
2 −KFb (Lb (z) ib)

2 , (C.2)

where the subscripts, t, and, b, denote the top and bottom AMBs, respectively. The force
gain coefficients are given by:

KFt/b =
1

2
KLt/b . (C.3)

The inductances are given by:

L (z)t/b =
1

KLt/b

(
g −

(
z + zot/b

)) , (C.4)

where g, is the nominal air-gap. zot and zob are air-gap offsets to be fitted in order to
adjust the effective air-gap of the top and bottom AMBs respectively. The inductance
coefficients are given by:

KLt/b =
2

N2
t/bµ0Agt/b

, (C.5)
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The output force gain coefficient is adjusted with a delta modifier, ∆KFt/b:

K∗Ft/b = KFt ∆KFt/b , (C.6)

in order to fit the analytical force equation to the known disturbance force, i.e. Fz = −Mg.
Thus, there are two parameters per AMB pole or four parameters in total for the axial
AMB which need to be fitted. For the axial AMB, it is possible to remove the bottom
axial AMB since gravity is sufficient to counteract the top AMB. In this case only two
parameters need to be fitted.

A Simulinkr model of the axial AMB with the two unknown parameters is used. The
initial unknown parameter set is: [zot, ∆KFt] = [0, 0, 1, 1]. The inputs to the model
are the measured position and current. The “Response optimization” toolbox is used to
minimize the cost function. The optimized parameter set is given by: [zot, ∆KFt]

∗ =

[135µm, 0.679]. The fitted force function and its inputs are as shown in Fig. C.2.
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Figure C.2: Force comparison for the optimized axial AMB force parameters.

C.2 Rigid rotor parameter measurement

The rotor was removed from the Fly-UPS machine and the mass was accurately measured
on a precision scale. The transverse polar moment of inertia was accurately determined
from an experimental bifilar pendulum setup. The rigid rotor parameters are summarized
in table C.1. The geometric dimensions are as defined in Fig. 3.3.
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Table C.1: Rigid rotor parameters.

Parameter
description

Symbol Value

Rotor weight M 17.6 kg
Bearing
displacement from
COG

[a, b] [−164, 64.4]× 10−3m

Sensor displacement
from COG

[c, d] [−190, 95.4]× 10−3m

Transverse moment
of inertia

Jt 0.11575 kg.m2

C.3 Radial AMB calibration

C.3.1 Sensor gain calibration

The radial AMB sensors are calibrated by suspending the rotor with a preliminary control
and sweeping the rotor in the range [−300, 300 ]µm and measuring the actual rotor devi-
ation with a dial gauge. The initial sensor gain for the preliminary control is obtained by
calibrating the sensor gain according to the back-up bearing clearance which is approxim-
ately in the range of [−500, 500 ]µm. With this initial gain, the control is stable and the
rotor can be swept whilst pushing on the external dial gauge. The top and bottom AMB
sensor rings are made of the same material and the sensor gains are thus assumed equal.
The calibrated radial sensor gain is 10.31 mV/µm.

C.3.2 AMB force function parameter identification

The radial AMBs were modelled using a 3D FEM model in COMSOLr and a sweep was
performed on the position and bias current level in one electromagnet1. The modelled
force function from the FEM solution was compared to the measured force. The measured
force was determined by connecting an external rod to the rotor with a cable, force gauge
and cable screw. The current was measured for various external forces applied by adjusting
the cable tension with the cable screw. The required current to compensate the external
force was compared to that of the modelled AMB. From the comparison, it was clear that
the material characteristics used for the radial AMB laminations differed significantly to
that which was specified during the design. The material characteristics were obtained
by characterising the B-H curve of some leftover laminations used for the construction of
the radial AMB. After incorporating the measured material characteristic into the FEM
model the measured force function still had a reasonable amount of deviation compared to
the modelled force. Other possible causes of this deviation are construction imperfections

1The simulation model is included in appendix E.5.
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in the air-gaps and the presence of magnetic hysteresis in the B-H characteristic [157]
which is not accounted for in the FEM model.

Due to the difference of the designed radial AMB to the physically constructed radial AMB,
an off-line force function characterisation was opted for instead of deriving the parameters
from the FEM model. The method of identifying the force function parameters is based on
exciting the rotor with a pulse force on two opposing AMBs. The remaining AMBs in the
particular plane of interest is switched off, whilst the AMBs in the plane orthogonal to the
excited plane is kept on. The pulse measurement is repeated with different force offsets
of the two opposing AMBs. The principle of the pulse excitation is that the force may be
deduced from the free acceleration during the pulse period. Hence, the AMB parameters
can be fitted to match the response due to the force. The AMB parameters which are
identified are the air-gap size and the output gain coefficient per AMB pole-pair.

The test could be performed by exciting all of the AMBs individually in turn, but the
reason why this is not preferred is that in order to excite the full current range a relatively
large force is applied near the peak current. This has two disadvantages. The first is that
the bending modes of the rotor are excited by the large force. The second reason is that
due to the large force at peak excitation current a large acceleration is produced such that
the period in which the rotor is excited from rest until it reaches the desired displacement
is relatively short. Thus, the rotor movement is sampled in relatively few sample periods
which causes uncertainty in the force produced due to noise which is further amplified
by numerical differentiation. The solution to the problem encountered caused by the two
combined factors is to limit the net excitation force.

By pulsing two opposing AMBs, with an offset force between each, the net excitation
force may be limited by decreasing the offset. This prevents excessive excitation of the
flexible modes of the rotor, which would obscure the acceleration of the rigid component
of the rotor. A smaller net differential force also results in a longer excitation period (more
samples) which results in less uncertainty in the rotor acceleration. The opposing AMBs
are excited at different offset currents and rotor positions in order for the function domain
of interest to be excited adequately. The rotor positions are varied with the magnetic
centre taken as the midpoint for the stepped rotor range.

The external force due to the permanent magnet is accounted for by two means. The first
is to rotate the rotor to an angle such that the disturbance force in the excitation plane
of interest is minimized and symmetrical about the rotor position midpoint. The second
means is to measure the rotor response when all of the AMBs are switched off and use the
resulting response data to fit an external force model. This external force model is then
included in the model which is used to fit the AMB force function parameters by varying
the parameters such that the model’s rotor response corresponds to the measured rotor
response. The rigid rotor and AMB force functions are modelled in Simulinkr and the
parameters are optimized using the Response Optimizationr tool in Simulinkr.
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Fig. C.3, depicts the excitation of the AMB at incremental reference current pulses and
measured rotor positions. The period required for the control to reposition the rotor after
each pulsed excitation has been cut out from the measurement for post-processing in the
parameter fit procedure. The current pulse references are slightly low pass filtered so that
eddy current effects and high bending mode frequencies may be neglected in the model
which is used to fit the AMB parameters.
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Figure C.3: Example AMB excitation and response.

The model used for the parameter identification procedure is depicted in Fig. C.4. The
reference current and measured position are inputs from which the model computes the
AMB force and the resulting rotor position. The Euclidean norm is chosen as the cost
function.
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Figure C.4: AMB parameter identification model.

The numerical values of the identified AMB force function parameters are listed in table
C.2.
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Table C.2: Identified AMB parameters via pulsed excitation.

(a) XZ plane.

AMB parameter Value
ux2+ 689.3µm
ux2− 714.6µm
ux1+ 725.7µm
ux1− 748.9µm

∆X2+ 1.192
∆X2− 1.263
∆X1+ 1.225
∆X1− 1.268

(b) YZ plane.

AMB parameter Value
uy2+ 678.8µm
uy2− 689.2µm
uy1+ 709.3µm
uy1− 712.8µm

∆Y2+ 1.141
∆Y2− 1.218
∆Y1+ 1.199
∆Y1− 1.209

C.4 Flexible modes identification

C.4.1 Flexible modes of the rotor

In order to insure that the rotor control remains stable the flexible modes of the rotor needs
to be accounted for. Since the application is for a flywheel and little external vibration
excitation sources are expected and the operating speed is below the first bending mode,
the bending mode does not require active damping via the control. In order to prevent
measurement noise and control loop set point changes to excite the bending mode a notch
filter is added.

Fig. C.5, depicts the frequency sweep to identify the bending mode frequencies of the rotor.
A force reference of 10 N in bearing coordinates is used as an excitation source. The low-
frequency disturbance response, in the 0 − 200 Hz range, is due to the rigid modes. The
first rotor bending mode is located at 737 Hz, which is close to the value predicted by rotor
design verification performed in DyRoBeSr [78]. The next bending mode frequencies are
located at 1336 Hz, 1478 Hz and 1970 Hz.

The higher bending mode frequency exhibit a high degree of damping and does not require
further filtering. Due to the asymmetry of the rotor, the deflection due to the first bending
mode of the rotor mainly resides on the bottom side of the rotor and it is only necessary
to add the notch filter to the bottom sensors. Note that the measurement is performed
with a notch filter already present in the control loop with a centre frequency of 737 Hz

and a quality factor of 6. The position sensor signals displayed in Fig. C.5, is at the filter
input and is thus unfiltered.

Fig. C.6, illustrates the mode splitting of the first bending mode which is dependent on
the rotational speed. The bending frequency fit result is:

fb = 742− 0.251frot Hz (C.7)

ff = 742 + 0.393frot Hz , (C.8)
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where, fb and ff are the backward and forward whirling bending frequencies, respectively.
At a maximum rotational speed of 330 Hz, the bending frequency resonant modes are
located at 659, 871 Hz. From the frequency sweep response, a non-linear behaviour of the
bending frequency may be observed. The excitation source for the frequency swept the
frequency from a lower frequency to a higher frequency. Near the vicinity of the centre
frequency in each case, a jump may be observed to the left-hand side of the response
envelope peak and a gradual decay to the right-hand side. At higher operating speeds, the
centre frequency of the split modes is too far from the centre frequency of the notch filter
used. Thus, it is recommended to use two notch filters centred at the half-speed frequency
of each split mode, i.e. 704, 806 Hz, with the same quality factor.
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Figure C.5: Frequency sweep to identify the first bending mode.

A slight bump, with the structural mode being suspected as responsible, is apparent near
90 Hz in the top AMB sensor. This is confirmed in the following section.
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Figure C.6: Mode splitting of bending mode.

C.4.2 Flexible modes of the supporting frame

The measured sensitivity of the plant does not correspond to the system modelled with
rigid rotor and rigid frame. Upon further investigation it has been observed that the
support frame exhibits its own flexible mode. This has been confirmed by resting the
rotor in place on the axial back-up bearing so that it does not touch the radial bearings
with the aid of the control. After the rotor rests on the axial bearing the controllers are
switched off by setting the controller gains to zero. A residual constant current is kept
in the radial bearings to counteract the magnetic pull of the permanent magnet of the
PMSM which would otherwise dislocate the rotor from the vertical standing position. An
impulse force is applied to the exterior housing with a rubber mallet and the top position
signal recorded as displayed in Fig. C.7. Since the rotor is assumed stationary the recorded
variation of the eddy current position sensor signals are thus that of the frame’s movement
with respect to the stationary rotor. The base is firmly mounted and the position signals
of the bottom AMB are relatively undisturbed by the impulse. Most of the signal variation
is observed towards the top of the housing, which agrees with the notion that the structure
of the housing can be compared to that of a cantilever beam rigidly mounted to ground.
Previous authors have also noted that insufficient stiffness of the top side of the frame for
a vertically mounted AMB is problematic [158]. From the signal period, the structural
mode frequency is calculated as 90.9 Hz.

If the rotor is instead axially pulled towards the top AMB and the measurement is repeated
the recorded vibration now has the largest variation towards the bottom AMB as shown
in Fig. C.8. This is because the rotor now moves rigidly connected with the top modular
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Figure C.7: Structural vibration upon impulse with rotor grounded.

section, hence it has little variation with respect to the top sensors, but the movement
is now observed with respect to the bottom sensors. The structural mode frequency for
the rotor pulled to the top is 75.2 Hz. Due to the contact of the rotor to the top AMB,
the effective structural inertia is increased and a lower structural mode frequency results.
Since in normal operation the rotor is free from the top AMB the true structural mode
frequency is 90.9 Hz. This confirms that the slight bump near 90 Hz in the bending mode
frequency sweep in Fig. C.5, is indeed due to the structural mode.
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Appendix D

AMB power amplifier design

D.1 Power amplifier requirement

After a root cause analysis of certain problems within the flywheel system was conducted,
certain flaws and shortcomings of the off-the-shelf power amplifier selected in the design1

of the flywheel energy system were discovered. Fig. D.1, compares the current response
at approximately 10 Hz and 100 Hz. The offset and magnitude difference in the current
reference and measured load current is not of immediate concern since the current reference
is actually an analogue voltage proportional to the reference current measured at the
reference input pins of the power amplifier. The unit of the measured load current is
correct. The point of concern is the large degree of distortion at higher frequencies and
the larger than expected phase shift in the load current. This reveals that the power
amplifier bandwidth is indeed not 2.5 kHz as were assumed by [77].

The current control bandwidth and distortion could be remedied to an extent by changing
an operational amplifier gain resistor inside the power amplifier. A third shortcoming of
the power amplifiers, namely that of switching noise, could not be remedied so easily.
Each of the power amplifiers has its own PWM clock source of approximately, 36 kHz,
which are not synchronized with each other due to the lack of a synchronization input pin
to the power amplifiers. Synchronization allows to reduce the effect of switching noise by
allowing the ADCs in the system, especially those of the eddy current position sensors, to
sample signals within a quiet time window when no switching occurs.

The connector type to and from the power amplifier is in the form of terminal blocks.
Hence, there is an inherent gap in the shielding of the power cable in order to connect to
the power amplifier connectors. The cable shielding was earthed by “pig tails” which do not
provide the lowest impedance path of the noisy currents redirected by the shield. Thus,
the shield is no longer an optimal “ground plane” and increases radiated and conducted
noise.

1See [77] for the design of the electrical system of the flywheel system.
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Another problem of the power amplifiers was the shared common ground of the input
reference signal and the power amplifier’s power ground. This creates a ground loop
which allows switching noise to couple with low power analogue conditioning circuitry
inside the amplifier. It also poses a danger to the (costly) dSPACE controller, since in the
event that a short circuit in one of the power amplifiers occurs the power amplifier is not
isolated from the controller and high currents may find its way into the controller, due to
the shared common ground, with possible damage which may result.
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Figure D.1: Off-the-shelf DC servo drive current response.

In order to successfully exploit non-idealities within the system, it is important that the
power amplifiers should not have a current distortion and that the effect of the switching
noise is minimized. Thus, due to the numerous shortcomings of the power amplifier
previously chosen for the system, it was decided that a new power amplifier be designed.

D.2 Power amplifiers for AMBs

Before presenting the chosen topology for the AMB power amplifier a brief literature
overview of power amplifiers for AMBs are presented. The output current of the AMB is
a DC current, which would lead one to conclude that the AMB power amplifier is a DC-DC
converter. Due to the bandwidth requirements of the amplifier in order to track a reference
in order to reject rotor disturbances, it is more appropriate to consider the AMB power
amplifier as a DC-AC inverter. The inverter is considered in many applications, especially
in the motor control literature. The literature considering power amplifier design for AMBs
is more specialized and restricted to a large extent to ISMB conference proceedings.

The majority of the power amplifiers presented in the AMB literature are of the hard-
switched type with current control. Early power amplifiers for AMBs were linear amplifiers



D.2. POWER AMPLIFIERS FOR AMBS 197

[159]. Switching amplifiers are preferred over linear amplifiers due to improved efficiency.

The current controlled amplifier is generally chosen due to the linearised relationship
between current and force. The current control loop also facilitates implementation and
commissioning due to inherent over-current protection by the current control loop. Voltage
controlled power amplifiers may also incorporate other supervisory over-current protection
mechanisms, but comes as an afterthought in the control loop design.

Power amplifiers which control the output voltage, in turn, has the advantage of improved
rotor disturbance response since a rotor disturbance induces a current such as to dampen
the disturbance. The voltage controlled amplifier receives power due to the disturbance
and thus dampens the disturbance. In the case of a current controlled amplifier, the
amplifier appears as a current source and thus an open circuit and no power is absorbed
by the amplifier due to a disturbance.

A type of a hybrid between a current and voltage controlled amplifier is presented by Zhang
et al. [160] and named the amplifier a synchronous three-level PWM amplifier. It performs
current control at the start of a control cycle synchronous to the position controller which
computed the required reference current. Upon reaching the desired reference current the
duty cycle is kept constant and the current controller is essentially turned into a voltage
controller. The controller thus achieves a current control characteristic with the advantage
of improved position disturbance response by acting as a voltage controlled amplifier for
the rest of the position control period.

Another type of amplifier which tries to further absorb the effect of disturbances such as
air-gap variation and eddy currents is the transpermeance amplifier which controls the
flux in the air-gap [161]. This was typically performed by means of Hall-effect sensors
which senses the flux in the air-gap. Zingerli and Kolar [162] present a controller based
on a flux estimator. The position and force control is greatly decoupled and a much more
linear actuator result which accounts for eddy currents, magnetization, and stray flux.

Regardless of the type of state variable or signal which is controlled, e.g. current, voltage
or flux, the switching amplifier may be further categorized by the type of switching law
or modulation method which is employed. The switching law is typically either of the
PWM or hysteresis control type. Hysteresis current controllers were of interest due to
the simple control law which switches the transistor state given that a control variable
is on the boundary of exiting an hysteresis window. The hysteresis current controllers
have very good dynamic performance but at the cost of increased (and variable) switching
frequencies. Newer research into hysteresis control aims to limit the switching frequency
whilst maintaining a high dynamic response [163]. It has been found that by replacing
the constant control band (hysteresis window) by a pair of parabolic control band carriers
that a constant switching frequency results whilst maintaining the fast dynamic response.
The type of control is known as parabolic current control (PCC) [164].

The response of PWM amplifiers are more linear and is easier to analyse. PWM amplifiers
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also have the advantage that they may be synchronized, which is generally not possible in
the case of hysteresis amplifiers.

D.3 Power amplifier topology justification

D.3.1 Previous approaches on reducing dv/dt

An investigation of the EMI produced by a hard-switching power amplifier in an AMB
system is presented by Mo et al. [165]. Their analyses account for the parasitic inductance
and capacitance of the PCB using a reduced number of lumped circuit elements. They
compared the noise predicted from the simulation based on the lumped parameter power
amplifier model with measured noise.

Hard-switching increases the amount of conducted and radiated noise. In the case of long
cables, it has been shown that reflections also occur since the cable act as a transmission
line. Output line filters are bulky and costly. Kumar et al. [166] show that a dynamic
termination circuit improves the voltage overshoot whilst maintaining good efficiency. The
circuit that Kumar et al. used is in the motor drives literature better known as a dv/dt
filter [167] and is depicted in Fig. D.2 for a single half-bridge. A mirrored image of the
half-bridge and filter is implied to the right-hand side of the AMB’ s load inductance to
complete the single-phase inverter or H-bridge.

The difference between a dv/dt and a line filter is in the relationship between the filter
cut-off frequency and switching frequency. Line filters have a cut-off frequency far below
the switching frequency, typically at least a decade lower. The cut-off frequency of dv/dt
filters is much higher than the switching frequency. The purpose of a dv/dt filter is thus
as the name implies to only limit the slope of the voltage pulse applied by the inverter and
not to suppress the carrier as with a line filter. The aim of the resonant inductance, Lr,
and capacitor, Cr, is to act as an LC low-pass filter. Since the cut-off frequency is much
higher than the switching frequency the inductance and capacitor would resonate were it
not for the addition of the clamping diodes, D1, 2, which limits the voltage overshoot that
the capacitor would have experienced. This comes at the expense of circulating current in
the resonant inductance and clamping diode which is damped by the addition of resistors,
R1, 2. The resonant inductance and capacitor parameter values are much smaller compared
to that of the line filter. Hence, the filter components are much smaller and lower in cost
in comparison.

As pointed out by Habetler et al. [167] another means of reducing the high dv/dt is
by means of soft-switching. It is noteworthy to mention that soft-switching inverters for
motor drives have been given considerable attention in literate compared to only a few
examples for AMBs [168, 169, 170]. Hung et al. presented a feedback linearisation control
with a three-mode variable structure control (aka sliding mode control) which included
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Figure D.2: Passive dv/dt filter.

the presentation of a resonant DC-link inverter as shown in Fig. D.3. The averaged
output voltage is obtained by means of pulse-density modulation. The inverter achieves
zero voltage switching of the H-bridge switches. The DC-link inductor gives the circuit a
boost converter characteristic which allows for an increased load current slew rate when
required. Hence, a higher force slew rate is possible. The disadvantage of the presented
inverter is that the modulation scheme does not allow for synchronization to an external
clock source due to the variable switching frequency.

Figure D.3: Resonant DC link inverter.

It is possible to modify the resonant DC link inverter so that it achieves PWM capability
as shown by Krogemann [171], which would allow synchronization. Another class of soft-
switching inverters which inherently has PWM capability is that of the so-called auxiliary
resonant commuted pole inverter (ARCPI) [172], which is depicted in Fig. D.4. The
ARCPI achieves zero voltage turn-on of the main switch with the aid of an auxiliary
switch which itself has zero current switching. Turn on of the main switch is delayed until
the auxiliary switch cycle is completed. Thus, the main switch pulses are still generated
with PWM. The ARCP inverter topology allows for easier stacking of the soft switching
cell in order to achieve a multi-level inverter topology which has higher voltage capability.
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Figure D.4: Auxiliary resonant commuted pole inverter.

D.3.2 Proposed topology

The power amplifier topology proposed for the AMB is shown in Fig. D.5. Only a half-
bridge is depicted and a mirrored image is implied for the right-hand side of the circuit.
The operation of the inverter is related to that of the ARCP inverter. Although the circuit
at first may appear complicated due to the numerous circuit elements, its operation is
actually quite simple. The circuit consists of an inner H-bridge with MOSFETs, M1−4,
which is chosen with a low on-resistance to minimize conduction losses during the main
PWM period. Auxiliary switches, Maux1−4, have parameter characteristics such as to
minimize the switching losses instead. The auxiliary switches are intended to carry a load
current only during the dead-time period.

Considering the half-bridge, soft turn-on of the main switching transistors, M1, 2, is achieved
with the aid of auxiliary switches, Maux1, 2, and resonant inductors, Lr1, 2, and capacitors,
Cr1, 2. The resonant capacitors may not be required as explicit components, since the
parasitic capacitance of the main switching transistors, M1, 2, are sufficient.

The circuit operation is explained as follows. In order to achieve zero voltage turn-on for
M1, M2 is turned off first by means of hard-switching. After a fixed dead-time period, M1,
is turned on. The auxiliary transistor switching occurs within the dead-time period. The
PWM pulse pattern for the main switches is unchanged and PWM may thus be used. The
drain-source voltage of M2 upon turn-off does not change immediately due to capacitance,
Cr1, 2. Two possible cases follow:

Case A: Negative load current The resonant capacitance is charged by the load cur-
rent which can be approximated as a current source. That is, Cr2, is charged and,
Cr1, is discharged. Were the auxiliary switches not present, the load current mag-
nitude would determine if the dis/charging cycle of Cr1, 2 is completed before the
main switch, M1, is turned on. The auxiliary circuit is thus required to guarantee
that ZVS is achieved.

Case B: Positive load current The anti-parallel diode of transistor, M2, is forward
biased and the resonant capacitance voltage does not charge. Once again, the auxil-
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iary circuit is required to charge the parasitic capacitance before M1 may be turned
on with ZVS.

In order to achieve zero voltage turn-on of M1, the auxiliary switch, Maux1, is turned
on immediately following turn-off of M2. The MOSFET output capacitance is charged
via resonant inductor, Lr1. The resonant inductor is sized such that its peak current
exceeds the maximum load current. At time, t1, when the resonant inductor current
exceeds the load current the body diode of switch, M1, becomes forward biased and the
surplus resonant inductor current freewheels via loop Maux1 − Lr1 −M1. After the dead-
time period has elapsed, M1, is turned on with essentially zero voltage turn-on, because
its freewheeling diode is forward biased. After M1 has been turned on, the auxiliary
switch Maux1 is turned off hard. The auxiliary diode, Daux1, becomes forward biased
and the energy stored in the resonant inductor, Lr1, is returned to the DC bus, via loop
Daux1 − Lr1 −M1 −Vdc.

The auxiliary switch has very little turn-on loss due to zero current switching (ZCS) and
little turn-off loss since it has been selected for optimized switching characteristics. The
inverter output node is shielded from the hard-switching transient of the auxiliary switches
by the resonant inductors. Also, the EMI of the auxiliary switch’s hard turn-off is limited
because its own parasitic capacitance is charged by an inductor which essentially acts as
a current source.

Hard turn-off of the body diode is one of the main sources of EMI in a hard-switching
inverter, therefore the auxiliary diode has to be of a type which has no reverse recovery,
such as a Schottky diode. The auxiliary diode is essentially in parallel with the body
diode of the corresponding main switch, e.g. Daux1 is in parallel with the body diode of
M2. Thus, when the load current is positive and M1 turns off the body diode of M2 is
forward biased and it has to be assumed that the parallel auxiliary diode is also forward
biased. With the hard turn-on of the auxiliary switch, Maux1, the auxiliary diode does
not experience reverse recovery and the reverse recovery of the main switch, M2, is soft
due to the limited di/dt of the reverse recovery due to the resonant inductor.

D.3.2.1 Proposed topology advantages

Compared to the passive dv/dt filter, where the freewheeling current is dissipated, the
resonant inverter is more efficient, because some of the energy in the resonant inductor is
recovered. Indeed the proposed resonant inverter is obtained by reusing and rearranging
the components of the passive dv/dt filter so as to make it active. A small current
loop is achieved for the resonant inductor charge-discharge cycle by placing the auxiliary
components in close proximity to the main switching cell.

The auxiliary switching legs are effectively in parallel to the power amplifier and a smaller
resonant current loop is possible compared to adding a dv/dt filter in series to the output
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Figure D.5: Half-bridge with auxiliary switches.

of a hard-switching inverter. Thus, the proposed topology achieves lower EMI compared
to the passive dv/dt filter.

In order to limit the circulating current amplitude and limit losses in the passive dv/dt
filter the inductance of resonant inductor has to be increased. Since the resonant current
circulates only for a limited time during the inverter dead-time, a larger current amplitude
is allowed and the inductance of the resonant inductor of the active auxiliary leg is therefore
smaller. Hence, the inductor of the proposed topology is smaller in size compared to the
inductor for the passive dv/dt filter.

D.3.2.2 Future iteration of proposed topology

If the body diode of the switching elements in the inverter did not have reverse recovery
the inverter topology may be simplified. In the case where the body diode has reverse
recovery two resonant inductors have to be used so that the top and bottom switches of the
auxiliary half-bridge are not directly connected. With recent developments with Silicon
carbide FETs and GaN HEMTs such a topology is indeed possible. Due to the superior
switching characteristics of GaN HEMTs the auxiliary switching losses may be further
reduced. The GaN HEMT’s on-state resistance is also not that far behind that of Silicon
MOSFETs. Some GaN devices come in small packages and may be easily paralleled in
the same footprint size as a counterpart Silicon MOSFET, thereby reducing the on-state
resistance. A future iteration of the proposed power amplifier topology is thus depicted as
in Fig. D.6. The auxiliary leg is no longer required for soft reverse recovery of the main
switches since the main switches also do not have reverse recovery. The purpose of the
auxiliary leg is now solely for limiting dv/dt of the inverter output node. The Schottky
diodes in parallel with the auxiliary switches are kept because the GaN body diode has a
relatively high forward voltage.



D.3. POWER AMPLIFIER TOPOLOGY JUSTIFICATION 203

M1

M2

LAMBVdc

Maux1

Maux2

Daux2

Lr1

Cr1

iAMB

Cr2

Daux1

...

...

Figure D.6: GaN based half-bridge with auxiliary switches.

D.3.3 Related topology

The proposed soft-switching power amplifier topology, presented in section D.3.2, is related
to another power amplifier topology known as the “Opposed Current Converter” (OCC)
[173] or “Opposed Current Amplifier” (OCA) [174]. The OCC is obtained by splitting
the conventional inverter leg with filter into interleaved buck and boost legs, as shown in
Fig. D.72. The top and bottom switches are thus no longer directly connected and are
separated by the filter inductors, Lf1, 2. Hence, a diode with zero reverse recovery may
be chosen which reduces EMI and switching losses. Since no shoot-through is possible
between the top and bottom switch the OCC may operate with no, or at least much less,
dead-time between the top and bottom switch. The resulting high-quality output sine
wave of the OCC is desirable in high precision power amplifiers used in high-performance
positioning systems [173].

The proposed topology may be arrived at by adding half-bridge switches to the final
output node of the OCC. The resulting similarity in structure is striking, but also very
misleading, since there is a very important difference between the OCC and the proposed
topology. The OCC filter cut-off frequency is below the switching frequency (thus no
clamping diode at the output), whilst the cut-off frequency of the resonant auxiliary leg is
above the switching frequency. This difference is so important, that although the topology
structures are very similar and one might think that the origin of the proposed topology
is from the OCC by just adding switches to the output node, such a conclusion would be
incorrect. The correct way of obtaining the proposed topology is by considering it as the
active form of a dv/dt filter as presented in the previous section.

2The “Opposed Current Converter” name originates when two such half-bridges are placed opposite
each other to form an H-bridge.
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Figure D.7: Opposed current converter origin.

D.4 Current control design

The power amplifier utilizes a PI current controller. The current control design is quite
similar to that of the current control of the drive presented in section 4.2.4. The load in
both cases is an RL-load, hence the control design equations are not repeated here. The
cross-over frequency, ωc, is chosen one decade above the maximum operating frequency
of 330 Hz (≈ 20 krpm), thus 3.3 kHz. The original maximum flywheel speed was designed
as 30 krpm. Balancing procedures were performed which compromised the rotor structure
and there is an uncertainty in the tensioning of the carbon fiber sleeve. For these reasons,
the maximum flywheel speed was lowered to 19 krpm.

Even though the drive and AMB loads are both inductive, the resulting proportional and
integral gains are quite different. The AMB’s inductance is much higher, resulting in
a higher proportional gain. The proportional gain for the radial AMBs, with a nominal
inductance of 8.8 mH isKp ≈ 160 (see (4.6)). The designed integral gain is: Ki ≈ 1.8×103,
but since the only DC disturbance is that of the load resistance, the integral gain is lowered
to Ki ≈ 100. A lower integral gain reduces peaking near the cross-over frequency.

The axial AMB inductance has severe saturation in case that the rotor is pulled against
the top AMB. This causes the current control to easily become unstable. Eddy currents in
the axial AMB also excited a limit cycle even when the AMB was suspended in the centre
of the air-gap which increased audible noise. Fortunately, the dynamic requirements of the
axial AMB position control are much lower since it effectively low pass filtered by the full
inertia of the rotor. Hence, the current control gain is tuned by hand and substantially
lower than the analytically calculated value. The current control gains for the axial AMB
are: Kp ≈ 30, Ki ≈ 100.

The current control is calculated twice per PWM period because double PWM sampling is
used. The PWM frequency is 40 kHz. Hence, the reference duty cycle is calculated every
12.5µs. The microcontroller is configured to apply immediate updates of the duty cycle,
i.e. the duty cycle register update is not delayed until the next PWM period. It is due to
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this relatively short sampling delay that the controller gains may be set relatively high.
Due to the short sampling period, high current control gain and relatively short dead-time
(2 % of the duty cycle), the power amplifier non-idealities are not compensated by other
means.

A simulation model of the power amplifier, which was used to verify the controller design,
is included in appendix E.3.

D.5 Digital PLL for synchronization

Electromagnetic compatibility analysis of the HTR-10GT (Helium blower supported by
AMBs) is presented by Zhou et al. [175]. They state that: “reliability of the electronic
system is the weakest link in AMB”. The authors distinguish between hardware and soft-
ware methods of increasing anti-interference. The main hardware improvement suggestion
is in breaking ground loops. Software methods were used for monitoring.

An important approach in reducing the EMI susceptibility of the position sensors is to
synchronize all the PWM clock generators of the power amplifiers and drive. Such a
method may be described as a software method of increasing anti-interference.

Synchronization of the power amplifiers was presented by Jansen van Rensburg in which it
appears that a high-frequency clock (51.2 MHz) generated by the main controller is shared
amongst the power amplifier which is used as the clock source for the PWM counter [176].
The embedded controller for an active magnetic bearing system presented by le Roux
[177] utilized the power amplifiers presented by Jansen van Rensburg, in which a 20 KHz

synchronization signal is reported. The exact mechanism by which synchronization is
achieved is not reported. A separate Siemensr drive was used in the project presented by
le Roux. Thus, not all of the potential switching noise sources were synchronised.

The synchronization method developed for the power amplifiers in this work utilizes a
digital phase-locked loop (DPLL). The PWM generation card (DS5101) which generates
the PWM signals for the motor controller acts as the master clock source. The PWM
generators of the power amplifiers have their own local oscillators which are synchronized
to the master clock source by means of the DPLL.

Synchronizing the PWM generators of the AMB amplifiers and motor inverter facilitates
the aim of cooperative control. By means of synchronisation, the EMI generated by the
AMB power amplifiers do not interfere with the drive’s current sensors and the drive’s
switching do not cause interference with the position sensor signals for the AMB control.
The simultaneous benefiting of both systems due to the synchronization may also be viewed
as cooperation in itself. The reduced interference improves the sensorless drive operation,
which in turn causes the speed and angle estimates to be usable by the AMB unbalance
control from a lower speed. The reduced interference in the AMB position sensor signals
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enables the inference of the rotor angular position from relatively small variations in the
radial disturbance due to the rotor’s permanent magnets.

The microcontrollers3 used to implement the current control loop have a synchronisation
input pin. Unfortunately, the synchronization input pin is only applicable for edge aligned
PWM. Centre-aligned PWM is preferred for current control because the mean current is
sampled at the PWM carrier peaks. Therefore, another means of synchronising the PWM
generators when operating in centre-aligned PWM mode had to be implemented. Such a
method is possible by a DPLL.

The DPLL operates by the principle that the PWM carrier can be synchronised to an
external clock source by modulating the PWM period. Its operation is explained by
referring to Fig. D.8. PMTR represents the count value of the PWM counter. The digital
up/down counter acts as the triangle carrier. The PMTR register cannot be accessed
directly. PHASEx is the register responsible for setting the PWM period. PMTR counts
up to the value in the PHASEx register and reverses the count direction. Upon reaching
the carrier peak an interrupt is generated to service the PWM generator. It is within this
interrupt that the current value sampled by the ADC is read. The REF pulse represents
the master clock for synchronisation. The VAR pulse represents a fictitious pulse which
is aligned with the triangle carrier peaks. Synchronization is achieved if the VAR and
REF pulses align. The external REF pulse is connected to a special purpose pin known
as the “Input capture” (IC) unit of the microcontroller. In case of a rising or falling edge
on the IC pin, the timer value at that instant is recorded in the IC buffer. Upon reaching
the triangle carrier peak when the PWM interrupt occurs the same timer used for the IC
unit is read and the phase difference (PD) is calculated by subtracting the timer values
from each other. The PWM period is updated by using the phase difference as a feedback
variable:

PHASEx (k) = PHASEx (k − 1) +KpPD (k − 1) +Ki

∫
PD (k − 1) dt , (D.1)

where Kp, and Ki, are proportional and integral gains used for the DPLL. In the imple-
mentation Kp = 1

16 , and Ki = 1
64 . The small DPLL gains allow the period value of the

PWM generator to undergo only small changes upon each update. This gives the DPLL
a low pass characteristic and helps to reject jitter and noise and produces a stable PWM
period.

In Fig. D.8, the scenario where the VAR pulse leads the REF pulse is illustrated. By
increasing the PWM period temporarily the phase of the REF pulse catches up to that
of the VAR pulse. The PWM period returns back to nominal after the phase difference
is cancelled and only small adjustments are required to keep the two pulses synchronised.
This concludes the basic principle of the DPLL. The implementation, which has to transfer
and match the conceptual operation to specific elements within the microcontroller, is far

3dsPIC33EP64MC504 from Microchipr.
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more nuanced and beyond the scope of this thesis.

Figure D.8: PWM period modulation for synchronization.

A simulation model of the DPLL, which was used to verify the state machine design before
implementation, is included in appendix E.4.

D.6 Power amplifier measurements

D.6.1 Current control measurement

The step response of the current control is shown in Fig. D.9. The control has an overshoot
of only 2.5 %. The switching ripple is apparent in the unfiltered current response due to
parasitic capacitance to ground in the load and cable. The actual load current ripple, which
is relatively small, is visible in the smoothed current. From the result it can be concluded
that the soft-switching topology does not limit the current slew rate or interfere with the
control, i.e. the same response is obtained as with normal PWM control.

D.6.2 Interference comparison

The slew rate of the output voltage of the hard and soft-switching power amplifiers are
presented in Figs. D.10 and D.11, respectively. The hard-switched amplifier was measured
at the final output. The soft-switching amplifier was measured before the final output,
i.e. at the output common-mode filter inputs4. A ringing is apparent in the turn-on of
the hard-switched power amplifier. The sudden turn-on after crossing the gate-source
threshold voltage causes a voltage drop in the drain-source leakage inductance which in
turn causes the device to turn off. Even though the average turn-on time is on the order of

4The leakage inductance of the common-mode filter further reduces the output voltage slope.
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Figure D.9: Current control step response.

50 ns, the most EMI is caused by the highest slew rate in the output voltage. The highest
slew rate in turn-on is in the region just before the ringing, which has a slop of 11 V

3.6 ns . The
slow turn-off time of the hard switched power amplifier, which is atypical of a hard-switched
amplifier, comes at the cost of increased switching loss. The soft-switching power amplifier
achieves an even slope in turn-on and turn-off switching transitions, without ringing.

Another means of comparing the EMI produced by the hard- and soft-switched amplifiers
is by measuring the produced common mode (CM) current, as shown in Fig. D.12. The
CM current produced by the hard-switched power amplifiers has a peak-peak amplitude5

of up to 10× the peak-peak amplitude of the soft-switched amplifier. Also of note is that
the common-mode current of the soft-switched power amplifier is highly damped with
little to no ringing present. This is achieved in part by the limited slew-rate due to the
soft-switching topology and the use of CM filters6. Even if synchronized sampling was
used in the case of the hard-switched amplifier, some noise would still be present in the
sampled eddy current position sensors due to the long settling time of the CM current, i.e.
ringing is still present in the middle of PWM period when the ADC would be sampled.

The true benefit of the soft-switching amplifier, with a common mode filter and syn-
chronised sampling, becomes apparent in the comparison of the measured eddy current
position sensor signal using the hard- and soft-switched amplifiers. Fig. D.13a, compare
the measured axial position eddy current sensor signal. The signals were captured whilst
suspending the rotor at standstill when using the two different types of amplifiers7. The
spectrum of the signals (smoothed) is compared in Fig. D.13b. The higher amplitude
in the low-frequency region is due to the control energy. The difference in noise within

5Measured from the positive to the negative peak within one cycle.
6The off-the-shelf hard-switched amplifier had no output CM filter.
7All of the amplifiers are active, but only the axial sensor signal is used in the comparison.
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Figure D.10: dv/dt of hard-switching power amplifier.

the control region differs by up to 18 dB and at higher frequencies, the difference is up to
23 dB.
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Figure D.12: Common mode current comparison.
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D.7 Power amplifier photos

A photo of the designed power amplifier with overlaid descriptions of each section is shown
in Fig. D.14. A four layer PCB layout is used. Inner layers connected to the power planes
interleave the signal layers. The sandwiching structure acts as a Faraday cage and thus
reduces EMI and crosstalk with sensitive signal tracks. Each amplifier is placed in its
own aluminium enclosure which further reduces EMI coupling to the outside environment
and reduces susceptibility to the EMI generated by outside sources (especially that of the
PMSM drive which uses hard switching).

The power amplifiers are mounted on a heat sink inside a larger control enclosure, as
depicted in the photo of Fig. D.15. Also shown in the photo is the synchronisation
driver board responsible for fan-out of the synchronisation driver signal using high-speed,
differential line drivers to each power amplifier’s input optocoupler.
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Figure D.14: Power amplifier PCB photo.
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[E.1] Simulation and post processing files for algebraic recovery of zero component.

[E.2] Example on-line simplex search.

[E.3] Power amplifier current control design.

[E.4] Digital phase-locked loop state machine verification.

[E.5] COMSOLr simulation model of AMB.

[E.6] AMB control simulation.

[E.7] PMSM control simulation.

[E.8] Rotor angle estimation based on UMP disturbance.

[E.9] Power amplifier LTspice loss simulation.
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Algebraic_est_of_dead_time/Algebraic_est_of_dead_time_w_RAB_simulink_model_ramp.m

clc;

clear all;



%This model is associated with dead_time_LUT_data_gen_ramp.slx







%% Domain is the cross product domain



% C = sqrt(2/3)*[1 -0.5 -0.5; 0 sqrt(3)/2 -sqrt(3)/2; sqrt(0.5) sqrt(0.5) sqrt(0.5)]; %Clarke transform - power invariant

% C2 = sqrt(2/3)*[1 -0.5 -0.5; 0 sqrt(3)/2 -sqrt(3)/2]; %Clarke transform - power invariant



% C = 2/3*[1 -0.5 -0.5; 0 sqrt(3)/2 -sqrt(3)/2; sqrt(0.5) sqrt(0.5) sqrt(0.5)]; %Clarke transform - peak invariant

% C2 = 2/3*[1 -0.5 -0.5; 0 sqrt(3)/2 -sqrt(3)/2]; %Clarke transform - peak invariant

% invC = inv(C);



C = 2/3*[1 -0.5 -0.5; 0 sqrt(3)/2 -sqrt(3)/2; sqrt(0.5) sqrt(0.5) sqrt(0.5)]; %Clarke transform - peak invariant

C2 = 2/3*[1 -0.5 -0.5; 0 sqrt(3)/2 -sqrt(3)/2]; %Clarke transform - peak invariant

invC = inv(C);





%Define anonymous functions

        Radius = @(x)sqrt(x(1,:).^2 + x(2,:).^2);

        %Theta = @(x)mod(atan2(x(2,:), x(1,:))+2*pi, 2*pi);

        Theta = @(x)atan2(x(2,:), x(1,:));

        R_TH = @(x)[Radius(x); Theta(x)]';

        

%decimation = 10;



Lut_size = 2^10+1;

ilim = 15;



ilim_sweep = ilim + 1.5;

sweep_time = 600;



%delta_ix = 2*ilim/Lutsize;

    % Initialze LUT function

    %Lut_size = 501;

       

ix = linspace(-ilim, ilim, Lut_size);



zio = find(ix == 0);

min_abs_ix = ix(zio+1);

ix = round(ix./min_abs_ix)*min_abs_ix;       %numerically condiction ix



ix_delta = ix(2)-ix(1);



%   A = zeros(Lut_size^2, 3*Lut_size); %Initialize matrix width, i.e. columns

%   b = zeros(Lut_size^2, 1);

%   iAB  = zeros(2, Lut_size^2);       %All possible combinations of ia vs ib, including invalid iABs

 

iabc = [];

iAB = [];

inputcount = 0;

%Precalculate inputs for surface fit evaluation (much faster than poin-by-point evaluation)

for ia_count=1:Lut_size

    for ib_count=1:Lut_size

        

        ia = ix(ia_count);

        ib = ix(ib_count);

        ic = -(ia + ib);

        

        ic_count = zio*3 - (ia_count + ib_count); 

%ic_count = find(ix==ic);

%alternative if linear combinations of ix does not map back into ix due to

%numerical inaccuracy

        

        iAB_temp  =  C2*[ia ib ic]';

        

        iAB_temp_polar = R_TH(iAB_temp);

        

        %Sweep the discretized ia vs ib, ic = -(ia+ib)

        %Check validity of input, e.g. ic has to be in LUT range, and VA(iAB) has

        %to be a valid value, i.e. not a NAN. The second case automatically covers

        %the first case.

        %Thus, if [ia ib ic] is a valid combination, add the equation to the set

        %of simultaneous eqations to the matrix         

        if ((ic_count>=1)&&(ic_count<=Lut_size))

            if  ((iAB_temp_polar(1)<ilim+0.25)) %% && (iAB_temp_polar(2)<(358/180*pi))) %% && (iAB_temp_polar(2)>(1/180*pi) ))

                inputcount = inputcount + 1;

                iAB(:, inputcount) = iAB_temp;       

                iabc(:, inputcount) = [ia ib ic]';  

                iabc_count(:, inputcount) = [ia_count ib_count ic_count]';

            end

        end

        

    end

end



%% For the simplified identification

vdc_vector = {1}; 

vdc_nom = 1;





%% For the extended identification

vdc_nom = 80;

vdc_vector = {80 75 85}; 



%%

num_vdc_measurements = length(vdc_vector);





%% Run simulink model: dead_time_LUT_data_gen_ramp to capture V_alpha_beta

%extract variables



for mcount=1:num_vdc_measurements

    disp(mcount);

    tic;

    vdc = vdc_vector{mcount};

    sim('dead_time_LUT_data_gen_ramp'); %run simulation to generate measurements

    

%    

    ramp = ramp_scope(:, 2)';



    %si = find(ramp==0);

    [~, si] = min(abs(ramp)); %Find closest value to zero



    si_dec = round(si);





    v_abc = vabc_scope(si_dec:end, 2:end)';

    i_abc = iabc_scope(si_dec:end, 2:end)';



    v_alpha_beta = C2*v_abc;

    i_alpha_beta = C2*i_abc;



    v_alpha = v_alpha_beta(1, :);

    v_beta = v_alpha_beta(2, :);



    i_alpha = i_alpha_beta(1, :);

    i_beta = i_alpha_beta(2, :);



    i_a = iabc_scope(:, 2);

    i_b = iabc_scope(:, 3);



    %th = theta_scope(:, 2)';



    ir = Radius(i_alpha_beta);

    th = Theta(i_alpha_beta);







%     %% Plot - time domain

%     subplot(2, 1, 1);

%     plot(v_abc');

%     subplot(2, 1, 2);

%     plot(tout(1:length(i_abc)), i_abc');

% 

%     %%

%     plot(tout(1:length(i_abc)), i_abc');

% 

%     ylim([-2 2]);

%     xlim([0 50]);

%     xlabel('Time (s)');

%     ylabel('i_{abc} (A)','Interpreter','tex');



    %fig2pdf('i_abc_slow_zero_cross_time_domain.pdf');





%     %% Plot : Surface

%     subplot(2, 1, 1);

%     plot3(ir, th, v_alpha);

%     subplot(2, 1, 2);

%     plot3(ir, th, v_beta);

% 

%     %% Plot current reference spiral

%     subplot(1, 2, 1);

%     plot(i_alpha, i_beta);

% 

%     xlabel('i_\alpha (A)');

%     ylabel('i_\beta (A)');

% 

%     daspect([1 1 1]);

% 

%     subplot(1, 2, 2);

%     plot(i_a, i_b);

%     xlabel('i_a (A)');

%     ylabel('i_b (A)');

% 

%     daspect([1 1 1]);

%     %fig2pdf('i_alpha_beta_ref_plot.pdf');



% Fit sampled functions

    figures_on = false;

    [VA_fit, ~] = createFit_Za_w_Figures(ir, th, v_alpha, figures_on);

    [VB_fit, ~] = createFit_Za_w_Figures(ir, th, v_beta, figures_on);



    %save('VAB_fit_DT_w_R_ramp.mat', 'VA_fit', 'VB_fit');



    %load('VAB_fit_DT_w_R_ramp.mat');

    %clearvars -except V* ilim C C2 invC





        vAB_f = @(x)[feval(VA_fit, R_TH(x)) feval(VB_fit, R_TH(x))]';

        equation_count = 0;



        %

            vAB = vAB_f(iAB);       %Evaluate all of the input currents

        %



        number_of_nans = sum( isnan(vAB(1,:) + vAB(2,:)) );



        equation_count = 0;

        %inputcount = 0;



        %A = zeros(1, 3*Lut_size); %Initialize matrix width, i.e. columns



        %Without resistance estimation

        %A = zeros(2*(inputcount-number_of_nans), 3*Lut_size);

        m = 2*(inputcount-number_of_nans);

        n = 3*Lut_size + 3;

        i = zeros(1, m*3);

        j = i;



        A = i;



        % rows = 2*(inputcount-number_of_nans);       %number of rows

        % cols = 3*Lut_size;                          %number of columns

        % nz = 3*rows;                                %number of nonzero elements

        % A = spalloc(rows, cols, nz);



        b = zeros(m, 1);

        entry_count = 0; 



        % Matrix solution for look-up table values       

        %Each look-up table entry is considered as an unkown

        %Set-up matrix equation which relates each unkown to the known V_alpha_beta

        for  count=1:inputcount

            

            ia_count = iabc_count(1, count);

            ib_count = iabc_count(2, count);

            ic_count = iabc_count(3, count);



            ia = ix(ia_count);

            ib = ix(ib_count);

            ic = ix(ic_count);               



            if ~isnan(sum(vAB(:, count)))

        %Equations for alpha

                    equation_count = equation_count + 1;

                    b(equation_count, 1) =  vAB(1, count);



                    entry_count = entry_count +1;

                    i(entry_count) = equation_count;

                    j(entry_count) = 0*Lut_size + ia_count;

                    A(entry_count) = vdc*C(1, 1);



                    entry_count = entry_count +1;

                    i(entry_count) = equation_count;

                    j(entry_count) = 1*Lut_size + ib_count;

                    A(entry_count) = vdc*C(1, 2);



                    entry_count = entry_count +1;

                    i(entry_count) = equation_count;

                    j(entry_count) = 2*Lut_size + ic_count;

                    A(entry_count)= vdc*C(1, 3);



        %Voltage dependent part, i.e. v=i*R                  

                    entry_count = entry_count +1;

                    i(entry_count) = equation_count;

                    j(entry_count) = 3*Lut_size + 1;

                    A(entry_count)= ia*C(1, 1);



                    entry_count = entry_count +1;

                    i(entry_count) = equation_count;

                    j(entry_count) = 3*Lut_size + 2;

                    A(entry_count)= ib*C(1, 2);



                    entry_count = entry_count +1;

                    i(entry_count) = equation_count;

                    j(entry_count) = 3*Lut_size + 3;

                    A(entry_count)= ic*C(1, 3);



                    

         %Equations for beta           

                    equation_count = equation_count + 1;

                    b(equation_count, 1) =  vAB(2, count);

                    entry_count = entry_count +1;

                    i(entry_count) = equation_count;

                    j(entry_count) = 0*Lut_size + ia_count;

                    A(entry_count) = vdc*C(2, 1);



                    entry_count = entry_count +1;

                    i(entry_count) = equation_count;

                    j(entry_count) = 1*Lut_size + ib_count;

                    A(entry_count) = vdc*C(2, 2);



                    entry_count = entry_count +1;

                    i(entry_count) = equation_count;

                    j(entry_count) = 2*Lut_size + ic_count;

                    A(entry_count)= vdc*C(2, 3);



        %Voltage dependent part, i.e. v=i*R    

                    entry_count = entry_count +1;

                    i(entry_count) = equation_count;

                    j(entry_count) = 3*Lut_size + 1;

                    A(entry_count)= ia*C(2, 1);



                    entry_count = entry_count +1;

                    i(entry_count) = equation_count;

                    j(entry_count) = 3*Lut_size + 2;

                    A(entry_count)= ib*C(2, 2);



                    entry_count = entry_count +1;

                    i(entry_count) = equation_count;

                    j(entry_count) = 3*Lut_size + 3;

                    A(entry_count)= ic*C(2, 3);

                    

            end    

        end



        Asp{mcount} = sparse(i,j,A,m,n);

        bsp{mcount} = b;

toc;        

end



%clear A vAB i j;





%%



% Concatenate the sparse matrix equations for total system of equations

Ra = [];

Rb = [];

Rc = [];



Asys = [];

bsys = [];



%%

for num_vdc_measurements_post_proc = 1:3



    Asys = [Asys; Asp{num_vdc_measurements_post_proc}];

    bsys = [bsys; bsp{num_vdc_measurements_post_proc}];



    % Sparse direct solver

    % clear Asp bsp i j



    tic

    %x_sd = A\b;                   %Sparse direct solver

    %x_sd = lsqr(A, b, [], 50);

    tol = 1e-9;

    x_sd = lsqr(Asys, bsys, tol, 100);

    toc



    %clear Asys bsys



    %

    %x_sd = x_sd - mean(x_sd);

    va_DT = x_sd(1:Lut_size)';

    vb_DT = x_sd(Lut_size+1:2*Lut_size)';

    vc_DT = x_sd(2*Lut_size+1:3*Lut_size)';

    

    va_DT = va_DT - mean(va_DT);

    vb_DT = vb_DT - mean(vb_DT);

    vc_DT = vc_DT - mean(vc_DT);



    try

        Ra(num_vdc_measurements_post_proc) = x_sd(3*Lut_size + 1);

        Rb(num_vdc_measurements_post_proc) = x_sd(3*Lut_size + 2);

        Rc(num_vdc_measurements_post_proc) = x_sd(3*Lut_size + 3);

    catch

        Ra = 0;

        Rb = 0;

        Rc = 0;

    end

end



%% Applicable iff vdc = 1, LUT entries

plot([va_DT' vb_DT' vc_DT']);

legend('v_{a1..n}','v_{b1..n}','v_{c1..n}','Interpreter','tex');

xlabel('Index');

ylabel('LUT entry (V)');



fig2pdf('v_abc_estimated.pdf');



%% Applicable iff vdc = 1, total feedforward estimate

plot([(vdc_nom.*va_DT+Ra(end).*ix)' (vdc_nom.*va_DT+Rb(end).*ix)' (vdc_nom.*va_DT+Rc(end).*ix)']);

legend('v_{a1..n}','v_{b1..n}','v_{c1..n}', 'Location', 'NorthWest','Interpreter','tex');

xlabel('Index');

ylabel('LUT entry (V)');

xlim([0 512]);

grid on;

fig2pdf('v_abc_estimated_Three_DC_bus.pdf');





%% Compare the look-up table

%Process data after running Initial_dead_time_LUT_comparison_w_R.slx



t = LUT_comparison.time;

i_x = LUT_comparison.signals(1).values;





v_lut = [LUT_comparison.signals(2).values(:,1) ...

         LUT_comparison.signals(3).values(:,1) ...

         LUT_comparison.signals(4).values(:,1)];

     

     

v_nonlin = [LUT_comparison.signals(2).values(:,2)  ...

            LUT_comparison.signals(3).values(:,2)  ...

            LUT_comparison.signals(4).values(:,2)];



        

v_error = v_nonlin - v_lut;



plot(v_error)

xlabel('Index');

ylabel('V_{error} = V_{non-lin} - V_{LUT}  (V)');

legend('v_{a1..n}^~','v_{b1..n}^~','v_{c1..n}^~', 'Location', 'NorthWest','Interpreter','tex');

grid on;

xlim([0 Lut_size]);



fig2pdf('v_LUT_error_1025.pdf');
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         []
         []
         []
         []
         []
         []
         []
         []
         []
         []
         []
         []
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Inherit: Same as corresponding input
         Binary search
         off
         off
         [4 5 6;16 19 20;10 18 23]
         []
         []
         Inherit: Same as output
         Inherit: Same as output
         Linear
         Linear
         None
         off
         off
         -1
         Precision
         on
         []
         []
         Inherit: Same as first input
         off
         Floor
         off
         Inherit: Inherit via internal rule
         off
         []
         Redesign Table
         Block Dialog
         sqrt(x)
         on
         0.01
         1e-6
      
       
         4
         none
         off
         BusObject
         off
      
       
         1
         []
         []
         Inherit: auto
         off
         off
         inherit
         -1
         Inherit
         -1
         auto
         auto
         off
         Dialog
         held
         []
      
       
         2
         Element-wise(.*)
         All dimensions
         1
         on
         []
         []
         Inherit: Same as first input
         off
         Zero
         on
         -1
      
       
         Dialog
         0.5
         Dialog
         -0.5
         on
         on
         -1
         []
         []
         Inherit: Same as input
         off
         Floor
      
       
         Simulink.scopes.TimeScopeBlockCfg
         off
      
       
         sqrt
         auto
         -1
         []
         []
         Inherit: Same as first input
         off
         Floor
         on
         Inherit: Inherit via internal rule
         Exact
         3
      
       
         FromPortIcon
         ReadWrite
         All
         off
         off
         off
         -1
         Auto
         Auto
         Auto
         void_void
         off
         Inherit from model
         Inherit from model
         Inherit from model
         Inherit from model
         Inherit from model
         off
         UseLocalSettings
         AllNumericTypes
         UseLocalSettings
         off
         off
         NONE
         off
         off
         on
         off
         off
      
       
         rectangular
         ++
         All dimensions
         1
         on
         Inherit: Inherit via internal rule
         []
         []
         Inherit: Same as first input
         off
         Floor
         on
         -1
      
       
         u2 >= Threshold
         0
         on
         []
         []
         Inherit: Inherit via internal rule
         off
         Floor
         on
         on
         -1
         off
      
       
         sin
         None
         11
         auto
         -1
      
       
         0
         Inherited
         1
         off
         Auto
         on
      
    
     
       [-8, -8, 1928, 1048]
       on
       simulink-default.rpt
       908
       
         [350, 320, 380, 350]
         280
         off
      
       
         [1, 1]
         [665, 129, 725, 161]
         -34
         on
         alternate
         off
         off
         
           [-8, -8, 1928, 1048]
           off
           100
           
             [115, 328, 145, 342]
             9
             Port number
          
           
             [860, 320, 890, 350]
             160
             1/vdc_nom
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [1, 3]
             [185, 195, 190, 475]
             151
             off
             3
             bar
          
           
             [330, 225, 360, 255]
             7
             1.7
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [330, 320, 360, 350]
             154
             2
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [330, 415, 360, 445]
             159
             2.3
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [3, 1]
             [590, 195, 595, 475]
             152
             off
             3
             bar
          
           
             [1, 1]
             [765, 320, 795, 350]
             157
             u0
             1
             -1
          
           
             [655, 320, 685, 350]
             158
             signedSqrt
          
           
             [945, 328, 975, 342]
             11
             Port number
          
           
             46
             7#out:1
             541#in:1
          
           
             39
             10#out:1
             540#in:1
          
           
             42
             368#out:1
             1#in:1
          
           
             43
             541#out:1
             368#in:1
          
           
             44
             1#out:1
             895#in:1
          
           
             45
             540#out:1
             7#in:1
          
           
             47
             540#out:2
             542#in:1
          
           
             48
             542#out:1
             541#in:2
          
           
             49
             540#out:3
             546#in:1
          
           
             50
             546#out:1
             541#in:3
          
           
             56
             895#out:1
             12#in:1
          
        
      
       
         [1, 1]
         [310, 409, 410, 441]
         152
         off
         off
         
           [-8, -8, 1928, 1048]
           on
           200
           
             [220, 453, 250, 467]
             9
             Port number
          
           
             [1, 1]
             [360, 370, 430, 410]
             186
             1
             ix
             va_DT
             Speed
             Simplest
          
           
             [1, 1]
             [360, 440, 430, 480]
             187
             1
             ix
             vb_DT
             Speed
             Simplest
          
           
             [1, 1]
             [360, 525, 430, 565]
             188
             1
             ix
             vc_DT
             Speed
             Simplest
          
           
             [2, 1]
             [605, 424, 635, 471]
             289
             off
             Inherit: Inherit via internal rule
             off
          
           
             [1, 3]
             [305, 418, 310, 502]
             192
             off
             3
             bar
          
           
             [3, 1]
             [480, 386, 485, 534]
             189
             off
             3
             bar
          
           
             [360, 290, 435, 350]
             201
             alternate
             [Ra(end) Rb(end) Rc(end)]
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [1]
             [605, 304, 635, 336]
             292
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.16563','MaxYLimReal','0.1368','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.16563','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',3,'LineNames',{{'Rabc:1','Rabc:2','Rabc:3'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.16563','MaxYLimReal','0.1368','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.16563','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>')),extmgr.Configuration('Tools','Plot Navigation',true,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b')
             1
          
           
             [515, 445, 545, 475]
             290
             vdc
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [665, 443, 695, 457]
             11
             Port number
          
           
             31
             637#out:1
             [20, 0; 0, -35]
             640#in:3
          
           
             32
             636#out:1
             640#in:2
          
           
             33
             635#out:1
             [15, 0; 0, 20]
             640#in:1
          
           
             38
             379#out:1
             [17, 0]
             
               77
               641#in:1
            
             
               57
               [0, -140]
               900#in:1
            
          
           
             58
             640#out:1
             901#in:1
          
           
             66
             902#out:1
             386#in:1
          
           
             73
             900#out:1
             [120, 0]
             
               89
               905#in:1
            
             
               86
               [0, 115]
               902#in:1
            
          
           
             85
             901#out:1
             902#in:2
          
           
             82
             641#out:1
             [7, 0; 0, -40]
             635#in:1
          
           
             83
             641#out:2
             636#in:1
          
           
             84
             641#out:3
             [9, 0; 0, 55]
             637#in:1
          
        
      
       
         [1, 1]
         [460, 320, 490, 350]
         282
      
       
         [2, 1]
         [785, 41, 790, 79]
         253
         off
         2
         bar
      
       
         [1, 1]
         [350, 219, 420, 251]
         21
         alternate
         none
         off
         off
         
           PI controller
           Pi controller
           Input: Error;\nOutput: PI output;\nParamemetrs: PI gain (Ki),\n   Time constant (Ti),\n   Limits (LimitH, LimitL)
           Kaw = Ki/Kp; %Anti-windup gain
           port_label('input',1,'i_{abc}^{*}','texmode','on');

port_label('output',1,'v_{abc}^{*}','texmode','on');

           
             
               edit
               Kp
               Proportional Gain
               0
            
             
               edit
               Ki
               Integral Gain
               400
            
          
        
         
           [-8, -8, 1928, 1048]
           on
           150
           
             [405, 398, 435, 412]
             -1
             Port number
          
           
             [475, 390, 505, 420]
             140
             C
             Matrix(K*u)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [1, 1]
             [620, 390, 640, 420]
             -5
             off
          
           
             [565, 390, 595, 420]
             4
             Ki
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [565, 484, 600, 516]
             -3
             Kp
          
           
             [2, 1]
             [700, 397, 715, 433]
             -8
             off
          
           
             [745, 400, 775, 430]
             153
             [1 1 0]
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [815, 400, 845, 430]
             152
             invC
             Matrix(K*u)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [885, 408, 915, 422]
             -12
             Port number
          
           
             18
             36#out:1
             889#in:1
          
           
             31
             31#out:1
             [80, 0]
             36#in:2
          
           
             1
             29#out:1
             888#in:1
          
           
             141
             328#out:1
             33#in:1
          
           
             143
             33#out:1
             36#in:1
          
           
             146
             888#out:1
             [25, 0]
             
               158
               [0, 95]
               31#in:1
            
             
               140
               328#in:1
            
          
           
             156
             889#out:1
             890#in:1
          
           
             157
             890#out:1
             40#in:1
          
        
      
       
         [1, 1]
         [670, 222, 720, 248]
         259
         alternate
         off
         off
         
           C = 2/3*[1 -0.5 -0.5; 0 sqrt(3)/2 -sqrt(3)/2; sqrt(0.5) sqrt(0.5) sqrt(0.5)]; %Clarke transform - peak invariant
invC = inv(C);

Rabc = [Ra 0  0; ...
        0  Rb 0; ...
        0   0 Rc];

RAB0 = C*Rabc*invC;
           
             
               edit
               Ra
               Resistance phase a
               1
            
             
               edit
               Rb
               Resistance phase b
               1.25
            
             
               edit
               Rc
               Resistance phase c
               0.75
            
             
               edit
               L
               Inductance
               500e-6
            
          
        
         
           1
           i
           Auto
           SignalName
        
         
           [-1288, -8, 8, 1032]
           off
           125
           
             [-65, 158, -35, 172]
             -1
             Port number
          
           
             [1, 1]
             [230, 150, 260, 180]
             155
          
           
             [85, 150, 115, 180]
             139
             C
             Matrix(K*u)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [310, 150, 340, 180]
             153
             1/L
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [280, 235, 370, 305]
             157
             on
             RAB0
             Matrix(K*u)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [280, 370, 370, 440]
             161
             on
             Rabc
             Matrix(K*u)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [1]
             [585, 254, 615, 286]
             158
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData3'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.3795','MaxYLimReal','0.41536','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.41536','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',3,'LineNames',{{'dumpi0:1','dumpi0:2','dumpi0:3'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.3795','MaxYLimReal','0.41536','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.41536','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[1 41 1920 964])
             1
          
           
             [2, 1]
             [170, 155, 190, 175]
             152
             off
             round
             |+-
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [15, 155, 35, 175]
             160
             off
             round
             |+-
             off
             Inherit: Inherit via internal rule
             off
          
           
             [405, 150, 435, 180]
             159
             [1 1 0]
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [500, 150, 530, 180]
             144
             invC
             Matrix(K*u)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [585, 158, 615, 172]
             -6
             Port number
          
           
             3
             599#out:1
             [14, 0]
             
               55
               [0, 240]
               893#in:1
            
             
               54
               600#in:1
            
          
           
             49
             891#out:1
             [23, 0]
             
               37
               [0, 105]
               
                 40
                 633#in:1
              
               
                 39
                 634#in:1
              
            
             
               36
               599#in:1
            
          
           
             52
             570#out:1
             892#in:1
          
           
             50
             578#out:1
             891#in:1
          
           
             16
             580#out:1
             576#in:1
          
           
             23
             576#out:1
             578#in:1
          
           
             24
             571#out:1
             580#in:1
          
           
             57
             633#out:1
             [-102, 0; 0, -76]
          
           
             53
             892#out:1
             571#in:1
          
           
             56
             893#out:1
             [-250, 0]
             892#in:2
          
           
             Use either the alpha-beta resistance matrix or the ABC resitance matrix, but not both.
             [68, 79, 444, 94]
             [0, 0, 0, 0]
             off
             off
             left
             top
             -1
          
        
      
       
         [0, 1]
         [100, 335, 130, 365]
         284
         1.388
         simulink/Sources/Ramp
         Ramp
         
           off
           1
           0
           0
           on
        
      
       
         [2]
         [815, 6, 860, 219]
         160
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-20.38847','MaxYLimReal','20.44222','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','20.44222','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',6,'LineNames',{{'Subsystem1:1','Subsystem1:2','Subsystem1:3','i:1','i:2','i:3'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-15.3926','MaxYLimReal','14.00586','YLabelReal','','MinYLimMag','   0.00000','MaxYLimMag','21090.64117','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',3,'LineNames',{{'Sum2:1','Sum2:2','Sum2:3'}},'ShowContent',true,'Placement',2)},'DisplayPropertyDefaults',struct('YLabelReal','','AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[2 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[1 33 1920 964])
         2
      
       
         [1]
         [460, 259, 490, 291]
         147
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData3'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.10825','MaxYLimReal','0.10825','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.10825','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',3,'LineNames',{{'Sum1:1','Sum1:2','Sum1:3'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.10825','MaxYLimReal','0.10825','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.10825','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[-1279 57 1280 948])
         1
      
       
         [1]
         [535, 319, 565, 351]
         283
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData3'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.04599','MaxYLimReal','0.41391','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.41391','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Integrator'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.04599','MaxYLimReal','0.41391','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.41391','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[-1279 57 1280 948])
         1
      
       
         [1]
         [680, 274, 710, 306]
         255
         on
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData2'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-2.72809','MaxYLimReal','2.69186','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','2.72809','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',3,'LineNames',{{'Dead-time effect  approximation:1','Dead-time effect  approximation:2','Dead-time effect  approximation:3'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-2.72809','MaxYLimReal','2.69186','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','2.72809','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[-1279 57 1280 948])
         1
      
       
         [0, 1]
         [115, 247, 175, 283]
         277
         off
         off
         
           [-8, -8, 1928, 1048]
           on
           125
           
             [735, 475, 765, 505]
             294
             inv(2/3*[1 -0.5 -0.5; 0 sqrt(3)/2 -sqrt(3)/2; sqrt(0.5) sqrt(0.5) sqrt(0.5)])
             Matrix(K*u)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [870, 310, 900, 340]
             301
             invC
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [805, 475, 835, 505]
             297
             off
          
           
             [1010, 475, 1050, 505]
             300
             0.05
             off
          
           
             [200, 245, 230, 275]
             288
             0
          
           
             [630, 485, 660, 515]
             296
             0
          
           
             [630, 360, 660, 390]
             303
             0
          
           
             [940, 475, 970, 505]
             299
             4
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [570, 301, 575, 339]
             293
             off
             2
             bar
          
           
             [2, 1]
             [690, 471, 695, 509]
             295
             off
             2
             bar
          
           
             [2, 1]
             [790, 306, 795, 344]
             302
             off
             2
             bar
          
           
             [2, 1]
             [630, 297, 660, 328]
             292
             off
             Inherit: Inherit via internal rule
             off
          
           
             [1, 1]
             [870, 475, 900, 505]
             298
             *
             off
             Inherit: Inherit via internal rule
             Floor
             off
          
           
             [1]
             [705, 174, 735, 206]
             308
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ramp_scope','DataLogging',true,'DataLoggingSaveFormat','Array','DataLoggingDecimateData',true,'DataLoggingDecimation','10'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.39687','MaxYLimReal','3.32187','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','3.32187','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'ir_ramp/1'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.39687','MaxYLimReal','3.32187','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','3.32187','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[1 41 1920 964])
             1
          
           
             [1, 2]
             [300, 175, 400, 235]
             291
             off
             off
             
               [-8, -8, 1928, 1048]
               off
               98
               
                 [600, 443, 630, 457]
                 -1
                 Port number
              
               
                 [1, 1]
                 [1040, 367, 1105, 403]
                 -2
                 alternate
                 1.388
                 simulink/Logic and Bit
Operations/Compare
To Constant
                 Compare To Constant
                 
                   off
                   ==
                   0
                   boolean
                   on
                
              
               
                 [1130, 368, 1205, 402]
                 -3
                 Floor
                 off
              
               
                 [3, 1]
                 [760, 414, 790, 446]
                 -4
                 level
                 external
              
               
                 [2, 1]
                 [435, 362, 465, 393]
                 -5
                 */
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [1270, 407, 1300, 438]
                 -6
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [505, 402, 535, 433]
                 -7
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [3, 1]
                 [855, 410, 935, 450]
                 -8
                 1.388
                 simulink/Discontinuities/Saturation
Dynamic
                 Saturation Dynamic
                 
                   off
                   []
                   []
                   Inherit: Same as second input
                   Same as second input
                   fixdt(1, 16)
                   2^-10
                   off
                   Floor
                   off
                
              
               
                 [2, 1]
                 [965, 375, 985, 395]
                 -9
                 off
                 round
                 |+-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [660, 570, 690, 600]
                 -10
                 off
                 off
              
               
                 [660, 433, 690, 467]
                 -11
                 -1
              
               
                 [375, 640, 405, 670]
                 -12
                 -0.1
              
               
                 [370, 325, 400, 355]
                 -13
                 ilim_sweep
              
               
                 [375, 570, 405, 600]
                 -14
              
               
                 [370, 395, 400, 425]
                 -15
                 sweep_time
              
               
                 [1355, 418, 1385, 432]
                 -16
                 Port number
              
               
                 [1355, 378, 1385, 392]
                 -17
                 alternate
                 2
                 Port number
              
               
                 1
                 833#out:1
                 [35, 0]
                 
                   2
                   834#in:2
                
                 
                   3
                   831#in:2
                
              
               
                 4
                 829#out:1
                 [15, 0]
                 
                   5
                   833#in:2
                
                 
                   6
                   [0, -45]
                   834#in:1
                
              
               
                 7
                 838#out:1
                 [10, 0]
                 
                   8
                   [0, 30]
                   830#in:1
                
                 
                   9
                   [150, 0]
                   
                     10
                     [270, 0; 0, 75]
                     833#in:1
                  
                   
                     11
                     [0, 255]
                     835#in:3
                  
                
              
               
                 12
                 826#out:1
                 836#in:1
              
               
                 13
                 840#out:1
                 [15, 0]
                 830#in:2
              
               
                 14
                 837#out:1
                 [225, 0]
                 
                   15
                   [200, 0; 0, -210]
                   833#in:3
                
                 
                   16
                   [0, -80]
                   835#in:1
                
              
               
                 17
                 836#out:1
                 [15, 0; 0, -20]
                 829#in:2
              
               
                 18
                 834#out:1
                 827#in:1
              
               
                 19
                 827#out:1
                 828#in:1
              
               
                 20
                 828#out:1
                 [40, 0]
                 
                   21
                   [0, 30]
                   831#in:1
                
                 
                   22
                   842#in:1
                
              
               
                 23
                 831#out:1
                 841#in:1
              
               
                 24
                 839#out:1
                 [50, 0]
                 
                   25
                   835#in:2
                
                 
                   26
                   [0, -160]
                   832#in:2
                
              
               
                 27
                 830#out:1
                 [20, 0]
                 832#in:1
              
               
                 28
                 832#out:1
                 829#in:1
              
               
                 29
                 835#out:1
                 [30, 0; 0, -145]
                 829#in:3
              
            
          
           
             [1, 2]
             [460, 301, 515, 339]
             289
             off
             off
             
               [-8, -8, 1928, 1048]
               off
               100
               
                 [20, 88, 50, 102]
                 3
                 Port number
              
               
                 [1, 1]
                 [105, 20, 135, 50]
                 1
              
               
                 [1, 1]
                 [105, 80, 135, 110]
                 2
                 cos
              
               
                 [155, 28, 185, 42]
                 4
                 Port number
              
               
                 [155, 88, 185, 102]
                 5
                 2
                 Port number
              
               
                 1
                 846#out:1
                 848#in:1
              
               
                 2
                 844#out:1
                 [20, 0]
                 
                   3
                   [0, -60]
                   845#in:1
                
                 
                   4
                   846#in:1
                
              
               
                 5
                 845#out:1
                 847#in:1
              
            
          
           
             [3, 1]
             [325, 290, 400, 350]
             290
             off
             off
             
               [-8, -8, 1928, 1048]
               off
               100
               
                 [455, 228, 485, 242]
                 -1
                 Port number
              
               
                 [455, 543, 485, 557]
                 -2
                 2
                 Port number
              
               
                 [455, 363, 485, 377]
                 2
                 3
                 Port number
              
               
                 [1050, 405, 1080, 435]
                 -3
                 270
                 on
                 alternate
                 off
              
               
                 [1, 1]
                 [905, 457, 970, 493]
                 -4
                 on
                 alternate
                 1.388
                 simulink/Logic and Bit
Operations/Compare
To Constant
                 Compare To Constant
                 
                   off
                   >
                   360
                   boolean
                   on
                
              
               
                 [740, 468, 815, 502]
                 -5
                 on
                 alternate
                 Floor
                 off
              
               
                 [2, 1]
                 [950, 347, 980, 378]
                 -6
                 level
              
               
                 [2, 1]
                 [845, 467, 875, 498]
                 -7
                 on
                 alternate
                 XOR
                 off
                 boolean
              
               
                 [2, 1]
                 [845, 302, 875, 333]
                 -8
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [570, 307, 600, 338]
                 1
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [1000, 458, 1030, 492]
                 -9
                 on
                 alternate
                 on
                 -1
              
               
                 [1120, 350, 1150, 380]
                 -11
                 pi/180
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [455, 300, 485, 330]
                 -12
                 0.1
              
               
                 [645, 310, 675, 340]
                 -13
                 360
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [1175, 358, 1205, 372]
                 -14
                 Port number
              
               
                 1
                 863#out:1
                 859#in:1
              
               
                 2
                 856#out:1
                 [80, 0]
                 
                   3
                   862#in:1
                
                 
                   4
                   853#in:1
                
              
               
                 5
                 860#out:1
                 854#in:1
              
               
                 6
                 855#out:1
                 [-18, 0; 0, -115]
                 856#in:2
              
               
                 7
                 857#out:1
                 855#in:1
              
               
                 8
                 854#out:1
                 857#in:1
              
               
                 9
                 851#out:1
                 [400, 0]
                 857#in:2
              
               
                 10
                 864#out:1
                 858#in:2
              
               
                 11
                 862#out:1
                 865#in:1
              
               
                 12
                 850#out:1
                 [340, 0]
                 858#in:1
              
               
                 13
                 858#out:1
                 [25, 0; 0, 35]
                 856#in:1
              
               
                 14
                 853#out:1
                 [0, 35]
                 860#in:1
              
               
                 15
                 859#out:1
                 864#in:1
              
               
                 16
                 852#out:1
                 [37, 0; 0, -40]
                 859#in:2
              
            
          
           
             [1085, 318, 1115, 332]
             286
             Port number
          
           
             59
             812#out:1
             867#in:1
          
           
             33
             849#out:1
             843#in:1
          
           
             36
             825#out:1
             [200, 0]
             
               63
               [0, 115]
               821#in:1
            
             
               62
               877#in:1
            
          
           
             58
             875#out:1
             [30, 0]
             
               38
               [0, -55]
               825#in:1
            
             
               37
               [0, 60]
               849#in:2
            
          
           
             40
             843#out:1
             818#in:1
          
           
             41
             843#out:2
             818#in:2
          
           
             44
             818#out:1
             [26, 0]
             
               43
               [0, 160]
               819#in:1
            
             
               42
               821#in:2
            
          
           
             45
             825#out:2
             [0, 47; -94, 0; 0, 33]
             849#in:1
          
           
             46
             821#out:1
             820#in:1
          
           
             47
             811#out:1
             813#in:1
          
           
             48
             815#out:1
             819#in:2
          
           
             49
             819#out:1
             811#in:1
          
           
             50
             813#out:1
             822#in:1
          
           
             51
             822#out:1
             817#in:1
          
           
             52
             817#out:1
             814#in:1
          
           
             53
             816#out:1
             [93, 0; 0, -40]
             820#in:2
          
           
             54
             820#out:1
             812#in:1
          
           
             57
             814#out:1
             [9, 0; 0, 90; -762, 0; 0, -240]
             849#in:3
          
        
      
       
         [2, 1]
         [585, 225, 605, 245]
         19
         off
         round
         -+|
         off
         Inherit: Inherit via internal rule
         off
      
       
         [1, 1]
         [405, 320, 435, 350]
         281
         +
         off
         Inherit: Inherit via internal rule
         off
      
       
         [2, 1]
         [295, 255, 315, 275]
         22
         off
         round
         -+|
         off
         Inherit: Inherit via internal rule
         off
      
       
         [2, 1]
         [500, 225, 520, 245]
         153
         off
         round
         |++
         off
         Inherit: Inherit via internal rule
         off
      
       
         [1]
         [170, 334, 200, 366]
         285
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','tout','DataLogging',true,'DataLoggingSaveFormat','Array','DataLoggingDecimateData',true,'DataLoggingDecimation','10'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-18.5816','MaxYLimReal','18.49649','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','18.5816','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Ramp'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-18.5816','MaxYLimReal','18.49649','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','18.5816','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[-1279 57 1280 948])
         1
      
       
         [1]
         [290, 284, 320, 316]
         44
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','iabc_scope','DataLogging',true,'DataLoggingSaveFormat','Array','DataLoggingDecimateData',true,'DataLoggingDecimation','10'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-18.5816','MaxYLimReal','18.49649','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','18.5816','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',3,'LineNames',{{'Subsystem1:1','Subsystem1:2','Subsystem1:3'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-18.5816','MaxYLimReal','18.49649','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','18.5816','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[-1279 57 1280 948])
         1
      
       
         [1]
         [460, 84, 490, 116]
         279
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData2','DataLoggingDecimateData',true,'DataLoggingDecimation','10','DataLoggingSaveFormat','Array'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-24.63424','MaxYLimReal','24.26979','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','24.63424','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',3,'LineNames',{{'PI  Current Control:1','PI  Current Control:2','PI  Current Control:3'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-24.63424','MaxYLimReal','24.26979','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','24.63424','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[1 41 1920 964])
         1
      
       
         [1]
         [580, 84, 610, 116]
         164
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','vabc_scope','DataLogging',true,'DataLoggingDecimateData',true,'DataLoggingDecimation','10','DataLoggingSaveFormat','Array'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-26.72267','MaxYLimReal','26.31958','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','26.72267','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',3,'LineNames',{{'Sum2:1','Sum2:2','Sum2:3'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-26.72267','MaxYLimReal','26.31958','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','26.72267','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[1 41 1920 964])
         1
      
       
         [580, 180, 610, 210]
         286
         270
         on
         vdc
         Inherit: Inherit via internal rule
         Inherit: Inherit via internal rule
         off
      
       
         [1]
         [545, 409, 575, 441]
         278
         on
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1','DataLoggingDecimateData',true,'DataLoggingDecimation','10','DataLoggingSaveFormat','Array'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-21.65961','MaxYLimReal','21.54387','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','21.65961','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',3,'LineNames',{{'Gain1:1','Gain1:2','Gain1:3'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-21.65961','MaxYLimReal','21.54387','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','21.65961','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[1 41 1920 964])
         1
      
       
         i
         786
         569#out:1
         [29, 0; 0, -90]
         
           994
           [-1, 0]
           [0, -75]
           
             891
             [-449, 0]
             41#in:1
          
           
             754
             525#in:2
          
        
         
           396
           9#in:1
        
      
       
         51
         41#out:1
         [16, 0]
         
           429
           [0, 10]
           
             960
             [0, 60]
             882#in:1
          
           
             959
             361#in:1
          
        
         
           428
           [0, -30]
           28#in:1
        
      
       
         102
         9#out:1
         [-15, 0]
         
           1001
           [-50, 0]
           896#in:1
        
         
           1000
           [0, 145]
           527#in:1
        
      
       
         785
         20#out:1
         569#in:1
      
       
         55
         28#out:1
         [24, 0]
         
           951
           387#in:1
        
         
           949
           [0, -135]
           881#in:1
        
      
       
         447
         387#out:1
         [39, 0]
         
           873
           20#in:2
        
         
           471
           [0, -70]
           
             924
             [0, -65]
             398#in:1
          
           
             923
             394#in:2
          
        
      
       
         755
         525#out:1
         394#in:1
      
       
         1002
         378#out:1
         [95, 0]
         
           1030
           [0, -153; 0, 0]
        
         
           945
           880#in:1
        
      
       
         921
         674#out:1
         [67, 0]
         
           947
           [0, 35]
           
             954
             [0, 125]
             378#in:1
          
           
             867
             64#in:1
          
        
         
           752
           [0, -215]
           525#in:1
        
         
           385
           41#in:2
        
      
       
         961
         882#out:1
         883#in:1
      
       
         962
         883#out:1
         884#in:1
      
       
         963
         884#out:1
         885#in:1
      
       
         992
         886#out:1
         887#in:1
      
       
         997
         896#out:1
         20#in:1
      
       
         <!DOCTYPE HTML PUBLIC "-//W3C//DTD HTML 4.0//EN" "http://www.w3.org/TR/REC-html40/strict.dtd">
<html><head><meta name="qrichtext" content="1" /><style type="text/css">
p, li { white-space: pre-wrap; }
</style></head><body style=" font-family:'Arial'; font-size:10px; font-weight:400; font-style:normal;">
<p style=" margin-top:0px; margin-bottom:0px; margin-left:0px; margin-right:0px; -qt-block-indent:0; text-indent:0px; line-height:100%;"><span style=" font-size:10px;">This simulation model works along with the script:</span></p>
<p style=" margin-top:0px; margin-bottom:0px; margin-left:0px; margin-right:0px; -qt-block-indent:0; text-indent:0px; line-height:100%;"><span style=" font-size:10px;">Algebraic_est_of_dead_time_w_RAB_simulink_model_ramp.m</span></p>
<p style=" margin-top:0px; margin-bottom:0px; margin-left:0px; margin-right:0px; -qt-block-indent:0; text-indent:0px; line-height:100%;"><span style=" font-size:10px;">Usage: </span></p>
<ol style="margin-top: 0px; margin-bottom: 0px; margin-left: 0px; margin-right: 0px; -qt-list-indent: 1;"><li style=" margin-top:0px; margin-bottom:0px; margin-left:12px; margin-right:0px; -qt-block-indent:0; text-indent:0px; -qt-user-state:93; line-height:100%;"><span style=" font-size:10px;">Initialize variables in workspace from first cell in the script.</span></li>
<li style=" margin-top:0px; margin-bottom:0px; margin-left:12px; margin-right:0px; -qt-block-indent:0; text-indent:0px; line-height:100%;"><span style=" font-size:10px;">Comment out the dead-time compensation in this model</span></li>
<li style=" margin-top:0px; margin-bottom:0px; margin-left:12px; margin-right:0px; -qt-block-indent:0; text-indent:0px; line-height:100%;"><span style=" font-size:10px;">Run the simulation </span></li>
<li style=" margin-top:0px; margin-bottom:0px; margin-left:12px; margin-right:0px; -qt-block-indent:0; text-indent:0px; line-height:100%;"><span style=" font-size:10px;">Process the rest of the script to generate the LUT for compensation</span></li>
<li style=" margin-top:0px; margin-bottom:0px; margin-left:12px; margin-right:0px; -qt-block-indent:0; text-indent:0px; line-height:100%;"><span style=" font-size:10px;">Uncomment the dead-time compensation feedforward term</span></li>
<li style=" margin-top:0px; margin-bottom:0px; margin-left:12px; margin-right:0px; -qt-block-indent:0; text-indent:0px; line-height:100%;"><span style=" font-size:10px;">Use to compare LUT with actual non-linearity:</span></li></ol>
<p style=" margin-top:0px; margin-bottom:0px; margin-left:12px; margin-right:0px; -qt-block-indent:1; text-indent:0px; line-height:100%;"><span style=" font-size:10px;"> Initial_dead_time_LUT_comparison_w_R.slx</span></p>
<p style="-qt-paragraph-type:empty; margin-top:0px; margin-bottom:0px; margin-left:12px; margin-right:0px; -qt-block-indent:1; text-indent:0px; line-height:100%;"><br /></p></body></html>
         [-108, 58, 243, 203]
         [0, 0, 0, 0]
         off
         off
         left
         top
         rich
         -1
      
    
  










simulink/configSet0.xml


 
   
     []
     
     
       
         []
         
         0.0
         330
         auto
         auto
         auto
         -1
         5
         auto
         10*128*eps
         1000
         4
         1
         1e-4
         auto
         1
         1e-3
         on
         off
         off
         VariableStepAuto
         VariableStepAuto
         auto
         DisableAll
         UseLocalSettings
         Nonadaptive
         TrustRegion
         on
         off
         Fast
         off
         off
         Unconstrained
         Whenever possible
         []
      
       
         []
         
         1
         [t, u]
         xFinal
         xInitial
         off
         1000
         off
         off
         off
         off
         Dataset
         Dataset
         on
         off
         on
         on
         off
         on
         off
         streamout
         on
         off
         xout
         tout
         yout
         logsout
         dsmout
         RefineOutputTimes
         []
         out
         1
         off
         out.mat
         [-inf, inf]
      
       
         
           BooleansAsBitfields
           PassReuseOutputArgsAs
           PassReuseOutputArgsThreshold
           ZeroExternalMemoryAtStartup
           ZeroInternalMemoryAtStartup
           OptimizeModelRefInitCode
           NoFixptDivByZeroProtection
           UseSpecifiedMinMax
        
         
         on
         on
         on
         Tunable
         off
         off
         double
         off
         off
         on
         on
         off
         off
         on
         off
         
         on
         off
         uint_T
         on
         64
         Structure reference
         12
         128
         on
         5
         off
         off
         Native Integer
         on
         on
         off
         off
         off
         on
         inf
         Inherit from target
         on
         off
         off
      
       
         
           UseOnlyExistingSharedCode
        
         
         error
         none
         none
         none
         none
         UseLocalSettings
         UseLocalSettings
         UseLocalSettings
         warning
         warning
         warning
         warning
         on
         Simplified
         error
         off
         off
         UseLocalSettings
         warning
         warning
         none
         error
         warning
         warning
         none
         warning
         error
         error
         error
         none
         warning
         warning
         none
         warning
         warning
         error
         error
         none
         warning
         warning
         none
         none
         none
         none
         none
         none
         error
         error
         none
         warning
         warning
         warning
         error
         none
         error
         none
         warning
         warning
         UseLocalSettings
         on
         off
         none
         error
         none
         none
         warning
         warning
         warning
         error
         none
         warning
         error
         warning
         ErrorLevel1
         WarnAndRepair
         none
         warning
         warning
         error
         none
         warning
         warning
         warning
         warning
         warning
         warning
         warning
         warning
         error
         warning
         warning
         none
         warning
         warning
         all
         warning
         on
      
       
         []
         
         8
         16
         32
         32
         64
         32
         64
         64
         64
         64
         Char
         Float
         Zero
         LittleEndian
         64
         on
         off
         Intel->x86-64 (Windows64)
         8
         16
         32
         32
         64
         32
         64
         32
         32
         32
         Char
         None
         on
         off
         Undefined
         Unspecified
         32
         32
         32
         Specified
         off
         on
         on
         on
      
       
         []
         
         IfOutOfDateOrStructuralChange
         on
         error
         off
         on
         None
         Multi
         Infer from blocks in model
         
         on
         off
         on
         off
      
       
         []
         
         
         
         
         
         []
         
         
         
         
         
         
         on
         on
         on
         off
         on
         sf_incremental_build
         off
         on
         50
         on
      
       
         
           IncludeHyperlinkInReport
           GenerateTraceInfo
           GenerateTraceReport
           GenerateTraceReportSl
           GenerateTraceReportSf
           GenerateTraceReportEml
           PortableWordSizes
           GenerateWebview
           GenerateCodeMetricsReport
           GenerateCodeReplacementReport
           GenerateErtSFunction
           CreateSILPILBlock
           CodeExecutionProfiling
           CodeProfilingSaveOptions
           CodeProfilingInstrumentation
           GenerateMissedCodeReplacementReport
        
         grt.tlc
         None
         
         off
         make_rtw
         on
         off
         
         grt_default_tmf
         
         
         off
         off
         on
         off
         []
         off
         off
         off
         off
         off
         off
         
         
         
         
         
         
         
         
         
         Automatically locate an installed toolchain
         Faster Builds
         []
         off
         off
         off
         None
         off
         executionProfile
         SummaryOnly
         off
         off
         C
         off
         off
         off
         off
         off
         off
         off
         off
         off
         off
         off
         []
         
         Off
         1024
         
           
             
               IgnoreCustomStorageClasses
               IgnoreTestpoints
               InsertBlockDesc
               InsertPolySpaceComments
               SFDataObjDesc
               MATLABFcnDesc
               SimulinkDataObjDesc
               DefineNamingRule
               SignalNamingRule
               ParamNamingRule
               InternalIdentifier
               InlinedPrmAccess
               CustomSymbolStr
               CustomSymbolStrGlobalVar
               CustomSymbolStrType
               CustomSymbolStrField
               CustomSymbolStrFcn
               CustomSymbolStrFcnArg
               CustomSymbolStrBlkIO
               CustomSymbolStrTmpVar
               CustomSymbolStrMacro
               CustomSymbolStrUtil
               ReqsInCode
               CustomSymbolStrModelFcn
               CustomUserTokenString
            
             
             
             off
             on
             Auto
             on
             off
             off
             31
             off
             off
             off
             off
             off
             off
             off
             off
             off
             1
             $R$N$M
             $N$R$M_T
             $N$M
             $R$N$M$F
             $R$N
             rt$I$N$M
             rtb_$N$M
             $N$M
             $R$N$M
             $N$C
             
             
             None
             
             None
             
             None
             
             off
             off
             on
             off
             off
             
             Shortened
             Literals
             off
             off
             []
          
           
             
               GeneratePreprocessorConditionals
               IncludeMdlTerminateFcn
               SupportNonInlinedSFcns
               SuppressErrorStatus
               ERTCustomFileBanners
               GenerateSampleERTMain
               GenerateTestInterfaces
               ModelStepFunctionPrototypeControlCompliant
               GenerateAllocFcn
               PurelyIntegerCode
               SupportComplex
               SupportAbsoluteTime
               SupportContinuousTime
               ExistingSharedCode
               RemoveDisableFunc
               RemoveResetFunc
            
             
             ansi_tfl_table_tmw.mat
             
             
             NOT IN USE
             C89/C90 (ANSI)
             None
             Auto
             System defined
             256
             2048
             on
             off
             
             off
             off
             on
             on
             on
             on
             on
             Disable all
             on
             off
             off
             off
             Auto
             off
             on
             rt_
             on
             off
             Nonreusable function
             on
             on
             off
             on
             on
             off
             off
             off
             Nominal
             Nominal
             Simulink.SoftwareTarget.GRTCustomization
             off
             on
             off
             off
             off
             off
             on
             on
             []
             off
             off
             off
             off
             1000000
             0
             ext_comm
             
             Level1
             off
             off
             off
             off
             off
             Error
          
        
      
       
         []
         Simulink Coverage Configuration Component
         Simulink Coverage
         off
         EntireSystem
         on
         off
         /
         covdata
         
         dw
         
         
         off
         on
         on
         on
         on
         on
         covCumulativeData
         off
         on
         slcov_output/$ModelName$
         $ModelName$_cvdata
         on
         on
         off
         
         off
         on
         1e-05
         0.01
         off
         0
         0
      
       
         []
         HDL Coder custom configuration component
         HDL Coder
         
            
        
         0
      
       
         
           Name
        
         
         
           
             []
             
             on
             off
             off
             off
             off
             on
             0
             off
             on
             on
             off
             on
             0
             3
             off
             on
             
             off
             on
             [-1 -1 -1 -1]
             [0 0 0]
             [0 0 -1]
             [0 1 0]
             -1
             0
             [0.9 0.9 0.95]
             [1 0 0]
             Convex hull from body CS locations
             NONE
             SimscapeMultibody1G
             
          
           
             []
             Simscape Multibody
             
               
                 []
                 Diagnostics
                 DiagnosticsConfigSet
                 warning
                 warning
                 warning
                 warning
                 warning
                 warning
                 error
                 warning
                 error
              
               
                 []
                 Explorer
                 ExplorerConfigSet
                 on
                 
              
            
             SimscapeMultibody
          
        
         Simscape
         Full
         warning
         warning
         none
         off
         off
         simlog
         1
         on
         5000
         
      
    
     Configuration
     
     Solver
      [ 71, 71, 1030, 839 ] 
  










simulink/configSet1.xml


 
   
     []
     
     
       
         []
         
         0.0
         600
         auto
         auto
         auto
         -1
         5
         auto
         10*128*eps
         1000
         4
         1
         1e-4
         auto
         1
         1e-3
         on
         off
         off
         ode23tb
         ode23tb
         auto
         DisableAll
         UseLocalSettings
         Nonadaptive
         TrustRegion
         on
         off
         Fast
         off
         off
         Unconstrained
         Whenever possible
         []
      
       
         []
         
         1
         [t, u]
         xFinal
         xInitial
         off
         1000
         off
         off
         off
         off
         Dataset
         Dataset
         on
         off
         on
         on
         off
         on
         off
         streamout
         on
         off
         xout
         tout
         yout
         logsout
         dsmout
         RefineOutputTimes
         []
         out
         1
         off
         out.mat
         [-inf, inf]
      
       
         
           BooleansAsBitfields
           PassReuseOutputArgsAs
           PassReuseOutputArgsThreshold
           ZeroExternalMemoryAtStartup
           ZeroInternalMemoryAtStartup
           OptimizeModelRefInitCode
           NoFixptDivByZeroProtection
           UseSpecifiedMinMax
        
         
         on
         on
         on
         Tunable
         off
         off
         double
         off
         off
         on
         on
         off
         off
         on
         off
         
         on
         off
         uint_T
         on
         64
         Structure reference
         12
         128
         on
         5
         off
         off
         Native Integer
         on
         on
         off
         off
         off
         off
         inf
         Inherit from target
         on
         off
         off
      
       
         
           UseOnlyExistingSharedCode
        
         
         error
         none
         none
         none
         none
         UseLocalSettings
         UseLocalSettings
         UseLocalSettings
         warning
         warning
         warning
         warning
         on
         Simplified
         error
         off
         off
         UseLocalSettings
         warning
         warning
         none
         error
         warning
         warning
         none
         warning
         error
         error
         error
         none
         warning
         warning
         none
         warning
         warning
         error
         error
         none
         warning
         warning
         none
         none
         none
         none
         none
         none
         error
         error
         none
         warning
         warning
         warning
         error
         none
         error
         none
         warning
         warning
         UseLocalSettings
         on
         off
         none
         error
         none
         none
         warning
         warning
         warning
         error
         none
         warning
         error
         warning
         ErrorLevel1
         WarnAndRepair
         none
         warning
         warning
         error
         none
         warning
         warning
         warning
         warning
         warning
         warning
         warning
         warning
         error
         warning
         warning
         none
         warning
         warning
         all
         warning
         on
      
       
         []
         
         8
         16
         32
         32
         64
         32
         64
         64
         64
         64
         Char
         Float
         Zero
         LittleEndian
         64
         on
         off
         Intel->x86-64 (Windows64)
         8
         16
         32
         32
         64
         32
         64
         64
         64
         64
         Char
         None
         on
         on
         Zero
         LittleEndian
         64
         32
         32
         MATLAB Host
         off
         off
         on
         on
      
       
         []
         
         IfOutOfDateOrStructuralChange
         on
         error
         off
         on
         None
         Multi
         Infer from blocks in model
         
         on
         off
         on
         off
      
       
         []
         
         
         
         
         
         []
         
         
         
         
         
         
         on
         on
         on
         off
         on
         sf_incremental_build
         off
         on
         50
         on
      
       
         
           IncludeHyperlinkInReport
           GenerateTraceInfo
           GenerateTraceReport
           GenerateTraceReportSl
           GenerateTraceReportSf
           GenerateTraceReportEml
           PortableWordSizes
           GenerateWebview
           GenerateCodeMetricsReport
           GenerateCodeReplacementReport
           GenerateMissedCodeReplacementReport
           GenerateErtSFunction
           CreateSILPILBlock
        
         grt.tlc
         None
         
         off
         make_rtw
         on
         off
         
         grt_default_tmf
         
         
         off
         off
         on
         off
         []
         off
         off
         off
         off
         off
         off
         
         
         
         
         
         
         
         
         
         Automatically locate an installed toolchain
         Faster Builds
         []
         off
         off
         off
         None
         off
         executionProfile
         SummaryOnly
         off
         off
         C
         off
         off
         off
         off
         off
         off
         off
         off
         off
         off
         off
         []
         
         Off
         1024
         
           
             
               IgnoreCustomStorageClasses
               IgnoreTestpoints
               InsertBlockDesc
               InsertPolySpaceComments
               SFDataObjDesc
               MATLABFcnDesc
               SimulinkDataObjDesc
               DefineNamingRule
               SignalNamingRule
               ParamNamingRule
               InternalIdentifier
               InlinedPrmAccess
               CustomSymbolStr
               CustomSymbolStrGlobalVar
               CustomSymbolStrType
               CustomSymbolStrField
               CustomSymbolStrFcn
               CustomSymbolStrModelFcn
               CustomSymbolStrFcnArg
               CustomSymbolStrBlkIO
               CustomSymbolStrTmpVar
               CustomSymbolStrMacro
               CustomSymbolStrUtil
               CustomUserTokenString
               ReqsInCode
            
             
             
             off
             on
             Auto
             on
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         on
         on
         covCumulativeData
         off
         on
         slcov_output/$ModelName$
         $ModelName$_cvdata
         on
         on
         off
         
         off
         on
         1e-05
         0.01
         off
         0
         0
      
       
         []
         HDL Coder custom configuration component
         HDL Coder
         
            
        
         0
      
       
         
           Name
        
         
         
           
             []
             
             on
             off
             off
             off
             off
             on
             0
             off
             on
             on
             off
             on
             0
             3
             off
             on
             
             off
             on
             [-1 -1 -1 -1]
             [0 0 0]
             [0 0 -1]
             [0 1 0]
             -1
             0
             [0.9 0.9 0.95]
             [1 0 0]
             Convex hull from body CS locations
             NONE
             SimscapeMultibody1G
             
          
           
             []
             Simscape Multibody
             
               
                 []
                 Diagnostics
                 DiagnosticsConfigSet
                 warning
                 warning
                 warning
                 warning
                 warning
                 warning
                 error
                 warning
                 error
              
               
                 []
                 Explorer
                 ExplorerConfigSet
                 on
                 
              
            
             SimscapeMultibody
          
        
         Simscape
         Full
         warning
         warning
         none
         off
         off
         simlog
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             C89/C90 (ANSI)
             None
             Auto
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             256
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             on
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             off
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             off
             off
             off
             off
             Auto
             off
             on
             rt_
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             off
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             on
             on
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             on
             on
             off
             off
             off
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             Nominal
             Simulink.SoftwareTarget.GRTCustomization
             off
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             off
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             1000000
             0
             ext_comm
             
             Level1
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         []
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         /
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         off
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         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLogging',true,'DataLoggingVariableName','LUT_comparison','DataLoggingSaveFormat','StructureWithTime'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-18.75','MaxYLimReal','18.75','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','18.75','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'In1'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-20.07813','MaxYLimReal','20.07813','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','2.5','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Selector:1','Selector:2'}},'ShowContent',true,'Placement',2),struct('MinYLimReal','-24.7735','MaxYLimReal','24.77353','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','2.5','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Selector1:1','Selector1:2'}},'ShowContent',true,'Placement',3),struct('MinYLimReal','-15.39896','MaxYLimReal','15.40115','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','2.5','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Selector2:1','Selector2:2'}},'ShowContent',true,'Placement',4)},'DisplayPropertyDefaults',struct('YLabelReal','','AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[4 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[1 41 1920 964])
         4
      
       
         [1]
         [825, 519, 855, 551]
         310
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-22.48323','MaxYLimReal','2.79921','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','22.48323','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',3,'LineNames',{{'Add2:1','Add2:2','Add2:3'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-22.48323','MaxYLimReal','2.79921','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','22.48323','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'PreviousAutoscale','XY','OnceAtStop',false),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[1 41 1920 964])
         1
      
       
         [1]
         [570, 424, 600, 456]
         311
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.01777','MaxYLimReal','0.01382','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.01777','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'1-D Lookup Table2'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.01777','MaxYLimReal','0.01382','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.01777','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[1 41 1920 964])
         1
      
       
         [1, 1]
         [820, 368, 860, 392]
         300
         alternate
         6
         Index vector (dialog)
         [1 4]
         1
      
       
         [1, 1]
         [820, 408, 860, 432]
         303
         6
         Index vector (dialog)
         [1 4]+1
         1
      
       
         [1, 1]
         [820, 448, 860, 472]
         302
         6
         Index vector (dialog)
         [1 4]+2
         1
      
       
         [595, 530, 625, 560]
         307
         vdc
         Inherit: Inherit via internal rule
         Inherit: Inherit via internal rule
         off
      
       
         [595, 310, 625, 340]
         308
         vdc
         Inherit: Inherit via internal rule
         Inherit: Inherit via internal rule
         off
      
       
         10
         26#out:1
         [17, 0]
         
           9
           [0, 65]
           78#in:1
        
         
           8
           27#in:3
        
      
       
         11
         25#out:1
         27#in:2
      
       
         12
         3#out:1
         27#in:1
      
       
         13
         27#out:1
         74#in:1
      
       
         16
         63#out:1
         [29, 0]
         
           15
           76#in:2
        
         
           14
           [0, -150]
           57#in:2
        
      
       
         19
         55#out:1
         [45, 0; 0, 50; 1, 0]
         
           18
           [0, 155]
           76#in:1
        
         
           17
           57#in:1
        
      
       
         24
         57#out:1
         [20, 0]
         
           23
           [0, 40]
           
             22
             [0, 40]
             61#in:1
          
           
             21
             62#in:1
          
        
         
           20
           56#in:1
        
      
       
         25
         56#out:1
         38#in:2
      
       
         26
         62#out:1
         38#in:3
      
       
         27
         61#out:1
         38#in:4
      
       
         28
         39#out:1
         73#in:1
      
       
         29
         64#out:1
         [130, 0]
         63#in:1
      
       
         30
         73#out:1
         63#in:2
      
       
         31
         74#out:1
         55#in:2
      
       
         32
         76#out:1
         77#in:1
      
       
         33
         53#out:1
         [118, 0; 0, 100]
         55#in:1
      
       
         46
         68#out:1
         [105, 0]
         
           44
           53#in:1
        
         
           43
           [0, -55; 518, 0; 0, 185]
           38#in:1
        
         
           42
           [0, 65]
           
             41
             3#in:1
          
           
             40
             [0, 50]
             
               39
               25#in:1
            
             
               38
               [0, 50]
               
                 37
                 [0, 125]
                 
                   36
                   64#in:1
                
                 
                   35
                   [0, 45]
                   39#in:1
                
              
               
                 34
                 26#in:1
              
            
          
        
      
    
  










simulink/configSet0.xml


 
   
     []
     
     
       
         []
         
         0
         Lut_size
         auto
         1
         auto
         -1
         5
         auto
         10*128*eps
         1000
         4
         1
         1e-3
         auto
         1
         1e-3
         off
         off
         off
         FixedStepAuto
         FixedStepAuto
         auto
         DisableAll
         UseLocalSettings
         Nonadaptive
         TrustRegion
         on
         off
         Fast
         off
         off
         Unconstrained
         Whenever possible
         []
      
       
         []
         
         1
         [t, u]
         xFinal
         xInitial
         off
         1000
         off
         off
         off
         off
         Dataset
         Dataset
         on
         off
         on
         on
         off
         on
         off
         streamout
         on
         off
         xout
         tout
         yout
         logsout
         dsmout
         RefineOutputTimes
         []
         out
         1
         off
         out.mat
         [-inf, inf]
      
       
         
           BooleansAsBitfields
           PassReuseOutputArgsAs
           PassReuseOutputArgsThreshold
           ZeroExternalMemoryAtStartup
           ZeroInternalMemoryAtStartup
           OptimizeModelRefInitCode
           NoFixptDivByZeroProtection
           UseSpecifiedMinMax
        
         
         on
         on
         on
         Tunable
         off
         off
         double
         off
         off
         on
         on
         off
         off
         on
         off
         
         on
         off
         uint_T
         on
         64
         Structure reference
         12
         128
         on
         5
         off
         off
         Native Integer
         on
         on
         off
         off
         off
         on
         auto
         Inherit from target
         on
         off
         off
      
       
         
           UseOnlyExistingSharedCode
        
         
         error
         none
         none
         none
         none
         UseLocalSettings
         UseLocalSettings
         UseLocalSettings
         warning
         warning
         warning
         warning
         on
         Simplified
         error
         off
         off
         UseLocalSettings
         warning
         warning
         none
         error
         warning
         warning
         none
         warning
         error
         error
         error
         none
         warning
         warning
         none
         warning
         warning
         error
         error
         none
         warning
         warning
         none
         none
         none
         none
         none
         none
         error
         error
         none
         warning
         warning
         warning
         error
         none
         error
         none
         warning
         warning
         UseLocalSettings
         on
         off
         none
         error
         none
         none
         warning
         warning
         warning
         error
         none
         warning
         error
         warning
         ErrorLevel1
         WarnAndRepair
         none
         warning
         warning
         error
         none
         warning
         error
         warning
         error
         warning
         warning
         warning
         warning
         error
         warning
         warning
         warning
         warning
         warning
         all
         warning
         on
      
       
         []
         
         8
         16
         32
         32
         64
         32
         64
         64
         64
         64
         Char
         Float
         Zero
         LittleEndian
         64
         on
         off
         Intel->x86-64 (Windows64)
         8
         16
         32
         32
         64
         32
         64
         32
         32
         32
         Char
         None
         on
         off
         Undefined
         Unspecified
         32
         32
         32
         Specified
         off
         on
         on
         on
      
       
         []
         
         IfOutOfDateOrStructuralChange
         on
         error
         off
         on
         None
         Multi
         Infer from blocks in model
         
         on
         off
         on
         off
      
       
         []
         
         
         
         
         
         []
         
         
         
         
         
         
         on
         on
         on
         off
         on
         sf_incremental_build
         off
         on
         50
         on
      
       
         
           IncludeHyperlinkInReport
           GenerateTraceInfo
           GenerateTraceReport
           GenerateTraceReportSl
           GenerateTraceReportSf
           GenerateTraceReportEml
           PortableWordSizes
           GenerateWebview
           GenerateCodeMetricsReport
           GenerateCodeReplacementReport
           GenerateMissedCodeReplacementReport
           GenerateErtSFunction
           CreateSILPILBlock
        
         grt.tlc
         None
         
         off
         make_rtw
         on
         off
         
         grt_default_tmf
         
         
         off
         off
         on
         off
         []
         off
         off
         off
         off
         off
         off
         
         
         
         
         
         
         
         
         
         Automatically locate an installed toolchain
         Faster Builds
         []
         off
         off
         off
         None
         off
         executionProfile
         SummaryOnly
         off
         off
         C
         off
         off
         off
         off
         off
         off
         off
         off
         off
         off
         off
         []
         
         Off
         1024
         
           
             
               IgnoreCustomStorageClasses
               IgnoreTestpoints
               InsertBlockDesc
               InsertPolySpaceComments
               SFDataObjDesc
               MATLABFcnDesc
               SimulinkDataObjDesc
               DefineNamingRule
               SignalNamingRule
               ParamNamingRule
               InternalIdentifier
               InlinedPrmAccess
               CustomSymbolStr
               CustomSymbolStrGlobalVar
               CustomSymbolStrType
               CustomSymbolStrField
               CustomSymbolStrFcn
               CustomSymbolStrModelFcn
               CustomSymbolStrFcnArg
               CustomSymbolStrBlkIO
               CustomSymbolStrTmpVar
               CustomSymbolStrMacro
               CustomSymbolStrUtil
               CustomUserTokenString
               ReqsInCode
            
             
             
             off
             on
             Auto
             on
             off
             off
             31
             off
             off
             off
             off
             off
             off
             off
             off
             off
             1
             $R$N$M
             $N$R$M_T
             $N$M
             $R$N$M$F
             $R$N
             rt$I$N$M
             rtb_$N$M
             $N$M
             $R$N$M
             $N$C
             
             
             None
             
             None
             
             None
             
             off
             off
             on
             off
             off
             
             Shortened
             Literals
             off
             off
             []
          
           
             
               IncludeMdlTerminateFcn
               SuppressErrorStatus
               ERTCustomFileBanners
               GenerateSampleERTMain
               ExistingSharedCode
               GenerateTestInterfaces
               ModelStepFunctionPrototypeControlCompliant
               GenerateAllocFcn
               PurelyIntegerCode
               SupportComplex
               SupportAbsoluteTime
               SupportContinuousTime
               SupportNonInlinedSFcns
               RemoveDisableFunc
               RemoveResetFunc
            
             
             ansi_tfl_table_tmw.mat
             
             
             NOT IN USE
             C99 (ISO)
             None
             Auto
             System defined
             256
             2048
             on
             off
             
             off
             off
             on
             on
             on
             on
             on
             Use local settings
             on
             off
             off
             off
             Auto
             off
             on
             rt_
             on
             off
             Nonreusable function
             on
             on
             off
             on
             on
             off
             off
             off
             Nominal
             Nominal
             Simulink.SoftwareTarget.GRTCustomization
             off
             on
             off
             off
             off
             off
             on
             on
             []
             off
             off
             off
             off
             1000000
             0
             ext_comm
             
             Level1
             off
             off
             off
             off
             off
             Error
          
        
      
       
         []
         Simulink Coverage Configuration Component
         Simulink Coverage
         off
         EntireSystem
         on
         off
         /
         covdata
         
         dwe
         
         
         off
         off
         on
         on
         off
         off
         covCumulativeData
         off
         on
         slcov_output/$ModelName$
         $ModelName$_cvdata
         on
         on
         off
         
         on
         on
         1e-05
         0.01
         off
         0
         0
      
       
         []
         HDL Coder custom configuration component
         HDL Coder
         
            
        
         0
      
    
     Configuration
     
     Solver
      [ 195, 142, 1393, 882 ] 
  










simulink/configSetInfo.xml


 
   Configuration










simulink/graphicalInterface.xml


 
   0
   0
   
   0
   0
   0
   0
   0
   0
   0
   0










simulink/plugins/DiagnosticSuppressor.xml


 
   on
   22 serialization::archive 11 0 3 0 0 0 8 0










simulink/plugins/LogicAnalyzerPlugin.xml


 
   
   on
   










[Content_Types].xml
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simulink/_rels/configSetInfo.xml.rels


  











metadata/coreProperties.xml

  Model 2016-10-10T14:32:57Z Administrator Administrator 2016-10-12T21:03:28Z 1.243 R2016a






metadata/mwcoreProperties.xml

  application/vnd.mathworks.simulink.model Simulink Model R2016a






metadata/mwcorePropertiesExtension.xml

  9.0.0.339986






simulink/blockdiagram.xml

 
   
     1
     windows-1252
     
       
         HDLSubsystem
         On_line_simplex_search
      
    
     0.035000
     on
     off
     UseLocalSettings
     AllNumericTypes
     UseLocalSettings
     Overwrite
     Run 1
     120
     win64
     
       
         1
         [1912.0, -8.0, 1296.0, 1040.0]
         
           0
           Left
           50
           50
           9
        
         
           1
        
         
           1
           SimulinkTopLevel
           0
           [1246.0, 866.0]
           1.4555827220863895
           [32.006858902575573, 35.027121377301626]
        
      
    
     
       UpdateHistoryNever
       %<Auto>
       %<Auto>
       398208096
       1.%<AutoIncrement:243>
    
     
       off
       off
       disabled
       off
       off
       off
       on
       off
       off
       off
       off
       on
       off
       off
       on
       on
       on
       off
       off
       off
       on
       on
       on
       off
       off
       off
       on
       on
       off
       off
       off
    
     
       normal
       5
       1
       10
       10
       0
       none
       off
       MATLABWorkspace
       accel.tlc
       accel_default_tmf
       make_rtw
       off
       
         On_line_simplex_search
         0U
         
           On_line_simplex_search
        
         
           []
        
      
    
     
       off
       on
       manual
       normal
       1
       any
       1000
       auto
       0
       0
       rising
       0
       off
       off
       off
       off
       off
       on
       off
       on
       on
    
     
       off
       off
    
     
       
         Ensure deterministic transfer (maximum delay)
         Ensure data integrity only
         Ensure deterministic transfer (minimum delay)
         None
         0
      
       off
    
     
       landscape
       auto
       usletter
       inches
       [0.500000, 0.500000, 0.500000, 0.500000]
       1
       off
       off
       200
       white
    
     
       black
       white
       off
       normal
       Helvetica
       10
       normal
       normal
       on
       0
       off
    
     
       center
       middle
       black
       white
       off
       Helvetica
       10
       normal
       normal
       off
    
     
       Helvetica
       9
       normal
       normal
    
     
       off
       on
       opaque
       off
       none
       default
       autoscale
    
     
       on
       on
       off
       off
       off
       on
       on
       on
    
     
       
         1
         on
         Sample based
         []
         []
         Inherit: Inherit from 'Constant value'
         off
         inf
         inf
         off
      
       
         4
         none
         off
      
       
         on
         []
         []
         Inherit: Same as first input
         off
         Floor
         off
         -1
      
       
         held
         Only when enabling
         off
         on
         off
         1
         -1
         []
         []
         double
         on
      
       
         1
         off
         []
         []
         Inherit: auto
         off
         off
         inherit
         -1
         Inherit
         -1
         auto
         auto
         off
         off
         on
      
       
         0
         off
         off
         off
         off
         Auto
      
       
         4
         none
         off
         BusObject
         off
      
       
         1
         []
         []
         Inherit: auto
         off
         off
         inherit
         -1
         Inherit
         -1
         auto
         auto
         Dialog
         held
         []
      
       
         floor
         -1
      
       
         system
         ''
         []
      
       
         Simulink.scopes.TimeScopeBlockCfg
         1
         off
      
       
         FromPortIcon
         ReadWrite
         All
         off
         off
         off
         off
         -1
         Auto
         Auto
         Auto
         void_void
         off
         Inherit from model
         Inherit from model
         Inherit from model
         Inherit from model
         Inherit from model
         off
         UseLocalSettings
         AllNumericTypes
         UseLocalSettings
         off
         off
         NONE
         off
         on
         off
         off
      
       
      
       
         1
      
    
     
       [1912, -8, 3208, 1032]
       on
       [0.500000, 0.500000, 0.500000, 0.500000]
       146
       simulink-default.rpt
       42
       
         [465, 375, 495, 405]
         32
         on
         alternate
         on
      
       
         [3, 1]
         [615, 178, 620, 242]
         14
         off
         3
         bar
      
       
         [0, 1]
         [260, 110, 290, 140]
         8
         1.386
         simulink/Sources/Repeating
Sequence
         Repeating table
         
           off
           [0 0.5 1]
           [0 1 0]
        
      
       
         [440, 110, 470, 140]
         15
      
       
         [1]
         [645, 194, 675, 226]
         13
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.125','MaxYLimReal','1.125','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','1.125','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',4,'LineNames',{{'Rounding Function','Zero-Order Hold','Subsystem1:1','Subsystem1:2'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.125','MaxYLimReal','1.125','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','1.125','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016a')),'Version','2016a','Position',[1921 57 1280 948])
      
       
         [3]
         [645, 270, 675, 320]
         29
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.77812','MaxYLimReal','1.25313','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','1.25313','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Subsystem1/y:1','Subsystem1/y:2'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-0.26281','MaxYLimReal','2.36531','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.00028','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Memory'}},'ShowContent',true,'Placement',2),struct('MinYLimReal','-0.875','MaxYLimReal','7.875','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.00028','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Subsystem1/NM_state_val'}},'ShowContent',true,'Placement',3)},'DisplayPropertyDefaults',struct('YLabelReal','','AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[3 1],'DisplayContentCache',[]),extmgr.Configuration('Tools','Plot Navigation',true,'PreviousAutoscale','XY','OnceAtStop',false),extmgr.Configuration('Tools','Measurements',true,'Version','2016a')),'Version','2016a','Position',[1 41 1920 964])
         3
      
       
         [1, 2, 1]
         [465, 267, 550, 323]
         -20
         off
         off
         
           [1912, -8, 3208, 1032]
           off
           [0.500000, 0.500000, 0.500000, 0.500000]
           100
           
             [300, 363, 330, 377]
             12
             alternate
             Port number
          
           
             []
             [422, 255, 442, 275]
             14
          
           
             [2, 2]
             [400, 359, 470, 406]
             11
             1.32
             Stateflow.Translate.translate
             ExplicitOnly
             on
             off
             MATLAB Function
             off
             
               [223, 338, 826, 833]
               off
               [0.500000, 0.500000, 0.500000, 0.500000]
               100
               20
               
                 [20, 101, 40, 119]
                 -1
                 Port number
              
               
                 [20, 136, 40, 154]
                 10
                 2
                 Port number
              
               
                 [1, 1]
                 [270, 230, 320, 270]
                 8
                 1
              
               
                 Stateflow S-Function On_line_simplex_search 2
                 [2, 3]
                 [180, 100, 230, 180]
                 7
                 sf_sfun
                 [2 3]
                 off
                 on
                 
                   2
                   y
                   Auto
                   SignalName
                
                 
                   3
                   NM_state_val
                   Auto
                   SignalName
                
              
               
                 [460, 241, 480, 259]
                 9
              
               
                 [460, 101, 480, 119]
                 -5
                 Port number
              
               
                 [460, 136, 480, 154]
                 11
                 2
                 Port number
              
               
                 10
                 20::1#out:1
                 20::16#in:1
              
               
                 11
                 20::19#out:1
                 [120, 0]
                 20::16#in:2
              
               
                 y
                 12
                 [0, 0]
                 20::16#out:2
                 20::5#in:1
              
               
                 NM_state_val
                 13
                 [0, 0]
                 20::16#out:3
                 20::20#in:1
              
               
                 14
                 20::17#out:1
                 20::18#in:1
              
               
                 15
                 20::16#out:1
                 20::17#in:1
              
            
          
           
             [300, 425, 330, 455]
             15
             [1 1]'
          
           
             [590, 363, 620, 377]
             13
             alternate
             Port number
          
           
             [590, 388, 620, 402]
             17
             2
             Port number
          
           
             9
             22#out:1
             20#in:1
          
           
             11
             29#out:1
             [29, 0; 0, -45]
             20#in:2
          
           
             16
             20#out:1
             23#in:1
          
           
             17
             20#out:2
             42#in:1
          
        
      
       
         [325, 110, 360, 140]
         21
         0.5
      
       
         [515, 372, 545, 403]
         28
         on
         Inherit: Inherit via internal rule
      
       
         9
         13#out:1
         28#in:1
      
       
         11
         25#out:1
         24#in:1
      
       
         17
         26#out:1
         [30, 0]
         
           16
           21#enable
        
         
           15
           [80, 0; 0, 65]
           25#in:1
        
      
       
         23
         21#out:1
         [29, 0]
         
           70
           [0, 100; -24, 0]
           
             44
             36#in:2
          
           
             43
             36#in:1
          
        
         
           54
           37#in:1
        
         
           51
           [0, -50]
           25#in:3
        
      
       
         24
         28#out:1
         [28, 0]
         
           22
           [0, 85]
           25#in:2
        
         
           21
           26#in:1
        
      
       
         67
         36#out:1
         40#in:1
      
       
         66
         40#out:1
         [-25, 0]
         
           56
           [0, 47; 181, 0; 0, -142]
           37#in:2
        
         
           55
           [0, -95]
           21#in:1
        
      
       
         68
         21#out:2
         37#in:3
      
    
  







simulink/configSet0.xml

 
   
     
       
         0.0
         100
         auto
         0.5
         auto
         -1
         5
         auto
         10*128*eps
         1000
         4
         1
         auto
         auto
         1
         1e-3
         Auto
         off
         off
         FixedStepDiscrete
         FixedStepDiscrete
         auto
         DisableAll
         UseLocalSettings
         Nonadaptive
         TrustRegion
         on
         off
         Fast
         off
         off
         Unconstrained
         Whenever possible
      
       
         1
         [t, u]
         xFinal
         xInitial
         off
         1000
         off
         off
         off
         off
         Dataset
         Dataset
         on
         off
         on
         on
         off
         on
         off
         streamout
         on
         off
         xout
         tout
         yout
         logsout
         dsmout
         RefineOutputTimes
         []
         out
         1
         off
         out.mat
         [-inf, inf]
      
       
         
           BooleansAsBitfields
           PassReuseOutputArgsAs
           PassReuseOutputArgsThreshold
           ZeroExternalMemoryAtStartup
           ZeroInternalMemoryAtStartup
           OptimizeModelRefInitCode
           NoFixptDivByZeroProtection
           UseSpecifiedMinMax
        
         on
         on
         on
         Tunable
         off
         off
         double
         off
         off
         on
         on
         off
         off
         on
         off
         on
         off
         uint_T
         on
         64
         Structure reference
         12
         128
         on
         5
         off
         off
         Native Integer
         on
         on
         off
         off
         off
         on
         off
         inf
         Inherit from target
         on
         off
         off
      
       
         error
         none
         none
         none
         none
         UseLocalSettings
         UseLocalSettings
         UseLocalSettings
         warning
         warning
         warning
         warning
         on
         Simplified
         error
         off
         off
         UseLocalSettings
         warning
         warning
         none
         error
         warning
         warning
         none
         warning
         error
         error
         error
         none
         warning
         warning
         none
         warning
         warning
         error
         error
         none
         warning
         warning
         none
         none
         none
         none
         none
         none
         error
         EnableAllAsError
         none
         warning
         warning
         warning
         none
         error
         none
         warning
         warning
         UseLocalSettings
         on
         none
         error
         none
         none
         warning
         warning
         warning
         error
         none
         warning
         error
         warning
         ErrorLevel1
         WarnAndRepair
         none
         warning
         warning
         error
         none
         warning
         warning
         warning
         warning
         warning
         warning
         warning
         warning
         error
         warning
         all
         warning
         on
      
       
         8
         16
         32
         32
         64
         32
         64
         64
         Char
         Float
         Zero
         LittleEndian
         64
         on
         off
         Intel->x86-64 (Windows64)
         8
         16
         32
         32
         64
         32
         64
         32
         Char
         None
         on
         off
         Undefined
         Unspecified
         32
         32
         32
         Specified
         off
         on
         on
         on
      
       
         IfOutOfDateOrStructuralChange
         on
         error
         off
         on
         None
         Multi
         Infer from blocks in model
         on
         off
         on
         off
      
       
         on
         on
         on
         off
         on
         sf_incremental_build
         off
      
       
         
           IncludeHyperlinkInReport
           GenerateTraceInfo
           GenerateTraceReport
           GenerateTraceReportSl
           GenerateTraceReportSf
           GenerateTraceReportEml
           PortableWordSizes
           GenerateWebview
           GenerateCodeMetricsReport
           GenerateCodeReplacementReport
           GenerateErtSFunction
           CreateSILPILBlock
           CodeExecutionProfiling
           CodeProfilingSaveOptions
           CodeProfilingInstrumentation
        
         grt.tlc
         None
         
         off
         make_rtw
         on
         off
         grt_default_tmf
         
         
         off
         off
         on
         off
         off
         off
         off
         off
         off
         off
         Automatically locate an installed toolchain
         Faster Builds
         off
         off
         off
         None
         off
         executionProfile
         SummaryOnly
         off
         off
         C
         off
         off
         off
         off
         off
         off
         off
         off
         off
         off
         off
         
         Off
         1024
         
           
             
               IgnoreCustomStorageClasses
               IgnoreTestpoints
               InsertBlockDesc
               InsertPolySpaceComments
               SFDataObjDesc
               MATLABFcnDesc
               SimulinkDataObjDesc
               DefineNamingRule
               SignalNamingRule
               ParamNamingRule
               InternalIdentifier
               InlinedPrmAccess
               CustomSymbolStr
               CustomSymbolStrGlobalVar
               CustomSymbolStrType
               CustomSymbolStrField
               CustomSymbolStrFcn
               CustomSymbolStrFcnArg
               CustomSymbolStrBlkIO
               CustomSymbolStrTmpVar
               CustomSymbolStrMacro
               CustomSymbolStrUtil
               ReqsInCode
            
             off
             on
             Auto
             on
             off
             off
             31
             off
             off
             off
             off
             off
             off
             off
             off
             off
             1
             $R$N$M
             $N$R$M_T
             $N$M
             $R$N$M$F
             rt$I$N$M
             rtb_$N$M
             $N$M
             $R$N$M
             $N$C
             None
             None
             None
             off
             off
             on
             off
             off
             Shortened
             Literals
             off
             off
          
           
             
               GeneratePreprocessorConditionals
               IncludeMdlTerminateFcn
               SupportNonInlinedSFcns
               SuppressErrorStatus
               ERTCustomFileBanners
               GenerateSampleERTMain
               GenerateTestInterfaces
               ModelStepFunctionPrototypeControlCompliant
               GenerateAllocFcn
               PurelyIntegerCode
               SupportComplex
               SupportAbsoluteTime
               SupportContinuousTime
            
             ansi_tfl_table_tmw.mat
             
             NOT IN USE
             C89/C90 (ANSI)
             None
             Auto
             System defined
             256
             2048
             on
             off
             off
             off
             on
             on
             on
             on
             on
             Disable all
             on
             off
             off
             off
             Auto
             off
             on
             rt_
             on
             off
             Nonreusable function
             on
             on
             off
             on
             on
             off
             Nominal
             Nominal
             Simulink.SoftwareTarget.GRTCustomization
             off
             on
             off
             off
             off
             on
             on
             off
             off
             off
             off
             1000000
             0
             ext_comm
             Level1
             off
             off
             off
             off
             off
             Error
          
        
      
       
         Simulink Coverage Configuration Component
         Simulink Coverage
         off
         EntireSystem
         on
         off
         /
         covdata
         dw
         off
         on
         on
         on
         on
         on
         covCumulativeData
         off
         on
         slcov_output/$ModelName$
         $ModelName$_cvdata
         on
         off
         off
         on
         1e-05
         0.01
         off
         0
         0
      
       
         HDL Coder custom configuration component
         HDL Coder
         
            
        
         0
      
    
     Configuration
     Solver
      [ 71, 71, 1030, 839 ] 
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simulink/stateflow.xml

 
   
     11-Oct-2016 12:48:13
     0
     80000009
     
       
         Default Simulink S-Function Target.
      
       
         Subsystem1/MATLAB Function
         [422 539.941 189 413]
         [0 156.75 0 153.75]
         [1 1 3600 1200 1.180555555555556]
         9
         7
         CLUSTER_CHART
         EML_CHART
         2
         1
         
           fcn
        
         
           
             eML_blk_kernel()
             [18 64.5 118 66]
             12
             SUBCHART
             9
             FUNC_STATE
             CLUSTER_STATE
             
               1
               function [y, NM_state_val] = fcn(f, x)
% Acknowledgement goes to Mathworks' FMINSEARCH, borrowed some code snippets
% persistent count

persistent NM_state         %Integer definition for states, since enum is not supported
persistent Full_eval_count
persistent usual_delta      %5 percent deltas for non-zero terms
persistent zero_term_delta  %Even smaller delta for zero elements of x
persistent v fv v_r v_e v_m f_r v_c

n = 2;      %Input dimension - needs to be defined as a constant to keep Simulink port width inheretence happy
np1 = n+1;

n_r = 1/n;  %Calculate reciprocal at compilation time for mean calculation

%Simplex update coefficients %Can be a function of dimension see Han2010
% alpha = 1;
% beta = 2;
% gamma = 0.5;
% delta = 0.5;

%Adaptive simplex search coefficients: Han2010
alpha = 1;
beta = 1 + 2*n_r;
gamma = 0.75 - 0.5*n_r;
delta = 1 - n_r;


%NM_state:  
    %0 - Initial   (Initialize vertices)
    %1 - FVE: Full vertex evaluation (with insertion sort after each evaluation)
    %2 - Insertion Sort (After Reflection, Expansion or Contraction Steps)
    %3 - Reflection Entry
    %4 - Reflection Evaluate
    %5 - Expansion
    %6 - Outside Contraction
    %7 - Inside Contraction
    %(8) - Shrink (Implicit on contraction outcome)

%Full_eval_count:
    %Number of initial vertices evaluated


xin = x(:);         %Force xin to be a column vector

    if isempty(NM_state)
        v = zeros(n,np1);   %Initialize n+1 vertices for simplex
        fv = zeros(1,np1);  %function values at the vertices
        v_m = v(:,1);       %0 vector
        v_r = v_m;          %0 vector    
        v_e = v_m;          %0 vector
        v_c = v_m;          %0 vector
        f_r = 0;          %0 vector

        usual_delta = 0.05;
        zero_term_delta = 0.00025;
        NM_state = 0;          %Initial state
        Full_eval_count = 1;   %No vertices evaulated, yet

        v(:,1) = xin;
        for j=1:n
            vt = xin;
            if vt(j) ~= 0
                vt(j) = (1 + usual_delta)*vt(j);
            else
                vt(j) = zero_term_delta;
            end
            v(:, j+1) = vt;
        end
    end
           
    switch NM_state  
        case 0 %Vertices has just been initialized
          y = v(:, Full_eval_count); %Write out first vertex for evaluation
          NM_state = 1;
          
        case 1 %Full vertex evaluation  
            fv(Full_eval_count) = f;  %Read evaluated function value
                        
            j = Full_eval_count;  %New value came in, insert it into sorted list
            while ( (j>1) && (fv(j-1)>fv(j)) ) %Sort ascending
               temp = fv(j-1);
               fv(j-1) = fv(j);
               fv(j) = temp;
               temp = v(:, j-1);
               v(:, j-1) = v(:, j); %Also sort corresponding (evaluated) vertices 
               v(:, j) = temp;
               j = j-1;
            end
             
            Full_eval_count = Full_eval_count + 1;            
            if (Full_eval_count <= (np1))
                y = v(:, Full_eval_count);                
            else
                Full_eval_count = Full_eval_count - 1; 
                %NM_state = 3;   %Full vertex evaluation complete -> Reflection 
                v_sum = xin*0;  %Initialize sum for mean calculation

                for i=1:n
                    v_sum = v_sum + v(:, i);
                end

                v_m = v_sum*n_r; %Centroid
                v_r  = v_m*(1+alpha) - alpha*v(:, end);
                y  = v_r;
                NM_state = 4;   %Reflection Evaluate
            end
            
%         case 2 %Insertion Sort                        
%                 j = Full_eval_count;  %New value came in, insert it into list
%                    while ( (j>1) && (fv(j-1)>fv(j)) ) %Sort ascending
%                        temp = fv(j-1);
%                        fv(j-1) = fv(j);
%                        fv(j) = temp;
%                        temp = v(:, j-1);
%                        v(:, j-1) = v(:, j); %Also sort corresponding (evaluated) vertices 
%                        v(:, j) = temp;
%                        j = j-1;
%                    end
%                 NM_state = 3;   %Reflection 
            
        case 3 %Reflection Entry
                v_sum = xin*0;  %Initialize sum for mean calculation

                for i=1:n
                    v_sum = v_sum + v(:, i);
                end

                v_m = v_sum*n_r; %Centroid
                v_r  = v_m*(1+alpha) - alpha*v(:, np1);
                y  = v_r;
                NM_state = 4;   %Reflection Evaluate

        case 4 %Reflection Evaluate
            f_r = f;
            if ( (f_r>fv(:, 1)) && (f_r<fv(:, n)) )
                v(:, np1) = v_r;
                fv(np1) = f_r;
                %NM_state = 2;
                j = Full_eval_count;  %New value came in, insert it into list
                while ( (j>1) && (fv(j-1)>fv(j)) ) %Sort ascending
                   temp = fv(j-1);
                   fv(j-1) = fv(j);
                   fv(j) = temp;
                   temp = v(:, j-1);
                   v(:, j-1) = v(:, j); %Also sort corresponding (evaluated) vertices 
                   v(:, j) = temp;
                   j = j-1;
                end
                %%NM_state = 3;   %Reflection 

                v_sum = xin*0;  %Initialize sum for mean calculation

                for i=1:n
                    v_sum = v_sum + v(:, i);
                end

                v_m = v_sum*n_r; %Centroid
                v_r  = v_m*(1+alpha) - alpha*v(:, np1);
                y  = v_r;
                NM_state = 4;    %Reflection Evaluate
            elseif (f_r<fv(:, 1))
                v_e  = v_m*(1-beta) + beta*v_r; 
                y  = v_e;
                NM_state = 5;    %Expansion
            else
                if ( (f_r>=fv(n)) && (f_r<fv(np1)) ) 
                    v_c  = v_m*(1-gamma) + gamma*v_r; 
                    NM_state = 6; %Outside Contraction
                elseif (f_r>=fv(np1))  
                    v_c  = v_m*(1+gamma) - gamma*v_r; 
                    NM_state = 7; %Inside Contraction
                end
                y = v_c;
            end
            
        case 5 %Expansion
            f_e = f;
            if (f_e<f_r)
                v(:, end) = v_e;
                fv(end) = f_e;
                %NM_state = 2;
                    j = Full_eval_count;  %New value came in, insert it into list
                   while ( (j>1) && (fv(j-1)>fv(j)) ) %Sort ascending
                       temp = fv(j-1);
                       fv(j-1) = fv(j);
                       fv(j) = temp;
                       temp = v(:, j-1);
                       v(:, j-1) = v(:, j); %Also sort corresponding (evaluated) vertices 
                       v(:, j) = temp;
                       j = j-1;
                   end
                %%NM_state = 3;   %Reflection 

                v_sum = xin*0;  %Initialize sum for mean calculation

                for i=1:n
                    v_sum = v_sum + v(:, i);
                end

                v_m = v_sum*n_r; %Centroid
                v_r  = v_m*(1+alpha) - alpha*v(:, np1);
                y  = v_r;
                NM_state = 4;   %Reflection Evaluate
             else
                v(:, np1) = v_r;
                fv(np1) = f_r;
                %NM_state = 2;
                j = Full_eval_count;  %New value came in, insert it into list
               while ( (j>1) && (fv(j-1)>fv(j)) ) %Sort ascending
                   temp = fv(j-1);
                   fv(j-1) = fv(j);
                   fv(j) = temp;
                   temp = v(:, j-1);
                   v(:, j-1) = v(:, j); %Also sort corresponding (evaluated) vertices 
                   v(:, j) = temp;
                   j = j-1;
               end
               
               %%NM_state = 3;   %Reflection 

                v_sum = xin*0;  %Initialize sum for mean calculation

                for i=1:n
                    v_sum = v_sum + v(:, i);
                end

                v_m = v_sum*n_r; %Centroid
                v_r  = v_m*(1+alpha) - alpha*v(:, np1);
                y  = v_r;
                NM_state = 4;   %Reflection Evaluate
            end
            
       case 6 %Contraction
           f_c = f;
           if (f_c<f_r)
               v(:, np1) = v_c;
               fv(np1) = f_c;
               %NM_state = 2;
               j = Full_eval_count;  %New value came in, insert it into list
               while ( (j>1) && (fv(j-1)>fv(j)) ) %Sort ascending
                   temp = fv(j-1);
                   fv(j-1) = fv(j);
                   fv(j) = temp;
                   temp = v(:, j-1);
                   v(:, j-1) = v(:, j); %Also sort corresponding (evaluated) vertices 
                   v(:, j) = temp;
                   j = j-1;
               end
                %%NM_state = 3;   %Reflection 

                v_sum = xin*0;  %Initialize sum for mean calculation

                for i=1:n
                    v_sum = v_sum + v(:, i);
                end

                v_m = v_sum*n_r; %Centroid
                v_r  = v_m*(1+alpha) - alpha*v(:, np1);
                y  = v_r;
                NM_state = 4;   %Reflection Evaluate
           else
               for j=2:n+1   %Shrink
                 v(:,j) = v(:,1)*(1-delta) + delta*v(:,j);
               end
               y = v(:, 2);   %Start with evaluation
               Full_eval_count = 2; 
               NM_state = 1; %Full vertex evaluation after shrink
           end
        case 7
            f_c = f;
               if (f_c<fv(np1))
                   v(:, np1) = v_c;
                   fv(np1) = f_c;
                   %NM_state = 2;
                    j = Full_eval_count;  %New value came in, insert it into list
                    while ( (j>1) && (fv(j-1)>fv(j)) ) %Sort ascending
                       temp = fv(j-1);
                       fv(j-1) = fv(j);
                       fv(j) = temp;
                       temp = v(:, j-1);
                       v(:, j-1) = v(:, j); %Also sort corresponding (evaluated) vertices 
                       v(:, j) = temp;
                       j = j-1;
                    end
                    %%NM_state = 3;   %Reflection 

                    v_sum = xin*0;  %Initialize sum for mean calculation

                    for i=1:n
                        v_sum = v_sum + v(:, i);
                    end

                    v_m = v_sum*n_r; %Centroid
                    v_r  = v_m*(1+alpha) - alpha*v(:, np1);
                    y  = v_r;
                    NM_state = 4;   %Reflection Evaluate
               else
                   for j=2:n+1 %Shrink
                     v(:,j) = v(:,1)*(1-delta) + delta*v(:,j);
                   end
                   y = v(:,2);   %Start with evaluation
                   Full_eval_count = 2; 
                   NM_state = 1; %Full vertex evaluation after shrink  
               end     
        otherwise
        y = v(:,1);
     end %End switch NM_states     
     NM_state_val = NM_state;
end %End of function
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           Generate pulses for PWM-controlled converter.

A carrier-based two-level PWM method is used. The modulating signal (Uref input) is naturally sampled and compared with a symmetrical triangle carrier.   

The block can control switching devices of three different bridge types: single-phase half-bridge, single-phase full-bridge or three-phase bridge.

When the Synchronized mode of operation is selected, the synchronization signal is applied at input (wt). 
           helpview(psbhelp);
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if UniBi == 1
    Switch_con = [1 3 2 4];
elseif UniBi == 2
    Switch_con = [1 3 3 1];
end
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             Index vector (dialog)
             sps.SelectorHalfBridgeOut_Index
             1
          
           
             [1, 1]
             [1075, 199, 1105, 251]
             -12
             sps.SelectorPout_PortSize
             Index vector (dialog)
             Switch_con
             1
          
           
             [0, 1]
             [290, 220, 320, 250]
             -21
             sps.m
             sps.Freq
             sps.SinWave_Phase
             Ts
          
           
             [0, 1]
             [270, 500, 320, 530]
             -29
             1.90
             Arial
             powerlib_meascontrol/Pulse & Signal
Generators/Triangle
Generator
             Triangle Generator
             
               off
               Fc
               90
               Ts
            
          
           
             [1, 1]
             [220, 440, 250, 470]
             -3
             off
             asin
          
           
             [1, 1]
             [160, 440, 190, 470]
             -4
             off
          
           
             [1310, 218, 1340, 232]
             -21
             Port number
             Ts
          
           
             1
             101:352#out:1
             101:117#in:1
          
           
             2
             101:156#out:1
             101:169#in:1
          
           
             3
             101:159#out:1
             101:169#in:2
          
           
             4
             101:565#out:1
             101:161#in:1
          
           
             5
             101:157#out:1
             [37, 0; 0, 20]
             101:164#in:1
          
           
             6
             101:173#out:1
             101:165#in:3
          
           
             7
             101:158#out:1
             101:165#in:1
          
           
             8
             101:524#out:1
             101:165#in:2
          
           
             9
             101:176#out:1
             101:160#in:1
          
           
             10
             101:177#out:1
             101:176#in:1
          
           
             11
             101:161#out:1
             101:177#in:1
          
           
             12
             101:160#out:1
             101:164#in:2
          
           
             13
             101:175#out:1
             [11, 0; 0, -35]
             101:164#in:3
          
           
             14
             101:164#out:1
             [160, 0; 0, -65]
             
               15
               101:187#in:2
            
             
               16
               [0, -170]
               101:232#in:2
            
          
           
             Uref
             17
             [0, 0]
             101:165#out:1
             [35, 0]
             
               18
               101:232#in:1
            
             
               19
               [0, 170]
               101:228#in:1
            
          
           
             20
             101:163#out:1
             101:168#in:2
          
           
             21
             101:166#out:1
             [30, 0]
             
               22
               101:168#in:1
            
             
               23
               [0, 25]
               101:163#in:1
            
          
           
             24
             101:168#out:1
             101:222#in:1
          
           
             25
             101:222#out:1
             101:566#in:1
          
           
             26
             101:225#out:1
             [55, 0; 0, -145]
             101:166#in:3
          
           
             27
             101:187#out:1
             101:225#in:1
          
           
             28
             101:228#out:1
             101:187#in:1
          
           
             29
             101:232#out:1
             101:243#in:1
          
           
             30
             101:242#out:1
             [35, 0]
             101:232#enable
          
           
             31
             101:243#out:1
             101:166#in:2
          
           
             32
             101:169#out:1
             [115, 0]
             
               33
               [340, 0; 0, 125]
               101:166#in:1
            
             
               34
               [0, 80]
               
                 35
                 101:242#in:1
              
               
                 36
                 [0, 170; 135, 0]
                 101:187#enable
              
            
          
           
             37
             101:566#out:1
             101:352#in:1
          
        
      
       
         [2]
         [750, 161, 780, 194]
         53
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingSaveFormat','StructureWithTime','DataLoggingDecimation','1','DataLoggingDecimateData',true),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.32307','MaxYLimReal','2.90765','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','2.90765','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'CM_i_L','Step'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-7.57072','MaxYLimReal','68.13651','YLabelReal','','MinYLimMag','0','MaxYLimMag','10','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Vm','Transfer Fcn'}},'ShowContent',true,'Placement',2)},'DisplayPropertyDefaults',struct('YLabelReal','','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',0,'LineNames',{{[]}},'ShowContent',true,'Placement',1),'DisplayLayoutDimensions',[2 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Location',[137 148 1417 1070])
         2
      
       
         [6]
         [1120, 225, 1170, 310]
         93
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1','DataLoggingSaveFormat','StructureWithTime','DataLoggingDecimation','1','DataLoggingDecimateData',true),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.125','MaxYLimReal','1.125','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','1.125','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Demux/1'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-0.125','MaxYLimReal','1.125','YLabelReal','','MinYLimMag','0','MaxYLimMag','10','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Demux/2'}},'ShowContent',true,'Placement',2),struct('MinYLimReal','-0.125','MaxYLimReal','1.125','YLabelReal','','MinYLimMag','0','MaxYLimMag','10','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Demux/3'}},'ShowContent',true,'Placement',3),struct('MinYLimReal','-0.125','MaxYLimReal','1.125','YLabelReal','','MinYLimMag','0','MaxYLimMag','10','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Demux/4'}},'ShowContent',true,'Placement',4),struct('MinYLimReal','-75.72734','MaxYLimReal','75.40139','YLabelReal','','MinYLimMag','0','MaxYLimMag','10','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Vm1'}},'ShowContent',true,'Placement',5),struct('MinYLimReal','-2.50007','MaxYLimReal','2.50007','YLabelReal','','MinYLimMag','0','MaxYLimMag','10','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',4,'LineNames',{{'Tri & sync pulse/1','Tri & sync pulse/2','Gain1:1','Gain1:2'}},'ShowContent',true,'Placement',6)},'DisplayPropertyDefaults',struct('YLabelReal','','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',0,'LineNames',{{[]}},'ShowContent',true,'Placement',1),'DisplayLayoutDimensions',[6 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Measurements',struct('traceselector',struct('Line',1),'tcursors',struct('XCoordinates',[0.0104281543465775 0.0104291277817793],'YCoordinates',[NaN NaN],'CursorChannels',[1 1],'WaveformCursors',true,'ShowHorizontal',false,'ShowVertical',true,'LockCursorSpacing',false,'SnapToData',false,'SettingsPanelOpen',0,'MeasurementsPanelOpen',1)),'Version','2016b')),'Version','2016b','Location',[1 75 1921 1039])
         6
      
       
         [0, 0, 0, 0, 0, 1, 1]
         [905, 336, 975, 364]
         40
         1.2729
         powerlib/Elements/Series RLC Branch
         Series RLC Branch
         
           __new0
           __new0
           RL
           0.1
           8.8e-3
           off
           0
           1e-6
           off
           0
           None
        
      
       
         [0, 0, 0, 0, 0, 1, 1]
         [545, 299, 620, 341]
         63
         alternate
         off
         off
         
           [-8, -8, 1928, 1048]
           off
           223
           
             [0, 1, 0, 0, 0, 1, 1]
             [180, 158, 205, 182]
             60
             1.2729
             on
             powerlib/Measurements/Current Measurement
             Current Measurement
             
               off
               off
               Complex
               0
            
          
           
             [1, 0, 0, 0, 0, 1, 1]
             [110, 150, 155, 185]
             59
             alternate
             1.2729
             powerlib/Electrical
Sources/Controlled Voltage Source
             Controlled Voltage Source
             
               off
               on
               AC
               0
               0
               0
               None
            
          
           
             [1, 1]
             [110, 62, 185, 98]
             62
             on
             alternate
             off
             off
             
               [-8, 0, 1928, 1056]
               off
               223
               
                 [25, 88, 55, 102]
                 62
                 Port number
              
               
                 [210, 80, 240, 110]
                 61
                 -1
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [105, 77, 165, 113]
                 64
                 [2*pi*5000]
                 [1 2*pi*5000]
              
               
                 [295, 88, 325, 102]
                 63
                 Port number
              
               
                 66
                 45#out:1
                 50#in:1
              
               
                 67
                 43#out:1
                 46#in:1
              
               
                 68
                 50#out:1
                 43#in:1
              
            
          
           
             [270, 168, 300, 182]
             63
             on
             1
             Right
          
           
             [20, 160, 35, 190]
             64
             2
             Left
          
           
             72
             42#rconn:1
             48#rconn:1
          
           
             61
             41#rconn:1
             42#lconn:1
          
           
             73
             41#lconn:1
             49#rconn:1
          
           
             71
             44#out:1
             [-43, 0; 0, 80]
             41#in:1
          
           
             70
             42#out:1
             [3, 0; 0, -85]
             44#in:1
          
        
      
       
         [495, 110, 525, 140]
         67
         0.01
         2.5
         0
      
       
         [3, 1]
         [590, 115, 610, 135]
         86
         off
         round
         ++-
      
       
         [712, 245, 728, 265]
         68
         270
         [2*pi*8e3]
         [1 2*pi*8e3]
      
       
         [0, 2]
         [820, 50, 870, 85]
         80
         off
         off
         
           [-1288, -8, 8, 1032]
           off
           349
           
             [75, 105, 115, 135]
             78
             -1
             off
          
           
             [145, 105, 175, 135]
             79
             -4*40e3
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [1, 1]
             [210, 105, 240, 135]
             76
          
           
             [0, 1]
             [20, 104, 50, 136]
             77
             Time based
             2
             1/40e3
             50
             1/(4*40e3)
          
           
             [275, 173, 305, 187]
             81
             Port number
          
           
             [275, 113, 305, 127]
             80
             2
             Port number
          
           
             123
             62#out:1
             67#in:1
          
           
             121
             64#out:1
             [4, 0]
             
               125
               [0, 60]
               68#in:1
            
             
               124
               65#in:1
            
          
           
             116
             63#out:1
             64#in:1
          
           
             122
             65#out:1
             62#in:1
          
        
      
       
         [1, 0, 0, 0, 0, 2, 2]
         [740, 284, 850, 416]
         36
         on
         alternate
         1.2729
         powerlib/Power
Electronics/Universal Bridge
         Universal Bridge
         
           off
           2
           1e5
           inf
           MOSFET / Diodes
           10e-3
           0
           [  0  0  ]
           0
           [ 10e-6 , 20e-6 ]
           [ 1e-6 , 2e-6 ]
           None
           None
           Rectifier
        
      
       
         [0, 0, 0, 0, 0, 1, 1]
         [500, 335, 520, 370]
         37
         270
         alternate
         1.2729
         powerlib/Electrical
Sources/DC Voltage Source
         DC Voltage Source
         
           off
           60
           None
        
      
       
         [840, 200, 870, 230]
         96
         on
         60
      
       
         [0, 1, 0, 0, 0, 2]
         [655, 338, 680, 362]
         58
         1.2729
         on
         powerlib/Measurements/Voltage Measurement
         Voltage Measurement
         
           off
           off
           Complex
           0
        
      
       
         [0, 1, 0, 0, 0, 2]
         [895, 418, 920, 442]
         101
         1.2729
         on
         powerlib/Measurements/Voltage Measurement
         Voltage Measurement
         
           off
           off
           Complex
           0
        
      
       
         []
         [1165, 380, 1231, 419]
         52
         1
         *1.2729
         powerlib/powergui
         PSB option menu block
         
           off
           Continuous
           Tustin
           50e-6
           60
           off
           off
           off
           off
           0
           off
           off
           off
           off
           0
           off
           off
           off
           off
           blocks
           0
           100e6
           1e-4
           50
           kV
           MW
           0
           warning
           off
           [0:2:500]
           off
           on
           off
           off
           ZData
           0
           off
           0.0
           1
           1
           60
           off
           1000
           1
           1
           off
        
      
       
         7
         9#lconn:1
         [0, 0]
         
           10#lconn:1
           [0, -20]
        
         
           [128, 0]
           
             40#lconn:2
             [-2, 0; 0, 30]
          
           
             8#rconn:2
          
        
      
       
         14
         8#lconn:1
         [12, 0]
         
           100#lconn:1
           [-3, 0; 0, -75]
        
         
           12#lconn:1
        
      
       
         161
         30#out:1
         19#in:2
      
       
         47
         19#out:1
         [30, 0; 0, 10]
         39#in:1
      
       
         23
         12#rconn:1
         31#lconn:1
      
       
         26
         31#rconn:1
         [37, 0; 0, 40; -237, 0]
         
           100#lconn:2
           [-15, 0; 0, -40]
        
         
           8#lconn:2
        
      
       
         31
         32#out:1
         [0, 0]
         
           162
           30#in:3
        
         
           41
           36#in:1
        
      
       
         81
         53#out:1
         [38, 0]
         
           160
           30#in:2
        
         
           44
           [0, 95; 88, 0; 0, -40]
           36#in:2
        
      
       
         45
         36#out:1
         35#in:1
      
       
         181
         38#out:1
         94#in:1
      
       
         49
         39#out:1
         38#in:1
      
       
         52
         40#lconn:1
         [0, -25]
         
           47#rconn:1
           [5, 0]
        
         
           8#rconn:1
        
      
       
         73
         47#lconn:1
         9#rconn:1
      
       
         55
         40#out:1
         [10, 0]
         
           93
           55#in:1
        
         
           92
           [25, 0]
           54#in:1
        
      
       
         83
         54#out:1
         55#in:2
      
       
         84
         55#out:1
         [0, -10]
         35#in:2
      
       
         123
         66#out:2
         [12, 0; 0, 5]
         
           295
           [-3, 0; 0, 75]
           101#in:2
        
         
           240
           98#in:2
        
      
       
         152
         31#out:1
         33#in:1
      
       
         155
         66#out:1
         [8, 0]
         
           242
           98#in:1
        
         
           241
           [0, -21; -255, 0; 0, 61]
           19#in:1
        
      
       
         279
         86#out:1
         [13, 0; 0, 16]
      
       
         294
         101#out:1
         [7, 0; 0, 110]
         
           266
           [0, 50]
           8#in:1
        
         
           175
           93#in:1
        
      
       
         176
         93#out:1
         92#in:1
      
       
         177
         93#out:2
         92#in:2
      
       
         178
         93#out:3
         92#in:3
      
       
         179
         93#out:4
         92#in:4
      
       
         209
         95#out:1
         [-10, 0]
         38#in:2
      
       
         182
         94#out:1
         [10, 0]
         
           296
           101#in:1
        
         
           238
           [0, -35]
           99#in:1
        
      
       
         265
         98#out:1
         [177, 0; 0, 249; -124, 0; 0, -24]
         92#in:6
      
       
         235
         99#out:1
         98#in:3
      
       
         267
         100#out:1
         [152, 0; 0, -140]
         92#in:5
      
       
         Simulation includes:
Center-aligned PWM sampling. 
Quantization in the sampling.
DC bus disturbance and rejection in control.
         [1025, 138, 1220, 192]
         [0, 0, 0, 0]
         off
         off
         left
         top
         -1
      
    
  







simulink/configSet0.xml

 
   
     []
     
     
       
         []
         
         0.0
         0.04
         auto
         auto
         auto
         -1
         5
         auto
         10*128*eps
         1000
         4
         1
         1e-4
         auto
         1
         1e-3
         on
         off
         off
         ode23s
         ode23s
         auto
         DisableAll
         UseLocalSettings
         Nonadaptive
         TrustRegion
         on
         off
         Fast
         off
         off
         Unconstrained
         Whenever possible
         []
      
       
         []
         
         1
         [t, u]
         xFinal
         xInitial
         on
         1000
         off
         off
         off
         off
         Array
         Dataset
         on
         off
         on
         on
         off
         on
         off
         streamout
         on
         off
         xout
         tout
         yout
         logsout
         dsmout
         RefineOutputTimes
         []
         out
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                 count
                 9
                 [0, 0]
                 35::57#out:3
                 35::55#in:1
              
               
                 10
                 35::58#out:1
                 35::59#in:1
              
               
                 11
                 35::56#out:1
                 35::57#in:2
              
               
                 12
                 35::57#out:1
                 35::58#in:1
              
            
          
           
             [265, 175, 300, 205]
             22
             F_OSC/2/F_PWM
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [590, 153, 620, 167]
             30
             Port number
          
           
             [590, 208, 620, 222]
             31
             2
             Port number
          
           
             13
             30#out:1
             68#in:1
          
           
             2
             31#out:1
             [25, 0]
             35#trigger
          
           
             3
             33#out:1
             36#in:1
          
           
             4
             32#out:1
             35#in:1
          
           
             5
             35#out:2
             38#in:1
          
           
             6
             35#out:1
             [36, 0]
             
               7
               37#in:1
            
             
               8
               [0, -125]
               34#in:1
            
          
           
             9
             34#out:1
             [-150, 0]
             33#trigger
          
           
             10
             36#out:1
             32#in:1
          
           
             14
             68#out:1
             33#in:1
          
        
      
       
         [2]
         [340, 240, 370, 275]
         -5
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1','DataLoggingSaveFormat','StructureWithTime','DataLoggingDecimation','1','DataLoggingDecimateData',true),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.191','MaxYLimReal','0.049','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.191','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'PFD'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-0.125','MaxYLimReal','1.125','YLabelReal','','MinYLimMag','0','MaxYLimMag','10','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Pulse generator/pulse','Pulse Generator'}},'ShowContent',true,'Placement',2)},'DisplayPropertyDefaults',struct('YLabelReal','','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',0,'LineNames',{{[]}},'ShowContent',true,'Placement',1),'DisplayLayoutDimensions',[2 1],'TimeRangeSamples','5e-05','TimeRangeFrames','5e-05'),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Location',[320 91 1600 1061])
         2
      
       
         [1]
         [255, 363, 285, 397]
         36
         on
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData3','DataLoggingSaveFormat','StructureWithTime','DataLoggingDecimation','1','DataLoggingDecimateData',true),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-237.5','MaxYLimReal','2137.5','YLabelReal','','MinYLimMag',' 0.00000','MaxYLimMag','2137.5','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Pulse generator/count'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-237.5','MaxYLimReal','2137.5','YLabelReal','','MinYLimMag',' 0.00000','MaxYLimMag','2137.5','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',0,'LineNames',{{[]}},'ShowContent',true,'Placement',1),'TimeRangeSamples','5e-05','TimeRangeFrames','5e-05'),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Location',[23 135 965 1095])
         1
      
       
         [2, 1]
         [530, 350, 550, 370]
         30
         on
         alternate
         off
         round
         -+|
         off
         Inherit: Inherit via internal rule
         off
      
       
         [1]
         [615, 108, 645, 142]
         34
         alternate
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData2','DataLoggingSaveFormat','StructureWithTime','DataLoggingDecimation','1','DataLoggingDecimateData',true),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.191','MaxYLimReal','0.049','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.191','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'PFD','PI w  anti-windup'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.191','MaxYLimReal','0.049','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.191','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',0,'LineNames',{{[]}},'ShowContent',true,'Placement',1),'TimeRangeSamples','0.0002','TimeRangeFrames','0.0002'),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Location',[310 119 1590 1089])
         1
      
       
         25
         25#out:1
         [37, 0]
         
           184
           [0, 120]
           24#in:2
        
         
           177
           120#in:1
        
      
       
         73
         65#out:1
         [80, 0]
         
           173
           [0, -35]
           70#in:2
        
         
           188
           138#in:1
        
      
       
         28
         39#out:1
         29#in:1
      
       
         29
         28#out:1
         39#in:2
      
       
         39
         29#out:1
         [-169, 0; 0, -90]
         
           176
           [0, -65]
           120#in:2
        
         
           142
           24#in:1
        
      
       
         51
         29#out:2
         44#in:1
      
       
         81
         70#out:1
         42#in:1
      
       
         178
         120#out:1
         [13, 0]
         
           182
           [0, 80]
           20#in:1
        
         
           180
           [43, 0]
           
             136
             [0, -55]
             70#in:1
          
           
             135
             65#in:1
          
        
      
       
         119
         24#out:1
         20#in:2
      
       
         202
         138#out:1
         39#in:1
      
       
         All Digital Phase-Locked Loop with NCO
         [135, 82, 315, 97]
         [0, 0, 0, 0]
         off
         off
         on
         -1
      
    
  







simulink/configSet0.xml

 
   
     []
     
     
       
         []
         
         0.0
         1e-3
         auto
         auto
         auto
         -1
         5
         auto
         10*128*eps
         1000
         4
         1
         1e-8
         auto
         1
         1e-3
         on
         off
         off
         ode23s
         ode23s
         auto
         DisableAll
         UseLocalSettings
         Nonadaptive
         TrustRegion
         off
         off
         Fast
         off
         off
         Unconstrained
         Whenever possible
         []
      
       
         []
         
         1
         [t, u]
         xFinal
         xInitial
         on
         1000
         off
         off
         off
         off
         Array
         ModelDataLogs
         on
         off
         on
         on
         off
         on
         off
         streamout
         on
         off
         xout
         tout
         yout
         logsout
         dsmout
         RefineOutputTimes
         []
         out
         1
         off
         out.mat
         [-inf, inf]
      
       
         
           ZeroExternalMemoryAtStartup
           ZeroInternalMemoryAtStartup
           NoFixptDivByZeroProtection
           OptimizeModelRefInitCode
           BooleansAsBitfields
           PassReuseOutputArgsAs
           PassReuseOutputArgsThreshold
           UseSpecifiedMinMax
        
         
         on
         on
         on
         Tunable
         off
         off
         double
         off
         off
         on
         on
         off
         off
         on
         off
         
         on
         off
         uint_T
         on
         64
         Structure reference
         12
         2147483647
         on
         5
         off
         off
         Native Integer
         on
         on
         on
         off
         off
         on
         inf
         Inherit from target
         on
         off
         off
      
       
         
           UseOnlyExistingSharedCode
        
         
         error
         none
         none
         none
         none
         UseLocalSettings
         UseLocalSettings
         UseLocalSettings
         error
         warning
         warning
         none
         on
         Classic
         none
         off
         off
         TryResolveAllWithWarning
         warning
         warning
         none
         error
         warning
         warning
         warning
         warning
         error
         error
         error
         none
         warning
         warning
         none
         warning
         warning
         error
         error
         none
         warning
         warning
         none
         none
         none
         none
         none
         none
         error
         warning
         none
         warning
         warning
         warning
         error
         none
         error
         none
         warning
         warning
         UseLocalSettings
         on
         off
         none
         error
         none
         none
         warning
         warning
         warning
         error
         warning
         warning
         error
         warning
         ErrorLevel1
         WarnAndRepair
         none
         warning
         warning
         error
         none
         warning
         warning
         warning
         warning
         warning
         warning
         warning
         warning
         error
         warning
         warning
         none
         warning
         warning
         all
         warning
         on
      
       
         []
         
         8
         16
         32
         32
         64
         32
         64
         32
         32
         32
         Char
         None
         Undefined
         Unspecified
         32
         on
         off
         32-bit Generic
         8
         16
         32
         32
         64
         32
         64
         32
         32
         32
         Char
         None
         on
         off
         Undefined
         Unspecified
         32
         32
         32
         Specified
         off
         on
         on
         on
      
       
         []
         
         IfOutOfDateOrStructuralChange
         on
         error
         off
         on
         None
         Multi
         Infer from blocks in model
         
         on
         off
         off
         off
      
       
         []
         
         
         
         
         
         []
         
         
         
         
         
         
         on
         on
         on
         off
         off
         sf_incremental_build
         off
         on
         50
         on
      
       
         
           IncludeHyperlinkInReport
           GenerateTraceInfo
           GenerateTraceReport
           GenerateTraceReportSl
           GenerateTraceReportSf
           GenerateTraceReportEml
           PortableWordSizes
           GenerateWebview
           GenerateCodeMetricsReport
           GenerateCodeReplacementReport
           GenerateMissedCodeReplacementReport
           GenerateErtSFunction
           CreateSILPILBlock
        
         grt.tlc
         None
         
         off
         make_rtw
         on
         off
         
         grt_default_tmf
         
         
         off
         off
         on
         off
         []
         off
         off
         off
         off
         off
         off
         
         
         
         
         
         
         
         
         
         Automatically locate an installed toolchain
         Faster Builds
         []
         off
         off
         off
         None
         off
         executionProfile
         SummaryOnly
         off
         off
         C
         off
         off
         off
         off
         off
         off
         off
         off
         off
         off
         off
         []
         
         Off
         1024
         
           
             
               IgnoreCustomStorageClasses
               InsertBlockDesc
               SFDataObjDesc
               SimulinkDataObjDesc
               DefineNamingRule
               SignalNamingRule
               ParamNamingRule
               InlinedPrmAccess
               CustomSymbolStr
               CustomSymbolStrGlobalVar
               CustomSymbolStrType
               CustomSymbolStrField
               CustomSymbolStrFcn
               CustomSymbolStrBlkIO
               CustomSymbolStrTmpVar
               CustomSymbolStrMacro
               IgnoreTestpoints
               InsertPolySpaceComments
               MATLABFcnDesc
               InternalIdentifier
               CustomSymbolStrModelFcn
               CustomSymbolStrFcnArg
               CustomSymbolStrUtil
               CustomUserTokenString
               ReqsInCode
            
             
             
             off
             on
             Auto
             on
             off
             off
             31
             off
             off
             off
             off
             off
             off
             off
             off
             off
             1
             $R$N$M
             $N$R$M_T
             $N$M
             $R$N$M$F
             $R$N
             rt$I$N$M
             rtb_$N$M
             $N$M
             $R$N$M
             $N$C
             
             
             None
             
             None
             
             None
             
             off
             off
             on
             off
             off
             
             Shortened
             Literals
             off
             off
             []
          
           
             
               IncludeMdlTerminateFcn
               RemoveResetFunc
               SuppressErrorStatus
               ERTCustomFileBanners
               GenerateSampleERTMain
               GenerateTestInterfaces
               SupportNonInlinedSFcns
               PurelyIntegerCode
               GenerateAllocFcn
               SupportComplex
               SupportAbsoluteTime
               SupportContinuousTime
               ExistingSharedCode
               ModelStepFunctionPrototypeControlCompliant
               RemoveDisableFunc
            
             
             ansi_tfl_tmw.mat
             
             
             NOT IN USE
             C89/C90 (ANSI)
             None
             Auto
             System defined
             256
             2048
             on
             off
             
             off
             off
             on
             on
             on
             on
             on
             Disable all
             off
             off
             off
             off
             Auto
             off
             on
             rt_
             on
             off
             Nonreusable function
             on
             on
             off
             on
             on
             off
             off
             off
             Nominal
             Nominal
             Simulink.SoftwareTarget.GRTCustomization
             off
             on
             off
             off
             on
             off
             on
             on
             []
             off
             off
             off
             off
             1000000
             0
             ext_comm
             
             Level1
             off
             off
             off
             off
             off
             Error
          
        
      
       
         []
         Simulink Coverage Configuration Component
         Simulink Coverage
         off
         EntireSystem
         on
         off
         /
         covdata
         
         dw
         
         
         off
         on
         on
         on
         on
         on
         covCumulativeData
         off
         on
         slcov_output/$ModelName$
         $ModelName$_cvdata
         on
         on
         off
         
         off
         on
         1e-05
         0.01
         off
         0
         0
      
       
         []
         HDL Coder custom configuration component
         HDL Coder
         
           
        
         0
      
    
     Configuration
     
     Solver
      [ -138, 85, 1076, 985 ] 
  







simulink/configSetInfo.xml

 
   Configuration







simulink/graphicalInterface.xml

 
   0
   0
   
   0
   0
   0
   0
   0
   0
   0
   0







simulink/plugins/DiagnosticSuppressor.xml

 
   on
   22 serialization::archive 11 0 3 0 0 0 8 0







simulink/plugins/LogicAnalyzerPlugin.xml

 
   
   on
   







simulink/stateflow.xml

 
   
     16-Apr-2007 21:21:34
     0
     80000010
     
       
         
      
       
         PFD/PFD
         [-9 -9 1298 994]
         [-7.84 873.603 205.886 884.638]
         0.889
         [0.3803921568627451 0.2745098039215687 0.1803921568627451]
         [0.4588235294117647 0.2980392156862745 0.1411764705882353]
         [0.3215686274509804 0.5450980392156862 0.7725490196078432]
         [0.3215686274509804 0.5450980392156862 0.7725490196078432]
         [0.7764705882352941 0.4980392156862745 0]
         [1 0.9882352941176471 0.9254901960784314]
         [1 1 3200 1200 1.25]
         47
         1
         
        
         45
         CLUSTER_CHART
         1
         1
         1
         1
         2
         
           
             Init
entry:
TMR=0;
Period=0;
             [106.4034 290.6157 90 60]
             12
             0
             47
             OR_STATE
             CLUSTER_STATE
          
           
             First_Period_count
entry: TMR = TMR + 1;
             [361.2929 293.1296 141.8939 54.9722]
             12
             0
             47
             OR_STATE
             CLUSTER_STATE
          
           
             Period_start
entry:
Period = TMR;
TMR = 0;

             [389.8398 414.5366 84.8 71]
             12
             0
             47
             OR_STATE
             CLUSTER_STATE
          
           
             Period_Half
entry:
PD = TMR - Period/2;
TMR = TMR -1;
             [152.9759 557.8349 133.2 67.2]
             12
             0
             47
             OR_STATE
             CLUSTER_STATE
          
           
             Counting
entry: TMR = TMR + 1;

             [367.2398 560.0349 130 58]
             12
             0
             47
             OR_STATE
             CLUSTER_STATE
          
           
             OUTPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
                 1
                 16
              
               SF_COMPLEX_INHERITED
               SF_FRAME_NO
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             OUTPUT_DATA
             
               
                 SF_DOUBLE_TYPE
                 1
                 16
              
               SF_FRAME_NO
               
                 inherit
              
            
             double
          
           
             OUTPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
                 1
                 16
              
               SF_COMPLEX_INHERITED
               SF_FRAME_NO
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             INPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
                 1
                 16
              
               SF_COMPLEX_INHERITED
               SF_FRAME_INHERITED
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             INPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
                 1
                 16
              
               SF_COMPLEX_INHERITED
               SF_FRAME_INHERITED
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             ref
             INPUT_EVENT
             RISING_EDGE_EVENT
          
           
             var
             INPUT_EVENT
             FALLING_EDGE_EVENT
          
           
             CLK
             INPUT_EVENT
             RISING_EDGE_EVENT
          
           
             
             [146.681 269.616 0 0]
             12
             
               [0 -0 1 0 150.6806 260.6157 0 0]
            
             
               2
               [1 0 -1 0.492 150.6806 290.6157 0 0]
            
             [150.6806 275.6157]
             [148.281 153.081 260.616 290.616]
             47
             SMART
             
               BOTH_STICK
            
             1
          
           
             CLK
             [414.597 247.098 25.5 17]
             12
             
               30
               [1 0 -1 0.3397 409.493 293.1296 0 0]
            
             
               30
               [1 0 -1 0.5905 445.0857 293.1296 0 0]
            
             [423.2708 265.9226]
             [409.493 447.486 265.304 293.13]
             47
             SMART
             
               BOTH_STICK
            
             2
          
           
             [(refval==1)&&(varval==1)&&ref]
             [193.074 357.408 174 17]
             12
             
               2
               [2 1 0 0.5212 196.4034 321.886 0 0]
            
             
               30
               [4 -1 -0 0.4769 361.2929 321.886 0 0]
            
             [274.8481 321.886]
             [196.403 361.293 319.486 324.286]
             47
             SMART
             
               BOTH_STICK
            
             1
          
           
             ref
             [429.386 362.1 16.5 17]
             12
             
               30
               [3 0 1 0.5187 429.5856 348.1018 0 0]
            
             
               6
               [1 -0 -1 0.4687 429.5856 414.5366 0 0]
            
             [429.5856 377.3192]
             [427.186 431.986 348.102 414.537]
             47
             SMART
             
               BOTH_STICK
            
             1
          
           
             
             [544.896 476.589 0 0]
             12
             
               6
               [2 1 0 0.4415 474.6398 445.886 0 0]
            
             
               17
               [2 1 0 0.4719 497.2398 587.4051 0 0]
            
             [544.8957 494.5888]
             [474.64 548.858 445.886 589.805]
             47
             SMART
             
               BOTH_STICK
            
             1
          
           
             ref
             [449.734 516.543 16.5 17]
             12
             
               17
               [1 0 -1 0.4884 430.7338 560.0349 0 0]
            
             
               6
               [3 -0 1 0.5178 430.7338 485.5366 0 0]
            
             [430.7338 526.7858]
             [428.334 433.134 485.537 560.035]
             47
             SMART
             
               BOTH_STICK
            
             3
          
           
             
             [317.404 557.357 0 0]
             12
             
               26
               [2 1 0 0.3512 286.1759 581.4349 0 0]
            
             
               17
               [4 -1 -0 0.631 367.2398 581.4349 0 0]
            
             [322.7079 581.4349]
             [286.176 367.24 579.035 583.835]
             47
             SMART
             
               BOTH_STICK
            
             1
          
           
             var
             [319.341 587.687 19.25 17]
             12
             
               17
               [4 -1 0 0.1897 367.2398 607.0349 0 0]
            
             
               26
               [2 1 -0 0.7321 286.1759 607.0349 0 0]
            
             [330.7079 607.0349]
             [286.176 367.24 604.635 609.435]
             47
             SMART
             
               BOTH_STICK
            
             2
          
           
             CLK
             [421.414 646.386 25.5 17]
             12
             
               17
               [3 0 1 0.6396 414.0856 618.0349 0 0]
            
             
               17
               [3 0 1 0.3546 451.1405 618.0349 0 0]
            
             [428.4375 644.2386]
             [414.086 453.54 618.035 644.914]
             47
             SMART
             
               BOTH_STICK
            
             1
          
        
      
       
         Pulse generator/Up//Down Counter
         [0 0 960 1032]
         [115.779 824.9 14.72 547.234]
         1.086
         [0.3803921568627451 0.2745098039215687 0.1803921568627451]
         [0.4588235294117647 0.2980392156862745 0.1411764705882353]
         [0.3215686274509804 0.5450980392156862 0.7725490196078432]
         [0.3215686274509804 0.5450980392156862 0.7725490196078432]
         [0.7764705882352941 0.4980392156862745 0]
         [1 0.9882352941176471 0.9254901960784314]
         [1 1 3200 1200 1.25]
         71
         28
         CLUSTER_CHART
         3
         1
         1
         1
         2
         
           
             Init
entry:
pulse = 1;
count = 2;
             [136.229 178.2964 108.6053 67.5799]
             12
             0
             71
             OR_STATE
             CLUSTER_STATE
          
           
             Up
entry:
pulse = 1;
count = count + 1;
             [123.8679 294.3333 154 104]
             12
             0
             71
             OR_STATE
             CLUSTER_STATE
          
           
             Down
entry:
pulse = 0;
count = count - 1;
             [431 297 158 98.6667]
             12
             0
             71
             OR_STATE
             CLUSTER_STATE
          
           
             OUTPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
                 1
                 16
              
               SF_COMPLEX_INHERITED
               SF_FRAME_NO
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             INPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_UINT32_TYPE
                 1
                 16
              
               SF_COMPLEX_INHERITED
               SF_FRAME_INHERITED
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             OUTPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
                 1
                 16
              
               SF_COMPLEX_INHERITED
               SF_FRAME_NO
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             CLK
             INPUT_EVENT
             RISING_EDGE_EVENT
          
           
             
             [185.331 157.296 0 0]
             12
             
               [0 -0 1 0 189.331 146.2788 0 0]
            
             
               13
               [1 0 -1 0.4889 189.331 178.2964 0 0]
            
             [189.331 158.2876]
             [186.931 191.731 146.279 178.296]
             71
             SMART
             
               BOTH_STICK
            
             1
          
           
             
             [195.776 256.937 2 16.25]
             12
             
               13
               [3 0 1 0.5111 189.331 245.8764 0 0]
            
             
               6
               [1 -0 -1 0.4251 189.331 294.3333 0 0]
            
             [189.331 266.1049]
             [186.931 191.731 245.876 294.333]
             71
             SMART
             
               BOTH_STICK
            
             1
          
           
             [count == period]
             [309.884 295.785 92 17]
             12
             
               6
               [2 1 0 0.3331 277.8679 328.9759 0 0]
            
             
               2
               [4 -1 0 0.6759 431 328.9759 0 0]
            
             [350.434 328.9759]
             [277.868 431 326.576 331.376]
             71
             SMART
             
               BOTH_STICK
            
             1
          
           
             [count == 0]
             [317.582 380.443 65.25 17]
             12
             
               2
               [4 -1 0 0.2289 431 373.0773 0 0]
            
             
               6
               [2 1 0 0.7572 277.8679 373.0773 0 0]
            
             [358.434 373.0773]
             [277.868 431 370.677 375.477]
             71
             SMART
             
               BOTH_STICK
            
             1
          
           
             CLK
             [494.224 430.202 25.5 17]
             12
             
               2
               [3 0 1 0.704 477.7728 395.6667 0 0]
            
             
               2
               [3 0 1 0.3584 532.3752 395.6667 0 0]
            
             [497.3218 424.575]
             [477.773 534.775 395.667 425.809]
             71
             SMART
             
               BOTH_STICK
            
             2
          
           
             CLK
             [178.83 433.76 25.5 17]
             12
             
               6
               [3 0 1 0.7092 168.6584 398.3333 0 0]
            
             
               6
               [3 0 1 0.387 218.2725 398.3333 0 0]
            
             [185.8855 429.2938]
             [168.658 220.673 398.333 430.408]
             71
             SMART
             
               BOTH_STICK
            
             2
          
        
      
    
  
   
     46
     PFD/PFD
     47
  
   
     46
     Pulse generator/Up//Down Counter
     71
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     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value")) m(s("set")) s("pos") sa(s("0"),s("0")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value")) m(s("set")) s("r") s("0.5") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value")) m(s("set")) s("r") s("0.17") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature")) m(s("create")) s("c2") s("Circle") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c2']/@value")) m(s("set")) s("type") s("solid") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c2']/@value")) m(s("set")) s("base") s("center") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c2']/@value")) m(s("set")) s("pos") sa(s("0"),s("0")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c2']/@value")) m(s("set")) s("r") s("0.06") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c2']/@value")) m(s("set")) s("r") s("0.0") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c2']/@value")) m(s("set")) s("r") s("0.025") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value")) m(s("set")) s("type") s("curve") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c2']/@value")) m(s("set")) s("type") s("curve") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature")) m(s("create")) s("c3") s("Circle") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c3']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c3']/@value")) m(s("set")) s("type") s("solid") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c3']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c3']/@value")) m(s("set")) s("base") s("center") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c3']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c3']/@value")) m(s("set")) s("pos") sa(s("0"),s("0")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c3']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c3']/@value")) m(s("set")) s("r") s("0.01") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c3']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c3") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c3']/@value")) m(s("set")) s("r") s("0.015") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c3']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c3") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c3']/@value")) m(s("set")) s("type") s("curve") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c3']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c3") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value")) m(s("set")) s("r") s("0.85") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value")) m(s("set")) s("r") s("0.085") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c3") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c3") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature")) m(s("create")) s("c4") s("Circle") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c4']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c4']/@value")) m(s("set")) s("type") s("solid") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c4']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c4']/@value")) m(s("set")) s("base") s("center") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c4']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c4']/@value")) m(s("set")) s("pos") sa(s("0"),s("0")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c4']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c4']/@value")) m(s("set")) s("r") s("0.07") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c4']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c4") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c4']/@value")) m(s("set")) s("r") s("0.075") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c4']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c4") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c4']/@value")) m(s("set")) s("type") s("curve") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c4']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c4") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c4") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature")) m(s("create")) s("c5") s("Circle") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c5']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c5']/@value")) m(s("set")) s("type") s("solid") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c5']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c5']/@value")) m(s("set")) s("base") s("center") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c5']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c5']/@value")) m(s("set")) s("pos") sa(s("0"),s("0")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c5']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c5']/@value")) m(s("set")) s("r") s("0.03") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c5']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c5") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c5']/@value")) m(s("set")) s("r") s("0.026") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c5']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c5") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c5']/@value")) m(s("set")) s("type") s("curve") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c5']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c5") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c5") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature")) m(s("create")) s("b1") s("BezierPolygon") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='b1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='b1']/@value")) m(s("set")) s("type") s("solid") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='b1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='b1']/@value")) m(s("set")) s("p") saa(sa(s("0"),s("0")),sa(s("0.075"),s("-0.075"))) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='b1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='b1']/@value")) m(s("set")) s("w") sa(s("1"),s("1")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='b1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='b1']/@value")) m(s("set")) s("degree") ia(1) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='b1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("b1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("b1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("b1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("create")) s("mov1") s("Move") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='mov1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='mov1']/@value/@properties[key='input']/@value/@selection")) m(s("init")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='mov1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='mov1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("b1")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='mov1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='mov1']/@value")) m(s("set")) s("displx") s("5e-3") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='mov1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("mov1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature")) m(s("copy")) s("b2") s("geom1/wp1/b1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='b2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("b2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("b2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("create")) s("mov2") s("Move") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='mov2']/@value"))
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     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("rot2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
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     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("rot4") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("geomRep")) s("comsol") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("repairTol")) d(1.0E-9)
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value")) m(s("set")) s("repairtol") s("1.0E-9") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value")) m(s("set")) s("unite") s("off") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='spl1']/@value")) m(s("active")) b(false) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='spl1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del2']/@value")) m(s("active")) b(false) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='spl1']/@value")) m(s("active")) b(true) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='spl1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del2']/@value")) m(s("active")) b(true) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value")) m(s("set")) s("unite") s("on") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value"))
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     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp1")
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp1") o(s("//@geom/@geoms[key='geom1']/@value"))
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     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value")) m(s("active")) b(true) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
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     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature")) m(s("remove")) s("c3")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("rot4") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("del2") o(s("//@geom/@geoms[key='geom1']/@value"))
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     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del2']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("spl1(20)"),s("spl1(22)"),s("spl1(23)"),s("spl1(24)"),s("spl1(25)"),s("spl1(26)"),s("spl1(27)"),s("spl1(28)"),s("spl1(29)"),s("spl1(30)"),s("spl1(31)"),s("spl1(32)"),s("spl1(33)"),s("spl1(34)"),s("spl1(37)"),s("spl1(38)"),s("spl1(39)"),s("spl1(40)"),s("spl1(41)"),s("spl1(42)"),s("spl1(43)"),s("spl1(44)"),s("spl1(45)"),s("spl1(46)"),s("spl1(48)"),s("spl1(49)"),s("spl1(50)"),s("spl1(51)"),s("spl1(52)"),s("spl1(54)"),s("spl1(55)"),s("spl1(56)"),s("spl1(57)"),s("spl1(58)"),s("spl1(59)"),s("spl1(60)"),s("spl1(61)"),s("spl1(64)"),s("spl1(65)"),s("spl1(66)"),s("spl1(67)"),s("spl1(68)"),s("spl1(69)")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del2']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del2']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("spl1(20)"),s("spl1(22)"),s("spl1(23)"),s("spl1(24)"),s("spl1(25)"),s("spl1(26)"),s("spl1(27)"),s("spl1(28)"),s("spl1(29)"),s("spl1(30)"),s("spl1(31)"),s("spl1(32)"),s("spl1(33)"),s("spl1(34)"),s("spl1(36)"),s("spl1(37)"),s("spl1(38)"),s("spl1(39)"),s("spl1(40)"),s("spl1(41)"),s("spl1(42)"),s("spl1(43)"),s("spl1(44)"),s("spl1(45)"),s("spl1(46)"),s("spl1(48)"),s("spl1(49)"),s("spl1(50)"),s("spl1(51)"),s("spl1(52)"),s("spl1(54)"),s("spl1(55)"),s("spl1(56)"),s("spl1(57)"),s("spl1(58)"),s("spl1(59)"),s("spl1(60)"),s("spl1(61)"),s("spl1(64)"),s("spl1(65)"),s("spl1(66)"),s("spl1(67)"),s("spl1(68)"),s("spl1(69)")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del2']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del2']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("spl1(20)"),s("spl1(22)"),s("spl1(23)"),s("spl1(24)"),s("spl1(25)"),s("spl1(26)"),s("spl1(27)"),s("spl1(28)"),s("spl1(29)"),s("spl1(30)"),s("spl1(31)"),s("spl1(32)"),s("spl1(33)"),s("spl1(34)"),s("spl1(36)"),s("spl1(37)"),s("spl1(38)"),s("spl1(39)"),s("spl1(40)"),s("spl1(41)"),s("spl1(42)"),s("spl1(43)"),s("spl1(44)"),s("spl1(45)"),s("spl1(46)"),s("spl1(48)"),s("spl1(49)"),s("spl1(50)"),s("spl1(51)"),s("spl1(52)"),s("spl1(53)"),s("spl1(54)"),s("spl1(55)"),s("spl1(56)"),s("spl1(57)"),s("spl1(58)"),s("spl1(59)"),s("spl1(60)"),s("spl1(61)"),s("spl1(64)"),s("spl1(65)"),s("spl1(66)"),s("spl1(67)"),s("spl1(68)"),s("spl1(69)")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del2']/@value/@properties[key='input']/@value/@selection"))
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     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del2']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("spl1(100)"),s("spl1(101)"),s("spl1(106)"),s("spl1(107)"),s("spl1(108)"),s("spl1(111)"),s("spl1(112)"),s("spl1(115)"),s("spl1(116)"),s("spl1(121)"),s("spl1(122)"),s("spl1(125)"),s("spl1(126)"),s("spl1(127)"),s("spl1(128)"),s("spl1(13)"),s("spl1(131)"),s("spl1(132)"),s("spl1(14)"),s("spl1(19)"),s("spl1(20)"),s("spl1(21)"),s("spl1(22)"),s("spl1(23)"),s("spl1(24)"),s("spl1(25)"),s("spl1(26)"),s("spl1(27)"),s("spl1(28)"),s("spl1(29)"),s("spl1(30)"),s("spl1(31)"),s("spl1(32)"),s("spl1(33)"),s("spl1(34)"),s("spl1(35)"),s("spl1(36)"),s("spl1(37)"),s("spl1(38)"),s("spl1(39)"),s("spl1(40)"),s("spl1(41)"),s("spl1(42)"),s("spl1(43)"),s("spl1(44)"),s("spl1(45)"),s("spl1(46)"),s("spl1(47)"),s("spl1(48)"),s("spl1(49)"),s("spl1(50)"),s("spl1(51)"),s("spl1(52)"),s("spl1(53)"),s("spl1(54)"),s("spl1(55)"),s("spl1(56)"),s("spl1(57)"),s("spl1(58)"),s("spl1(59)"),s("spl1(60)"),s("spl1(61)"),s("spl1(64)"),s("spl1(65)"),s("spl1(66)"),s("spl1(67)"),s("spl1(68)"),s("spl1(69)"),s("spl1(70)"),s("spl1(71)"),s("spl1(72)"),s("spl1(73)"),s("spl1(74)"),s("spl1(75)"),s("spl1(95)"),s("spl1(98)"),s("spl1(99)")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del2']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del2']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("spl1(100)"),s("spl1(101)"),s("spl1(106)"),s("spl1(107)"),s("spl1(108)"),s("spl1(111)"),s("spl1(112)"),s("spl1(115)"),s("spl1(116)"),s("spl1(121)"),s("spl1(122)"),s("spl1(125)"),s("spl1(126)"),s("spl1(127)"),s("spl1(128)"),s("spl1(13)"),s("spl1(131)"),s("spl1(132)"),s("spl1(14)"),s("spl1(19)"),s("spl1(20)"),s("spl1(21)"),s("spl1(22)"),s("spl1(23)"),s("spl1(24)"),s("spl1(25)"),s("spl1(26)"),s("spl1(27)"),s("spl1(28)"),s("spl1(29)"),s("spl1(30)"),s("spl1(31)"),s("spl1(32)"),s("spl1(33)"),s("spl1(34)"),s("spl1(35)"),s("spl1(36)"),s("spl1(37)"),s("spl1(38)"),s("spl1(39)"),s("spl1(40)"),s("spl1(41)"),s("spl1(42)"),s("spl1(43)"),s("spl1(44)"),s("spl1(45)"),s("spl1(46)"),s("spl1(47)"),s("spl1(48)"),s("spl1(49)"),s("spl1(50)"),s("spl1(51)"),s("spl1(52)"),s("spl1(53)"),s("spl1(54)"),s("spl1(55)"),s("spl1(56)"),s("spl1(57)"),s("spl1(58)"),s("spl1(59)"),s("spl1(60)"),s("spl1(61)"),s("spl1(64)"),s("spl1(65)"),s("spl1(66)"),s("spl1(67)"),s("spl1(68)"),s("spl1(69)"),s("spl1(70)"),s("spl1(71)"),s("spl1(72)"),s("spl1(73)"),s("spl1(74)"),s("spl1(75)"),s("spl1(94)"),s("spl1(95)"),s("spl1(98)"),s("spl1(99)")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del2']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("del2") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("create")) s("wp2") s("WorkPlane") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value")) m(s("set")) s("unite") b(true) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D")) m(s("run")) s("") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature")) m(s("create")) s("c1") s("Circle") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c1']/@value")) m(s("set")) s("type") s("solid") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c1']/@value")) m(s("set")) s("base") s("center") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c1']/@value")) m(s("set")) s("pos") sa(s("0"),s("0")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c1']/@value")) m(s("set")) s("r") s("0.01") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D")) m(s("run")) s("c1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c1']/@value")) m(s("set")) s("r") s("0.015") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D")) m(s("run")) s("c1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c1']/@value")) m(s("set")) s("type") s("curve") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D")) m(s("run")) s("c1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D")) m(s("run")) s("c1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature")) m(s("create")) s("c2") s("Circle") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c2']/@value")) m(s("set")) s("type") s("solid") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c2']/@value")) m(s("set")) s("base") s("center") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c2']/@value")) m(s("set")) s("pos") sa(s("0"),s("0")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c2']/@value")) m(s("set")) s("r") s("0.025015024468303") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D")) m(s("run")) s("c2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c2']/@value")) m(s("set")) s("r") s("0.025") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D")) m(s("run")) s("c2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c2']/@value")) m(s("set")) s("type") s("curve") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D")) m(s("run")) s("c2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp2") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("create")) s("ext1") s("Extrude") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa() o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value")) m(s("set")) s("workplane") s("wp1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value")) m(s("set")) s("workplane") s("wp2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("wp2")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value")) m(s("set")) s("workplane") s("wp1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa() o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("move")) s("ext1") i(3)
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("del2")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value")) m(s("active")) b(false) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value")) m(s("active")) b(true) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("ext1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value")) m(s("setIndex")) s("distance") s("21e-3") i(0) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("ext1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='spl1']/@value")) m(s("active")) b(false) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='spl1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='spl1']/@value")) m(s("active")) b(true) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='spl1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp2") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("create")) s("ccur1") s("ConvertToCurve") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ccur1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ccur1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("spl1(10)"),s("spl1(100)"),s("spl1(102)"),s("spl1(103)"),s("spl1(104)"),s("spl1(105)"),s("spl1(109)"),s("spl1(11)"),s("spl1(110)"),s("spl1(113)"),s("spl1(114)"),s("spl1(117)"),s("spl1(118)"),s("spl1(119)"),s("spl1(12)"),s("spl1(120)"),s("spl1(123)"),s("spl1(124)"),s("spl1(129)"),s("spl1(130)"),s("spl1(133)"),s("spl1(134)"),s("spl1(15)"),s("spl1(16)"),s("spl1(17)"),s("spl1(18)"),s("spl1(2)"),s("spl1(3)"),s("spl1(4)"),s("spl1(5)"),s("spl1(6)"),s("spl1(62)"),s("spl1(63)"),s("spl1(7)"),s("spl1(76)"),s("spl1(77)"),s("spl1(78)"),s("spl1(79)"),s("spl1(8)"),s("spl1(80)"),s("spl1(81)"),s("spl1(82)"),s("spl1(83)"),s("spl1(84)"),s("spl1(85)"),s("spl1(86)"),s("spl1(87)"),s("spl1(88)"),s("spl1(89)"),s("spl1(9)"),s("spl1(90)"),s("spl1(91)"),s("spl1(92)"),s("spl1(93)"),s("spl1(96)"),s("spl1(97)"),s("wp2")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ccur1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("ccur1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("create")) s("ext1") s("Extrude") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("ccur1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("ext1")
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp2") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("create")) s("uni1") s("Union") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='uni1']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideObjects")) m(s("create")) s("hide1") o(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value")) m(s("init")) o(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value")) m(s("add")) sa(s("wp2")) o(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='uni1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("spl1(10)"),s("spl1(100)"),s("spl1(102)"),s("spl1(103)"),s("spl1(104)"),s("spl1(105)"),s("spl1(109)"),s("spl1(11)"),s("spl1(110)"),s("spl1(113)"),s("spl1(114)"),s("spl1(117)"),s("spl1(118)"),s("spl1(119)"),s("spl1(12)"),s("spl1(120)"),s("spl1(123)"),s("spl1(124)"),s("spl1(129)"),s("spl1(130)"),s("spl1(133)"),s("spl1(134)"),s("spl1(15)"),s("spl1(16)"),s("spl1(17)"),s("spl1(18)"),s("spl1(2)"),s("spl1(3)"),s("spl1(4)"),s("spl1(5)"),s("spl1(6)"),s("spl1(62)"),s("spl1(63)"),s("spl1(7)"),s("spl1(76)"),s("spl1(77)"),s("spl1(78)"),s("spl1(79)"),s("spl1(8)"),s("spl1(80)"),s("spl1(81)"),s("spl1(82)"),s("spl1(83)"),s("spl1(84)"),s("spl1(85)"),s("spl1(86)"),s("spl1(87)"),s("spl1(88)"),s("spl1(89)"),s("spl1(9)"),s("spl1(90)"),s("spl1(91)"),s("spl1(92)"),s("spl1(93)"),s("spl1(96)"),s("spl1(97)")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='uni1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("uni1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("create")) s("ext1") s("Extrude") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value")) m(s("set")) s("workplane") s("wp1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa() o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del2']/@value")) m(s("active")) b(false) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value")) m(s("active")) b(false) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='uni1']/@value")) m(s("active")) b(false) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='uni1']/@value"))
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     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='dif1']/@value")) m(s("set")) s("keep") s("on") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='dif1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("dif1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature")) m(s("create")) s("del1") s("Delete") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='del1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='del1']/@value/@properties[key='input']/@value/@selection")) m(s("init")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='del1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='del1']/@value/@properties[key='input']/@value/@selection")) m(s("init")) i(0) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='del1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='del1']/@value/@properties[key='input']/@value/@selection")) m(s("init")) i(1) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='del1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='dif1']/@value")) m(s("set")) s("intbnd") s("off") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='dif1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("dif1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature")) m(s("remove")) s("dif1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("rot4") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("create")) s("int1") s("Intersection") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='int1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='int1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("rot1(2)")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='int1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='int1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("pare1(2)"),s("rot1(2)")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='int1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("int1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature")) m(s("remove")) s("int1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("rot4") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("create")) s("pare2") s("PartitionEdges") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='pare2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='pare2']/@value/@properties[key='edge']/@value/@selection")) m(s("set")) s("rot1(1)") ia(1) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='pare2']/@value/@properties[key='edge']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='pare2']/@value/@properties[key='edge']/@value/@selection")) m(s("set")) s("pare1(2)") ia(3) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='pare2']/@value/@properties[key='edge']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='pare2']/@value")) m(s("set")) s("position") s("projection") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='pare2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("rot4")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='pare2']/@value")) m(s("set")) s("position") s("arclength") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='pare2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("pare2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='pare2']/@value")) m(s("setIndex")) s("param") s("1") i(0) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='pare2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("rot4")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='pare2']/@value")) m(s("setIndex")) s("param") s("0.1") i(0) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='pare2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("pare2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='pare2']/@value")) m(s("setIndex")) s("param") s("0.2") i(0) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='pare2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("pare2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='pare2']/@value")) m(s("setIndex")) s("param") s("0.3") i(0) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='pare2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("pare2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='pare2']/@value")) m(s("setIndex")) s("param") s("0.5") i(0) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='pare2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("pare2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("spl1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("ext2")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("duplicate")) s("ext2") s("ext1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("wp1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("ext2")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("del2")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("wp2")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("uni1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("ext1")
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("create")) s("imp1") s("Import") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("set")) s("filename") s("C:\\GK\\PhD\\Simulation\\FEM\\FLY_UPS_AMB\\FLYUPS_model_export_to_comsol_try_again.stp") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("resetProblems"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value/@feature/@features[key='prob1']/@value/@feature")) m(s("create")) s("error") s("GeomError") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value/@feature/@features[key='prob1']/@value/@feature/@features[key='error']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value/@feature/@features[key='prob1']/@value/@feature/@features[key='error']/@value")) m(s("set")) s("message") s("This_feature_requires_the_CAD_kernel") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value/@feature/@features[key='prob1']/@value/@feature/@features[key='error']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("set")) s("type") s("mesh") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("set")) s("type") s("gds") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("set")) s("type") s("mesh") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("set")) s("type") s("file") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("set")) s("filename") s("C:\\Users\\Administrator\\Desktop\\AMB_2d.ipt") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("resetProblems"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value/@feature/@features[key='prob1']/@value/@feature")) m(s("create")) s("error") s("GeomError") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value/@feature/@features[key='prob1']/@value/@feature/@features[key='error']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value/@feature/@features[key='prob1']/@value/@feature/@features[key='error']/@value")) m(s("set")) s("message") s("This_feature_requires_the_CAD_kernel") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value/@feature/@features[key='prob1']/@value/@feature/@features[key='error']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("set")) s("type") s("gds") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("set")) s("type") s("cad") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("set")) s("filename") s("C:\\Users\\Administrator\\Desktop\\AMB_2d.stp") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("resetProblems"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value/@feature/@features[key='prob1']/@value/@feature")) m(s("create")) s("error") s("GeomError") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value/@feature/@features[key='prob1']/@value/@feature/@features[key='error']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value/@feature/@features[key='prob1']/@value/@feature/@features[key='error']/@value")) m(s("set")) s("message") s("This_feature_requires_the_CAD_kernel") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value/@feature/@features[key='prob1']/@value/@feature/@features[key='error']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("geomRep")) s("cadps") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("set")) s("filename") s("C:\\Users\\Administrator\\Desktop\\amb_dxf.dxf") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("set")) s("type") s("file") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("geomRep")) s("comsol") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("resetProblems"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value/@feature/@features[key='prob1']/@value/@feature")) m(s("create")) s("error") s("GeomError") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value/@feature/@features[key='prob1']/@value/@feature/@features[key='error']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value/@feature/@features[key='prob1']/@value/@feature/@features[key='error']/@value")) m(s("set")) s("message") s("This_feature_requires_the_CAD_kernel") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value/@feature/@features[key='prob1']/@value/@feature/@features[key='error']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("set")) s("filename") s("C:\\Users\\Administrator\\Desktop\\OldVersions\\Radial_AMB.dxf") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("resetProblems"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value/@feature/@features[key='prob1']/@value/@feature")) m(s("create")) s("error") s("GeomError") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value/@feature/@features[key='prob1']/@value/@feature/@features[key='error']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value/@feature/@features[key='prob1']/@value/@feature/@features[key='error']/@value")) m(s("set")) s("message") s("This_feature_requires_the_CAD_kernel") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value/@feature/@features[key='prob1']/@value/@feature/@features[key='error']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("geomRep")) s("cadps") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("imp1")
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("create")) s("imp1") s("Import") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("set")) s("filename") s("C:\\Users\\Administrator\\Desktop\\OldVersions\\Radial_AMB.dxf") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("set")) s("keepsolid") s("off") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("set")) s("keepbnd") s("off") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("set")) s("keepfree") s("on") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("imp1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("imp1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("create")) s("spl1") s("Split") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='spl1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("imp1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='spl1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("imp1(2)")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='spl1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("spl1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("create")) s("ext1") s("Extrude") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value")) m(s("set")) s("extrudefrom") s("workplane") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value"))
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     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='csur1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("spl1(10)"),s("spl1(106)"),s("spl1(107)"),s("spl1(108)"),s("spl1(109)"),s("spl1(110)"),s("spl1(111)"),s("spl1(112)"),s("spl1(113)"),s("spl1(114)"),s("spl1(115)"),s("spl1(116)"),s("spl1(117)"),s("spl1(118)"),s("spl1(119)"),s("spl1(120)"),s("spl1(121)"),s("spl1(122)"),s("spl1(123)"),s("spl1(124)"),s("spl1(132)"),s("spl1(133)"),s("spl1(15)"),s("spl1(16)"),s("spl1(18)"),s("spl1(19)"),s("spl1(20)"),s("spl1(21)"),s("spl1(23)"),s("spl1(25)"),s("spl1(30)"),s("spl1(31)"),s("spl1(32)"),s("spl1(33)"),s("spl1(37)"),s("spl1(38)"),s("spl1(39)"),s("spl1(4)"),s("spl1(40)"),s("spl1(41)"),s("spl1(42)"),s("spl1(43)"),s("spl1(44)"),s("spl1(49)"),s("spl1(5)"),s("spl1(56)"),s("spl1(6)"),s("spl1(63)"),s("spl1(64)"),s("spl1(65)"),s("spl1(66)"),s("spl1(72)"),s("spl1(73)"),s("spl1(74)"),s("spl1(79)"),s("spl1(83)"),s("spl1(86)"),s("spl1(88)"),s("spl1(89)"),s("spl1(91)"),s("spl1(98)")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='csur1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='csur1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("spl1(10)"),s("spl1(106)"),s("spl1(107)"),s("spl1(108)"),s("spl1(109)"),s("spl1(110)"),s("spl1(111)"),s("spl1(112)"),s("spl1(113)"),s("spl1(114)"),s("spl1(115)"),s("spl1(116)"),s("spl1(117)"),s("spl1(118)"),s("spl1(119)"),s("spl1(120)"),s("spl1(121)"),s("spl1(122)"),s("spl1(123)"),s("spl1(124)"),s("spl1(132)"),s("spl1(133)"),s("spl1(15)"),s("spl1(16)"),s("spl1(18)"),s("spl1(19)"),s("spl1(20)"),s("spl1(21)"),s("spl1(23)"),s("spl1(25)"),s("spl1(30)"),s("spl1(31)"),s("spl1(32)"),s("spl1(33)"),s("spl1(37)"),s("spl1(38)"),s("spl1(39)"),s("spl1(4)"),s("spl1(40)"),s("spl1(41)"),s("spl1(42)"),s("spl1(43)"),s("spl1(44)"),s("spl1(49)"),s("spl1(5)"),s("spl1(56)"),s("spl1(6)"),s("spl1(63)"),s("spl1(64)"),s("spl1(65)"),s("spl1(66)"),s("spl1(72)"),s("spl1(73)"),s("spl1(74)"),s("spl1(79)"),s("spl1(83)"),s("spl1(86)"),s("spl1(88)"),s("spl1(89)"),s("spl1(90)"),s("spl1(91)"),s("spl1(98)")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='csur1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='csur1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("spl1(10)"),s("spl1(106)"),s("spl1(107)"),s("spl1(108)"),s("spl1(109)"),s("spl1(110)"),s("spl1(111)"),s("spl1(112)"),s("spl1(113)"),s("spl1(114)"),s("spl1(115)"),s("spl1(116)"),s("spl1(117)"),s("spl1(118)"),s("spl1(119)"),s("spl1(120)"),s("spl1(121)"),s("spl1(122)"),s("spl1(123)"),s("spl1(124)"),s("spl1(132)"),s("spl1(133)"),s("spl1(15)"),s("spl1(16)"),s("spl1(18)"),s("spl1(19)"),s("spl1(20)"),s("spl1(21)"),s("spl1(22)"),s("spl1(23)"),s("spl1(25)"),s("spl1(30)"),s("spl1(31)"),s("spl1(32)"),s("spl1(33)"),s("spl1(37)"),s("spl1(38)"),s("spl1(39)"),s("spl1(4)"),s("spl1(40)"),s("spl1(41)"),s("spl1(42)"),s("spl1(43)"),s("spl1(44)"),s("spl1(49)"),s("spl1(5)"),s("spl1(56)"),s("spl1(6)"),s("spl1(63)"),s("spl1(64)"),s("spl1(65)"),s("spl1(66)"),s("spl1(72)"),s("spl1(73)"),s("spl1(74)"),s("spl1(79)"),s("spl1(83)"),s("spl1(86)"),s("spl1(88)"),s("spl1(89)"),s("spl1(90)"),s("spl1(91)"),s("spl1(98)")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='csur1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='csur1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("spl1(10)"),s("spl1(106)"),s("spl1(107)"),s("spl1(108)"),s("spl1(109)"),s("spl1(110)"),s("spl1(111)"),s("spl1(112)"),s("spl1(113)"),s("spl1(114)"),s("spl1(115)"),s("spl1(116)"),s("spl1(117)"),s("spl1(118)"),s("spl1(119)"),s("spl1(120)"),s("spl1(121)"),s("spl1(122)"),s("spl1(123)"),s("spl1(124)"),s("spl1(132)"),s("spl1(133)"),s("spl1(15)"),s("spl1(16)"),s("spl1(18)"),s("spl1(19)"),s("spl1(20)"),s("spl1(21)"),s("spl1(22)"),s("spl1(23)"),s("spl1(25)"),s("spl1(30)"),s("spl1(31)"),s("spl1(32)"),s("spl1(33)"),s("spl1(37)"),s("spl1(38)"),s("spl1(39)"),s("spl1(4)"),s("spl1(40)"),s("spl1(41)"),s("spl1(42)"),s("spl1(43)"),s("spl1(44)"),s("spl1(49)"),s("spl1(5)"),s("spl1(55)"),s("spl1(56)"),s("spl1(6)"),s("spl1(63)"),s("spl1(64)"),s("spl1(65)"),s("spl1(66)"),s("spl1(72)"),s("spl1(73)"),s("spl1(74)"),s("spl1(79)"),s("spl1(83)"),s("spl1(86)"),s("spl1(88)"),s("spl1(89)"),s("spl1(90)"),s("spl1(91)"),s("spl1(98)")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='csur1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='csur1']/@value")) m(s("active")) b(false) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='csur1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("spl1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("create")) s("ccur1") s("ConvertToCurve") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ccur1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ccur1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("imp1(1)"),s("spl1(104)"),s("spl1(105)")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ccur1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("ccur1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("ccur1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("create")) s("csur2") s("ConvertToSurface") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='csur2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='csur2']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("ccur1")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='csur2']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("ccur1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("csur2")
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("ccur1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("create")) s("ext1") s("Extrude") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("ccur1")
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("spl1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("ext1")
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("spl1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("create")) s("csur2") s("ConvertToSurface") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='csur2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("spl1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='csur2']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("spl1(105)")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='csur2']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='csur2']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("spl1(104)"),s("spl1(105)")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='csur2']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("spl1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("create")) s("wp1") s("WorkPlane") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value")) m(s("set")) s("unite") b(true) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("create")) s("imp2") s("Import") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("imp2")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("move")) s("imp1") i(2)
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("move")) s("imp1") i(1)
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("imp1")
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("spl1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("wp1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("csur2")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("csur1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("create")) s("wp1") s("WorkPlane") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value")) m(s("set")) s("unite") b(true) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("create")) s("imp1") s("Import") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("set")) s("filename") s("C:\\Users\\Administrator\\Desktop\\OldVersions\\Radial_AMB.dxf") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("set")) s("keepsolid") s("off") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("set")) s("keepbnd") s("off") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("set")) s("keepfree") s("on") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("set")) s("unitecurves") s("off") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("imp1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("set")) s("removeredundant") s("on") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("imp1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value")) m(s("set")) s("selresult") s("on") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='imp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("imp1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("imp1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("create")) s("ext1") s("Extrude") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value")) m(s("set")) s("extrudefrom") s("faces") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value/@properties[key='inputface']/@value/@selection")) m(s("named")) s("imp1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value/@properties[key='inputface']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("ext1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("create")) s("rep1") s("Repair") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='rep1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("ext1")
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("rep1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='rep1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("imp1")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='rep1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("rep1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("rep1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("create")) s("ext1") s("Extrude") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value")) m(s("set")) s("extrudefrom") s("faces") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("wp1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("imp1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("rep1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("ext1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("create")) s("wp1") s("WorkPlane") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value")) m(s("set")) s("unite") b(true) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature")) m(s("create")) s("c1") s("Circle") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value")) m(s("set")) s("type") s("solid") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value")) m(s("set")) s("base") s("center") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value")) m(s("set")) s("pos") sa(s("0"),s("0")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value")) m(s("set")) s("r") s("0.35") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value")) m(s("set")) s("r") s("0.18") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value")) m(s("set")) s("r") s("0.085") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value")) m(s("set")) s("r") s("85e-3") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D/@feature/@features[key='c1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D")) m(s("run")) s("c1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp1']/@value/@sequence2D"))
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     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c1']/@value")) m(s("set")) s("r") s("0.025") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D")) m(s("run")) s("c1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D")) m(s("run")) s("c1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature")) m(s("create")) s("c2") s("Circle") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c2']/@value")) m(s("set")) s("type") s("solid") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c2']/@value")) m(s("set")) s("base") s("center") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c2']/@value")) m(s("set")) s("pos") sa(s("0"),s("0")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c2']/@value")) m(s("set")) s("r") s("0.01") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D")) m(s("run")) s("c2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c2']/@value")) m(s("set")) s("r") s("0.015") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D")) m(s("run")) s("c2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D")) m(s("run")) s("c2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D")) m(s("create")) s("dif1") s("Difference") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='dif1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='dif1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("c1")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='dif1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@view/@views[key='view3']/@value/@hideObjects")) m(s("create")) s("hide1") o(s("//@view/@views[key='view3']/@value/@hideObjects/@hides[key='hide1']/@value"))
     t(s("//@view/@views[key='view3']/@value/@hideObjects/@hides[key='hide1']/@value")) m(s("init")) o(s("//@view/@views[key='view3']/@value/@hideObjects/@hides[key='hide1']/@value"))
     t(s("//@view/@views[key='view3']/@value/@hideObjects/@hides[key='hide1']/@value")) m(s("add")) sa(s("c1")) o(s("//@view/@views[key='view3']/@value/@hideObjects/@hides[key='hide1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='dif1']/@value/@properties[key='input2']/@value/@selection")) m(s("set")) sa(s("c2")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='dif1']/@value/@properties[key='input2']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='dif1']/@value")) m(s("set")) s("keep") s("on") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='dif1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D")) m(s("run")) s("dif1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D"))
     t(s("//@view/@views[key='view3']/@value/@hideObjects/@hides[key='hide1']/@value")) m(s("set")) sa() o(s("//@view/@views[key='view3']/@value/@hideObjects/@hides[key='hide1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp2") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("create")) s("ext2") s("Extrude") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext2']/@value")) m(s("set")) s("workplane") s("wp2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext2']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("wp2")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext2']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext2']/@value")) m(s("setIndex")) s("distance") s("36e-3") i(0) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value")) m(s("set")) s("quickz") s("-36e-3/2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("ext2") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("create")) s("wp3") s("WorkPlane") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value")) m(s("set")) s("unite") b(true) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value")) m(s("set")) s("planetype") s("vertices") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value/@properties[key='vertex1']/@value/@selection")) m(s("set")) s("ext1") ia(16) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value/@properties[key='vertex1']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value/@properties[key='vertex2']/@value/@selection")) m(s("set")) s("ext1") ia(24) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value/@properties[key='vertex2']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value/@properties[key='vertex3']/@value/@selection")) m(s("set")) s("ext1") ia(23) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value/@properties[key='vertex3']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value")) m(s("set")) s("offset") s("1e-3") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp3") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value")) m(s("set")) s("offset") s("-1e-3") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp3") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp3") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("create")) s("wp4") s("WorkPlane") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value")) m(s("set")) s("unite") b(true) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value")) m(s("set")) s("planetype") s("vertices") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@properties[key='vertex1']/@value/@selection")) m(s("set")) s("ext1") ia(60) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@properties[key='vertex1']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@properties[key='vertex2']/@value/@selection")) m(s("set")) s("ext1") ia(68) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@properties[key='vertex2']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@properties[key='vertex3']/@value/@selection")) m(s("set")) s("ext1") ia(67) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@properties[key='vertex3']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value")) m(s("set")) s("offset") s("1e-3") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp4") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value")) m(s("set")) s("offset") s("-1e-3") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp4") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp4") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("create")) s("wp5") s("WorkPlane") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value")) m(s("set")) s("unite") b(true) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value")) m(s("set")) s("planetype") s("vertices") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value/@properties[key='vertex1']/@value/@selection")) m(s("set")) s("ext1") ia(72) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value/@properties[key='vertex1']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value/@properties[key='vertex2']/@value/@selection")) m(s("set")) s("ext1") ia(76) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value/@properties[key='vertex2']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value/@properties[key='vertex3']/@value/@selection")) m(s("set")) s("ext1") ia(75) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value/@properties[key='vertex3']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value")) m(s("set")) s("offset") s("-1e-3") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp5") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp5") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("create")) s("wp6") s("WorkPlane") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value")) m(s("set")) s("unite") b(true) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value")) m(s("set")) s("planetype") s("vertices") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value/@properties[key='vertex1']/@value/@selection")) m(s("set")) s("ext1") ia(74) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value/@properties[key='vertex1']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value/@properties[key='vertex2']/@value/@selection")) m(s("set")) s("ext1") ia(70) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value/@properties[key='vertex2']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value/@properties[key='vertex3']/@value/@selection")) m(s("set")) s("ext1") ia(69) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value/@properties[key='vertex3']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value")) m(s("set")) s("offset") s("-1e-3") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp6") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp6") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("create")) s("wp7") s("WorkPlane") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value")) m(s("set")) s("unite") b(true) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value")) m(s("set")) s("planetype") s("vertices") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value/@properties[key='vertex1']/@value/@selection")) m(s("set")) s("ext1") ia(66) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value/@properties[key='vertex1']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value/@properties[key='vertex2']/@value/@selection")) m(s("set")) s("ext1") ia(58) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value/@properties[key='vertex2']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value/@properties[key='vertex3']/@value/@selection")) m(s("set")) s("ext1") ia(57) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value/@properties[key='vertex3']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value")) m(s("set")) s("offset") s("-1e-3") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp7") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp7") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("create")) s("wp8") s("WorkPlane") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value")) m(s("set")) s("unite") b(true) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value")) m(s("set")) s("planetype") s("coordinates") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value")) m(s("set")) s("planetype") s("vertices") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value/@properties[key='vertex1']/@value/@selection")) m(s("set")) s("ext1") ia(22) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value/@properties[key='vertex1']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value/@properties[key='vertex2']/@value/@selection")) m(s("set")) s("ext1") ia(14) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value/@properties[key='vertex2']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value/@properties[key='vertex3']/@value/@selection")) m(s("set")) s("ext1") ia(13) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value/@properties[key='vertex3']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value")) m(s("set")) s("offset") s("-1e-3") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp8") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp8") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp8") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("create")) s("wp9") s("WorkPlane") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp9']/@value"))
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     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value/@sequence2D")) m(s("run")) s("r1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value/@sequence2D"))
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     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value/@sequence2D/@feature/@features[key='r2']/@value")) m(s("set")) s("type") s("solid") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value/@sequence2D/@feature/@features[key='r2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value/@sequence2D/@feature/@features[key='r2']/@value")) m(s("set")) s("base") s("center") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value/@sequence2D/@feature/@features[key='r2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value/@sequence2D/@feature/@features[key='r2']/@value")) m(s("set")) s("pos") sa(s("0.005"),s("0.0105")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value/@sequence2D/@feature/@features[key='r2']/@value"))
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     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value/@sequence2D")) m(s("run")) s("r2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value/@sequence2D"))
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     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value/@sequence2D/@feature/@features[key='dif1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("r2")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value/@sequence2D/@feature/@features[key='dif1']/@value/@properties[key='input']/@value/@selection"))
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     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value/@sequence2D/@feature/@features[key='dif1']/@value/@properties[key='input2']/@value/@selection")) m(s("set")) sa(s("r1")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value/@sequence2D/@feature/@features[key='dif1']/@value/@properties[key='input2']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value/@sequence2D")) m(s("run")) s("dif1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value/@sequence2D"))
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     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@sequence2D/@feature")) m(s("copy")) s("r2") s("geom1/wp3/r2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@sequence2D/@feature/@features[key='r2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@sequence2D/@feature")) m(s("copy")) s("dif1") s("geom1/wp3/dif1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@sequence2D/@feature/@features[key='dif1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@sequence2D")) m(s("run")) s("r1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@sequence2D")) m(s("run")) s("r2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@sequence2D")) m(s("run")) s("dif1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("ext3") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("create")) s("ext4") s("Extrude") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext4']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext4']/@value")) m(s("set")) s("workplane") s("wp4") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext4']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext4']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("wp4")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext4']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext4']/@value")) m(s("set")) s("reverse") s("on") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext4']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext4']/@value")) m(s("setIndex")) s("distance") s("47e-3") i(0) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext4']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("ext4") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext4']/@value")) m(s("setIndex")) s("distance") s("47.5e-3") i(0) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext4']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("ext4") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value/@sequence2D/@feature")) m(s("copy")) s("r1") s("geom1/wp4/r1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value/@sequence2D/@feature/@features[key='r1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value/@sequence2D/@feature")) m(s("copy")) s("r2") s("geom1/wp4/r2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value/@sequence2D/@feature/@features[key='r2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value/@sequence2D/@feature")) m(s("copy")) s("dif1") s("geom1/wp4/dif1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value/@sequence2D/@feature/@features[key='dif1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value")) m(s("set")) s("showprojection") b(false) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value")) m(s("set")) s("showprojection") b(false) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value")) m(s("set")) s("showprojection") b(false) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value")) m(s("set")) s("showprojection") b(false) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp9']/@value")) m(s("set")) s("showprojection") b(false) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp9']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp10']/@value")) m(s("set")) s("showprojection") b(false) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp10']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value/@sequence2D/@feature")) m(s("copy")) s("r1") s("geom1/wp4/r1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value/@sequence2D/@feature/@features[key='r1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value/@sequence2D/@feature")) m(s("copy")) s("r2") s("geom1/wp4/r2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value/@sequence2D/@feature/@features[key='r2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value/@sequence2D/@feature")) m(s("copy")) s("dif1") s("geom1/wp4/dif1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value/@sequence2D/@feature/@features[key='dif1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value/@sequence2D/@feature")) m(s("copy")) s("r1") s("geom1/wp4/r1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value/@sequence2D/@feature/@features[key='r1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value/@sequence2D/@feature")) m(s("copy")) s("r2") s("geom1/wp4/r2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value/@sequence2D/@feature/@features[key='r2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value/@sequence2D/@feature")) m(s("copy")) s("dif1") s("geom1/wp4/dif1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value/@sequence2D/@feature/@features[key='dif1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value/@sequence2D/@feature")) m(s("copy")) s("r1") s("geom1/wp4/r1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value/@sequence2D/@feature/@features[key='r1']/@value"))
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     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value/@sequence2D/@feature")) m(s("copy")) s("dif1") s("geom1/wp4/dif1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value/@sequence2D/@feature/@features[key='dif1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp9']/@value/@sequence2D/@feature")) m(s("copy")) s("r1") s("geom1/wp4/r1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp9']/@value/@sequence2D/@feature/@features[key='r1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp9']/@value/@sequence2D/@feature")) m(s("copy")) s("r2") s("geom1/wp4/r2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp9']/@value/@sequence2D/@feature/@features[key='r2']/@value"))
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     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp10']/@value/@sequence2D/@feature")) m(s("copy")) s("r1") s("geom1/wp4/r1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp10']/@value/@sequence2D/@feature/@features[key='r1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp10']/@value/@sequence2D/@feature")) m(s("copy")) s("r2") s("geom1/wp4/r2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp10']/@value/@sequence2D/@feature/@features[key='r2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp10']/@value/@sequence2D/@feature")) m(s("copy")) s("dif1") s("geom1/wp4/dif1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp10']/@value/@sequence2D/@feature/@features[key='dif1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp10']/@value/@sequence2D")) m(s("run")) s("dif1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp10']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("copy")) s("ext5") s("geom1/ext4") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext5']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext5']/@value")) m(s("set")) s("workplane") s("wp5") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext5']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("ext5") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext5']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("wp5")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext5']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("ext5") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("ext5") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("create")) s("ext6") s("Extrude") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext6']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext6']/@value")) m(s("set")) s("workplane") s("wp6") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext6']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext6']/@value")) m(s("set")) s("reverse") s("on") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext6']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext6']/@value")) m(s("setIndex")) s("distance") s("47e-5") i(0) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext6']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("ext5")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext6']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("wp6")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext6']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("ext6") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext6']/@value")) m(s("setIndex")) s("distance") s("47e-3") i(0) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext6']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("ext6") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value/@sequence2D")) m(s("run")) s("dif1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp3']/@value/@sequence2D"))
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     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@sequence2D/@feature")) m(s("remove")) s("dif1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@sequence2D/@feature")) m(s("copy")) s("r1") s("geom1/wp3/r1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@sequence2D/@feature/@features[key='r1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@sequence2D/@feature")) m(s("copy")) s("r2") s("geom1/wp3/r2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@sequence2D/@feature/@features[key='r2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@sequence2D/@feature")) m(s("copy")) s("dif1") s("geom1/wp3/dif1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@sequence2D/@feature/@features[key='dif1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@sequence2D/@feature")) m(s("copy")) s("b1") s("geom1/wp3/b1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@sequence2D/@feature/@features[key='b1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@sequence2D")) m(s("run")) s("r1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@sequence2D")) m(s("run")) s("b1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp4']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value/@sequence2D/@feature")) m(s("remove")) s("r1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value/@sequence2D/@feature")) m(s("remove")) s("r2")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value/@sequence2D/@feature")) m(s("remove")) s("dif1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value/@sequence2D/@feature")) m(s("copy")) s("r1") s("geom1/wp3/r1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value/@sequence2D/@feature/@features[key='r1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value/@sequence2D/@feature")) m(s("copy")) s("r2") s("geom1/wp3/r2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value/@sequence2D/@feature/@features[key='r2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value/@sequence2D/@feature")) m(s("copy")) s("dif1") s("geom1/wp3/dif1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value/@sequence2D/@feature/@features[key='dif1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value/@sequence2D/@feature")) m(s("copy")) s("b1") s("geom1/wp3/b1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp5']/@value/@sequence2D/@feature/@features[key='b1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value/@sequence2D/@feature")) m(s("remove")) s("r1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value/@sequence2D/@feature")) m(s("remove")) s("r2")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value/@sequence2D/@feature")) m(s("remove")) s("dif1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value/@sequence2D/@feature")) m(s("copy")) s("r1") s("geom1/wp3/r1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value/@sequence2D/@feature/@features[key='r1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value/@sequence2D/@feature")) m(s("copy")) s("r2") s("geom1/wp3/r2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value/@sequence2D/@feature/@features[key='r2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value/@sequence2D/@feature")) m(s("copy")) s("dif1") s("geom1/wp3/dif1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value/@sequence2D/@feature/@features[key='dif1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value/@sequence2D/@feature")) m(s("copy")) s("b1") s("geom1/wp3/b1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp6']/@value/@sequence2D/@feature/@features[key='b1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value/@sequence2D/@feature")) m(s("remove")) s("r1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value/@sequence2D/@feature")) m(s("remove")) s("r2")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value/@sequence2D/@feature")) m(s("remove")) s("dif1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value/@sequence2D/@feature")) m(s("copy")) s("r1") s("geom1/wp3/r1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value/@sequence2D/@feature/@features[key='r1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value/@sequence2D/@feature")) m(s("copy")) s("r2") s("geom1/wp3/r2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value/@sequence2D/@feature/@features[key='r2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value/@sequence2D/@feature")) m(s("copy")) s("dif1") s("geom1/wp3/dif1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value/@sequence2D/@feature/@features[key='dif1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value/@sequence2D/@feature")) m(s("copy")) s("b1") s("geom1/wp3/b1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp7']/@value/@sequence2D/@feature/@features[key='b1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value/@sequence2D/@feature")) m(s("remove")) s("r1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value/@sequence2D/@feature")) m(s("remove")) s("r2")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value/@sequence2D/@feature")) m(s("remove")) s("dif1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value/@sequence2D/@feature")) m(s("copy")) s("r1") s("geom1/wp3/r1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value/@sequence2D/@feature/@features[key='r1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value/@sequence2D/@feature")) m(s("copy")) s("r2") s("geom1/wp3/r2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value/@sequence2D/@feature/@features[key='r2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value/@sequence2D/@feature")) m(s("copy")) s("dif1") s("geom1/wp3/dif1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value/@sequence2D/@feature/@features[key='dif1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value/@sequence2D/@feature")) m(s("copy")) s("b1") s("geom1/wp3/b1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp8']/@value/@sequence2D/@feature/@features[key='b1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp9']/@value/@sequence2D/@feature")) m(s("remove")) s("r1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp9']/@value/@sequence2D/@feature")) m(s("remove")) s("r2")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp9']/@value/@sequence2D/@feature")) m(s("remove")) s("dif1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp9']/@value/@sequence2D/@feature")) m(s("copy")) s("r1") s("geom1/wp3/r1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp9']/@value/@sequence2D/@feature/@features[key='r1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp9']/@value/@sequence2D/@feature")) m(s("copy")) s("r2") s("geom1/wp3/r2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp9']/@value/@sequence2D/@feature/@features[key='r2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp9']/@value/@sequence2D/@feature")) m(s("copy")) s("dif1") s("geom1/wp3/dif1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp9']/@value/@sequence2D/@feature/@features[key='dif1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp9']/@value/@sequence2D/@feature")) m(s("copy")) s("b1") s("geom1/wp3/b1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp9']/@value/@sequence2D/@feature/@features[key='b1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp10']/@value/@sequence2D/@feature")) m(s("remove")) s("r1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp10']/@value/@sequence2D/@feature")) m(s("remove")) s("r2")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp10']/@value/@sequence2D/@feature")) m(s("remove")) s("dif1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp10']/@value/@sequence2D/@feature")) m(s("copy")) s("r1") s("geom1/wp3/r1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp10']/@value/@sequence2D/@feature/@features[key='r1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp10']/@value/@sequence2D/@feature")) m(s("copy")) s("r2") s("geom1/wp3/r2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp10']/@value/@sequence2D/@feature/@features[key='r2']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp10']/@value/@sequence2D/@feature")) m(s("copy")) s("dif1") s("geom1/wp3/dif1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp10']/@value/@sequence2D/@feature/@features[key='dif1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp10']/@value/@sequence2D/@feature")) m(s("copy")) s("b1") s("geom1/wp3/b1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp10']/@value/@sequence2D/@feature/@features[key='b1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp10']/@value/@sequence2D")) m(s("run")) s("b1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp10']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("copy")) s("ext7") s("geom1/ext6") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext7']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext7']/@value")) m(s("set")) s("workplane") s("wp7") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext7']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext7']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("wp7")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext7']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("ext7") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("copy")) s("ext8") s("geom1/ext6") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext8']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext8']/@value")) m(s("set")) s("workplane") s("wp8") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext8']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext8']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("wp8")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext8']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("ext8") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("copy")) s("ext9") s("geom1/ext6") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext9']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext9']/@value")) m(s("set")) s("workplane") s("wp9") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext9']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext9']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("wp9")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext9']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("ext9") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("copy")) s("ext10") s("geom1/ext6") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext10']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext10']/@value")) m(s("set")) s("workplane") s("wp10") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext10']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext10']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("wp10")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='ext10']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("ext10") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run"))
     t(s("//@physics/@physints[key='mf']/@value/@feature")) m(s("create")) s("mtcd1") s("MultiTurnCoilBoundary") i(2) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value")) m(s("label")) s("Multi-Turn Coil iyp") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection")) m(s("set")) ia(41) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection")) m(s("set")) ia() o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value")) m(s("setIndex")) s("materialType") s("solid") i(0) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value")) m(s("set")) s("CoilType") s("UserDefined") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@selection")) m(s("set")) ia() o(s("//@physics/@physints[key='mf']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature")) m(s("remove")) s("mtcd1")
     t(s("//@physics/@physints[key='mf']/@value/@feature")) m(s("create")) s("mtcd1") s("MultiTurnCoilDomain") i(3) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection")) m(s("all")) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection")) m(s("set")) ia() o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection"))
     t(s("//@selection")) m(s("create")) s("sel1") s("Explicit") o(s("//@selection/@selections[key='sel1']/@value"))
     t(s("//@selection/@selections[key='sel1']/@value")) m(s("set")) ia(1) o(s("//@selection/@selections[key='sel1']/@value"))
     t(s("//@selection/@selections[key='sel1']/@value")) m(s("label")) s("AMB Stator") o(s("//@selection/@selections[key='sel1']/@value"))
     t(s("//@selection")) m(s("create")) s("sel2") s("Explicit") o(s("//@selection/@selections[key='sel2']/@value"))
     t(s("//@selection/@selections[key='sel2']/@value")) m(s("set")) ia(6) o(s("//@selection/@selections[key='sel2']/@value"))
     t(s("//@selection/@selections[key='sel2']/@value")) m(s("label")) s("AMB Rotor Outer") o(s("//@selection/@selections[key='sel2']/@value"))
     t(s("//@selection")) m(s("create")) s("sel3") s("Explicit") o(s("//@selection/@selections[key='sel3']/@value"))
     t(s("//@selection/@selections[key='sel3']/@value")) m(s("set")) ia(7) o(s("//@selection/@selections[key='sel3']/@value"))
     t(s("//@selection/@selections[key='sel3']/@value")) m(s("label")) s("AMB Rotor Inner") o(s("//@selection/@selections[key='sel3']/@value"))
     t(s("//@selection")) m(s("create")) s("sel4") s("Explicit") o(s("//@selection/@selections[key='sel4']/@value"))
     t(s("//@selection/@selections[key='sel4']/@value")) m(s("set")) ia(5) o(s("//@selection/@selections[key='sel4']/@value"))
     t(s("//@selection/@selections[key='sel4']/@value")) m(s("set")) ia(5,8) o(s("//@selection/@selections[key='sel4']/@value"))
     t(s("//@selection/@selections[key='sel4']/@value")) m(s("label")) s("yp_a") o(s("//@selection/@selections[key='sel4']/@value"))
     t(s("//@selection/@selections[key='sel4']/@value")) m(s("set")) ia(5) o(s("//@selection/@selections[key='sel4']/@value"))
     t(s("//@selection")) m(s("create")) s("sel5") s("Explicit") o(s("//@selection/@selections[key='sel5']/@value"))
     t(s("//@selection/@selections[key='sel5']/@value")) m(s("set")) ia(8) o(s("//@selection/@selections[key='sel5']/@value"))
     t(s("//@selection/@selections[key='sel5']/@value")) m(s("label")) s("yp_b") o(s("//@selection/@selections[key='sel5']/@value"))
     t(s("//@selection")) m(s("create")) s("sel6") s("Explicit") o(s("//@selection/@selections[key='sel6']/@value"))
     t(s("//@selection/@selections[key='sel6']/@value")) m(s("set")) ia(4) o(s("//@selection/@selections[key='sel6']/@value"))
     t(s("//@selection/@selections[key='sel6']/@value")) m(s("label")) s("yn_a") o(s("//@selection/@selections[key='sel6']/@value"))
     t(s("//@selection")) m(s("create")) s("sel7") s("Explicit") o(s("//@selection/@selections[key='sel7']/@value"))
     t(s("//@selection/@selections[key='sel7']/@value")) m(s("label")) s("yn_b") o(s("//@selection/@selections[key='sel7']/@value"))
     t(s("//@selection")) m(s("create")) s("sel8") s("Explicit") o(s("//@selection/@selections[key='sel8']/@value"))
     t(s("//@selection/@selections[key='sel8']/@value")) m(s("set")) ia(3) o(s("//@selection/@selections[key='sel8']/@value"))
     t(s("//@selection/@selections[key='sel8']/@value")) m(s("label")) s("xn_b") o(s("//@selection/@selections[key='sel8']/@value"))
     t(s("//@selection")) m(s("create")) s("sel9") s("Explicit") o(s("//@selection/@selections[key='sel9']/@value"))
     t(s("//@selection/@selections[key='sel9']/@value")) m(s("set")) ia(2) o(s("//@selection/@selections[key='sel9']/@value"))
     t(s("//@selection/@selections[key='sel9']/@value")) m(s("label")) s("xn_a") o(s("//@selection/@selections[key='sel9']/@value"))
     t(s("//@selection")) m(s("create")) s("sel10") s("Explicit") o(s("//@selection/@selections[key='sel10']/@value"))
     t(s("//@selection/@selections[key='sel10']/@value")) m(s("set")) ia(10) o(s("//@selection/@selections[key='sel10']/@value"))
     t(s("//@selection/@selections[key='sel10']/@value")) m(s("label")) s("xp_a") o(s("//@selection/@selections[key='sel10']/@value"))
     t(s("//@selection")) m(s("create")) s("sel11") s("Explicit") o(s("//@selection/@selections[key='sel11']/@value"))
     t(s("//@selection/@selections[key='sel11']/@value")) m(s("set")) ia(11) o(s("//@selection/@selections[key='sel11']/@value"))
     t(s("//@selection/@selections[key='sel11']/@value")) m(s("label")) s("xp_b") o(s("//@selection/@selections[key='sel11']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection")) m(s("named")) s("sel4") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection")) m(s("set")) ia() o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection")) m(s("named")) s("sel4") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection")) m(s("set")) ia() o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature")) m(s("remove")) s("mtcd1")
     t(s("//@physics/@physints[key='mf']/@value/@feature")) m(s("create")) s("mtcd1") s("MultiTurnCoilDomain") i(3) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value"))
     t(s("//@selection")) m(s("remove")) s("sel4")
     t(s("//@selection")) m(s("remove")) s("sel5")
     t(s("//@selection")) m(s("remove")) s("sel6")
     t(s("//@selection")) m(s("remove")) s("sel7")
     t(s("//@selection")) m(s("remove")) s("sel8")
     t(s("//@selection")) m(s("remove")) s("sel9")
     t(s("//@selection")) m(s("remove")) s("sel10")
     t(s("//@selection")) m(s("remove")) s("sel11")
     t(s("//@selection")) m(s("create")) s("sel4") s("Explicit") o(s("//@selection/@selections[key='sel4']/@value"))
     t(s("//@selection/@selections[key='sel4']/@value")) m(s("set")) ia(3) o(s("//@selection/@selections[key='sel4']/@value"))
     t(s("//@selection/@selections[key='sel4']/@value")) m(s("set")) ia(3,5) o(s("//@selection/@selections[key='sel4']/@value"))
     t(s("//@selection/@selections[key='sel4']/@value")) m(s("set")) ia(3,5,8) o(s("//@selection/@selections[key='sel4']/@value"))
     t(s("//@selection/@selections[key='sel4']/@value")) m(s("set")) ia(3,5,8,10) o(s("//@selection/@selections[key='sel4']/@value"))
     t(s("//@selection/@selections[key='sel4']/@value")) m(s("set")) ia(3,5,8,10,11) o(s("//@selection/@selections[key='sel4']/@value"))
     t(s("//@selection/@selections[key='sel4']/@value")) m(s("set")) ia(3,5,8,9,10,11) o(s("//@selection/@selections[key='sel4']/@value"))
     t(s("//@selection/@selections[key='sel4']/@value")) m(s("set")) ia(3,4,5,8,9,10,11) o(s("//@selection/@selections[key='sel4']/@value"))
     t(s("//@selection/@selections[key='sel4']/@value")) m(s("set")) ia(2,3,4,5,8,9,10,11) o(s("//@selection/@selections[key='sel4']/@value"))
     t(s("//@selection/@selections[key='sel4']/@value")) m(s("label")) s("Copper") o(s("//@selection/@selections[key='sel4']/@value"))
     t(s("//@selection/@selections[key='sel4']/@value")) m(s("label")) s("Windings") o(s("//@selection/@selections[key='sel4']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("ext10") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("create")) s("blk1") s("Block") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("blk1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value")) m(s("set")) s("base") s("center") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("blk1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@view/@views[key='view1']/@value")) m(s("set")) s("transparency") s("on") o(s("//@view/@views[key='view1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value")) m(s("set")) s("size") sa(s("0.11"),s("1"),s("1")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value")) m(s("set")) s("size") sa(s("0.1"),s("1"),s("1")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value")) m(s("set")) s("size") sa(s("0.1"),s("0.1"),s("1")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value")) m(s("set")) s("size") sa(s("0.1"),s("0.1"),s("0.1")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value")) m(s("set")) s("size") sa(s("0.1"),s("0.1"),s("0.2")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value")) m(s("set")) s("size") sa(s("0.2"),s("0.1"),s("0.2")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value")) m(s("set")) s("size") sa(s("0.2"),s("0.2"),s("0.2")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("blk1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value")) m(s("set")) s("size") sa(s("0.2"),s("0.1"),s("0.2")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("blk1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value")) m(s("set")) s("size") sa(s("0.2"),s("0.2"),s("0.2")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value")) m(s("set")) s("size") sa(s("0.2"),s("0.2"),s("0.1")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("blk1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value")) m(s("set")) s("size") sa(s("0.2"),s("0.2"),s("0.075")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("blk1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value")) m(s("set")) s("size") sa(s("0.2"),s("0.2"),s("0.07")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("blk1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value")) m(s("set")) s("size") sa(s("0.2"),s("0.2"),s("0.05")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("blk1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value")) m(s("set")) s("size") sa(s("0.15"),s("0.2"),s("0.05")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("blk1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value")) m(s("set")) s("size") sa(s("0.175"),s("0.2"),s("0.05")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("blk1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value")) m(s("set")) s("size") sa(s("0.18"),s("0.2"),s("0.05")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("blk1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value")) m(s("set")) s("size") sa(s("0.18"),s("0.18"),s("0.05")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("blk1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value")) m(s("set")) s("size") sa(s("0.18"),s("0.18"),s("0.06")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("blk1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run"))
     t(s("//@physics/@physints[key='mf']/@value/@selection")) m(s("set")) ia(1,2,3,4,5,6,7,8,9,10,11,12) o(s("//@physics/@physints[key='mf']/@value/@selection"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities")) m(s("create")) s("hide1") o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value")) m(s("geom")) i(3) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value")) m(s("add")) ia(1) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection")) m(s("named")) s("sel4") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection")) m(s("set")) ia() o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection")) m(s("set")) ia(6) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value")) m(s("label")) s("Multi-Turn Coil yp_S") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature")) m(s("create")) s("mtcd2") s("MultiTurnCoilDomain") i(3) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd2']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd2']/@value/@selection")) m(s("set")) ia(9) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd2']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd2']/@value")) m(s("label")) s("Multi-Turn Coil yp_N") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd2']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature")) m(s("create")) s("mtcd3") s("MultiTurnCoilDomain") i(3) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value/@selection")) m(s("set")) ia(5) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value")) m(s("label")) s("Multi-Turn Coil yn") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value/@selection")) m(s("set")) ia(5,11) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value/@selection")) m(s("set")) ia(11) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value")) m(s("label")) s("Multi-Turn Coil yn_N") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value")) m(s("label")) s("Multi-Turn Coil xp_N") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature")) m(s("create")) s("mtcd4") s("MultiTurnCoilDomain") i(3) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd4']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd4']/@value/@selection")) m(s("set")) ia(12) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd4']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd4']/@value")) m(s("label")) s("Multi-Turn Coil xp_S") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd4']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature")) m(s("create")) s("mtcd5") s("MultiTurnCoilDomain") i(3) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd5']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd5']/@value/@selection")) m(s("set")) ia(10) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd5']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd5']/@value")) m(s("label")) s("Multi-Turn Coil yn_S") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd5']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature")) m(s("create")) s("mtcd6") s("MultiTurnCoilDomain") i(3) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd6']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd6']/@value/@selection")) m(s("set")) ia(5) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd6']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd6']/@value")) m(s("label")) s("Multi-Turn Coil yn_N") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd6']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature")) m(s("create")) s("mtcd7") s("MultiTurnCoilDomain") i(3) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd7']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd7']/@value/@selection")) m(s("set")) ia(3) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd7']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd7']/@value")) m(s("label")) s("Multi-Turn Coil xn_N") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd7']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature")) m(s("create")) s("mtcd8") s("MultiTurnCoilDomain") i(3) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd8']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd8']/@value/@selection")) m(s("set")) ia(4) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd8']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd8']/@value")) m(s("label")) s("Multi-Turn Coil xn_S") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd8']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value")) m(s("set")) s("CoilType") s("Numeric") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd2']/@value")) m(s("set")) s("CoilType") s("Numeric") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd2']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value")) m(s("set")) s("CoilType") s("Numeric") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd4']/@value")) m(s("set")) s("CoilType") s("Numeric") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd4']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd5']/@value")) m(s("set")) s("CoilType") s("Numeric") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd5']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd6']/@value")) m(s("set")) s("CoilType") s("Numeric") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd6']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd7']/@value")) m(s("set")) s("CoilType") s("Numeric") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd7']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd8']/@value")) m(s("set")) s("CoilType") s("Numeric") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd8']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value")) m(s("set")) s("N") s("80") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd2']/@value")) m(s("set")) s("N") s("80") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd2']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value")) m(s("set")) s("N") s("80") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd4']/@value")) m(s("set")) s("N") s("80") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd4']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd5']/@value")) m(s("set")) s("N") s("80") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd5']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd6']/@value")) m(s("set")) s("N") s("80") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd6']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd7']/@value")) m(s("set")) s("N") s("80") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd7']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd8']/@value")) m(s("set")) s("N") s("80") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd8']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value")) m(s("set")) s("ICoil") s("iyp") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd2']/@value")) m(s("set")) s("ICoil") s("iyp") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd2']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value")) m(s("set")) s("ICoil") s("ib") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd4']/@value")) m(s("set")) s("ICoil") s("ib") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd4']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd5']/@value")) m(s("set")) s("ICoil") s("0") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd5']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd6']/@value")) m(s("set")) s("ICoil") s("0") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd6']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd7']/@value")) m(s("set")) s("ICoil") s("ib") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd7']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd8']/@value")) m(s("set")) s("ICoil") s("ib") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd8']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value")) m(s("setIndex")) s("materialType") s("solid") i(0) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd2']/@value")) m(s("setIndex")) s("materialType") s("solid") i(0) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd2']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value")) m(s("setIndex")) s("materialType") s("solid") i(0) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd4']/@value")) m(s("setIndex")) s("materialType") s("solid") i(0) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd4']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd5']/@value")) m(s("setIndex")) s("materialType") s("solid") i(0) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd5']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd6']/@value")) m(s("setIndex")) s("materialType") s("solid") i(0) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd6']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd7']/@value")) m(s("setIndex")) s("materialType") s("solid") i(0) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd7']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd8']/@value")) m(s("setIndex")) s("materialType") s("solid") i(0) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd8']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value")) m(s("setIndex")) s("materialType") s("nonSolid") i(0) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value")) m(s("setIndex")) s("materialType") s("solid") i(0) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value"))
     t(s("//@material")) m(s("create")) s("mat1") s("Common") s("comp1") o(s("//@material/@materials[key='mat1']/@value"))
     t(s("//@material/@materials[key='mat1']/@value")) m(s("label")) s("Air") o(s("//@material/@materials[key='mat1']/@value"))
     t(s("//@material/@materials[key='mat1']/@value")) m(s("set")) s("family") s("air") o(s("//@material/@materials[key='mat1']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value")) m(s("set")) s("relpermeability") s("1") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value")) m(s("set")) s("relpermittivity") s("1") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value")) m(s("set")) s("dynamicviscosity") s("eta(T[1/K])[Pa*s]") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value")) m(s("set")) s("ratioofspecificheat") s("1.4") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value")) m(s("set")) s("electricconductivity") s("0[S/m]") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value")) m(s("set")) s("heatcapacity") s("Cp(T[1/K])[J/(kg*K)]") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value")) m(s("set")) s("density") s("rho(pA[1/Pa],T[1/K])[kg/m^3]") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value")) m(s("set")) s("thermalconductivity") s("k(T[1/K])[W/(m*K)]") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value")) m(s("set")) s("soundspeed") s("cs(T[1/K])[m/s]") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func")) m(s("create")) s("eta") s("Piecewise") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='eta']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='eta']/@value")) m(s("set")) s("funcname") s("eta") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='eta']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='eta']/@value")) m(s("set")) s("arg") s("T") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='eta']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='eta']/@value")) m(s("set")) s("extrap") s("constant") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='eta']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='eta']/@value")) m(s("set")) s("pieces") saa(sa(s("200.0"),s("1600.0"),s("-8.38278E-7+8.35717342E-8*T^1-7.69429583E-11*T^2+4.6437266E-14*T^3-1.06585607E-17*T^4"))) o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='eta']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func")) m(s("create")) s("Cp") s("Piecewise") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='Cp']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='Cp']/@value")) m(s("set")) s("funcname") s("Cp") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='Cp']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='Cp']/@value")) m(s("set")) s("arg") s("T") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='Cp']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='Cp']/@value")) m(s("set")) s("extrap") s("constant") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='Cp']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='Cp']/@value")) m(s("set")) s("pieces") saa(sa(s("200.0"),s("1600.0"),s("1047.63657-0.372589265*T^1+9.45304214E-4*T^2-6.02409443E-7*T^3+1.2858961E-10*T^4"))) o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='Cp']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func")) m(s("create")) s("rho") s("Analytic") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='rho']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='rho']/@value")) m(s("set")) s("funcname") s("rho") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='rho']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='rho']/@value")) m(s("set")) s("args") sa(s("pA"),s("T")) o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='rho']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='rho']/@value")) m(s("set")) s("expr") s("pA*0.02897/8.314/T") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='rho']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='rho']/@value")) m(s("set")) s("dermethod") s("manual") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='rho']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='rho']/@value")) m(s("set")) s("argders") saa(sa(s("pA"),s("d(pA*0.02897/8.314/T,pA)")),sa(s("T"),s("d(pA*0.02897/8.314/T,T)"))) o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='rho']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func")) m(s("create")) s("k") s("Piecewise") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='k']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='k']/@value")) m(s("set")) s("funcname") s("k") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='k']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='k']/@value")) m(s("set")) s("arg") s("T") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='k']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='k']/@value")) m(s("set")) s("extrap") s("constant") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='k']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='k']/@value")) m(s("set")) s("pieces") saa(sa(s("200.0"),s("1600.0"),s("-0.00227583562+1.15480022E-4*T^1-7.90252856E-8*T^2+4.11702505E-11*T^3-7.43864331E-15*T^4"))) o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='k']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func")) m(s("create")) s("cs") s("Analytic") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='cs']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='cs']/@value")) m(s("set")) s("funcname") s("cs") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='cs']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='cs']/@value")) m(s("set")) s("args") sa(s("T")) o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='cs']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='cs']/@value")) m(s("set")) s("expr") s("sqrt(1.4*287*T)") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='cs']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='cs']/@value")) m(s("set")) s("dermethod") s("manual") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='cs']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='cs']/@value")) m(s("set")) s("argders") saa(sa(s("T"),s("d(sqrt(1.4*287*T),T)"))) o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value/@func/@features[key='cs']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value")) m(s("addInput")) s("temperature") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value")) m(s("addInput")) s("pressure") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='def']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel")) m(s("create")) s("RefractiveIndex") s("Refractive index") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='RefractiveIndex']/@value"))
     t(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='RefractiveIndex']/@value")) m(s("set")) s("n") s("1") o(s("//@material/@materials[key='mat1']/@value/@materialmodel/@models[key='RefractiveIndex']/@value"))
     t(s("//@material/@materials[key='mat1']/@value")) m(s("set")) s("family") s("air") o(s("//@material/@materials[key='mat1']/@value"))
     t(s("//@material")) m(s("create")) s("mat2") s("Common") s("comp1") o(s("//@material/@materials[key='mat2']/@value"))
     t(s("//@material/@materials[key='mat2']/@value")) m(s("label")) s("Copper") o(s("//@material/@materials[key='mat2']/@value"))
     t(s("//@material/@materials[key='mat2']/@value")) m(s("set")) s("family") s("copper") o(s("//@material/@materials[key='mat2']/@value"))
     t(s("//@material/@materials[key='mat2']/@value/@materialmodel/@models[key='def']/@value")) m(s("set")) s("relpermeability") s("1") o(s("//@material/@materials[key='mat2']/@value/@materialmodel/@models[key='def']/@value"))
     t(s("//@material/@materials[key='mat2']/@value/@materialmodel/@models[key='def']/@value")) m(s("set")) s("electricconductivity") s("5.998e7[S/m]") o(s("//@material/@materials[key='mat2']/@value/@materialmodel/@models[key='def']/@value"))
     t(s("//@material/@materials[key='mat2']/@value/@materialmodel/@models[key='def']/@value")) m(s("set")) s("heatcapacity") s("385[J/(kg*K)]") o(s("//@material/@materials[key='mat2']/@value/@materialmodel/@models[key='def']/@value"))
     t(s("//@material/@materials[key='mat2']/@value/@materialmodel/@models[key='def']/@value")) m(s("set")) s("relpermittivity") s("1") o(s("//@material/@materials[key='mat2']/@value/@materialmodel/@models[key='def']/@value"))
     t(s("//@material/@materials[key='mat2']/@value/@materialmodel/@models[key='def']/@value")) m(s("set")) s("emissivity") s("0.5") o(s("//@material/@materials[key='mat2']/@value/@materialmodel/@models[key='def']/@value"))
     t(s("//@material/@materials[key='mat2']/@value/@materialmodel/@models[key='def']/@value")) m(s("set")) s("density") s("8700[kg/m^3]") o(s("//@material/@materials[key='mat2']/@value/@materialmodel/@models[key='def']/@value"))
     t(s("//@material/@materials[key='mat2']/@value/@materialmodel/@models[key='def']/@value")) m(s("set")) s("thermalconductivity") s("400[W/(m*K)]") o(s("//@material/@materials[key='mat2']/@value/@materialmodel/@models[key='def']/@value"))
     t(s("//@material/@materials[key='mat2']/@value/@materialmodel")) m(s("create")) s("linzRes") s("Linearized resistivity") o(s("//@material/@materials[key='mat2']/@value/@materialmodel/@models[key='linzRes']/@value"))
     t(s("//@material/@materials[key='mat2']/@value/@materialmodel/@models[key='linzRes']/@value")) m(s("set")) s("alpha") s("3.9e-3[1/K]") o(s("//@material/@materials[key='mat2']/@value/@materialmodel/@models[key='linzRes']/@value"))
     t(s("//@material/@materials[key='mat2']/@value/@materialmodel/@models[key='linzRes']/@value")) m(s("set")) s("rho0") s("1.72e-8[ohm*m]") o(s("//@material/@materials[key='mat2']/@value/@materialmodel/@models[key='linzRes']/@value"))
     t(s("//@material/@materials[key='mat2']/@value/@materialmodel/@models[key='linzRes']/@value")) m(s("set")) s("Tref") s("273.15[K]") o(s("//@material/@materials[key='mat2']/@value/@materialmodel/@models[key='linzRes']/@value"))
     t(s("//@material/@materials[key='mat2']/@value")) m(s("set")) s("family") s("copper") o(s("//@material/@materials[key='mat2']/@value"))
     t(s("//@material/@materials[key='mat2']/@value/@selection")) m(s("named")) s("sel4") o(s("//@material/@materials[key='mat2']/@value/@selection"))
     t(s("//@material")) m(s("create")) s("mat3") s("Common") s("comp1") o(s("//@material/@materials[key='mat3']/@value"))
     t(s("//@material/@materials[key='mat3']/@value")) m(s("label")) s("Soft Iron (without losses)") o(s("//@material/@materials[key='mat3']/@value"))
     t(s("//@material/@materials[key='mat3']/@value")) m(s("set")) s("family") s("iron") o(s("//@material/@materials[key='mat3']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='def']/@value")) m(s("set")) s("electricconductivity") s("0[S/m]") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='def']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='def']/@value")) m(s("set")) s("relpermittivity") s("1") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='def']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel")) m(s("create")) s("BHCurve") s("BH curve") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='BHCurve']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='BHCurve']/@value")) m(s("set")) s("normB") s("BH(normH[m/A])[T]") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='BHCurve']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='BHCurve']/@value/@func")) m(s("create")) s("BH") s("Interpolation") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='BHCurve']/@value/@func/@features[key='BH']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='BHCurve']/@value/@func/@features[key='BH']/@value")) m(s("set")) s("sourcetype") s("user") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='BHCurve']/@value/@func/@features[key='BH']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='BHCurve']/@value/@func/@features[key='BH']/@value")) m(s("set")) s("source") s("table") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='BHCurve']/@value/@func/@features[key='BH']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='BHCurve']/@value/@func/@features[key='BH']/@value")) m(s("set")) s("funcname") s("BH") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='BHCurve']/@value/@func/@features[key='BH']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='BHCurve']/@value/@func/@features[key='BH']/@value")) m(s("set")) s("table") saa(sa(s("0"),s("0")),sa(s("663.146"),s("1")),sa(s("1067.5"),s("1.1")),sa(s("1705.23"),s("1.2")),sa(s("2463.11"),s("1.3")),sa(s("3841.67"),s("1.4")),sa(s("5425.74"),s("1.5")),sa(s("7957.75"),s("1.6")),sa(s("12298.3"),s("1.7")),sa(s("20462.8"),s("1.8")),sa(s("32169.6"),s("1.9")),sa(s("61213.4"),s("2.0")),sa(s("111408"),s("2.1")),sa(s("175070"),s("2.2")),sa(s("261469"),s("2.3")),sa(s("318310"),s("2.4"))) o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='BHCurve']/@value/@func/@features[key='BH']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='BHCurve']/@value/@func/@features[key='BH']/@value")) m(s("set")) s("interp") s("linear") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='BHCurve']/@value/@func/@features[key='BH']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='BHCurve']/@value/@func/@features[key='BH']/@value")) m(s("set")) s("extrap") s("linear") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='BHCurve']/@value/@func/@features[key='BH']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel")) m(s("create")) s("HBCurve") s("HB curve") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='HBCurve']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='HBCurve']/@value")) m(s("set")) s("normH") s("HB(normB[1/T])[A/m]") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='HBCurve']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='HBCurve']/@value/@func")) m(s("create")) s("HB") s("Interpolation") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='HBCurve']/@value/@func/@features[key='HB']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='HBCurve']/@value/@func/@features[key='HB']/@value")) m(s("set")) s("sourcetype") s("user") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='HBCurve']/@value/@func/@features[key='HB']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='HBCurve']/@value/@func/@features[key='HB']/@value")) m(s("set")) s("source") s("table") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='HBCurve']/@value/@func/@features[key='HB']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='HBCurve']/@value/@func/@features[key='HB']/@value")) m(s("set")) s("funcname") s("HB") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='HBCurve']/@value/@func/@features[key='HB']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='HBCurve']/@value/@func/@features[key='HB']/@value")) m(s("set")) s("table") saa(sa(s("0"),s("0")),sa(s("1"),s("663.146")),sa(s("1.1"),s("1067.5")),sa(s("1.2"),s("1705.23")),sa(s("1.3"),s("2463.11")),sa(s("1.4"),s("3841.67")),sa(s("1.5"),s("5425.74")),sa(s("1.6"),s("7957.75")),sa(s("1.7"),s("12298.3")),sa(s("1.8"),s("20462.8")),sa(s("1.9"),s("32169.6")),sa(s("2.0"),s("61213.4")),sa(s("2.1"),s("111408")),sa(s("2.2"),s("175070")),sa(s("2.3"),s("261469")),sa(s("2.4"),s("318310"))) o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='HBCurve']/@value/@func/@features[key='HB']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='HBCurve']/@value/@func/@features[key='HB']/@value")) m(s("set")) s("interp") s("linear") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='HBCurve']/@value/@func/@features[key='HB']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='HBCurve']/@value/@func/@features[key='HB']/@value")) m(s("set")) s("extrap") s("linear") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='HBCurve']/@value/@func/@features[key='HB']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel")) m(s("create")) s("EffectiveBHCurve") s("Effective BH curve") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveBHCurve']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveBHCurve']/@value")) m(s("set")) s("normBeff") s("BHeff(normHeff[m/A])[T]") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveBHCurve']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveBHCurve']/@value/@func")) m(s("create")) s("BHeff") s("Interpolation") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveBHCurve']/@value/@func/@features[key='BHeff']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveBHCurve']/@value/@func/@features[key='BHeff']/@value")) m(s("set")) s("sourcetype") s("user") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveBHCurve']/@value/@func/@features[key='BHeff']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveBHCurve']/@value/@func/@features[key='BHeff']/@value")) m(s("set")) s("source") s("table") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveBHCurve']/@value/@func/@features[key='BHeff']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveBHCurve']/@value/@func/@features[key='BHeff']/@value")) m(s("set")) s("funcname") s("BHeff") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveBHCurve']/@value/@func/@features[key='BHeff']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveBHCurve']/@value/@func/@features[key='BHeff']/@value")) m(s("set")) s("table") saa(sa(s("0"),s("0")),sa(s("663.146"),s("0.5153194707974875")),sa(s("1067.5"),s("0.8295360826670417")),sa(s("1705.23"),s("1.3251052124087301")),sa(s("2463.11"),s("1.914040862368166")),sa(s("3841.67"),s("2.5792096804469185")),sa(s("5425.74"),s("2.8333960472097166")),sa(s("7957.75"),s("3.1289762765430496")),sa(s("12298.3"),s("3.444978983847673")),sa(s("20462.8"),s("3.7798414094378847")),sa(s("32169.6"),s("4.0582907864558395")),sa(s("61213.4"),s("4.420724736264278")),sa(s("111408"),s("4.721733215122054")),sa(s("175070"),s("4.941547514013738")),sa(s("261469"),s("5.144423226476165")),sa(s("318310"),s("5.253164131393496"))) o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveBHCurve']/@value/@func/@features[key='BHeff']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveBHCurve']/@value/@func/@features[key='BHeff']/@value")) m(s("set")) s("interp") s("linear") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveBHCurve']/@value/@func/@features[key='BHeff']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveBHCurve']/@value/@func/@features[key='BHeff']/@value")) m(s("set")) s("extrap") s("linear") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveBHCurve']/@value/@func/@features[key='BHeff']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel")) m(s("create")) s("EffectiveHBCurve") s("Effective HB curve") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveHBCurve']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveHBCurve']/@value")) m(s("set")) s("normHeff") s("HBeff(normBeff[1/T])[A/m]") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveHBCurve']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveHBCurve']/@value/@func")) m(s("create")) s("HBeff") s("Interpolation") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveHBCurve']/@value/@func/@features[key='HBeff']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveHBCurve']/@value/@func/@features[key='HBeff']/@value")) m(s("set")) s("sourcetype") s("user") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveHBCurve']/@value/@func/@features[key='HBeff']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveHBCurve']/@value/@func/@features[key='HBeff']/@value")) m(s("set")) s("source") s("table") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveHBCurve']/@value/@func/@features[key='HBeff']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveHBCurve']/@value/@func/@features[key='HBeff']/@value")) m(s("set")) s("funcname") s("HBeff") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveHBCurve']/@value/@func/@features[key='HBeff']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveHBCurve']/@value/@func/@features[key='HBeff']/@value")) m(s("set")) s("table") saa(sa(s("0"),s("0")),sa(s("0.5153194707974875"),s("663.146")),sa(s("0.8295360826670417"),s("1067.5")),sa(s("1.3251052124087301"),s("1705.23")),sa(s("1.914040862368166"),s("2463.11")),sa(s("2.5792096804469185"),s("3841.67")),sa(s("2.8333960472097166"),s("5425.74")),sa(s("3.1289762765430496"),s("7957.75")),sa(s("3.444978983847673"),s("12298.3")),sa(s("3.7798414094378847"),s("20462.8")),sa(s("4.0582907864558395"),s("32169.6")),sa(s("4.420724736264278"),s("61213.4")),sa(s("4.721733215122054"),s("111408")),sa(s("4.941547514013738"),s("175070")),sa(s("5.144423226476165"),s("261469")),sa(s("5.253164131393496"),s("318310"))) o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveHBCurve']/@value/@func/@features[key='HBeff']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveHBCurve']/@value/@func/@features[key='HBeff']/@value")) m(s("set")) s("interp") s("linear") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveHBCurve']/@value/@func/@features[key='HBeff']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveHBCurve']/@value/@func/@features[key='HBeff']/@value")) m(s("set")) s("extrap") s("linear") o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='EffectiveHBCurve']/@value/@func/@features[key='HBeff']/@value"))
     t(s("//@material/@materials[key='mat3']/@value")) m(s("set")) s("family") s("iron") o(s("//@material/@materials[key='mat3']/@value"))
     t(s("//@material/@materials[key='mat3']/@value/@selection")) m(s("named")) s("sel3") o(s("//@material/@materials[key='mat3']/@value/@selection"))
     t(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='def']/@value")) m(s("set")) s("relpermeability") sa(s("100")) o(s("//@material/@materials[key='mat3']/@value/@materialmodel/@models[key='def']/@value"))
     t(s("//@material")) m(s("create")) s("mat4") s("Common") s("comp1") o(s("//@material/@materials[key='mat4']/@value"))
     t(s("//@material/@materials[key='mat4']/@value/@materialmodel")) m(s("create")) s("HBCurve") s("HB curve") o(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='HBCurve']/@value"))
     t(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='HBCurve']/@value/@func")) m(s("create")) s("HBCurve1") s("Interpolation") o(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='HBCurve']/@value/@func/@features[key='HBCurve1']/@value"))
     t(s("//@material/@materials[key='mat4']/@value/@materialmodel")) m(s("create")) s("BHCurve") s("BH curve") o(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='BHCurve']/@value"))
     t(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='BHCurve']/@value/@func")) m(s("create")) s("BHCurve1") s("Interpolation") o(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='BHCurve']/@value/@func/@features[key='BHCurve1']/@value"))
     t(s("//@material/@materials[key='mat4']/@value")) m(s("label")) s("Low Carbon Steel Soft Iron") o(s("//@material/@materials[key='mat4']/@value"))
     t(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='def']/@value")) m(s("set")) s("electricconductivity") sa(s("10.15[MS/m]"),s("0"),s("0"),s("0"),s("10.15[MS/m]"),s("0"),s("0"),s("0"),s("10.15[MS/m]")) o(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='def']/@value"))
     t(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='def']/@value")) m(s("set")) s("relpermittivity") sa(s("1[1]"),s("0"),s("0"),s("0"),s("1[1]"),s("0"),s("0"),s("0"),s("1[1]")) o(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='def']/@value"))
     t(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='HBCurve']/@value/@func")) m(s("label")) s("Functions") o(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='HBCurve']/@value/@func"))
     t(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='HBCurve']/@value/@func/@features[key='HBCurve1']/@value")) m(s("set")) s("extrap") s("linear") o(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='HBCurve']/@value/@func/@features[key='HBCurve1']/@value"))
     t(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='HBCurve']/@value/@func/@features[key='HBCurve1']/@value")) m(s("set")) s("table") saa(sa(s("0"),s("0")),sa(s("0.222066666666667"),s("47.0221046875")),sa(s("0.434933333333333"),s("92.8533875")),sa(s("0.6294"),s("136.3030265625")),sa(s("0.796266666666667"),s("176.1802")),sa(s("0.929125"),s("211.831046614583")),sa(s("1.03273333333333"),s("244.749547916667")),sa(s("1.11464166666667"),s("276.96664609375")),sa(s("1.1824"),s("310.513283333333")),sa(s("1.24231458333333"),s("347.238178645833")),sa(s("1.29571666666667"),s("388.261158333333")),sa(s("1.34269375"),s("434.519825520833")),sa(s("1.38333333333333"),s("486.951783333333")),sa(s("1.41783854166667"),s("546.58312265625")),sa(s("1.446875"),s("614.793885416667")),sa(s("1.47122395833333"),s("693.052601302083")),sa(s("1.49166666666667"),s("782.8278")),sa(s("1.508984375"),s("885.2306859375")),sa(s("1.52395833333333"),s("999.9431625")),sa(s("1.53736979166667"),s("1126.2898078125")),sa(s("1.55"),s("1263.5952")),sa(s("1.5625"),s("1411.47087369792")),sa(s("1.575"),s("1570.67618958333")),sa(s("1.5875"),s("1742.25746484375")),sa(s("1.6"),s("1927.26101666667")),sa(s("1.6125"),s("2127.4626875")),sa(s("1.625"),s("2347.55642083333")),sa(s("1.6375"),s("2592.96568541667")),sa(s("1.65"),s("2869.11395")),sa(s("1.6625"),s("3180.55762552083")),sa(s("1.675"),s("3528.38489166667")),sa(s("1.6875"),s("3912.8168703125")),sa(s("1.7"),s("4334.07468333333")),sa(s("1.7125"),s("4790.6010109375")),sa(s("1.725"),s("5273.72476666667")),sa(s("1.7375"),s("5772.99642239583")),sa(s("1.75"),s("6277.96645")),sa(s("1.7625"),s("6780.82438463542")),sa(s("1.775"),s("7284.31601458333")),sa(s("1.7875"),s("7793.82619140625")),sa(s("1.8"),s("8314.73976666667")),sa(s("1.8125"),s("8852.42509375")),sa(s("1.825"),s("9412.18453333333")),sa(s("1.8375"),s("9999.30394791667")),sa(s("1.85"),s("10619.0692")),sa(s("1.8625"),s("11276.6326117187")),sa(s("1.875"),s("11976.61234375")),sa(s("1.8875"),s("12723.4930164063")),sa(s("1.9"),s("13521.75925")),sa(s("1.9125"),s("14374.5086315104")),sa(s("1.925"),s("15279.2906145833")),sa(s("1.9375"),s("16232.2676195312")),sa(s("1.95"),s("17229.6020666667")),sa(s("1.9625"),s("18268.6162036458")),sa(s("1.975"),s("19351.2715875")),sa(s("1.9875"),s("20480.6896026042")),sa(s("2"),s("21659.9916333333")),sa(s("2.0125"),s("22891.2167265625")),sa(s("2.025"),s("24172.0745791667")),sa(s("2.0375"),s("25499.1925505208")),sa(s("2.05"),s("26869.198")),sa(s("2.06243489583333"),s("28276.8469825521")),sa(s("2.07447916666667"),s("29709.4103354167")),sa(s("2.0857421875"),s("31152.2875914062")),sa(s("2.09583333333333"),s("32590.8782833333")),sa(s("2.1044921875"),s("34016.1346919271")),sa(s("2.11197916666667"),s("35441.2200895833")),sa(s("2.11868489583333"),s("36884.8504966146")),sa(s("2.125"),s("38365.7419333333")),sa(s("2.13125"),s("39903.0260611979")),sa(s("2.1375"),s("41517.49710625")),sa(s("2.14375"),s("43230.3649356771")),sa(s("2.15"),s("45062.8394166667")),sa(s("2.15625"),s("47040.7852710938")),sa(s("2.1625"),s("49208.6866395833")),sa(s("2.16875"),s("51615.6825174479")),sa(s("2.175"),s("54310.9119")),sa(s("2.18131510416667"),s("57345.7054161458")),sa(s("2.18802083333333"),s("60780.1602291667")),sa(s("2.1955078125"),s("64676.5651359375")),sa(s("2.20416666666667"),s("69097.2089333333")),sa(s("2.21420494791667"),s("74081.7345039062")),sa(s("2.22509791666667"),s("79579.2010729167")),sa(s("2.23613776041667"),s("85516.0219513021")),sa(s("2.24661666666667"),s("91818.61045")),sa(s("2.25599114583333"),s("98416.457115625")),sa(s("2.264375"),s("105251.3614375")),sa(s("2.27204635416667"),s("112268.200140625")),sa(s("2.27928333333333"),s("119411.84995")),sa(s("2.28635078125"),s("126629.19844349")),sa(s("2.29346041666667"),s("133875.176610417")),sa(s("2.30081067708333"),s("141106.726292969")),sa(s("2.3086"),s("148280.789333333")),sa(s("2.31701380208333"),s("155377.514810937")),sa(s("2.32618541666667"),s("162469.880754167")),sa(s("2.33623515625"),s("169654.072428646")),sa(s("2.34728333333333"),s("177026.2751")),sa(s("2.35947630208333"),s("184730.628304688")),sa(s("2.37306458333333"),s("193103.0886625")),sa(s("2.38832473958333"),s("202527.567064063")),sa(s("2.40553333333333"),s("213387.9744")),sa(s("2.42477942708333"),s("225960.352174219")),sa(s("2.44540208333333"),s("240089.26434375")),sa(s("2.46655286458333"),s("255511.405478906")),sa(s("2.48738333333333"),s("271963.47015")),sa(s("2.50715956815216"),s("289091.769058307")),sa(s("2.52560571188398"),s("306181.077428958")),sa(s("2.54256042344178"),s("322425.786618047")),sa(s("2.55786236173854"),s("337020.287981667")),sa(s("2.57347645320522"),s("351006.046975234")),sa(s("2.59987269434464"),s("372812.825451458")),sa(s("2.64964734917761"),s("412717.45936237")),sa(s("2.73539668172492"),s("480996.78466")),sa(s("2.8655937894316"),s("584604.350998594")),sa(s("3.03221910343964"),s("717200.56284125")),sa(s("3.22312988831523"),s("869122.538353281")),sa(s("3.42618340862462"),s("1030707.3957"))) o(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='HBCurve']/@value/@func/@features[key='HBCurve1']/@value"))
     t(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='HBCurve']/@value")) m(s("set")) s("normH") s("") o(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='HBCurve']/@value"))
     t(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='HBCurve']/@value")) m(s("set")) s("normH") s("HBCurve1(normB[1/(T)])[A/m]") o(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='HBCurve']/@value"))
     t(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='HBCurve']/@value")) m(s("addInput")) s("magneticfluxdensity") o(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='HBCurve']/@value"))
     t(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='BHCurve']/@value/@func")) m(s("label")) s("Functions") o(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='BHCurve']/@value/@func"))
     t(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='BHCurve']/@value/@func/@features[key='BHCurve1']/@value")) m(s("set")) s("extrap") s("linear") o(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='BHCurve']/@value/@func/@features[key='BHCurve1']/@value"))
     t(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='BHCurve']/@value/@func/@features[key='BHCurve1']/@value")) m(s("set")) s("table") saa(sa(s("0"),s("0")),sa(s("47.0221046875"),s("0.222066666666667")),sa(s("92.8533875"),s("0.434933333333333")),sa(s("136.3030265625"),s("0.6294")),sa(s("176.1802"),s("0.796266666666667")),sa(s("211.831046614583"),s("0.929125")),sa(s("244.749547916667"),s("1.03273333333333")),sa(s("276.96664609375"),s("1.11464166666667")),sa(s("310.513283333333"),s("1.1824")),sa(s("347.238178645833"),s("1.24231458333333")),sa(s("388.261158333333"),s("1.29571666666667")),sa(s("434.519825520833"),s("1.34269375")),sa(s("486.951783333333"),s("1.38333333333333")),sa(s("546.58312265625"),s("1.41783854166667")),sa(s("614.793885416667"),s("1.446875")),sa(s("693.052601302083"),s("1.47122395833333")),sa(s("782.8278"),s("1.49166666666667")),sa(s("885.2306859375"),s("1.508984375")),sa(s("999.9431625"),s("1.52395833333333")),sa(s("1126.2898078125"),s("1.53736979166667")),sa(s("1263.5952"),s("1.55")),sa(s("1411.47087369792"),s("1.5625")),sa(s("1570.67618958333"),s("1.575")),sa(s("1742.25746484375"),s("1.5875")),sa(s("1927.26101666667"),s("1.6")),sa(s("2127.4626875"),s("1.6125")),sa(s("2347.55642083333"),s("1.625")),sa(s("2592.96568541667"),s("1.6375")),sa(s("2869.11395"),s("1.65")),sa(s("3180.55762552083"),s("1.6625")),sa(s("3528.38489166667"),s("1.675")),sa(s("3912.8168703125"),s("1.6875")),sa(s("4334.07468333333"),s("1.7")),sa(s("4790.6010109375"),s("1.7125")),sa(s("5273.72476666667"),s("1.725")),sa(s("5772.99642239583"),s("1.7375")),sa(s("6277.96645"),s("1.75")),sa(s("6780.82438463542"),s("1.7625")),sa(s("7284.31601458333"),s("1.775")),sa(s("7793.82619140625"),s("1.7875")),sa(s("8314.73976666667"),s("1.8")),sa(s("8852.42509375"),s("1.8125")),sa(s("9412.18453333333"),s("1.825")),sa(s("9999.30394791667"),s("1.8375")),sa(s("10619.0692"),s("1.85")),sa(s("11276.6326117187"),s("1.8625")),sa(s("11976.61234375"),s("1.875")),sa(s("12723.4930164063"),s("1.8875")),sa(s("13521.75925"),s("1.9")),sa(s("14374.5086315104"),s("1.9125")),sa(s("15279.2906145833"),s("1.925")),sa(s("16232.2676195312"),s("1.9375")),sa(s("17229.6020666667"),s("1.95")),sa(s("18268.6162036458"),s("1.9625")),sa(s("19351.2715875"),s("1.975")),sa(s("20480.6896026042"),s("1.9875")),sa(s("21659.9916333333"),s("2")),sa(s("22891.2167265625"),s("2.0125")),sa(s("24172.0745791667"),s("2.025")),sa(s("25499.1925505208"),s("2.0375")),sa(s("26869.198"),s("2.05")),sa(s("28276.8469825521"),s("2.06243489583333")),sa(s("29709.4103354167"),s("2.07447916666667")),sa(s("31152.2875914062"),s("2.0857421875")),sa(s("32590.8782833333"),s("2.09583333333333")),sa(s("34016.1346919271"),s("2.1044921875")),sa(s("35441.2200895833"),s("2.11197916666667")),sa(s("36884.8504966146"),s("2.11868489583333")),sa(s("38365.7419333333"),s("2.125")),sa(s("39903.0260611979"),s("2.13125")),sa(s("41517.49710625"),s("2.1375")),sa(s("43230.3649356771"),s("2.14375")),sa(s("45062.8394166667"),s("2.15")),sa(s("47040.7852710938"),s("2.15625")),sa(s("49208.6866395833"),s("2.1625")),sa(s("51615.6825174479"),s("2.16875")),sa(s("54310.9119"),s("2.175")),sa(s("57345.7054161458"),s("2.18131510416667")),sa(s("60780.1602291667"),s("2.18802083333333")),sa(s("64676.5651359375"),s("2.1955078125")),sa(s("69097.2089333333"),s("2.20416666666667")),sa(s("74081.7345039062"),s("2.21420494791667")),sa(s("79579.2010729167"),s("2.22509791666667")),sa(s("85516.0219513021"),s("2.23613776041667")),sa(s("91818.61045"),s("2.24661666666667")),sa(s("98416.457115625"),s("2.25599114583333")),sa(s("105251.3614375"),s("2.264375")),sa(s("112268.200140625"),s("2.27204635416667")),sa(s("119411.84995"),s("2.27928333333333")),sa(s("126629.19844349"),s("2.28635078125")),sa(s("133875.176610417"),s("2.29346041666667")),sa(s("141106.726292969"),s("2.30081067708333")),sa(s("148280.789333333"),s("2.3086")),sa(s("155377.514810937"),s("2.31701380208333")),sa(s("162469.880754167"),s("2.32618541666667")),sa(s("169654.072428646"),s("2.33623515625")),sa(s("177026.2751"),s("2.34728333333333")),sa(s("184730.628304688"),s("2.35947630208333")),sa(s("193103.0886625"),s("2.37306458333333")),sa(s("202527.567064063"),s("2.38832473958333")),sa(s("213387.9744"),s("2.40553333333333")),sa(s("225960.352174219"),s("2.42477942708333")),sa(s("240089.26434375"),s("2.44540208333333")),sa(s("255511.405478906"),s("2.46655286458333")),sa(s("271963.47015"),s("2.48738333333333")),sa(s("289091.769058307"),s("2.50715956815216")),sa(s("306181.077428958"),s("2.52560571188398")),sa(s("322425.786618047"),s("2.54256042344178")),sa(s("337020.287981667"),s("2.55786236173854")),sa(s("351006.046975234"),s("2.57347645320522")),sa(s("372812.825451458"),s("2.59987269434464")),sa(s("412717.45936237"),s("2.64964734917761")),sa(s("480996.78466"),s("2.73539668172492")),sa(s("584604.350998594"),s("2.8655937894316")),sa(s("717200.56284125"),s("3.03221910343964")),sa(s("869122.538353281"),s("3.22312988831523")),sa(s("1030707.3957"),s("3.42618340862462"))) o(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='BHCurve']/@value/@func/@features[key='BHCurve1']/@value"))
     t(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='BHCurve']/@value")) m(s("set")) s("normB") s("") o(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='BHCurve']/@value"))
     t(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='BHCurve']/@value")) m(s("set")) s("normB") s("BHCurve1(normH[1/(A/m)])[T]") o(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='BHCurve']/@value"))
     t(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='BHCurve']/@value")) m(s("addInput")) s("magneticfield") o(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='BHCurve']/@value"))
     t(s("//@material/@materials[key='mat4']/@value")) m(s("set")) s("family") s("plastic") o(s("//@material/@materials[key='mat4']/@value"))
     t(s("//@material/@materials[key='mat4']/@value/@selection")) m(s("named")) s("sel2") o(s("//@material/@materials[key='mat4']/@value/@selection"))
     t(s("//@material/@materials[key='mat4']/@value/@selection")) m(s("named")) s("sel1") o(s("//@material/@materials[key='mat4']/@value/@selection"))
     t(s("//@material/@materials[key='mat4']/@value/@selection")) m(s("set")) ia(2,7) o(s("//@material/@materials[key='mat4']/@value/@selection"))
     t(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='def']/@value")) m(s("set")) s("relpermeability") sa(s("1000")) o(s("//@material/@materials[key='mat4']/@value/@materialmodel/@models[key='def']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities")) m(s("create")) s("hide2") o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value")) m(s("geom")) i(2) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value")) m(s("add")) ia(45) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value")) m(s("add")) ia(90) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value")) m(s("add")) ia(118) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value")) m(s("add")) ia(123) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value")) m(s("add")) ia(95) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value")) m(s("add")) ia(41) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value")) m(s("add")) ia(15) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value")) m(s("add")) ia(19) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value/@selection")) m(s("set")) ia(69) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value")) m(s("set")) s("Reverse") b(true) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd2']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value/@selection")) m(s("set")) ia(110) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd2']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value/@selection")) m(s("set")) ia(138) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value")) m(s("set")) s("Reverse") b(true) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value")) m(s("set")) s("Reverse") b(false) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd4']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value/@selection")) m(s("set")) ia(122) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd4']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd4']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value")) m(s("set")) s("Reverse") b(true) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd4']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd5']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value/@selection")) m(s("set")) ia(94) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd5']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd5']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value")) m(s("set")) s("Reverse") b(true) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd5']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd6']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value/@selection")) m(s("set")) ia(40) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd6']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd7']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value/@selection")) m(s("set")) ia(14) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd7']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd8']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value/@selection")) m(s("set")) ia(35) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd8']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd8']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value")) m(s("set")) s("Reverse") b(true) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd8']/@value/@feature/@features[key='ccc1']/@value/@feature/@features[key='ct1']/@value"))
     t(s("//@param")) m(s("set")) s("iyp") s("1") o(s("//@param"))
     t(s("//@param")) m(s("set")) s("ib") s("0") o(s("//@param"))
     t(s("//@study/@objects[key='std1']/@value")) m(s("create")) s("ccc") s("CoilCurrentCalculation") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value")) m(s("set")) s("showdistribute") b(false) o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature")) m(s("move")) s("ccc") i(0)
     t(s("//@sol")) m(s("create")) s("sol1") o(s("//@sol/@solseqs[key='sol1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("study")) s("std1")
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value")) m(s("set")) s("notlistsolnum") i(1) o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value")) m(s("set")) s("notsolnum") s("1") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value")) m(s("set")) s("listsolnum") i(1) o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value")) m(s("set")) s("solnum") s("1") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("notlistsolnum") i(1) o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("notsolnum") s("auto") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("listsolnum") i(1) o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("solnum") s("auto") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("st1") s("StudyStep") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st1']/@value")) m(s("set")) s("study") s("std1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st1']/@value")) m(s("set")) s("studystep") s("ccc") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("v1") s("Variables") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v1']/@value")) m(s("set")) s("control") s("ccc") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("s1") s("Stationary") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value")) m(s("create")) s("se1") s("Segregated") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature")) m(s("remove")) s("ssDef")
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value")) m(s("create")) s("ss1") s("SegregatedStep") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss1']/@value")) m(s("set")) s("segvar") sa(s("comp1_mf_mtcd1_ccc1_s"),s("comp1_mf_mtcd2_ccc1_s"),s("comp1_mf_mtcd3_ccc1_s"),s("comp1_mf_mtcd4_ccc1_s"),s("comp1_mf_mtcd5_ccc1_s"),s("comp1_mf_mtcd6_ccc1_s"),s("comp1_mf_mtcd7_ccc1_s"),s("comp1_mf_mtcd8_ccc1_s")) o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss1']/@value")) m(s("set")) s("linsolver") s("dDef") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value")) m(s("create")) s("ss2") s("SegregatedStep") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss2']/@value")) m(s("set")) s("segvar") sa(s("comp1_mf_mtcd1_ccc1_p"),s("comp1_mf_mtcd2_ccc1_p"),s("comp1_mf_mtcd3_ccc1_p"),s("comp1_mf_mtcd4_ccc1_p"),s("comp1_mf_mtcd5_ccc1_p"),s("comp1_mf_mtcd6_ccc1_p"),s("comp1_mf_mtcd7_ccc1_p"),s("comp1_mf_mtcd8_ccc1_p"),s("comp1_mf_mtcd1_ccc1_lm"),s("comp1_mf_mtcd2_ccc1_lm"),s("comp1_mf_mtcd3_ccc1_lm"),s("comp1_mf_mtcd4_ccc1_lm"),s("comp1_mf_mtcd5_ccc1_lm"),s("comp1_mf_mtcd6_ccc1_lm"),s("comp1_mf_mtcd7_ccc1_lm"),s("comp1_mf_mtcd8_ccc1_lm")) o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss2']/@value")) m(s("set")) s("linsolver") s("dDef") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value")) m(s("set")) s("segterm") s("itertol") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value")) m(s("set")) s("segiter") i(6) o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature")) m(s("remove")) s("fcDef")
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("su1") s("StoreSolution") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='su1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("st2") s("StudyStep") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st2']/@value")) m(s("set")) s("study") s("std1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st2']/@value")) m(s("set")) s("studystep") s("stat") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("v2") s("Variables") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("initmethod") s("sol") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("initsol") s("sol1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("notsolmethod") s("sol") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("notsol") s("sol1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("notsoluse") s("su1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("control") s("stat") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("s2") s("Stationary") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value")) m(s("create")) s("fc1") s("FullyCoupled") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='fc1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value")) m(s("create")) s("i1") s("Iterative") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value")) m(s("set")) s("linsolver") s("fgmres") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value")) m(s("create")) s("mg1") s("Multigrid") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='pr']/@value")) m(s("create")) s("so1") s("SOR") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='pr']/@value/@feature/@features[key='so1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='po']/@value")) m(s("create")) s("so1") s("SOR") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='po']/@value/@feature/@features[key='so1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value")) m(s("create")) s("ams1") s("AMS") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value/@feature/@features[key='ams1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value/@feature/@features[key='ams1']/@value")) m(s("set")) s("prefun") s("ams") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value/@feature/@features[key='ams1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value/@feature/@features[key='ams1']/@value")) m(s("set")) s("sorvecdof") sa(s("comp1_A")) o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value/@feature/@features[key='ams1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='fc1']/@value")) m(s("set")) s("linsolver") s("i1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='fc1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature")) m(s("remove")) s("fcDef")
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("solnum") s("auto") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("solvertype") s("solnum") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("listsolnum") sa(s("1")) o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("solnum") s("auto") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("attach")) s("std1")
     t(s("//@result/@feature")) m(s("create")) s("pg1") s("PlotGroup3D") o(s("//@result/@feature/@features[key='pg1']/@value"))
     t(s("//@result/@feature/@features[key='pg1']/@value")) m(s("label")) s("Magnetic Flux Density Norm (mf)") o(s("//@result/@feature/@features[key='pg1']/@value"))
     t(s("//@result/@feature/@features[key='pg1']/@value")) m(s("set")) s("oldanalysistype") s("noneavailable") o(s("//@result/@feature/@features[key='pg1']/@value"))
     t(s("//@result/@feature/@features[key='pg1']/@value")) m(s("set")) s("data") s("dset1") o(s("//@result/@feature/@features[key='pg1']/@value"))
     t(s("//@result/@feature/@features[key='pg1']/@value/@feature")) m(s("create")) s("mslc1") s("Multislice") o(s("//@result/@feature/@features[key='pg1']/@value/@feature/@features[key='mslc1']/@value"))
     t(s("//@result/@feature/@features[key='pg1']/@value/@feature/@features[key='mslc1']/@value")) m(s("set")) s("oldanalysistype") s("noneavailable") o(s("//@result/@feature/@features[key='pg1']/@value/@feature/@features[key='mslc1']/@value"))
     t(s("//@result/@feature/@features[key='pg1']/@value/@feature/@features[key='mslc1']/@value")) m(s("set")) s("data") s("parent") o(s("//@result/@feature/@features[key='pg1']/@value/@feature/@features[key='mslc1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("runFromTo")) s("st1") s("su1")
     t(s("//@result/@feature/@features[key='pg1']/@value")) m(s("run"))
     t(s("//@physics/@physints[key='mf']/@value/@feature")) m(s("create")) s("fcal1") s("ForceCalculation") i(3) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal1']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal1']/@value/@selection")) m(s("set")) ia(7) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal1']/@value/@selection")) m(s("set")) ia(7,8) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal1']/@value")) m(s("label")) s("Force Calculation on rotor") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal1']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal1']/@value")) m(s("set")) s("ForceName") s("Fr") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal1']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal1']/@value")) m(s("set")) s("ForceName") s("F") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal1']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal1']/@value")) m(s("set")) s("ForceName") s("Fr") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal1']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("showdistribute") b(false) o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("study")) s("std1")
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("notsolnum") s("auto") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("notsolvertype") s("solnum") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("notlistsolnum") sa(s("1")) o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("notsolnum") s("auto") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("notsolnumhide") s("off") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("notstudyhide") s("off") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("notsolhide") s("off") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("solnum") s("auto") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("solvertype") s("solnum") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("listsolnum") sa(s("1")) o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("solnum") s("auto") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("solnumhide") s("off") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("initstudyhide") s("off") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("initsolhide") s("off") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@sol/@solseqs[key='sol2']/@value")) m(s("copySolution")) s("sol3")
     t(s("//@result/@dataset/@features[key='dset2']/@value")) m(s("set")) s("solution") s("none") o(s("//@result/@dataset/@features[key='dset2']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value")) m(s("set")) s("notlistsolnum") i(1) o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value")) m(s("set")) s("notsolnum") s("1") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value")) m(s("set")) s("listsolnum") i(1) o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value")) m(s("set")) s("solnum") s("1") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("notlistsolnum") i(1) o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("notsolnum") s("auto") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("listsolnum") i(1) o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("solnum") s("auto") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature")) m(s("remove")) s("s2")
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature")) m(s("remove")) s("v2")
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature")) m(s("remove")) s("st2")
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature")) m(s("remove")) s("su1")
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature")) m(s("remove")) s("s1")
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature")) m(s("remove")) s("v1")
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature")) m(s("remove")) s("st1")
     t(s("//@sol/@solseqs[key='sol3']/@value")) m(s("copySolution")) s("sol2")
     t(s("//@sol")) m(s("remove")) s("sol3")
     t(s("//@sol/@solseqs[key='sol2']/@value")) m(s("label")) s("Solution Store 1") o(s("//@sol/@solseqs[key='sol2']/@value"))
     t(s("//@result/@dataset")) m(s("remove")) s("dset4")
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("st1") s("StudyStep") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st1']/@value")) m(s("set")) s("study") s("std1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st1']/@value")) m(s("set")) s("studystep") s("ccc") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("v1") s("Variables") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v1']/@value")) m(s("set")) s("control") s("ccc") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("s1") s("Stationary") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value")) m(s("create")) s("se1") s("Segregated") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature")) m(s("remove")) s("ssDef")
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value")) m(s("create")) s("ss1") s("SegregatedStep") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss1']/@value")) m(s("set")) s("segvar") sa(s("comp1_mf_mtcd1_ccc1_s"),s("comp1_mf_mtcd2_ccc1_s"),s("comp1_mf_mtcd3_ccc1_s"),s("comp1_mf_mtcd4_ccc1_s"),s("comp1_mf_mtcd5_ccc1_s"),s("comp1_mf_mtcd6_ccc1_s"),s("comp1_mf_mtcd7_ccc1_s"),s("comp1_mf_mtcd8_ccc1_s")) o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss1']/@value")) m(s("set")) s("linsolver") s("dDef") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value")) m(s("create")) s("ss2") s("SegregatedStep") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss2']/@value")) m(s("set")) s("segvar") sa(s("comp1_mf_mtcd1_ccc1_p"),s("comp1_mf_mtcd2_ccc1_p"),s("comp1_mf_mtcd3_ccc1_p"),s("comp1_mf_mtcd4_ccc1_p"),s("comp1_mf_mtcd5_ccc1_p"),s("comp1_mf_mtcd6_ccc1_p"),s("comp1_mf_mtcd7_ccc1_p"),s("comp1_mf_mtcd8_ccc1_p"),s("comp1_mf_mtcd1_ccc1_lm"),s("comp1_mf_mtcd2_ccc1_lm"),s("comp1_mf_mtcd3_ccc1_lm"),s("comp1_mf_mtcd4_ccc1_lm"),s("comp1_mf_mtcd5_ccc1_lm"),s("comp1_mf_mtcd6_ccc1_lm"),s("comp1_mf_mtcd7_ccc1_lm"),s("comp1_mf_mtcd8_ccc1_lm")) o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss2']/@value")) m(s("set")) s("linsolver") s("dDef") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value")) m(s("set")) s("segterm") s("itertol") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value")) m(s("set")) s("segiter") i(6) o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature")) m(s("remove")) s("fcDef")
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("su1") s("StoreSolution") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='su1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='su1']/@value")) m(s("set")) s("sol") s("sol2") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='su1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='su1']/@value")) m(s("label")) s("Solution Store 1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='su1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("st2") s("StudyStep") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st2']/@value")) m(s("set")) s("study") s("std1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st2']/@value")) m(s("set")) s("studystep") s("stat") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st2']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("notsoluse") s("sol2") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("v2") s("Variables") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("initmethod") s("sol") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("initsol") s("sol1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("notsolmethod") s("sol") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("notsol") s("sol1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("notsoluse") s("su1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("control") s("stat") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("s2") s("Stationary") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value")) m(s("create")) s("fc1") s("FullyCoupled") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='fc1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value")) m(s("create")) s("i1") s("Iterative") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value")) m(s("set")) s("linsolver") s("fgmres") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value")) m(s("create")) s("mg1") s("Multigrid") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='pr']/@value")) m(s("create")) s("so1") s("SOR") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='pr']/@value/@feature/@features[key='so1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='po']/@value")) m(s("create")) s("so1") s("SOR") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='po']/@value/@feature/@features[key='so1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value")) m(s("create")) s("ams1") s("AMS") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value/@feature/@features[key='ams1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value/@feature/@features[key='ams1']/@value")) m(s("set")) s("prefun") s("ams") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value/@feature/@features[key='ams1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value/@feature/@features[key='ams1']/@value")) m(s("set")) s("sorvecdof") sa(s("comp1_A")) o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value/@feature/@features[key='ams1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='fc1']/@value")) m(s("set")) s("linsolver") s("i1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='fc1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature")) m(s("remove")) s("fcDef")
     t(s("//@result/@dataset/@features[key='dset2']/@value")) m(s("set")) s("solution") s("sol2") o(s("//@result/@dataset/@features[key='dset2']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("solnum") s("auto") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("solvertype") s("solnum") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("listsolnum") sa(s("1")) o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("solnum") s("auto") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("solnumhide") s("off") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("initstudyhide") s("off") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("initsolhide") s("off") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("solnum") s("auto") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("solvertype") s("solnum") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("listsolnum") sa(s("1")) o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("solnum") s("auto") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("attach")) s("std1")
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("runAll"))
     t(s("//@result/@feature/@features[key='pg1']/@value")) m(s("run"))
     t(s("//@result/@numerical")) m(s("create")) s("gev1") s("EvalGlobal") o(s("//@result/@numerical/@features[key='gev1']/@value"))
     t(s("//@result/@numerical")) m(s("create")) s("pev1") s("EvalPoint") o(s("//@result/@numerical/@features[key='pev1']/@value"))
     t(s("//@result/@numerical")) m(s("remove")) s("pev1")
     t(s("//@result/@numerical/@features[key='gev1']/@value")) m(s("set")) s("data") s("dset2") o(s("//@result/@numerical/@features[key='gev1']/@value"))
     t(s("//@result/@numerical/@features[key='gev1']/@value")) m(s("set")) s("descr") s(" Electromagnetic force, y component") o(s("//@result/@numerical/@features[key='gev1']/@value"))
     t(s("//@result/@numerical/@features[key='gev1']/@value")) m(s("set")) s("expr") s("mf.Forcey_Fr") o(s("//@result/@numerical/@features[key='gev1']/@value"))
     t(s("//@result/@table")) m(s("create")) s("tbl1") s("Table") o(s("//@result/@table/@features[key='tbl1']/@value"))
     t(s("//@result/@table/@features[key='tbl1']/@value")) m(s("comments")) s("Global Evaluation 1 (mf.Forcey_Fr)") o(s("//@result/@table/@features[key='tbl1']/@value"))
     t(s("//@result/@numerical/@features[key='gev1']/@value")) m(s("set")) s("table") s("tbl1") o(s("//@result/@numerical/@features[key='gev1']/@value"))
     t(s("//@result/@numerical/@features[key='gev1']/@value")) m(s("setResult"))
     t(s("//@result/@numerical/@features[key='gev1']/@value")) m(s("set")) s("data") s("dset1") o(s("//@result/@numerical/@features[key='gev1']/@value"))
     t(s("//@result/@numerical/@features[key='gev1']/@value")) m(s("set")) s("table") s("tbl1") o(s("//@result/@numerical/@features[key='gev1']/@value"))
     t(s("//@result/@numerical/@features[key='gev1']/@value")) m(s("appendResult"))
     t(s("//@result/@feature/@features[key='pg1']/@value")) m(s("run"))
     t(s("//@param")) m(s("set")) s("ib") s("2") o(s("//@param"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities")) m(s("remove")) s("hide2")
     t(s("//@view/@views[key='view1']/@value/@hideEntities")) m(s("remove")) s("hide1")
     t(s("//@view/@views[key='view1']/@value/@hideObjects")) m(s("remove")) s("hide1")
     t(s("//@view/@views[key='view1']/@value/@hideObjects")) m(s("create")) s("hide1") o(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value")) m(s("init")) o(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value")) m(s("add")) sa(s("blk1")) o(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D")) m(s("run")) s("dif1") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature")) m(s("create")) s("c3") s("Circle") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c3']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c3']/@value")) m(s("set")) s("type") s("solid") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c3']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c3']/@value")) m(s("set")) s("base") s("center") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c3']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c3']/@value")) m(s("set")) s("pos") sa(s("0"),s("0")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c3']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c3']/@value")) m(s("set")) s("r") s("0.03") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature/@features[key='c3']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D")) m(s("run")) s("c3") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp2']/@value/@sequence2D/@feature")) m(s("remove")) s("c3")
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("blk1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("create")) s("wp11") s("WorkPlane") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp11']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp11']/@value")) m(s("set")) s("unite") b(true) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp11']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp11']/@value")) m(s("set")) s("quickz") s("-36e-3/2") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp11']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp11']/@value/@sequence2D")) m(s("run")) s("") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp11']/@value/@sequence2D"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp11']/@value/@sequence2D/@feature")) m(s("create")) s("c1") s("Circle") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp11']/@value/@sequence2D/@feature/@features[key='c1']/@value"))
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     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='pard1']/@value/@properties[key='face']/@value/@selection")) m(s("set")) s("cyl1") ia(1,2,3,4) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='pard1']/@value/@properties[key='face']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("mcd1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value")) m(s("clear")) s("fin") o(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value")) m(s("set")) s("fin") ia(1) o(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("mcd1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("mcd1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("fin") ia(6) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("fin") ia(6,13) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("fin") ia(6,13,20) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("fin") ia(6,13,17,20) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("fin") ia(6,13,17,20,28) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("fin") ia(6,13,17,20,23,28) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("fin") ia(6,13,17,20,23,27,28) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("fin") ia(6,13,17,20,23,24,27,28) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("fin") ia(6,13,17,19,20,23,24,27,28) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("fin") ia(6,13,17,18,19,20,23,24,27,28) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("fin") ia(5,6,13,17,18,19,20,23,24,27,28) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("fin") ia(5,6,12,13,17,18,19,20,23,24,27,28) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("fin") ia(3,5,6,12,13,17,18,19,20,23,24,27,28) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("fin") ia(3,5,6,7,12,13,17,18,19,20,23,24,27,28) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("fin") ia(3,4,5,6,7,12,13,17,18,19,20,23,24,27,28) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("fin") ia(3,4,5,6,7,8,12,13,17,18,19,20,23,24,27,28) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("mcd1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value")) m(s("active")) b(true) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("mcd1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value")) m(s("clear")) s("mcd1") o(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value")) m(s("add")) s("mcd1") ia(1) o(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("pard1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value")) m(s("active")) b(false) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("mcd1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value")) m(s("clear")) s("fin") o(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value")) m(s("set")) s("fin") ia(1) o(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("cyl1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("create")) s("par1") s("Partition") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("ext3")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("ext1"),s("ext3")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("ext1"),s("ext10"),s("ext3")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("ext1"),s("ext10"),s("ext3"),s("ext9")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("ext1"),s("ext10"),s("ext3"),s("ext8"),s("ext9")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("ext1"),s("ext10"),s("ext3"),s("ext7"),s("ext8"),s("ext9")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("ext1"),s("ext10"),s("ext3"),s("ext6"),s("ext7"),s("ext8"),s("ext9")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("ext1"),s("ext10"),s("ext3"),s("ext5"),s("ext6"),s("ext7"),s("ext8"),s("ext9")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("ext1"),s("ext10"),s("ext3"),s("ext4"),s("ext5"),s("ext6"),s("ext7"),s("ext8"),s("ext9")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par1']/@value/@properties[key='tool']/@value/@selection")) m(s("set")) sa(s("cyl1")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par1']/@value/@properties[key='tool']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("mcd1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection")) m(s("clear")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("fin") ia(1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("mcd1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value")) m(s("active")) b(true) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("mcd1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value")) m(s("clear")) s("mcd1") o(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("mcd1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("fin") ia(2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("mcd1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("mcd1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection")) m(s("clear")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value")) m(s("add")) s("fin") ia(1) o(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("fin") ia(6) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("fin") ia(6,13) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='mcd1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("mcd1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("automatic")) b(false)
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature")) m(s("duplicate")) s("size1") s("size") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@feature")) m(s("copy")) s("size1") s("mesh1/size1") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature")) m(s("remove")) s("size1")
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@feature/@features[key='size1']/@value")) m(s("label")) s("Size 1") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("create")) s("ftet2") s("FreeTet") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature")) m(s("move")) s("ftet2") i(1)
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature")) m(s("duplicate")) s("size1") s("size") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature")) m(s("copy")) s("size1") s("mesh1/size1") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature")) m(s("remove")) s("size1")
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size1']/@value")) m(s("label")) s("Size 1") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("geom")) s("geom1") i(3) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("mcd1")
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("automatic")) b(true)
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection")) m(s("named")) s("sel4") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection")) m(s("set")) ia() o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='cyl1']/@value")) m(s("active")) b(false) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='cyl1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par1']/@value")) m(s("active")) b(false) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("/")) m(s("label")) s("FLY_UPS_AMB_draw_again.mph") o(s("/"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value")) m(s("active")) b(false) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd1']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd2']/@value")) m(s("active")) b(false) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd2']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value")) m(s("active")) b(false) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd3']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd4']/@value")) m(s("active")) b(false) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd4']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd5']/@value")) m(s("active")) b(false) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd5']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd6']/@value")) m(s("active")) b(false) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='mtcd6']/@value"))
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     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value")) m(s("create")) s("se1") s("Segregated") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature")) m(s("remove")) s("ssDef")
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value")) m(s("create")) s("ss1") s("SegregatedStep") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss1']/@value")) m(s("set")) s("segvar") sa(s("comp1_mf_mtcd1_ccc1_s"),s("comp1_mf_mtcd2_ccc1_s"),s("comp1_mf_mtcd3_ccc1_s"),s("comp1_mf_mtcd4_ccc1_s"),s("comp1_mf_mtcd5_ccc1_s"),s("comp1_mf_mtcd6_ccc1_s"),s("comp1_mf_mtcd7_ccc1_s"),s("comp1_mf_mtcd8_ccc1_s")) o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss1']/@value")) m(s("set")) s("linsolver") s("dDef") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value")) m(s("create")) s("ss2") s("SegregatedStep") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss2']/@value")) m(s("set")) s("segvar") sa(s("comp1_mf_mtcd1_ccc1_p"),s("comp1_mf_mtcd2_ccc1_p"),s("comp1_mf_mtcd3_ccc1_p"),s("comp1_mf_mtcd4_ccc1_p"),s("comp1_mf_mtcd5_ccc1_p"),s("comp1_mf_mtcd6_ccc1_p"),s("comp1_mf_mtcd7_ccc1_p"),s("comp1_mf_mtcd8_ccc1_p"),s("comp1_mf_mtcd1_ccc1_lm"),s("comp1_mf_mtcd2_ccc1_lm"),s("comp1_mf_mtcd3_ccc1_lm"),s("comp1_mf_mtcd4_ccc1_lm"),s("comp1_mf_mtcd5_ccc1_lm"),s("comp1_mf_mtcd6_ccc1_lm"),s("comp1_mf_mtcd7_ccc1_lm"),s("comp1_mf_mtcd8_ccc1_lm")) o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss2']/@value")) m(s("set")) s("linsolver") s("dDef") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value")) m(s("set")) s("segterm") s("itertol") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value")) m(s("set")) s("segiter") i(6) o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature")) m(s("remove")) s("fcDef")
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("su1") s("StoreSolution") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='su1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='su1']/@value")) m(s("set")) s("sol") s("sol2") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='su1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='su1']/@value")) m(s("label")) s("Solution Store 1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='su1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("st2") s("StudyStep") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st2']/@value")) m(s("set")) s("study") s("std1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st2']/@value")) m(s("set")) s("studystep") s("stat") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st2']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("notsoluse") s("sol2") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("v2") s("Variables") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("initmethod") s("sol") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("initsol") s("sol1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("notsolmethod") s("sol") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("notsol") s("sol1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("notsoluse") s("su1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("control") s("stat") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("s2") s("Stationary") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value")) m(s("create")) s("fc1") s("FullyCoupled") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='fc1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value")) m(s("create")) s("i1") s("Iterative") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value")) m(s("set")) s("linsolver") s("fgmres") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value")) m(s("create")) s("mg1") s("Multigrid") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='pr']/@value")) m(s("create")) s("so1") s("SOR") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='pr']/@value/@feature/@features[key='so1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='po']/@value")) m(s("create")) s("so1") s("SOR") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='po']/@value/@feature/@features[key='so1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value")) m(s("create")) s("ams1") s("AMS") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value/@feature/@features[key='ams1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value/@feature/@features[key='ams1']/@value")) m(s("set")) s("prefun") s("ams") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value/@feature/@features[key='ams1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value/@feature/@features[key='ams1']/@value")) m(s("set")) s("sorvecdof") sa(s("comp1_A")) o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value/@feature/@features[key='ams1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='fc1']/@value")) m(s("set")) s("linsolver") s("i1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='fc1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature")) m(s("remove")) s("fcDef")
     t(s("//@result/@dataset/@features[key='dset2']/@value")) m(s("set")) s("solution") s("sol2") o(s("//@result/@dataset/@features[key='dset2']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("solnum") s("auto") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("solvertype") s("solnum") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("listsolnum") sa(s("1")) o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("solnum") s("auto") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("solnumhide") s("off") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("initstudyhide") s("off") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("initsolhide") s("off") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("solnum") s("auto") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("solvertype") s("solnum") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("listsolnum") sa(s("1")) o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("solnum") s("auto") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("attach")) s("std1")
     t(s("//@material/@materials[key='mat2']/@value/@selection")) m(s("set")) ia(20) o(s("//@material/@materials[key='mat2']/@value/@selection"))
     t(s("//@material/@materials[key='mat2']/@value/@selection")) m(s("set")) ia(20,28) o(s("//@material/@materials[key='mat2']/@value/@selection"))
     t(s("//@material/@materials[key='mat2']/@value/@selection")) m(s("set")) ia(20,27,28) o(s("//@material/@materials[key='mat2']/@value/@selection"))
     t(s("//@material/@materials[key='mat2']/@value/@selection")) m(s("set")) ia(6,20,27,28) o(s("//@material/@materials[key='mat2']/@value/@selection"))
     t(s("//@material/@materials[key='mat2']/@value/@selection")) m(s("set")) ia(4,6,20,27,28) o(s("//@material/@materials[key='mat2']/@value/@selection"))
     t(s("//@material/@materials[key='mat2']/@value/@selection")) m(s("set")) ia(3,4,6,20,27,28) o(s("//@material/@materials[key='mat2']/@value/@selection"))
     t(s("//@material/@materials[key='mat2']/@value/@selection")) m(s("set")) ia(3,4,5,6,20,27,28) o(s("//@material/@materials[key='mat2']/@value/@selection"))
     t(s("//@material/@materials[key='mat2']/@value/@selection")) m(s("set")) ia(3,4,5,6,19,20,27,28) o(s("//@material/@materials[key='mat2']/@value/@selection"))
     t(s("//@material/@materials[key='mat2']/@value/@selection")) m(s("set")) ia(3,4,5,6,18,19,20,27,28) o(s("//@material/@materials[key='mat2']/@value/@selection"))
     t(s("//@material/@materials[key='mat2']/@value/@selection")) m(s("set")) ia(3,4,5,6,18,19,20,24,27,28) o(s("//@material/@materials[key='mat2']/@value/@selection"))
     t(s("//@material/@materials[key='mat2']/@value/@selection")) m(s("set")) ia(3,4,5,6,18,19,20,23,24,27,28) o(s("//@material/@materials[key='mat2']/@value/@selection"))
     t(s("//@material/@materials[key='mat2']/@value/@selection")) m(s("set")) ia(3,4,5,6,17,18,19,20,23,24,27,28) o(s("//@material/@materials[key='mat2']/@value/@selection"))
     t(s("//@material/@materials[key='mat2']/@value/@selection")) m(s("set")) ia(3,4,5,6,13,17,18,19,20,23,24,27,28) o(s("//@material/@materials[key='mat2']/@value/@selection"))
     t(s("//@material/@materials[key='mat2']/@value/@selection")) m(s("set")) ia(3,4,5,6,8,13,17,18,19,20,23,24,27,28) o(s("//@material/@materials[key='mat2']/@value/@selection"))
     t(s("//@material/@materials[key='mat2']/@value/@selection")) m(s("set")) ia(3,4,5,6,7,8,13,17,18,19,20,23,24,27,28) o(s("//@material/@materials[key='mat2']/@value/@selection"))
     t(s("//@material/@materials[key='mat2']/@value/@selection")) m(s("set")) ia(3,4,5,6,7,8,12,13,17,18,19,20,23,24,27,28) o(s("//@material/@materials[key='mat2']/@value/@selection"))
     t(s("//@material/@materials[key='mat3']/@value/@selection")) m(s("set")) ia(11) o(s("//@material/@materials[key='mat3']/@value/@selection"))
     t(s("//@material/@materials[key='mat3']/@value/@selection")) m(s("set")) ia(2,11) o(s("//@material/@materials[key='mat3']/@value/@selection"))
     t(s("//@material/@materials[key='mat3']/@value/@selection")) m(s("set")) ia(2,11,22) o(s("//@material/@materials[key='mat3']/@value/@selection"))
     t(s("//@material/@materials[key='mat3']/@value/@selection")) m(s("set")) ia(2,11,22,26) o(s("//@material/@materials[key='mat3']/@value/@selection"))
     t(s("//@material/@materials[key='mat3']/@value/@selection")) m(s("set")) ia(2,11,22,25,26) o(s("//@material/@materials[key='mat3']/@value/@selection"))
     t(s("//@material/@materials[key='mat3']/@value/@selection")) m(s("set")) ia(2,11,14,22,25,26) o(s("//@material/@materials[key='mat3']/@value/@selection"))
     t(s("//@material/@materials[key='mat3']/@value/@selection")) m(s("set")) ia(2,9,11,14,22,25,26) o(s("//@material/@materials[key='mat3']/@value/@selection"))
     t(s("//@material/@materials[key='mat3']/@value/@selection")) m(s("set")) ia(2,9,10,11,14,22,25,26) o(s("//@material/@materials[key='mat3']/@value/@selection"))
     t(s("//@material/@materials[key='mat3']/@value/@selection")) m(s("set")) ia(2,9,10,11,14,15,22,25,26) o(s("//@material/@materials[key='mat3']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("automatic")) b(false)
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("geom")) s("geom1") i(3) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(11) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value")) m(s("create")) s("size1") s("Size") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@feature/@features[key='size1']/@value")) m(s("set")) s("hauto") s("3") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run")) s("ftet1")
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@feature/@features[key='size1']/@value")) m(s("set")) s("hauto") s("1") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run")) s("ftet1")
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("create")) s("ftet2") s("FreeTet") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value")) m(s("create")) s("size1") s("Size") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size1']/@value/@selection")) m(s("geom")) s("geom1") i(3) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size1']/@value/@selection")) m(s("set")) ia(16) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run")) s("ftet2")
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("geom")) s("geom1") i(3) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(1,2,3,4,5,6,7,8,9,10,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("clearMesh"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature")) m(s("copy")) s("ftet3") s("mesh1/ftet2") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@selection")) m(s("remaining"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value")) m(s("create")) s("size2") s("Size") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size2']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature")) m(s("remove")) s("size2")
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run")) s("ftet1")
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run")) s("ftet2")
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value")) m(s("set")) s("smoothcontrol") s("off") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(11,26) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(11,23,26) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(11,17,23,26) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(11,17,22,23,26) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(11,17,22,23,25,26) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(11,17,22,23,24,25,26) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(11,17,21,22,23,24,25,26) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(11,17,18,21,22,23,24,25,26) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(11,12,17,18,21,22,23,24,25,26) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(11,12,14,17,18,21,22,23,24,25,26) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(7,11,12,14,17,18,21,22,23,24,25,26) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(7,9,11,12,14,17,18,21,22,23,24,25,26) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(7,8,9,11,12,14,17,18,21,22,23,24,25,26) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(7,8,9,10,11,12,14,17,18,21,22,23,24,25,26) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(7,8,9,10,11,12,13,14,17,18,21,22,23,24,25,26) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(7,8,9,10,11,12,13,14,15,17,18,21,22,23,24,25,26) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run")) s("ftet1")
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(7,8,9,10,11,12,13,14,15,17,18,21,22,24,25,26) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(7,8,9,10,11,12,13,14,15,18,21,22,24,25,26) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(7,8,9,10,11,12,13,14,15,18,21,22,25,26) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(7,8,9,10,11,12,13,14,15,21,22,25,26) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(7,8,9,10,11,13,14,15,21,22,25,26) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(8,9,10,11,13,14,15,21,22,25,26) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(9,10,11,13,14,15,21,22,25,26) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(9,10,11,14,15,21,22,25,26) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run")) s("ftet1")
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value")) m(s("set")) s("smoothcontrol") s("off") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(1,2,3,4,5,6,7,8,9,10,12,13,14,15,17,18,19,20,21,22,23,24,25,26,27,28) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia() o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(16) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run")) s("ftet2")
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(16,23) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(16,17,23) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(16,17,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(12,16,17,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(7,12,16,17,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(7,8,12,16,17,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(7,8,12,13,16,17,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(7,8,12,13,16,17,18,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run")) s("ftet2")
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("create")) s("fq1") s("FreeQuad") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='fq1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='fq1']/@value/@selection")) m(s("set")) ia(234) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='fq1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='fq1']/@value/@selection")) m(s("set")) ia(234,244) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='fq1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='fq1']/@value/@selection")) m(s("set")) ia(244) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='fq1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='fq1']/@value/@selection")) m(s("set")) ia() o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='fq1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='fq1']/@value/@selection")) m(s("set")) ia(184) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='fq1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run")) s("fq1")
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature")) m(s("remove")) s("fq1")
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("create")) s("ftet4") s("FreeTet") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@selection")) m(s("geom")) s("geom1") i(3) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@selection")) m(s("set")) ia(20) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@selection")) m(s("set")) ia(20,28) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@selection")) m(s("set")) ia(6,20,28) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@selection")) m(s("set")) ia(4,6,20,28) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@selection")) m(s("set")) ia(3,4,6,20,28) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@selection")) m(s("set")) ia(3,4,5,6,20,28) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@selection")) m(s("set")) ia(3,4,5,6,19,20,28) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@selection")) m(s("set")) ia(3,4,5,6,19,20,27,28) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value")) m(s("create")) s("size1") s("Size") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@feature/@features[key='size1']/@value")) m(s("set")) s("hauto") s("6") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run")) s("ftet4")
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value")) m(s("label")) s("Free Tetrahedral Fine") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value")) m(s("label")) s("Free Tetrahedral Normal") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value")) m(s("label")) s("Free Tetrahedral Coarse") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value")) m(s("label")) s("Free Tetrahedral Remaining") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(2,7,8,12,13,16,17,18,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run")) s("ftet2")
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(7,8,12,13,16,17,18,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run")) s("ftet2")
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(2,7,8,12,13,16,17,18,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run")) s("ftet2")
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value")) m(s("set")) s("smoothcontrol") s("on") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run")) s("ftet2")
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value")) m(s("set")) s("smoothcontrol") s("off") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value")) m(s("set")) s("smoothcontrol") s("on") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run")) s("ftet3")
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(7,8,12,13,16,17,18,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value")) m(s("label")) s("Free Tetrahedral Finest") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("create")) s("ftet5") s("FreeTet") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet5']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet5']/@value")) m(s("label")) s("Free Tetrahedral Fine") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet5']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet5']/@value")) m(s("create")) s("size1") s("Size") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet5']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet5']/@value/@feature/@features[key='size1']/@value")) m(s("set")) s("hauto") s("3") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet5']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature")) m(s("move")) s("ftet5") i(4)
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet5']/@value/@selection")) m(s("geom")) s("geom1") i(3) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet5']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet5']/@value/@selection")) m(s("set")) ia(2) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet5']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value")) m(s("set")) s("smoothcontrol") s("off") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='size']/@value")) m(s("set")) s("hauto") s("4") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='size']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("study")) s("std1")
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     t(s("//@sol/@solseqs[key='sol1']/@value/@feature")) m(s("remove")) s("st2")
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature")) m(s("remove")) s("su1")
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     t(s("//@sol/@solseqs[key='sol3']/@value")) m(s("copySolution")) s("sol2")
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     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("st1") s("StudyStep") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st1']/@value")) m(s("set")) s("study") s("std1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st1']/@value"))
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     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("st2") s("StudyStep") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st2']/@value"))
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     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("control") s("stat") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("s2") s("Stationary") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value"))
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     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='pr']/@value")) m(s("create")) s("so1") s("SOR") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='pr']/@value/@feature/@features[key='so1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='po']/@value")) m(s("create")) s("so1") s("SOR") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='po']/@value/@feature/@features[key='so1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value")) m(s("create")) s("ams1") s("AMS") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value/@feature/@features[key='ams1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value/@feature/@features[key='ams1']/@value")) m(s("set")) s("prefun") s("ams") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value/@feature/@features[key='ams1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value/@feature/@features[key='ams1']/@value")) m(s("set")) s("sorvecdof") sa(s("comp1_A")) o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value/@feature/@features[key='ams1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='fc1']/@value")) m(s("set")) s("linsolver") s("i1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='fc1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature")) m(s("remove")) s("fcDef")
     t(s("//@result/@dataset/@features[key='dset2']/@value")) m(s("set")) s("solution") s("sol2") o(s("//@result/@dataset/@features[key='dset2']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("solnum") s("auto") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("solvertype") s("solnum") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("listsolnum") sa(s("1")) o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("solnum") s("auto") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("solnumhide") s("off") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("initstudyhide") s("off") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("initsolhide") s("off") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("solnum") s("auto") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("solvertype") s("solnum") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
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     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("notsoluse") s("su1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
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     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='po']/@value")) m(s("create")) s("so1") s("SOR") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='po']/@value/@feature/@features[key='so1']/@value"))
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     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='fc1']/@value")) m(s("set")) s("linsolver") s("i1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='fc1']/@value"))
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     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("initsolhide") s("off") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("solnum") s("auto") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
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     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("initstudyhide") s("off") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
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     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value")) m(s("set")) s("hauto") s("6") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value/@selection")) m(s("geom")) s("geom1") i(3) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value/@selection")) m(s("set")) ia(4) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value/@selection")) m(s("set")) ia(4,8) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value/@selection")) m(s("set")) ia(4,8,17) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value/@selection")) m(s("set")) ia(4,8,17,23) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value/@selection")) m(s("set")) ia(4,8,17,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value/@selection")) m(s("set")) ia(4,8,17,18,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value/@selection")) m(s("set")) ia(4,7,8,17,18,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value/@selection")) m(s("set")) ia(3,4,7,8,17,18,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value/@selection"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value")) m(s("add")) ia(8) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value")) m(s("add")) ia(4) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value")) m(s("add")) ia(3) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value")) m(s("add")) ia(7) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value")) m(s("add")) ia(18) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value")) m(s("add")) ia(24) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value")) m(s("add")) ia(24) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value")) m(s("add")) ia(23) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value")) m(s("add")) ia(17) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("create")) s("ftet4") s("FreeTet") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value")) m(s("create")) s("size1") s("Size") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@feature/@features[key='size1']/@value/@selection")) m(s("geom")) s("geom1") i(3) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@feature/@features[key='size1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@feature/@features[key='size1']/@value/@selection")) m(s("set")) ia(6) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@feature/@features[key='size1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@feature/@features[key='size1']/@value/@selection")) m(s("set")) ia(6,10) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@feature/@features[key='size1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@feature/@features[key='size1']/@value/@selection")) m(s("set")) ia(6,10,22) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@feature/@features[key='size1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@feature/@features[key='size1']/@value/@selection")) m(s("set")) ia(6,10,22,28) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@feature/@features[key='size1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@feature/@features[key='size1']/@value/@selection")) m(s("set")) ia(6,10,22,27,28) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@feature/@features[key='size1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@feature/@features[key='size1']/@value/@selection")) m(s("set")) ia(6,10,21,22,27,28) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@feature/@features[key='size1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@feature/@features[key='size1']/@value/@selection")) m(s("set")) ia(6,9,10,21,22,27,28) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@feature/@features[key='size1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@feature/@features[key='size1']/@value/@selection")) m(s("set")) ia(5,6,9,10,21,22,27,28) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@feature/@features[key='size1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@feature/@features[key='size1']/@value/@selection")) m(s("set")) ia(5,6,9,10,13,21,22,27,28) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@feature/@features[key='size1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run"))
     t(s("//@view/@views[key='view1']/@value")) m(s("set")) s("geomhidestatus") s("ignore") o(s("//@view/@views[key='view1']/@value"))
     t(s("//@view/@views[key='view1']/@value")) m(s("set")) s("geomhidestatus") s("ignore") o(s("//@view/@views[key='view1']/@value"))
     t(s("//@view/@views[key='view1']/@value")) m(s("set")) s("geomhidestatus") s("hide") o(s("//@view/@views[key='view1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("geom")) s("geom1") i(3) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia() o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@selection")) m(s("geom")) s("geom1") i(3) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@selection")) m(s("geom")) s("geom1") i(3) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet4']/@value/@selection"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value")) m(s("active")) b(false) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide2']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities")) m(s("remove")) s("hide1")
     t(s("//@view/@views[key='view1']/@value/@hideEntities")) m(s("remove")) s("hide2")
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value")) m(s("create")) s("size2") s("Size") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size2']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature")) m(s("remove")) s("ftet3")
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature")) m(s("remove")) s("ftet4")
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(4) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(4,8) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(4,8,17) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(4,8,17,23) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(4,8,17,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(4,8,17,18,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(4,7,8,17,18,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(3,4,7,8,17,18,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(2,3,4,7,8,17,18,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size2']/@value/@selection")) m(s("geom")) s("geom1") i(3) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size2']/@value/@selection")) m(s("set")) ia(4) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size2']/@value/@selection")) m(s("set")) ia(4,8) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size2']/@value/@selection")) m(s("set")) ia(4,8,17) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size2']/@value/@selection")) m(s("set")) ia(4,8,17,23) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size2']/@value/@selection")) m(s("set")) ia(4,8,17,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size2']/@value/@selection")) m(s("set")) ia(4,8,17,18,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size2']/@value/@selection")) m(s("set")) ia(4,7,8,17,18,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size2']/@value/@selection")) m(s("set")) ia(3,4,7,8,17,18,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size2']/@value")) m(s("set")) s("hauto") s("3") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size2']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value")) m(s("set")) s("smoothcontrol") s("off") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run")) s("ftet2")
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value")) m(s("create")) s("size3") s("Size") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size3']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature")) m(s("move")) s("size3") i(1)
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature")) m(s("remove")) s("size1")
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature")) m(s("remove")) s("size3")
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature")) m(s("remove")) s("size2")
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia() o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(4) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(4,8) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(4,8,17) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(4,8,17,23) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(4,8,17,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(4,8,17,18,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(4,7,8,17,18,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection")) m(s("set")) ia(3,4,7,8,17,18,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value")) m(s("create")) s("size1") s("Size") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size1']/@value")) m(s("set")) s("hauto") s("6") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run")) s("ftet2")
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size1']/@value")) m(s("set")) s("hauto") s("5") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run")) s("ftet2")
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size1']/@value/@selection")) m(s("set")) ia(3,4,7,8,16,17,18,23,24) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run")) s("ftet2")
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities")) m(s("create")) s("hide1") o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value")) m(s("geom")) i(3) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value")) m(s("add")) ia(4) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value")) m(s("add")) ia(8) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value")) m(s("add")) ia(8) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value")) m(s("add")) ia(17) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value")) m(s("add")) ia(23) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value")) m(s("add")) ia(24) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value")) m(s("add")) ia(18) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value")) m(s("add")) ia(7) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value")) m(s("add")) ia(3) o(s("//@view/@views[key='view1']/@value/@hideEntities/@hides[key='hide1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("create")) s("ftet3") s("FreeTet") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature")) m(s("move")) s("ftet3") i(2)
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@selection")) m(s("geom")) s("geom1") i(3) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@selection")) m(s("set")) ia(6) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@selection")) m(s("set")) ia(6,10) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@selection")) m(s("set")) ia(6,10,22) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@selection")) m(s("set")) ia(6,10,22,28) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@selection")) m(s("set")) ia(6,10,22,27,28) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@selection")) m(s("set")) ia(6,10,21,22,27,28) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@selection")) m(s("set")) ia(6,9,10,21,22,27,28) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@selection")) m(s("set")) ia(5,6,9,10,21,22,27,28) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value")) m(s("create")) s("size1") s("Size") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value")) m(s("set")) s("hauto") s("6") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run")) s("ftet3")
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value")) m(s("set")) s("hauto") s("5") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run")) s("ftet3")
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run")) s("ftet3")
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value")) m(s("set")) s("hauto") s("4") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run")) s("ftet3")
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value")) m(s("set")) s("hauto") s("2") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet3']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run")) s("ftet3")
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run"))
     t(s("//@physics/@physints[key='mf']/@value/@feature")) m(s("create")) s("fcal2") s("ForceCalculation") i(3) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection")) m(s("set")) ia(12) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection")) m(s("set")) ia(12,15) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection")) m(s("set")) ia(12,15,20) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection")) m(s("set")) ia(12,15,20,26) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection")) m(s("set")) ia(12,15,20,25,26) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection")) m(s("set")) ia(12,15,19,20,25,26) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection")) m(s("set")) ia(12,14,15,19,20,25,26) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection")) m(s("set")) ia(11,12,14,15,19,20,25,26) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection")) m(s("set")) ia(6,11,12,14,15,19,20,25,26) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection")) m(s("set")) ia(6,10,11,12,14,15,19,20,25,26) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection")) m(s("set")) ia(6,10,11,12,14,15,19,20,22,25,26) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection")) m(s("set")) ia(6,10,11,12,14,15,19,20,22,25,26,28) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection")) m(s("set")) ia(6,10,11,12,14,15,19,20,22,25,26,27,28) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection")) m(s("set")) ia(6,10,11,12,14,15,19,20,21,22,25,26,27,28) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection")) m(s("set")) ia(6,9,10,11,12,14,15,19,20,21,22,25,26,27,28) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection")) m(s("set")) ia(5,6,9,10,11,12,14,15,19,20,21,22,25,26,27,28) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection")) m(s("set")) ia(2,5,6,9,10,11,12,14,15,19,20,21,22,25,26,27,28) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value")) m(s("label")) s("Force Calculation on Stator") o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='fcal2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("study")) s("std1")
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("notsolnum") s("auto") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("notsolvertype") s("solnum") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("notlistsolnum") sa(s("1")) o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("notsolnum") s("auto") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("notsolnumhide") s("off") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("notstudyhide") s("off") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("notsolhide") s("off") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("solnum") s("auto") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("solvertype") s("solnum") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("listsolnum") sa(s("1")) o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("solnum") s("auto") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("solnumhide") s("off") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("initstudyhide") s("off") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("initsolhide") s("off") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@sol/@solseqs[key='sol2']/@value")) m(s("copySolution")) s("sol3")
     t(s("//@result/@dataset/@features[key='dset2']/@value")) m(s("set")) s("solution") s("none") o(s("//@result/@dataset/@features[key='dset2']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value")) m(s("set")) s("notlistsolnum") i(1) o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value")) m(s("set")) s("notsolnum") s("1") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value")) m(s("set")) s("listsolnum") i(1) o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value")) m(s("set")) s("solnum") s("1") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='ccc']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("notlistsolnum") i(1) o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("notsolnum") s("auto") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("listsolnum") i(1) o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("solnum") s("auto") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature")) m(s("remove")) s("s2")
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature")) m(s("remove")) s("v2")
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature")) m(s("remove")) s("st2")
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature")) m(s("remove")) s("su1")
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature")) m(s("remove")) s("s1")
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature")) m(s("remove")) s("v1")
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature")) m(s("remove")) s("st1")
     t(s("//@sol/@solseqs[key='sol3']/@value")) m(s("copySolution")) s("sol2")
     t(s("//@sol")) m(s("remove")) s("sol3")
     t(s("//@sol/@solseqs[key='sol2']/@value")) m(s("label")) s("Solution Store 1") o(s("//@sol/@solseqs[key='sol2']/@value"))
     t(s("//@result/@dataset")) m(s("remove")) s("dset4")
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("st1") s("StudyStep") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st1']/@value")) m(s("set")) s("study") s("std1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st1']/@value")) m(s("set")) s("studystep") s("ccc") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("v1") s("Variables") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v1']/@value")) m(s("set")) s("control") s("ccc") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("s1") s("Stationary") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value")) m(s("create")) s("se1") s("Segregated") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature")) m(s("remove")) s("ssDef")
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value")) m(s("create")) s("ss1") s("SegregatedStep") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss1']/@value")) m(s("set")) s("segvar") sa(s("comp1_mf_mtcd1_ccc1_s"),s("comp1_mf_mtcd2_ccc1_s"),s("comp1_mf_mtcd3_ccc1_s"),s("comp1_mf_mtcd4_ccc1_s"),s("comp1_mf_mtcd5_ccc1_s"),s("comp1_mf_mtcd6_ccc1_s"),s("comp1_mf_mtcd7_ccc1_s"),s("comp1_mf_mtcd8_ccc1_s")) o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss1']/@value")) m(s("set")) s("linsolver") s("dDef") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value")) m(s("create")) s("ss2") s("SegregatedStep") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s1']/@value/@feature/@features[key='se1']/@value/@feature/@features[key='ss2']/@value"))
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     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='su1']/@value")) m(s("set")) s("sol") s("sol2") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='su1']/@value"))
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     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("st2") s("StudyStep") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st2']/@value")) m(s("set")) s("study") s("std1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st2']/@value")) m(s("set")) s("studystep") s("stat") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='st2']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("notsoluse") s("sol2") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("v2") s("Variables") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("initmethod") s("sol") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("initsol") s("sol1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("notsolmethod") s("sol") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("notsol") s("sol1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("notsoluse") s("su1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("control") s("stat") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("create")) s("s2") s("Stationary") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value")) m(s("create")) s("fc1") s("FullyCoupled") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='fc1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value")) m(s("create")) s("i1") s("Iterative") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value")) m(s("set")) s("linsolver") s("fgmres") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value"))
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     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='pr']/@value")) m(s("create")) s("so1") s("SOR") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='pr']/@value/@feature/@features[key='so1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='po']/@value")) m(s("create")) s("so1") s("SOR") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='po']/@value/@feature/@features[key='so1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value")) m(s("create")) s("ams1") s("AMS") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value/@feature/@features[key='ams1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value/@feature/@features[key='ams1']/@value")) m(s("set")) s("prefun") s("ams") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value/@feature/@features[key='ams1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value/@feature/@features[key='ams1']/@value")) m(s("set")) s("sorvecdof") sa(s("comp1_A")) o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='i1']/@value/@feature/@features[key='mg1']/@value/@feature/@features[key='cs']/@value/@feature/@features[key='ams1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='fc1']/@value")) m(s("set")) s("linsolver") s("i1") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature/@features[key='fc1']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='s2']/@value/@feature")) m(s("remove")) s("fcDef")
     t(s("//@result/@dataset/@features[key='dset2']/@value")) m(s("set")) s("solution") s("sol2") o(s("//@result/@dataset/@features[key='dset2']/@value"))
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     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("solvertype") s("solnum") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("listsolnum") sa(s("1")) o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
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     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("solvertype") s("solnum") o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
     t(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value")) m(s("set")) s("listsolnum") sa(s("1")) o(s("//@sol/@solseqs[key='sol1']/@value/@feature/@features[key='v2']/@value"))
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     t(s("//@sol/@solseqs[key='sol1']/@value")) m(s("study")) s("std1")
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     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("notlistsolnum") sa(s("1")) o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
     t(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value")) m(s("set")) s("notsolnum") s("auto") o(s("//@study/@objects[key='std1']/@value/@feature/@features[key='stat']/@value"))
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     t(s("//@batch/@feature/@features[key='p1']/@value/@feature/@features[key='so1']/@value")) m(s("set")) s("psol") s("sol3") o(s("//@batch/@feature/@features[key='p1']/@value/@feature/@features[key='so1']/@value"))
     t(s("//@batch/@feature/@features[key='p1']/@value")) m(s("set")) s("pname") sa(s("iyp")) o(s("//@batch/@feature/@features[key='p1']/@value"))
     t(s("//@batch/@feature/@features[key='p1']/@value")) m(s("set")) s("plistarr") sa(s("1")) o(s("//@batch/@feature/@features[key='p1']/@value"))
     t(s("//@batch/@feature/@features[key='p1']/@value")) m(s("set")) s("sweeptype") s("sparse") o(s("//@batch/@feature/@features[key='p1']/@value"))
     t(s("//@batch/@feature/@features[key='p1']/@value")) m(s("set")) s("probesel") s("all") o(s("//@batch/@feature/@features[key='p1']/@value"))
     t(s("//@batch/@feature/@features[key='p1']/@value")) m(s("set")) s("probes") sa() o(s("//@batch/@feature/@features[key='p1']/@value"))
     t(s("//@batch/@feature/@features[key='p1']/@value")) m(s("set")) s("plot") s("off") o(s("//@batch/@feature/@features[key='p1']/@value"))
     t(s("//@batch/@feature/@features[key='p1']/@value")) m(s("set")) s("err") s("on") o(s("//@batch/@feature/@features[key='p1']/@value"))
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     t(s("//@batch/@feature/@features[key='p1']/@value")) m(s("run"))
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     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("autoMeshSize")) d(3.0) o(s("//@mesh/@meshes[key='mesh1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("automatic")) b(false)
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("create")) s("ftet2") s("FreeTet") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value")) m(s("create")) s("size1") s("Size") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value")) m(s("create")) s("size1") s("Size") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='size']/@value")) m(s("set")) s("hauto") s("5") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='size']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("geom")) s("geom1") i(3) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(1,2,3,4,5,6,7,8,9,10,11,12) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(1,2,3,5,6,7,8,9,10,11,12) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia() o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(4) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(4,6) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(4,6,9) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(4,6,9,11) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(4,6,9,11,12) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(4,6,9,10,11,12) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(4,5,6,9,10,11,12) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection")) m(s("set")) ia(3,4,5,6,9,10,11,12) o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@selection"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@feature/@features[key='size1']/@value")) m(s("set")) s("hauto") s("4") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet1']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='size']/@value")) m(s("set")) s("hauto") s("4") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='size']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size1']/@value")) m(s("set")) s("hauto") s("4") o(s("//@mesh/@meshes[key='mesh1']/@value/@feature/@features[key='ftet2']/@value/@feature/@features[key='size1']/@value"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("run"))
     t(s("//@mesh/@meshes[key='mesh1']/@value")) m(s("automatic")) b(true)
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("par2") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("create")) s("wp11") s("WorkPlane") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp11']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp11']/@value")) m(s("set")) s("unite") b(true) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp11']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp11']/@value")) m(s("set")) s("quickplane") s("yz") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='wp11']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp11") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("wp11") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("create")) s("par3") s("Partition") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par3']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par3']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("ext10"),s("ext2"),s("ext3"),s("ext4"),s("ext5"),s("ext6"),s("ext7"),s("ext8"),s("ext9")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par3']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par3']/@value/@properties[key='input']/@value/@selection")) m(s("set")) sa(s("ext1"),s("ext10"),s("ext2"),s("ext3"),s("ext4"),s("ext5"),s("ext6"),s("ext7"),s("ext8"),s("ext9")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par3']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par3']/@value")) m(s("set")) s("partitionwith") s("workplane") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='par3']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("create")) s("del1") s("Delete") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del1']/@value/@properties[key='input']/@value/@selection")) m(s("init")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@view/@views[key='view1']/@value/@hideObjects")) m(s("create")) s("hide3") o(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide3']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide3']/@value")) m(s("init")) o(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide3']/@value"))
     t(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide3']/@value")) m(s("add")) sa(s("par3(5)")) o(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide3']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("del1")
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("remove")) s("par3")
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("create")) s("pard1") s("PartitionDomains") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='pard1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='pard1']/@value/@properties[key='domain']/@value/@selection")) m(s("set")) s("fin") ia(1,2,3,4,5,6,7,8,9,10,11,12) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='pard1']/@value/@properties[key='domain']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("pard1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("move")) s("pard1") i(26)
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature")) m(s("create")) s("del1") s("Delete") o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del1']/@value/@properties[key='input']/@value/@selection")) m(s("init")) i(3) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("pard1") ia(2) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("ext4") ia(1) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("ext5") ia(1) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("ext6") ia(1) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("ext7") ia(1) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("pard1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='pard1']/@value/@properties[key='domain']/@value/@selection")) m(s("set")) s("ext2") ia(2) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='pard1']/@value/@properties[key='domain']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='pard1']/@value/@properties[key='domain']/@value/@selection")) m(s("set")) s("ext2") ia(1,2) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='pard1']/@value/@properties[key='domain']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("fin") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("runPre")) s("del1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("pard1(2)") ia(3) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del1']/@value/@properties[key='input']/@value/@selection")) m(s("set")) s("pard1(2)") ia(3,4) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='del1']/@value/@properties[key='input']/@value/@selection"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("del1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run"))
     t(s("//@physics/@physints[key='mf']/@value/@feature")) m(s("create")) s("pmc1") s("PerfectMagneticConductor") i(2) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='pmc1']/@value"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='pmc1']/@value/@selection")) m(s("set")) ia(84) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='pmc1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='pmc1']/@value/@selection")) m(s("set")) ia(83,84) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='pmc1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='pmc1']/@value/@selection")) m(s("set")) ia(82,83,84) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='pmc1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='pmc1']/@value/@selection")) m(s("set")) ia(83,84) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='pmc1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='pmc1']/@value/@selection")) m(s("set")) ia(84) o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='pmc1']/@value/@selection"))
     t(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='pmc1']/@value/@selection")) m(s("set")) ia() o(s("//@physics/@physints[key='mf']/@value/@feature/@features[key='pmc1']/@value/@selection"))
     t(s("//@view/@views[key='view1']/@value/@hideObjects")) m(s("remove")) s("hide2")
     t(s("//@view/@views[key='view1']/@value/@hideObjects")) m(s("remove")) s("hide3")
     t(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value")) m(s("clear")) s("blk1") o(s("//@view/@views[key='view1']/@value/@hideObjects/@hides[key='hide1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value")) m(s("set")) s("size") sa(s("0.18"),s("0.1"),s("0.06")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("blk1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value")) m(s("set")) s("size") sa(s("0.18"),s("0.18"),s("0.06")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value")) m(s("set")) s("size") sa(s("0.1"),s("0.18"),s("0.06")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("blk1") o(s("//@geom/@geoms[key='geom1']/@value"))
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     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("blk1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value")) m(s("set")) s("pos") sa(s("-0.17/2"),s("0"),s("0")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("blk1") o(s("//@geom/@geoms[key='geom1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value")) m(s("set")) s("pos") sa(s("-0.17/4"),s("0"),s("0")) o(s("//@geom/@geoms[key='geom1']/@value/@feature/@features[key='blk1']/@value"))
     t(s("//@geom/@geoms[key='geom1']/@value")) m(s("run")) s("blk1") o(s("//@geom/@geoms[key='geom1']/@value"))
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             f_{b,AMB} = [F_{x1b}
		F_{y1b}
		F_{x2b}
		  F_{y2b}]
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         [5, 2]
         [1075, 161, 1150, 269]
         242
         alternate
         off
         off
         
           g = 9.81; %Gravitational acceleration constant [N/kg]

g1 = g0;
g2 = g0;
mu_0 = 4*pi*1e-7;
K_L = 2/(N^2*mu_0*A_g);
theta = pi/180*theta;
K_F = 1/2*K_L*cos(theta);
L_0 = 1/(K_L*g1);

KiF = K_L^2/K_F;
KFi = 1/KiF;

Ki = 2*KFi*i0/g0^2;
Ki_rec = 1/Ki;
Ks = -2*KFi*i0^2/g0^3;
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               M: Rotor mass [kg]
               18.3
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               Jp: Rotor polar mass moment of inertia [kg.m^2]
               0.10669
            
             
               edit
               Jt
               Jt: Rotor transverse mass moment of inertia [kg.m^2]
               0.11575
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               a
               a: Bearing distance to c.o.g. (Left) [m]
               160e-3
            
             
               edit
               b
               b: Bearing distance to c.o.g. (Right)  [m]
               [64.4e-3 160e-3]*[1 0]'
            
             
               edit
               c
               c: Sensor distance to c.o.g. (Left)  [m]
               190e-3
            
             
               edit
               d
               d: Sensor distance to c.o.g. (Right)  [m]
               95.4e-3
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               Number of AMB turns
               80*2
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               Air gap [m]
               500e-6
            
             
               edit
               i0
               Bias current
               2
            
             
               edit
               A_g
               AMB cross-sectional area [m^2]
               204e-6
            
             
               edit
               theta
               AMB pole angle (deg)
               22.5
            
             
               edit
               I_max
               Maximum current limit [A]
               4
            
          
           
             
               %<MaskType>
               
                 %<MaskDescription>
                 DescTextVar
              
               DescGroupVar
            
             
               
                 
                   Rotor properties
                   
                     
                       M
                    
                     
                       Jp
                    
                     
                       Jt
                    
                  
                   ParameterTabVar0
                
                 
                   Dimensions
                   
                     
                       a
                    
                     
                       b
                    
                     
                       c
                    
                     
                       d
                    
                  
                   ParameterTabVar01
                
                 
                   AMB properties
                   
                     
                       N
                    
                     
                       g0
                    
                     
                       i0
                    
                     
                       A_g
                    
                     
                       theta
                    
                     
                       I_max
                    
                  
                   ParameterTabVar02
                
              
               ParameterTabContainerVar
            
          
        
         
           [-8, -8, 1928, 1048]
           on
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           122
           
             [80, 563, 110, 577]
             345
             Port number
          
           
             [70, 628, 100, 642]
             350
             2
             Port number
          
           
             [735, 968, 765, 982]
             724
             3
             Port number
          
           
             [640, 798, 670, 812]
             758
             on
             4
             Port number
          
           
             [765, 1043, 795, 1057]
             830
             5
             Port number
          
           
             [1155, 865, 1185, 895]
             378
             1/K_F
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [1, 1]
             [1090, 625, 1125, 645]
             382
             8
             Index vector (dialog)
             [1 5 2 6 3 7 4 8]
             1
             
               1
               [Fx1+
Fx1-
Fy1+
Fy1-
Fx2+
Fx2-
Fy2+
Fy2-]
               Auto
               SignalName
            
          
           
             [1, 1]
             [880, 617, 930, 653]
             -64
             alternate
             off
             off
             
               [100, 100, 600, 900]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               100
               
                 [20, 28, 50, 42]
                 410
                 Port number
              
               
                 [170, 35, 200, 65]
                 409
                 1/2
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [90, 45, 120, 75]
                 380
                 -1
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [145, 23, 150, 72]
                 381
                 off
                 2
                 bar
              
               
                 [240, 43, 270, 57]
                 411
                 Port number
              
               
                 1226
                 1480#out:1
                 1931#in:1
              
               
                 1225
                 1930#out:1
                 [17, 0]
                 
                   173
                   1328#in:1
                
                 
                   35
                   [0, 25]
                   1287#in:1
                
              
               
                 82
                 1287#out:1
                 1328#in:2
              
               
                 177
                 1328#out:1
                 1480#in:1
              
            
          
           
             [1, 2]
             [500, 586, 505, 619]
             446
             off
             2
             bar
          
           
             [1, 2]
             [500, 651, 505, 684]
             447
             off
             2
             bar
          
           
             [2]
             [785, 928, 815, 992]
             749
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ub_pmc','DataLoggingSaveFormat','StructureWithTime'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.000006','MaxYLimReal','0.000056','YLabelReal','','MinYLimMag','0.000000','MaxYLimMag','0.000056','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',8,'LineNames',{{'Sum6:1','Sum6:2','Sum6:3','Sum6:4','Dub:1','Dub:2','Dub:3','Dub:4'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.000006','MaxYLimReal','0.000056','YLabelReal','','MinYLimMag','0.000000','MaxYLimMag','0.000056','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>')),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[1 1 1920 917],'WindowStyle','docked')
             2
          
           
             [0, 1]
             [890, 664, 920, 686]
             -66
             off
             off
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               100
               
                 [180, 95, 210, 125]
                 386
                 K_F
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
                 
                   1
                   F_0
                   Auto
                   SignalName
                
              
               
                 [75, 95, 105, 125]
                 387
                 L_0
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [1, 1]
                 [130, 95, 160, 125]
                 385
                 magnitude^2
              
               
                 [20, 95, 50, 125]
                 384
                 i0
              
               
                 [260, 103, 290, 117]
                 388
                 Port number
              
               
                 F_0
                 1229
                 [0, 0]
                 1288#out:1
                 1933#in:1
              
               
                 84
                 1323#out:1
                 1288#in:1
              
               
                 86
                 1359#out:1
                 1321#in:1
              
               
                 87
                 1321#out:1
                 1323#in:1
              
            
          
           
             [600, 985, 630, 1015]
             747
             500e-6
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [1, 1]
             [535, 985, 565, 1015]
             745
          
           
             [1, 2]
             [895, 858, 1030, 947]
             721
             off
             off
             
               mu_0 = 4*pi*1e-7;
K_L = 2/(N^2*mu_0*A_g);
               port_label('output', 1, '[R_{b, AMB}]^T','texmode','on');
port_label('output', 2, '[L_{b, AMB}]^T','texmode','on');
port_label('input', 1, '[x_{1b} y_{1b} x_{2b} y_{2b}]^{T}','texmode','on');

               
                 
                   edit
                   N
                   Number of AMB turns
                   80*2
                
                 
                   edit
                   g1
                   Air gap (AMB side1) [m]
                   500e-6
                
                 
                   edit
                   g2
                   Air gap (AMB side2) [m]
                   500e-6
                
                 
                   edit
                   A_g
                   AMB cross-sectional area [mm^2]
                   204e-6
                
              
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               152
               
                 [65, 238, 95, 252]
                 52
                 Port number
              
               
                 [255, 390, 285, 420]
                 122
              
               
                 [400, 230, 430, 260]
                 125
                 K_L
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [4, 1]
                 [365, 182, 370, 308]
                 50
                 off
                 bar
              
               
                 [2, 1]
                 [480, 322, 510, 353]
                 124
                 /*
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [1, 1]
                 [240, 144, 305, 176]
                 72
                 off
                 off
                 
                   port_label('output', 1, 'R_{x1b}','texmode','on');
port_label('input', 1, 'x_{1b}','texmode','on');
                
                 
                   [-8, 0, 1928, 1056]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   380
                   
                     [55, 108, 85, 122]
                     59
                     Port number
                  
                   
                     [2, 1]
                     [265, 86, 270, 124]
                     62
                     off
                     2
                     bar
                  
                   
                     [120, 55, 230, 85]
                     45
                     g1-u
                  
                   
                     [125, 135, 235, 165]
                     61
                     g1+u
                  
                   
                     [295, 98, 325, 112]
                     60
                     Port number
                  
                   
                     1
                     1684#out:1
                     [6, 0]
                     
                       2
                       [0, -45]
                       1686#in:1
                    
                     
                       3
                       [0, 35]
                       1687#in:1
                    
                  
                   
                     4
                     1686#out:1
                     [12, 0; 0, 25]
                     1685#in:1
                  
                   
                     5
                     1687#out:1
                     [10, 0]
                     1685#in:2
                  
                   
                     6
                     1685#out:1
                     1688#in:1
                  
                
              
               
                 [1, 1]
                 [240, 259, 305, 291]
                 117
                 off
                 off
                 
                   port_label('output', 1, 'R_{x2b}','texmode','on');
port_label('input', 1, 'x_{2b}','texmode','on');
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   378
                   
                     [55, 108, 85, 122]
                     59
                     Port number
                  
                   
                     [2, 1]
                     [265, 86, 270, 124]
                     62
                     off
                     2
                     bar
                  
                   
                     [120, 55, 230, 85]
                     45
                     g2-u
                  
                   
                     [125, 135, 235, 165]
                     61
                     g2+u
                  
                   
                     [295, 98, 325, 112]
                     60
                     Port number
                  
                   
                     1
                     1691#out:1
                     1694#in:1
                  
                   
                     2
                     1693#out:1
                     [10, 0]
                     1691#in:2
                  
                   
                     3
                     1692#out:1
                     [12, 0; 0, 25]
                     1691#in:1
                  
                   
                     4
                     1690#out:1
                     [6, 0]
                     
                       5
                       [0, 35]
                       1693#in:1
                    
                     
                       6
                       [0, -45]
                       1692#in:1
                    
                  
                
              
               
                 [1, 1]
                 [240, 199, 305, 231]
                 112
                 off
                 off
                 
                   port_label('output', 1, 'R_{y1b}','texmode','on');
port_label('input', 1, 'y_{1b}','texmode','on');
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   378
                   
                     [55, 108, 85, 122]
                     59
                     Port number
                  
                   
                     [2, 1]
                     [265, 86, 270, 124]
                     62
                     off
                     2
                     bar
                  
                   
                     [120, 55, 230, 85]
                     45
                     g1-u
                  
                   
                     [125, 135, 235, 165]
                     61
                     g1+u
                  
                   
                     [295, 98, 325, 112]
                     60
                     Port number
                  
                   
                     1
                     1697#out:1
                     1700#in:1
                  
                   
                     2
                     1699#out:1
                     [10, 0]
                     1697#in:2
                  
                   
                     3
                     1698#out:1
                     [12, 0; 0, 25]
                     1697#in:1
                  
                   
                     4
                     1696#out:1
                     [6, 0]
                     
                       5
                       [0, 35]
                       1699#in:1
                    
                     
                       6
                       [0, -45]
                       1698#in:1
                    
                  
                
              
               
                 [1, 1]
                 [240, 314, 305, 346]
                 118
                 off
                 off
                 
                   port_label('output', 1, 'R_{y2b}','texmode','on');
port_label('input', 1, 'y_{2b}','texmode','on');
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   378
                   
                     [55, 108, 85, 122]
                     59
                     Port number
                  
                   
                     [2, 1]
                     [265, 86, 270, 124]
                     62
                     off
                     2
                     bar
                  
                   
                     [120, 55, 230, 85]
                     45
                     g2-u
                  
                   
                     [125, 135, 235, 165]
                     61
                     g2+u
                  
                   
                     [295, 98, 325, 112]
                     60
                     Port number
                  
                   
                     1
                     1702#out:1
                     [6, 0]
                     
                       2
                       [0, -45]
                       1704#in:1
                    
                     
                       3
                       [0, 35]
                       1705#in:1
                    
                  
                   
                     4
                     1704#out:1
                     [12, 0; 0, 25]
                     1703#in:1
                  
                   
                     5
                     1705#out:1
                     [10, 0]
                     1703#in:2
                  
                   
                     6
                     1703#out:1
                     1706#in:1
                  
                
              
               
                 [1, 1]
                 [155, 145, 190, 175]
                 113
                 4
                 Index vector (dialog)
                 1
                 1
              
               
                 [1, 1]
                 [155, 260, 190, 290]
                 115
                 4
                 Index vector (dialog)
                 3
                 1
              
               
                 [1, 1]
                 [155, 200, 190, 230]
                 114
                 4
                 Index vector (dialog)
                 2
                 1
              
               
                 [1, 1]
                 [155, 315, 190, 345]
                 116
                 4
                 Index vector (dialog)
                 4
                 1
              
               
                 [535, 238, 565, 252]
                 53
                 Port number
              
               
                 [535, 333, 565, 347]
                 123
                 2
                 Port number
              
               
                 1
                 1680#out:1
                 [32, 0]
                 
                   2
                   1711#in:1
                
                 
                   3
                   [0, 85]
                   1682#in:1
                
              
               
                 4
                 1683#out:1
                 [40, 0]
                 1681#in:1
              
               
                 5
                 1678#out:1
                 [17, 0]
                 
                   6
                   [0, 30]
                   
                     7
                     [0, 55]
                     1710#in:1
                  
                   
                     8
                     1708#in:1
                  
                
                 
                   9
                   [0, -30]
                   
                     10
                     [0, -55]
                     1707#in:1
                  
                   
                     11
                     1709#in:1
                  
                
              
               
                 12
                 1707#out:1
                 1683#in:1
              
               
                 13
                 1709#out:1
                 1695#in:1
              
               
                 14
                 1695#out:1
                 [26, 0; 0, 15]
                 1681#in:2
              
               
                 15
                 1708#out:1
                 1689#in:1
              
               
                 16
                 1710#out:1
                 1701#in:1
              
               
                 17
                 1689#out:1
                 [25, 0; 0, -15]
                 1681#in:3
              
               
                 18
                 1701#out:1
                 [40, 0]
                 1681#in:4
              
               
                 19
                 1679#out:1
                 [178, 0; 0, -60]
                 1682#in:2
              
               
                 20
                 1682#out:1
                 1712#in:1
              
               
                 21
                 1681#out:1
                 1680#in:1
              
            
          
           
             [1, 1]
             [580, 897, 615, 913]
             780
             off
             off
             
               
                 
                   edit
                   fc
                   Cut-off frequency [Hz]
                   1000
                
                 
                   edit
                   zeta
                   Damping ratio
                   1
                
              
            
             
               [1882, 52, 3234, 1276]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               225
               
                 [195, 113, 225, 127]
                 -1
                 Port number
              
               
                 [1, 1]
                 [320, 105, 350, 135]
                 -2
              
               
                 [1, 1]
                 [440, 100, 470, 130]
                 -3
              
               
                 [330, 20, 360, 50]
                 -4
                 2*pi
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [430, 170, 460, 200]
                 -5
                 on
                 2
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [385, 97, 415, 128]
                 -6
                 off
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [2, 1]
                 [505, 92, 535, 123]
                 -7
                 off
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [2, 1]
                 [375, 162, 405, 193]
                 -8
                 on
                 alternate
                 off
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [2, 1]
                 [260, 110, 280, 130]
                 -9
                 off
                 round
                 |+-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [325, 235, 345, 255]
                 -10
                 on
                 alternate
                 off
                 round
                 ++|
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [280, 20, 310, 50]
                 -11
                 fc
              
               
                 [485, 170, 515, 200]
                 -12
                 on
                 alternate
                 zeta
              
               
                 [610, 103, 640, 117]
                 -13
                 Port number
              
               
                 1
                 1812#out:1
                 [-50, 0]
                 1811#in:2
              
               
                 2
                 1810#out:1
                 [-35, 0]
                 1812#in:1
              
               
                 3
                 1807#out:1
                 1810#in:2
              
               
                 4
                 1814#out:1
                 1807#in:1
              
               
                 5
                 1805#out:1
                 1809#in:2
              
               
                 6
                 1808#out:1
                 [4, 0]
                 
                   7
                   1805#in:1
                
                 
                   8
                   [0, 55]
                   1810#in:1
                
              
               
                 9
                 1804#out:1
                 1808#in:2
              
               
                 10
                 1813#out:1
                 1806#in:1
              
               
                 11
                 1811#out:1
                 1804#in:1
              
               
                 12
                 1803#out:1
                 1811#in:1
              
               
                 13
                 1806#out:1
                 [10, 0; 0, 48]
                 
                   14
                   [0, 22]
                   1808#in:1
                
                 
                   15
                   [109, 0; 0, 17]
                   1809#in:1
                
              
               
                 16
                 1809#out:1
                 [33, 0]
                 
                   17
                   1815#in:1
                
                 
                   18
                   [0, 135]
                   1812#in:2
                
              
            
          
           
             [1, 1]
             [1095, 865, 1125, 895]
             369
             alternate
             magnitude^2
          
           
             [2, 1]
             [630, 598, 635, 667]
             342
             off
             2
             bar
             
               1
               [FT]*
               Auto
               SignalName
            
          
           
             [2, 1]
             [550, 639, 605, 681]
             346
             off
             off
             
               
                 
                   edit
                   Kp
                   Kp
                   Kp_r
                
                 
                   edit
                   Ki
                   Ki
                   500e3
                
                 
                   edit
                   Kd
                   Kd
                   Kd_r
                
              
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               219
               
                 [220, 198, 250, 212]
                 113
                 alternate
                 Port number
              
               
                 [220, 223, 250, 237]
                 116
                 2
                 Port number
              
               
                 [2, 1]
                 [305, 194, 350, 241]
                 115
                 powerlib_extras/Discrete 
Control Blocks/Discrete
PID Controller
                 *1.665
                 POWERSYS.PowerSysDialog
                 off
                 off
                 
                   Discrete PID Controller
                   This block implements a discrete PID controller.
                   This block is part of a subset of blocks in the Extras library that does not have documentation associated with it, other than the block mask description.
                   UpperLimit=Par_Limits(1);
LowerLimit=Par_Limits(2);
power_initmask();
                   on
                   disp('PID');
                   
                     
                       edit
                       Kp
                       Proportional gain (Kp):
                       Kp
                    
                     
                       edit
                       Ki
                       Integral gain (Ki):
                       0
                    
                     
                       edit
                       Kd
                       Derivative gain (Kd):
                       Kd
                    
                     
                       edit
                       Par_Limits
                       Output limits: [ Upper   Lower ]
                       [1e6 -1e6]
                    
                     
                       edit
                       Init
                       Output initial value:
                       0
                    
                     
                       edit
                       Ts
                       Sample time:
                       1/10e3
                    
                  
                
                 
                   1
                   [Ta Tb]
                   Auto
                   SignalName
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   100
                   35
                   34
                   
                     [15, 183, 45, 197]
                     -1
                     bold
                     Port number
                     Ts
                  
                   
                     [15, 233, 45, 247]
                     1
                     bold
                     2
                     Port number
                     Ts
                  
                   
                     [1, 1]
                     [225, 171, 285, 209]
                     -3
                     off
                     Init
                     Ts
                     on
                     UpperLimit
                     LowerLimit
                     DiscIntNeverNeededParam
                     DiscIntNeverNeededParam
                  
                   
                     [145, 124, 180, 156]
                     -4
                     off
                     Kp
                     Ts
                  
                   
                     [145, 174, 180, 206]
                     -5
                     off
                     Ki
                     Ts
                  
                   
                     [145, 224, 180, 256]
                     -6
                     off
                     Kd
                     Ts
                  
                   
                     [1, 1]
                     [495, 175, 520, 205]
                     -7
                     alternate
                     off
                     u0
                     UpperLimit
                     LowerLimit
                     Ts
                  
                   
                     [3, 1]
                     [435, 115, 465, 265]
                     -8
                     off
                     +++
                     Ts
                  
                   
                     [315, 125, 350, 155]
                     -9
                     Ts
                  
                   
                     [560, 183, 590, 197]
                     -10
                     bold
                     Port number
                     Ts
                     0
                  
                   
                     1
                     1573:7#out:1
                     1573:10#in:1
                  
                   
                     2
                     1573:1#out:1
                     [65, 0]
                     
                       3
                       [0, -50]
                       1573:4#in:1
                    
                     
                       4
                       1573:5#in:1
                    
                  
                   
                     5
                     1573:8#out:1
                     1573:7#in:1
                  
                   
                     6
                     1573:5#out:1
                     1573:3#in:1
                  
                   
                     7
                     1573:4#out:1
                     1573:9#in:1
                  
                   
                     8
                     1573:3#out:1
                     1573:8#in:2
                  
                   
                     9
                     1573:6#out:1
                     1573:8#in:3
                  
                   
                     10
                     1573:9#out:1
                     1573:8#in:1
                  
                   
                     11
                     1573:35#out:1
                     1573:6#in:1
                  
                   
                     Pierre Giroux, Gilbert Sybille
Power System Simulation Laboratory
IREQ, Hydro-Quebc
                     [4, 31, 170, 72]
                     [0, 0, 0, 0]
                     off
                     off
                     -1
                  
                   
                     Discrete PID Controller
                     [36, 10, 148, 25]
                     [0, 0, 0, 0]
                     off
                     off
                     -2
                     bold
                  
                   
                     [76, 8, 78, 23]
                     [0, 0, 0, 0]
                     off
                     off
                     -3
                     bold
                  
                   
                     [76, 34, 78, 49]
                     [0, 0, 0, 0]
                     off
                     off
                     -4
                  
                
              
               
                 [425, 213, 455, 227]
                 114
                 Port number
              
               
                 3
                 1571#out:1
                 1573#in:1
              
               
                 [Ta Tb]
                 4
                 [1, 1]
                 1573#out:1
                 1574#in:1
              
               
                 5
                 1572#out:1
                 1573#in:2
              
            
          
           
             [2, 1]
             [550, 584, 605, 626]
             347
             alternate
             off
             off
             
               
                 
                   edit
                   Kp
                   Kp
                   Kp_t
                
                 
                   edit
                   Ki
                   Ki
                   500e3
                
                 
                   edit
                   Kd
                   Kd
                   Kd_t
                
              
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               246
               
                 [165, 148, 195, 162]
                 63
                 alternate
                 Port number
              
               
                 [165, 173, 195, 187]
                 112
                 2
                 Port number
              
               
                 [2, 1]
                 [250, 144, 295, 191]
                 111
                 powerlib_extras/Discrete 
Control Blocks/Discrete
PID Controller
                 *1.665
                 POWERSYS.PowerSysDialog
                 off
                 off
                 
                   Discrete PID Controller
                   This block implements a discrete PID controller.
                   This block is part of a subset of blocks in the Extras library that does not have documentation associated with it, other than the block mask description.
                   UpperLimit=Par_Limits(1);
LowerLimit=Par_Limits(2);
power_initmask();
                   on
                   disp('PID');
                   
                     
                       edit
                       Kp
                       Proportional gain (Kp):
                       Kp
                    
                     
                       edit
                       Ki
                       Integral gain (Ki):
                       0
                    
                     
                       edit
                       Kd
                       Derivative gain (Kd):
                       Kd
                    
                     
                       edit
                       Par_Limits
                       Output limits: [ Upper   Lower ]
                       [1e6 -1e6]
                    
                     
                       edit
                       Init
                       Output initial value:
                       0
                    
                     
                       edit
                       Ts
                       Sample time:
                       1/10e3
                    
                  
                
                 
                   1
                   [Fx Fy]
                   Auto
                   SignalName
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   100
                   35
                   34
                   
                     [15, 183, 45, 197]
                     -1
                     bold
                     Port number
                     Ts
                  
                   
                     [15, 233, 45, 247]
                     1
                     bold
                     2
                     Port number
                     Ts
                  
                   
                     [1, 1]
                     [225, 171, 285, 209]
                     -3
                     off
                     Init
                     Ts
                     on
                     UpperLimit
                     LowerLimit
                     DiscIntNeverNeededParam
                     DiscIntNeverNeededParam
                  
                   
                     [145, 124, 180, 156]
                     -4
                     off
                     Kp
                     Ts
                  
                   
                     [145, 174, 180, 206]
                     -5
                     off
                     Ki
                     Ts
                  
                   
                     [145, 224, 180, 256]
                     -6
                     off
                     Kd
                     Ts
                  
                   
                     [1, 1]
                     [495, 175, 520, 205]
                     -7
                     alternate
                     off
                     u0
                     UpperLimit
                     LowerLimit
                     Ts
                  
                   
                     [3, 1]
                     [435, 115, 465, 265]
                     -8
                     off
                     +++
                     Ts
                  
                   
                     [315, 125, 350, 155]
                     -9
                     Ts
                  
                   
                     [560, 183, 590, 197]
                     -10
                     bold
                     Port number
                     Ts
                     0
                  
                   
                     1
                     1335:7#out:1
                     1335:10#in:1
                  
                   
                     2
                     1335:1#out:1
                     [65, 0]
                     
                       4
                       [0, -50]
                       1335:4#in:1
                    
                     
                       5
                       1335:5#in:1
                    
                  
                   
                     7
                     1335:8#out:1
                     1335:7#in:1
                  
                   
                     8
                     1335:5#out:1
                     1335:3#in:1
                  
                   
                     10
                     1335:4#out:1
                     1335:9#in:1
                  
                   
                     11
                     1335:3#out:1
                     1335:8#in:2
                  
                   
                     14
                     1335:6#out:1
                     1335:8#in:3
                  
                   
                     13
                     1335:9#out:1
                     1335:8#in:1
                  
                   
                     15
                     1335:35#out:1
                     1335:6#in:1
                  
                   
                     Pierre Giroux, Gilbert Sybille
Power System Simulation Laboratory
IREQ, Hydro-Quebc
                     [4, 31, 170, 72]
                     [0, 0, 0, 0]
                     off
                     off
                     -1
                  
                   
                     Discrete PID Controller
                     [36, 10, 148, 25]
                     [0, 0, 0, 0]
                     off
                     off
                     -2
                     bold
                  
                   
                     [76, 8, 78, 23]
                     [0, 0, 0, 0]
                     off
                     off
                     -3
                     bold
                  
                   
                     [76, 34, 78, 49]
                     [0, 0, 0, 0]
                     off
                     off
                     -4
                  
                
              
               
                 [370, 163, 400, 177]
                 64
                 Port number
              
               
                 1
                 1334#out:1
                 1335#in:1
              
               
                 [Fx Fy]
                 2
                 [1, 1]
                 1335#out:1
                 1336#in:1
              
               
                 3
                 1570#out:1
                 1335#in:2
              
            
          
           
             [2, 1]
             [1230, 849, 1260, 891]
             368
             **
             off
             Inherit: Inherit via internal rule
             Floor
             off
             
               1
               a
               Auto
               SignalName
            
          
           
             [2, 1]
             [480, 982, 510, 1013]
             826
             off
             Inherit: Inherit via internal rule
             Floor
             off
          
           
             [370, 884, 425, 926]
             722
             alternate
             [1 0 0 -a; 0 1 a 0; 1 0 0 b; 0 1 -b 0]
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [315, 549, 370, 591]
             822
             alternate
             [b 0 a 0; 0 b 0 a; 0 1 0 -1; -1 0 1 0]/(a+b)
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [740, 614, 795, 656]
             354
             1/(a+b)*[b 0 a 0; 0 b 0 a; 0 1 0 -1; -1 0 1 0]'
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [190, 614, 245, 656]
             349
             [d 0 c 0; 0 d 0 c; 0 1 0 -1; -1 0 1 0]/(c+d)
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [3, 5]
             [510, 742, 615, 818]
             423
             on
             off
             off
             
               g = 9.81; %Gravitational acceleration constant [N/kg]
               
                 
                   edit
                   M
                   M: Rotor mass [kg]
                   18.3
                
                 
                   edit
                   Jp
                   Jp: Rotor polar mass moment of inertia [kg.m^2]
                   0.10669
                
                 
                   edit
                   Jt
                   Jt: Rotor transverse mass moment of inertia [kg.m^2]
                   0.11575
                
                 
                   edit
                   a
                   a: Bearing distance to c.o.g. (Left) [m]
                   160e-3
                
                 
                   edit
                   b
                   b: Bearing distance to c.o.g. (Right)  [m]
                   [64.4e-3 160e-3]*[1 0]'
                
                 
                   edit
                   c
                   c: Sensor distance to c.o.g. (Left)  [m]
                   190e-3
                
                 
                   edit
                   d
                   d: Sensor distance to c.o.g. (Right)  [m]
                   95.4e-3
                
                 
                   edit
                   Lpt
                   Position gain for translation mode
                   5.48e3
                
                 
                   edit
                   Lpr
                   Position gain for rotation mode
                   1.095e4
                
                 
                   edit
                   Lvt
                   Velocity gain for translation mode
                   2.11e7
                
                 
                   edit
                   Lvr
                   Velocity gain for rotation mode
                   8.42e7
                
                 
                   edit
                   Lat
                   Acceleration gain for translation mode
                   3.064e10
                
                 
                   edit
                   Lar
                   Acceleration gain for rotation mode
                   2.45e11
                
              
               
                 
                   %<MaskType>
                   
                     %<MaskDescription>
                     DescTextVar
                  
                   DescGroupVar
                
                 
                   
                     
                       Rotor properties
                       
                         
                           M
                        
                         
                           Jp
                        
                         
                           Jt
                        
                      
                       ParameterTabVar0
                    
                     
                       Dimensions
                       
                         
                           a
                        
                         
                           b
                        
                         
                           c
                        
                         
                           d
                        
                         
                           Container5
                        
                      
                       ParameterTabVar01
                    
                     
                       Observer gains
                       
                         
                           Lpt
                        
                         
                           Lpr
                        
                         
                           Lvt
                        
                         
                           Lvr
                        
                         
                           Lat
                        
                         
                           Lar
                        
                      
                       ParameterTabVar02
                    
                  
                   ParameterTabContainerVar
                
              
            
             
               [-1288, -8, 8, 1032]
               on
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               125
               
                 [170, 133, 200, 147]
                 116
                 Port number
              
               
                 [170, 273, 200, 287]
                 20
                 2
                 Port number
              
               
                 [455, 423, 485, 437]
                 733
                 3
                 Port number
              
               
                 [1, 1]
                 [715, 392, 750, 428]
                 722
                 on
                 1/10e3
                 DiscIntNeverNeededParam
                 DiscIntNeverNeededParam
              
               
                 [1, 1]
                 [620, 392, 655, 428]
                 723
                 on
                 1/10e3
                 DiscIntNeverNeededParam
                 DiscIntNeverNeededParam
              
               
                 [515, 337, 570, 383]
                 731
                 on
                 [0 0 0 0; 0 0 0 0; 0 0 0 Jp; 0 0 -Jp 0]
                 Matrix(K*u) (u vector)
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [1, 1]
                 [345, 190, 375, 220]
                 618
              
               
                 [1, 1]
                 [765, 265, 795, 295]
                 724
                 
                   1
                   u_g^
                   Auto
                   SignalName
                
              
               
                 [1, 1]
                 [625, 265, 655, 295]
                 725
                 
                   1
                   du_g^
                   Auto
                   SignalName
                
              
               
                 [255, 182, 310, 228]
                 619
                 [Lat Lat Lar Lar]';
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [615, 182, 670, 228]
                 121
                 [Lpt Lpt Lpr Lpr]';
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [430, 182, 485, 228]
                 117
                 [Lvt Lvt Lvr Lvr]';
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [615, 92, 670, 138]
                 617
                 [M 0 0 0; 0 M 0 0; 0 0 Jt 0; 0 0 0 Jt]
                 Matrix(K*u) (u vector)
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [330, 257, 385, 303]
                 15
                 [M 0 0 0; 0 M 0 0; 0 0 Jt 0; 0 0 0 Jt]^-1
                 Matrix(K*u) (u vector)
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
                 
                   1
                   ddu_g
                   Auto
                   SignalName
                
              
               
                 [750, 92, 805, 138]
                 615
                 [1 0 1 0; 0 1 0 1; 0 a 0 -b; -a 0 b 0]^-1
                 Matrix(K*u) (u vector)
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [255, 270, 275, 290]
                 17
                 off
                 round
                 |+-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [550, 270, 570, 290]
                 118
                 off
                 round
                 ++|
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [715, 270, 735, 290]
                 119
                 off
                 round
                 ++|
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [500, 195, 520, 215]
                 729
                 off
                 round
                 ++|
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [455, 352, 485, 383]
                 732
                 on
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [290, 388, 320, 402]
                 734
                 Port number
              
               
                 [845, 273, 875, 287]
                 22
                 2
                 Port number
              
               
                 [845, 353, 875, 367]
                 122
                 3
                 Port number
              
               
                 [845, 108, 875, 122]
                 616
                 4
                 Port number
              
               
                 [845, 158, 875, 172]
                 735
                 5
                 Port number
              
               
                 du_g^
                 131
                 [1, 0]
                 1749#out:1
                 [29, 0]
                 
                   32
                   1547#in:2
                
                 
                   4
                   [0, 80]
                   
                     169
                     1818#in:1
                  
                   
                     168
                     1551#in:1
                  
                
              
               
                 6
                 1509#out:1
                 1505#in:1
              
               
                 u_g^
                 129
                 [0, 1]
                 1748#out:1
                 1536#in:1
              
               
                 81
                 1546#out:1
                 [10, 0]
                 
                   214
                   1749#in:1
                
                 
                   190
                   [0, -115]
                   1880#in:1
                
              
               
                 130
                 1547#out:1
                 1748#in:1
              
               
                 59
                 1549#out:1
                 [50, 0]
                 1547#in:1
              
               
                 109
                 1656#out:1
                 1657#in:1
              
               
                 115
                 1737#out:1
                 1736#in:1
              
               
                 149
                 1544#out:1
                 [17, 0]
                 
                   150
                   [194, 0]
                   
                     152
                     [181, 0; 0, 65]
                     1549#in:1
                  
                   
                     45
                     [0, 65]
                     1545#in:1
                  
                
                 
                   120
                   [0, 65]
                   1737#in:1
                
              
               
                 ddu_g
                 151
                 [0, 0; -1, 0]
                 1505#out:1
                 1546#in:2
              
               
                 153
                 1545#out:1
                 1759#in:2
              
               
                 154
                 1736#out:1
                 [16, 0; 0, -34; 114, 0]
                 1759#in:1
              
               
                 155
                 1759#out:1
                 [35, 0]
                 
                   161
                   [0, -90]
                   1655#in:1
                
                 
                   160
                   1546#in:1
                
              
               
                 177
                 1820#out:1
                 [-185, 0]
                 
                   179
                   [0, 25]
                   1830#in:1
                
                 
                   178
                   1509#in:2
                
              
               
                 164
                 1818#out:1
                 1820#in:1
              
               
                 167
                 1817#out:1
                 [10, 0]
                 1820#in:2
              
               
                 171
                 1499#out:1
                 1509#in:1
              
               
                 217
                 1655#out:1
                 1656#in:1
              
               
                 Input is force and torque for COG control
Output is position of centre of gravity
                 [328, 61, 510, 89]
                 [0, 0, 0, 0]
                 off
                 off
                 left
                 -2
              
               
                 f_{g,AMB} = [F_{xg}
              F_{yg}
               M_{xg}
                M_{yg}]
                 [239, 64, 308, 125]
                 [0, 0, 0, 0]
                 off
                 off
                 tex
                 on
                 -3
              
               
                 u_{g} = [u_{xg}
         u_{yg}
        \theta_{xg}
         \theta_{yg}]
                 [905, 248, 951, 309]
                 [0, 0, 0, 0]
                 off
                 off
                 tex
                 on
                 -4
              
            
          
           
             [1, 1]
             [1335, 855, 1365, 885]
             410
             u0
             I_max^2
             0
          
           
             [1, 2]
             [905, 1020, 950, 1075]
             827
             off
             off
             
               [100, 100, 600, 900]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               125
               
                 [25, 38, 55, 52]
                 95
                 Port number
              
               
                 [1, 4]
                 [85, 27, 90, 63]
                 90
                 off
                 bar
              
               
                 [2, 1]
                 [135, 21, 140, 59]
                 91
                 off
                 2
                 bar
              
               
                 [2, 1]
                 [135, 81, 140, 119]
                 94
                 off
                 2
                 bar
              
               
                 [185, 33, 215, 47]
                 96
                 Port number
              
               
                 [185, 93, 215, 107]
                 97
                 2
                 Port number
              
               
                 1
                 1640#out:1
                 1641#in:1
              
               
                 2
                 1640#out:3
                 1641#in:2
              
               
                 3
                 1641#out:1
                 1643#in:1
              
               
                 4
                 1640#out:2
                 [17, 0; 0, 50]
                 1642#in:1
              
               
                 5
                 1640#out:4
                 [6, 0; 0, 50]
                 1642#in:2
              
               
                 6
                 1642#out:1
                 1644#in:1
              
               
                 7
                 1639#out:1
                 1640#in:1
              
            
          
           
             [370, 1035, 400, 1065]
             825
             0.2
             0
          
           
             [3, 1]
             [260, 560, 280, 580]
             353
             off
             round
             -+-
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [845, 1040, 865, 1060]
             829
             off
             round
             -+|
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [955, 625, 975, 645]
             383
             off
             round
             |++
             off
             Inherit: Inherit via internal rule
             off
             
               1
               [Fx1+
Fy1+
Fx2+
Fy2+
Fx1-
Fx2-
Fy1-
Fy2-]
               Auto
               SignalName
            
          
           
             [2, 1]
             [465, 715, 485, 735]
             424
             off
             round
             |+-
             off
             Inherit: Inherit via internal rule
             off
          
           
             [3, 1]
             [710, 895, 730, 915]
             746
             off
             round
             +++
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [145, 625, 165, 645]
             750
             off
             round
             |++
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [675, 625, 695, 645]
             759
             off
             round
             |++
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [335, 625, 355, 645]
             789
             off
             round
             |+-
             off
             Inherit: Inherit via internal rule
             off
          
           
             [3, 2]
             [440, 571, 480, 699]
             445
             alternate
             off
             off
             
               [-1288, -8, 8, 1032]
               on
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               123
               
                 [120, 268, 150, 282]
                 438
                 Port number
              
               
                 [120, 338, 150, 352]
                 446
                 2
                 Port number
              
               
                 [120, 448, 150, 462]
                 448
                 3
                 Port number
              
               
                 [1, 1]
                 [325, 377, 385, 413]
                 447
                 1.388
                 simulink/Discrete/Discrete Derivative
                 Discrete Derivative
                 
                   off
                   1.0
                   0.0
                   Inherited
                   []
                   []
                   Inherit: Inherit via internal rule
                   Inherit via internal rule
                   fixdt(1, 16)
                   2^-10
                   off
                   Floor
                   off
                
                 
                   1
                   dug*
                   Auto
                   SignalName
                
              
               
                 [1]
                 [515, 204, 545, 236]
                 743
                 alternate
                 Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.00016','MaxYLimReal','0.00015','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.00016','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',4,'LineNames',{{'Sum:1','Sum:2','Sum:3','Sum:4'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-0.00016','MaxYLimReal','0.00015','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.00016','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',0,'LineNames',{{}},'ShowContent',false,'Placement',2)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.00016','MaxYLimReal','0.00015','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.00016','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[2 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016a')),'Version','2016a','Position',[1 1 1280 901],'WindowStyle','docked')
                 1
              
               
                 [2, 1]
                 [325, 265, 345, 285]
                 445
                 off
                 round
                 |+-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [475, 385, 495, 405]
                 449
                 off
                 round
                 |+-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [185, 330, 220, 360]
                 451
                 1/10e3
              
               
                 [185, 260, 220, 290]
                 452
                 1/10e3
              
               
                 [580, 268, 610, 282]
                 440
                 Port number
              
               
                 [580, 388, 610, 402]
                 441
                 2
                 Port number
              
               
                 438
                 1579#out:1
                 1593#in:1
              
               
                 441
                 1587#out:1
                 1358#in:1
              
               
                 448
                 1589#out:1
                 [330, 0]
                 1590#in:2
              
               
                 449
                 1586#out:1
                 [121, 0]
                 
                   467
                   [0, -55]
                   1816#in:1
                
                 
                   466
                   1581#in:1
                
              
               
                 450
                 1590#out:1
                 1582#in:1
              
               
                 dug*
                 461
                 [1, 1]
                 1588#out:1
                 1590#in:1
              
               
                 457
                 1358#out:1
                 [110, 0]
                 1586#in:2
              
               
                 458
                 1593#out:1
                 [60, 0]
                 
                   443
                   [0, 120]
                   1588#in:1
                
                 
                   442
                   1586#in:1
                
              
            
          
           
             [2]
             [980, 1020, 1010, 1075]
             828
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ub_pmc','DataLogging',true,'DataLoggingSaveFormat','StructureWithTime'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.000012','MaxYLimReal','0.000059','YLabelReal','','MinYLimMag','0.000000','MaxYLimMag','0.000059','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Split1/1:1','Split1/1:2'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-0.000006','MaxYLimReal','0.000006','YLabelReal','','MinYLimMag','0.000000','MaxYLimMag','0.000058','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Split1/2:1','Split1/2:2'}},'ShowContent',true,'Placement',2)},'DisplayPropertyDefaults',struct('YLabelReal','','AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[2 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[1 1 1280 901],'WindowStyle','docked')
             2
          
           
             [1]
             [445, 489, 475, 521]
             792
             alternate
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData5'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.0000013','MaxYLimReal','0.0000013','YLabelReal','','MinYLimMag','0.0000000','MaxYLimMag','0.0000013','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',4,'LineNames',{{'Sum9:1','Sum9:2','Sum9:3','Sum9:4'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.0000013','MaxYLimReal','0.0000013','YLabelReal','','MinYLimMag','0.0000000','MaxYLimMag','0.0000013','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016a')),'Version','2016a','Position',[1921 57 1280 948])
             1
          
           
             [1400, 863, 1430, 877]
             366
             Port number
          
           
             [1095, 918, 1125, 932]
             728
             2
             Port number
          
           
             [FT]*
             24
             [0, 1]
             1324#out:1
             1831#in:1
          
           
             28
             1333#out:1
             [5, 0]
             1324#in:1
          
           
             30
             1280#out:1
             1354#in:2
          
           
             1321
             1354#out:1
             1339#in:1
          
           
             63
             1322#out:1
             1283#in:1
          
           
             568
             1677#out:1
             1322#in:1
          
           
             81
             1283#out:1
             1337#in:2
          
           
             [Fx1+
Fy1+
Fx2+
Fy2+
Fx1-
Fx2-
Fy1-
Fy2-]
             118
             [0, 1]
             1357#out:1
             1284#in:1
          
           
             299
             1498#out:2
             [-30, 0]
             1543#in:2
          
           
             301
             1543#out:1
             [150, 0; 0, 30]
             1498#in:1
          
           
             390
             1329#out:1
             [5, 0]
             1324#in:2
          
           
             1320
             1339#out:1
             [41, 0; 0, 25]
             1578#in:1
          
           
             452
             1578#out:1
             1285#in:1
          
           
             453
             1285#out:1
             1333#in:1
          
           
             454
             1285#out:2
             [5, 0; 0, 40]
             1329#in:1
          
           
             455
             1578#out:2
             1591#in:1
          
           
             456
             1591#out:1
             [15, 0; 0, -45]
             1333#in:2
          
           
             457
             1591#out:2
             [18, 0; 0, -5]
             1329#in:2
          
           
             1394
             1498#out:4
             [-59, 0; 0, 195]
             1970#in:1
          
           
             661
             1717#out:1
             1783#in:2
          
           
             591
             1677#out:2
             1722#in:1
          
           
             651
             1777#out:1
             [31, 0]
             
               1555
               [0, 40]
               1783#in:1
            
             
               1554
               [89, 0]
               
                 1517
                 1677#in:1
              
               
                 1516
                 [0, 109]
                 
                   1597
                   [30, 0; 0, 36]
                   1638#in:1
                
                 
                   1596
                   1971#in:1
                
              
            
          
           
             653
             1776#out:1
             1778#in:1
          
           
             1334
             1778#out:1
             [85, 0]
             
               1511
               1777#in:3
            
             
               1510
               [0, 108; -450, 0]
               1354#in:3
            
          
           
             666
             1784#out:1
             1341#in:1
          
           
             749
             1821#out:1
             1498#in:3
          
           
             772
             1831#out:1
             [3, 0]
             
               1307
               1340#in:1
            
             
               776
               [0, 145]
               1498#in:2
            
          
           
             774
             1498#out:1
             [-7, 0; 0, -44; 187, 0]
             1831#in:2
          
           
             652
             1713#out:1
             1802#in:1
          
           
             888
             1341#out:1
             [70, 0]
             
               967
               [1, 0; 0, 270]
               1713#in:1
            
             
               966
               1875#in:1
            
          
           
             905
             1875#out:1
             [31, 0]
             
               939
               1578#in:2
            
             
               942
               [0, -130]
               1883#in:1
            
             
               940
               [0, 90]
               1543#in:1
            
          
           
             953
             1498#out:3
             [-93, 0; 0, -105]
             1578#in:3
          
           
             1119
             1802#out:1
             1777#in:2
          
           
             1027
             1281#out:1
             1784#in:1
          
           
             a
             1504
             [0, 0]
             1337#out:1
             1485#in:1
          
           
             1220
             1485#out:1
             1361#in:1
          
           
             1229
             1340#out:1
             1929#in:1
          
           
             1230
             1929#out:1
             1357#in:1
          
           
             1235
             1932#out:1
             [40, 0]
             1357#in:2
          
           
             [Fx1+
Fx1-
Fy1+
Fy1-
Fx2+
Fx2-
Fy2+
Fy2-]
             1252
             [0, 0]
             1284#out:1
             [85, 0]
             1337#in:1
          
           
             1395
             1969#out:1
             [34, 0; 0, -45]
             1970#in:2
          
           
             1396
             1970#out:1
             1776#in:1
          
           
             1505
             1638#out:1
             1645#in:1
          
           
             1506
             1638#out:2
             1645#in:2
          
           
             1520
             1972#out:1
             1971#in:2
          
           
             1595
             1971#out:1
             [-5, 0; 16, 0; 0, 0]
          
        
      
       
         [1525, 350, 1555, 380]
         97
         60/(2*pi)
         Inherit: Inherit via internal rule
         Inherit: Inherit via internal rule
         off
      
       
         [1, 1]
         [1370, 350, 1400, 380]
         103
      
       
         [1, 2]
         [1060, 286, 1195, 339]
         380
         off
         off
         
           mu_0 = 4*pi*1e-7;
K_L = 2/(N^2*mu_0*A_g);
           port_label('output', 1, '[R_{b, AMB}]^T','texmode','on');
port_label('output', 2, '[L_{b, AMB}]^T','texmode','on');
port_label('input', 1, '[x_{1b} y_{1b} x_{2b} y_{2b}]^{T}','texmode','on');

           
             
               edit
               N
               Number of AMB turns
               80*2
            
             
               edit
               g1
               Air gap (AMB side1) [m]
               500e-6
            
             
               edit
               g2
               Air gap (AMB side2) [m]
               500e-6
            
             
               edit
               A_g
               AMB cross-sectional area [mm^2]
               204e-6
            
          
        
         
           [-8, 0, 1928, 1056]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           152
           
             [65, 238, 95, 252]
             52
             Port number
          
           
             [255, 390, 285, 420]
             122
          
           
             [400, 230, 430, 260]
             125
             K_L
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [4, 1]
             [365, 182, 370, 308]
             50
             off
             bar
          
           
             [2, 1]
             [480, 322, 510, 353]
             124
             /*
             off
             Inherit: Inherit via internal rule
             Floor
             off
          
           
             [1, 1]
             [240, 144, 305, 176]
             72
             off
             off
             
               port_label('output', 1, 'R_{x1b}','texmode','on');
port_label('input', 1, 'x_{1b}','texmode','on');
            
             
               [-8, 0, 1928, 1056]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               380
               
                 [55, 108, 85, 122]
                 59
                 Port number
              
               
                 [2, 1]
                 [265, 86, 270, 124]
                 62
                 off
                 2
                 bar
              
               
                 [120, 55, 230, 85]
                 45
                 g1-u
              
               
                 [125, 135, 235, 165]
                 61
                 g1+u
              
               
                 [295, 98, 325, 112]
                 60
                 Port number
              
               
                 1
                 1293#out:1
                 [6, 0]
                 
                   2
                   [0, -45]
                   1295#in:1
                
                 
                   3
                   [0, 35]
                   1296#in:1
                
              
               
                 4
                 1295#out:1
                 [12, 0; 0, 25]
                 1294#in:1
              
               
                 5
                 1296#out:1
                 [10, 0]
                 1294#in:2
              
               
                 6
                 1294#out:1
                 1297#in:1
              
            
          
           
             [1, 1]
             [240, 259, 305, 291]
             117
             off
             off
             
               port_label('output', 1, 'R_{x2b}','texmode','on');
port_label('input', 1, 'x_{2b}','texmode','on');
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               378
               
                 [55, 108, 85, 122]
                 59
                 Port number
              
               
                 [2, 1]
                 [265, 86, 270, 124]
                 62
                 off
                 2
                 bar
              
               
                 [120, 55, 230, 85]
                 45
                 g2-u
              
               
                 [125, 135, 235, 165]
                 61
                 g2+u
              
               
                 [295, 98, 325, 112]
                 60
                 Port number
              
               
                 1
                 1300#out:1
                 1303#in:1
              
               
                 2
                 1302#out:1
                 [10, 0]
                 1300#in:2
              
               
                 3
                 1301#out:1
                 [12, 0; 0, 25]
                 1300#in:1
              
               
                 4
                 1299#out:1
                 [6, 0]
                 
                   5
                   [0, 35]
                   1302#in:1
                
                 
                   6
                   [0, -45]
                   1301#in:1
                
              
            
          
           
             [1, 1]
             [240, 199, 305, 231]
             112
             off
             off
             
               port_label('output', 1, 'R_{y1b}','texmode','on');
port_label('input', 1, 'y_{1b}','texmode','on');
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               378
               
                 [55, 108, 85, 122]
                 59
                 Port number
              
               
                 [2, 1]
                 [265, 86, 270, 124]
                 62
                 off
                 2
                 bar
              
               
                 [120, 55, 230, 85]
                 45
                 g1-u
              
               
                 [125, 135, 235, 165]
                 61
                 g1+u
              
               
                 [295, 98, 325, 112]
                 60
                 Port number
              
               
                 1
                 1306#out:1
                 1309#in:1
              
               
                 2
                 1308#out:1
                 [10, 0]
                 1306#in:2
              
               
                 3
                 1307#out:1
                 [12, 0; 0, 25]
                 1306#in:1
              
               
                 4
                 1305#out:1
                 [6, 0]
                 
                   5
                   [0, 35]
                   1308#in:1
                
                 
                   6
                   [0, -45]
                   1307#in:1
                
              
            
          
           
             [1, 1]
             [240, 314, 305, 346]
             118
             off
             off
             
               port_label('output', 1, 'R_{y2b}','texmode','on');
port_label('input', 1, 'y_{2b}','texmode','on');
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               378
               
                 [55, 108, 85, 122]
                 59
                 Port number
              
               
                 [2, 1]
                 [265, 86, 270, 124]
                 62
                 off
                 2
                 bar
              
               
                 [120, 55, 230, 85]
                 45
                 g2-u
              
               
                 [125, 135, 235, 165]
                 61
                 g2+u
              
               
                 [295, 98, 325, 112]
                 60
                 Port number
              
               
                 1
                 1311#out:1
                 [6, 0]
                 
                   2
                   [0, -45]
                   1313#in:1
                
                 
                   3
                   [0, 35]
                   1314#in:1
                
              
               
                 4
                 1313#out:1
                 [12, 0; 0, 25]
                 1312#in:1
              
               
                 5
                 1314#out:1
                 [10, 0]
                 1312#in:2
              
               
                 6
                 1312#out:1
                 1315#in:1
              
            
          
           
             [1, 1]
             [155, 145, 190, 175]
             113
             4
             Index vector (dialog)
             1
             1
          
           
             [1, 1]
             [155, 260, 190, 290]
             115
             4
             Index vector (dialog)
             3
             1
          
           
             [1, 1]
             [155, 200, 190, 230]
             114
             4
             Index vector (dialog)
             2
             1
          
           
             [1, 1]
             [155, 315, 190, 345]
             116
             4
             Index vector (dialog)
             4
             1
          
           
             [535, 238, 565, 252]
             53
             Port number
          
           
             [535, 333, 565, 347]
             123
             2
             Port number
          
           
             24
             1457#out:1
             [32, 0]
             
               2
               1320#in:1
            
             
               3
               [0, 85]
               1369#in:1
            
          
           
             4
             1292#out:1
             [40, 0]
             1291#in:1
          
           
             5
             1290#out:1
             [17, 0]
             
               6
               [0, 30]
               
                 7
                 [0, 55]
                 1319#in:1
              
               
                 8
                 1317#in:1
              
            
             
               9
               [0, -30]
               
                 10
                 [0, -55]
                 1316#in:1
              
               
                 11
                 1318#in:1
              
            
          
           
             12
             1316#out:1
             1292#in:1
          
           
             13
             1318#out:1
             1304#in:1
          
           
             14
             1304#out:1
             [26, 0; 0, 15]
             1291#in:2
          
           
             15
             1317#out:1
             1298#in:1
          
           
             16
             1319#out:1
             1310#in:1
          
           
             17
             1298#out:1
             [25, 0; 0, -15]
             1291#in:3
          
           
             18
             1310#out:1
             [40, 0]
             1291#in:4
          
           
             19
             1367#out:1
             [178, 0; 0, -60]
             1369#in:2
          
           
             20
             1369#out:1
             1368#in:1
          
           
             25
             1291#out:1
             1457#in:1
          
        
      
       
         [1]
         [1335, 294, 1365, 326]
         728
         alternate
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData7'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','0.0062','MaxYLimReal','0.00979','YLabelReal','','MinYLimMag','0.0062','MaxYLimMag','0.00979','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Selector3','Selector'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','0.0062','MaxYLimReal','0.00979','YLabelReal','','MinYLimMag','0.0062','MaxYLimMag','0.00979','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016a')),'Version','2016a','Position',[1 1 1280 901],'WindowStyle','docked')
         1
      
       
         [2, 1]
         [1305, 278, 1310, 342]
         729
         off
         2
         bar
      
       
         [1, 1]
         [1255, 158, 1360, 212]
         384
         alternate
         off
         off
         
           port_label('output', 1, '[i_{b, AMB}]^*T','texmode','on');
port_label('input', 1, '[i^{*2}_{b, AMB}]^T','texmode','on');


           
             
               edit
               PA_L
               AMB inductance
               6.494e-3
            
             
               edit
               PA_R
               AMB resistance
               0.152
            
             
               edit
               PA_Kp
               PA Kp
               PA_Kp
               off
            
             
               edit
               PA_Ki
               PA Ki
               PA_Ki
               off
            
             
               edit
               I_max
               Current limit
               5
            
             
               edit
               Vbus
               Bus voltage
               60
            
          
        
         
           [-8, 0, 1928, 1056]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           108
           
             [375, 158, 405, 172]
             -1
             Port number
          
           
             [1, 8]
             [550, 40, 555, 120]
             299
             off
             8
             bar
          
           
             [465, 150, 495, 180]
             225
             signedSqrt
          
           
             [8]
             [645, 32, 680, 128]
             300
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData3'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','2.08265','MaxYLimReal','3.05219','YLabelReal','','MinYLimMag','2.08265','MaxYLimMag','3.05219','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',8,'LineNames',{{'Demux/1','Demux/2','Demux/3','Demux/4','Demux/5','Demux/6','Demux/7','Demux/8'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','2.08265','MaxYLimReal','3.05219','YLabelReal','','MinYLimMag','2.08265','MaxYLimMag','3.05219','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016a')),'Version','2016a')
             8
          
           
             [545, 158, 575, 172]
             -9
             Port number
          
           
             15
             1431#out:1
             1450#in:1
          
           
             16
             1450#out:1
             [16, 0]
             
               18
               [0, -85]
               1675#in:1
            
             
               17
               1453#in:1
            
          
           
             19
             1675#out:4
             1676#in:4
          
           
             20
             1675#out:7
             1676#in:7
          
           
             21
             1675#out:5
             1676#in:5
          
           
             22
             1675#out:8
             1676#in:8
          
           
             23
             1675#out:6
             1676#in:6
          
           
             24
             1675#out:3
             1676#in:3
          
           
             25
             1675#out:1
             1676#in:1
          
           
             26
             1675#out:2
             1676#in:2
          
        
      
       
         [2, 1]
         [1130, 512, 1160, 543]
         733
         on
         alternate
         off
         Inherit: Inherit via internal rule
         Floor
         off
      
       
         [2, 1]
         [1285, 512, 1315, 543]
         737
         on
         alternate
         off
         Inherit: Inherit via internal rule
         Floor
         off
      
       
         [0, 1]
         [1315, 350, 1345, 380]
         95
         1.388
         simulink/Sources/Ramp
         Ramp
         
           off
           2*pi*10
           5
           0
           on
        
      
       
         [2, 4]
         [1530, 167, 1670, 308]
         20
         alternate
         off
         off
         
           g = 9.81; %Gravitational acceleration constant [N/kg]
           %image(imread('Rigid_body_var_def.png'));
port_label('input', 1, 'f_{b, AMB}','texmode','on');
port_label('input', 2, '\omega','texmode','on');
port_label('output', 1, 'u_{g}','texmode','on');
port_label('output', 2, 'u_{s}','texmode','on');
port_label('output', 3, 'u_{b}','texmode','on');
port_label('output', 4, 'u_{cog}','texmode','on');

           
             
               edit
               M
               M: Rotor mass [kg]
               18.3
            
             
               edit
               Jp
               Jp: Rotor polar mass moment of inertia [kg.m^2]
               0.10669
            
             
               edit
               Jt
               Jt: Rotor transverse mass moment of inertia [kg.m^2]
               0.11575
            
             
               edit
               a
               a: Bearing distance to c.o.g. (Left) [m]
               160e-3
            
             
               edit
               b
               b: Bearing distance to c.o.g. (Right)  [m]
               [64.4e-3 160e-3]*[1 0]'
            
             
               edit
               c
               c: Sensor distance to c.o.g. (Left)  [m]
               190e-3
            
             
               edit
               d
               d: Sensor distance to c.o.g. (Right)  [m]
               95.4e-3
            
          
           
             
               %<MaskType>
               
                 %<MaskDescription>
                 DescTextVar
              
               DescGroupVar
            
             
               
                 
                   Rotor properties
                   
                     
                       M
                    
                     
                       Jp
                    
                     
                       Jt
                    
                  
                   ParameterTabVar0
                
                 
                   Dimensions
                   
                     
                       a
                    
                     
                       b
                    
                     
                       c
                    
                     
                       d
                    
                  
                   ParameterTabVar01
                
              
               ParameterTabContainerVar
            
          
        
         
           [-8, -8, 1928, 1048]
           on
           184
           
             [95, 188, 125, 202]
             20
             Port number
          
           
             [440, 383, 470, 397]
             21
             2
             Port number
          
           
             [-20, 455, 10, 485]
             122
             [0 0]
          
           
             [105, 127, 135, 153]
             117
             -1
          
           
             [535, 242, 590, 288]
             18
             on
             [0 0 0 0; 0 0 0 0; 0 0 0 Jp; 0 0 -Jp 0]
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [95, 360, 125, 390]
             125
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [240, 77, 270, 103]
             61
             0*[0 -M*g 0 0]'
          
           
             [1, 1]
             [555, 180, 585, 210]
             13
             off
             
               1
               du_g
               Auto
               SignalName
            
          
           
             [1, 1]
             [630, 180, 660, 210]
             14
             off
             
               1
               u_g
               Auto
               SignalName
            
          
           
             [450, 172, 505, 218]
             15
             [M 0 0 0; 0 M 0 0; 0 0 Jt 0; 0 0 0 Jt]^-1
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
             
               1
               ddu_g
               Auto
               SignalName
            
          
           
             [2, 1]
             [65, 356, 70, 394]
             124
             off
             2
             bar
          
           
             [2, 1]
             [165, 366, 170, 404]
             126
             off
             2
             bar
          
           
             [775, 319, 830, 361]
             40
             [1 0 0 -a; 0 1 a 0; 1 0 0 b; 0 1 -b 0]
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [240, 172, 295, 218]
             16
             [1 0 1 0; 0 1 0 1; 0 a 0 -b; -a 0 b 0]
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [775, 249, 830, 291]
             114
             [1 0 0 -c; 0 1 c 0; 1 0 0 d; 0 1 -d 0]
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [400, 185, 420, 205]
             17
             off
             round
             |+-
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [315, 185, 335, 205]
             62
             off
             round
             ++|
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [715, 185, 735, 205]
             65
             off
             round
             |++
             off
             Inherit: Inherit via internal rule
             off
          
           
             [3, 1]
             [195, 185, 215, 205]
             118
             off
             round
             +++
             off
             Inherit: Inherit via internal rule
             off
          
           
             [1, 1]
             [560, 371, 660, 409]
             64
             off
             off
             
               port_label('input', 1, '\omega','texmode','on');
port_label('output', 1, 'r[cos(\omegat) sin(\omegat)]','texmode','on');

               
                 edit
                 r
                 Radius of eccentricity  [m]
                 1e-6
              
            
             
               [-8, -8, 1928, 1048]
               off
               227
               
                 [65, 113, 95, 127]
                 2
                 Port number
              
               
                 [180, 128, 220, 162]
                 1
                 on
                 alternate
                 -1
              
               
                 [325, 130, 355, 160]
                 7
                 [0 0]'
              
               
                 [2, 1]
                 [145, 166, 170, 199]
                 -2
                 none
                 off
                 off
                 
                   Dot Product
                   Inner (dot) product.
y=sum(u1.*u2)
                   Computes the inner (dot) product of the inputs: sum(u1.*u2).  The inputs are vectors of the same length. Output is a scalar.
                   disp('.\n')
                
                 
                   [1252, 52, 2584, 1098]
                   off
                   646
                   
                     [15, 25, 35, 45]
                     -1
                     Port number
                  
                   
                     [15, 90, 35, 110]
                     -2
                     2
                     Port number
                  
                   
                     [2, 1]
                     [65, 55, 90, 75]
                     -3
                  
                   
                     [1, 1]
                     [125, 55, 145, 75]
                     -4
                     +
                  
                   
                     [185, 55, 205, 75]
                     -5
                     Port number
                     0
                  
                   
                     1
                     435#out:1
                     436#in:1
                  
                   
                     2
                     434#out:1
                     435#in:1
                  
                   
                     3
                     432#out:1
                     434#in:1
                  
                   
                     4
                     433#out:1
                     434#in:2
                  
                
              
               
                 [2, 1]
                 [180, 55, 205, 90]
                 -3
                 alternate
                 none
                 off
                 off
                 
                   Dot Product
                   Inner (dot) product.
y=sum(u1.*u2)
                   Computes the inner (dot) product of the inputs: sum(u1.*u2).  The inputs are vectors of the same length. Output is a scalar.
                   disp('.\n')
                
                 
                   [1252, 52, 2584, 1098]
                   off
                   646
                   
                     [15, 25, 35, 45]
                     -1
                     Port number
                  
                   
                     [15, 90, 35, 110]
                     -2
                     2
                     Port number
                  
                   
                     [2, 1]
                     [65, 55, 90, 75]
                     -3
                  
                   
                     [1, 1]
                     [125, 55, 145, 75]
                     -4
                     +
                  
                   
                     [185, 55, 205, 75]
                     -5
                     Port number
                     0
                  
                   
                     1
                     441#out:1
                     442#in:1
                  
                   
                     2
                     440#out:1
                     441#in:1
                  
                   
                     3
                     438#out:1
                     440#in:1
                  
                   
                     4
                     439#out:1
                     440#in:2
                  
                
              
               
                 [3, 1]
                 [380, 91, 385, 129]
                 5
                 off
                 3
                 bar
              
               
                 [1, 1]
                 [245, 55, 280, 95]
                 -6
                 1
              
               
                 [410, 93, 450, 127]
                 6
                 r
              
               
                 [1, 1]
                 [245, 166, 280, 204]
                 -8
              
               
                 [480, 103, 510, 117]
                 3
                 Port number
              
               
                 1
                 429#out:1
                 [24, 0]
                 
                   2
                   [0, 55]
                   431#in:1
                
                 
                   3
                   [0, -55]
                   437#in:1
                
              
               
                 4
                 444#out:1
                 [20, 0; 0, -40]
                 
                   5
                   [0, -35]
                   449#in:2
                
                 
                   6
                   430#in:1
                
              
               
                 7
                 443#out:1
                 [19, 0]
                 
                   8
                   [0, 25]
                   449#in:1
                
                 
                   9
                   [0, -53; -196, 0; 0, 168]
                   431#in:2
                
              
               
                 10
                 437#out:1
                 443#in:1
              
               
                 11
                 431#out:1
                 444#in:1
              
               
                 12
                 430#out:1
                 [-20, 0; 0, -65]
                 437#in:2
              
               
                 13
                 449#out:1
                 450#in:1
              
               
                 14
                 450#out:1
                 445#in:1
              
               
                 15
                 451#out:1
                 [5, 0]
                 449#in:3
              
               
                 sin_wt
                 [267, 128, 297, 143]
                 [0, 0, 0, 0]
                 off
                 off
                 top
                 -1
              
               
                 cos_wt
                 [311, 51, 344, 66]
                 [0, 0, 0, 0]
                 off
                 off
                 top
                 -2
              
            
          
           
             [0, 1]
             [-20, 395, 10, 425]
             121
             1*2*pi
             pi/2
             0
          
           
             [0, 1]
             [-20, 350, 10, 380]
             120
             alternate
             1*2*pi
             0
          
           
             [2, 1]
             [475, 257, 505, 288]
             19
             on
             off
             Inherit: Inherit via internal rule
             off
          
           
             [855, 188, 885, 202]
             22
             Port number
          
           
             [855, 263, 885, 277]
             115
             2
             Port number
          
           
             [855, 333, 885, 347]
             39
             3
             Port number
          
           
             [845, 58, 875, 72]
             116
             4
             Port number
          
           
             49
             19#out:1
             [-60, 0]
             17#in:2
          
           
             2
             18#out:1
             19#in:1
          
           
             du_g
             3
             [1, 0]
             10#out:1
             [22, 0]
             
               25
               [0, 70]
               18#in:1
            
             
               24
               14#in:1
            
          
           
             4
             17#out:1
             15#in:1
          
           
             ddu_g
             5
             [-1, 1]
             15#out:1
             10#in:1
          
           
             6
             22#out:1
             [45, 0]
             
               7
               19#in:2
            
             
               8
               428#in:1
            
          
           
             9
             84#out:1
             83#in:1
          
           
             79
             21#out:1
             1974#in:2
          
           
             11
             16#out:1
             116#in:2
          
           
             12
             116#out:1
             17#in:1
          
           
             75
             115#out:1
             [46, 0; 0, 9]
          
           
             u_g
             14
             14#out:1
             [19, 0]
             
               52
               [0, -130]
               1884#in:1
            
             
               51
               [-1, 1]
               452#in:1
            
          
           
             17
             452#out:1
             [10, 0]
             
               18
               23#in:1
            
             
               19
               [0, 75]
               
                 20
                 [0, 70]
                 84#in:1
              
               
                 21
                 654#in:1
              
            
          
           
             50
             428#out:1
             [60, 0]
             452#in:2
          
           
             23
             654#out:1
             655#in:1
          
           
             90
             1973#out:1
             [45, 0; 0, 22]
          
           
             80
             1974#out:1
             16#in:1
          
           
             91
             1976#out:1
             1980#in:1
          
           
             88
             1980#out:1
             1981#in:1
          
           
             89
             1978#out:1
             [129, 0; 0, -75]
             1982#in:2
          
           
             92
             1977#out:1
             [23, 0; 0, -25]
             1980#in:2
          
           
             93
             1981#out:1
             1982#in:1
          
           
             94
             1982#out:1
             [30, 0]
             1974#in:3
          
           
             f_{b,AMB} = [F_{x1b}
		F_{y1b}
		F_{x2b}
		  F_{y2b}]
             [316, 464, 505, 525]
             [0, 0, 0, 0]
             off
             off
             tex
             on
             -1
          
           
             Input is force at bearing locations and angular speed.
Output is position of centre of gravity
             [618, 464, 854, 492]
             [0, 0, 0, 0]
             off
             off
             left
             -2
          
           
             f_{g,AMB} = [F_{xg}
		F_{yg}
		M_{xg}
		  M_{yg}]
             [368, 59, 555, 120]
             [0, 0, 0, 0]
             off
             off
             tex
             on
             -3
          
           
             u_{g} = [u_{xg}
	u_{yg}
	\theta_{xg}
         \theta_{yg}]
             [783, 119, 879, 180]
             [0, 0, 0, 0]
             off
             off
             tex
             on
             -4
          
        
      
       
         [1, 1]
         [1415, 350, 1445, 380]
         99
         u0
         2*pi*100
         0
      
       
         [1, 1]
         [1240, 313, 1280, 337]
         730
         8
         Index vector (dialog)
         1
         1
      
       
         [1, 1]
         [1240, 283, 1280, 307]
         731
         alternate
         8
         Index vector (dialog)
         1
         1
      
       
         [0, 1]
         [1180, 515, 1210, 525]
         732
         on
         alternate
         [50e-6 0 0 0]*0
         2*pi*0.5
         0
      
       
         [0, 1]
         [1335, 515, 1365, 525]
         736
         on
         alternate
         [50e-6 0 0 0]
         2*pi*5
         0
      
       
         [1, 2]
         [1735, 190, 1780, 245]
         416
         off
         off
         
           [100, 100, 600, 900]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           125
           
             [25, 38, 55, 52]
             95
             Port number
          
           
             [1, 4]
             [85, 27, 90, 63]
             90
             off
             bar
          
           
             [2, 1]
             [135, 21, 140, 59]
             91
             off
             2
             bar
          
           
             [2, 1]
             [135, 81, 140, 119]
             94
             off
             2
             bar
          
           
             [185, 33, 215, 47]
             96
             Port number
          
           
             [185, 93, 215, 107]
             97
             2
             Port number
          
           
             1
             1647#out:1
             1648#in:1
          
           
             2
             1650#out:1
             1652#in:1
          
           
             3
             1648#out:4
             [6, 0; 0, 50]
             1650#in:2
          
           
             4
             1648#out:2
             [17, 0; 0, 50]
             1650#in:1
          
           
             5
             1649#out:1
             1651#in:1
          
           
             6
             1648#out:3
             1649#in:2
          
           
             7
             1648#out:1
             1649#in:1
          
        
      
       
         [1, 2]
         [1735, 260, 1780, 315]
         744
         off
         off
         
           [-8, -8, 1928, 1048]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           125
           
             [25, 38, 55, 52]
             95
             Port number
          
           
             [1, 2]
             [85, 27, 90, 63]
             90
             off
             2
             bar
          
           
             [185, 18, 215, 32]
             96
             Port number
          
           
             [185, 48, 215, 62]
             97
             2
             Port number
          
           
             1
             1823#out:1
             1824#in:1
          
           
             2
             1824#out:1
             [43, 0; 0, -10]
             1827#in:1
          
           
             3
             1824#out:2
             1828#in:1
          
        
      
       
         [1, 2]
         [1735, 115, 1780, 170]
         743
         off
         off
         
           [100, 100, 600, 900]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           125
           
             [25, 38, 55, 52]
             95
             Port number
          
           
             [1, 4]
             [85, 27, 90, 63]
             90
             off
             bar
          
           
             [2, 1]
             [135, 21, 140, 59]
             91
             off
             2
             bar
          
           
             [2, 1]
             [135, 81, 140, 119]
             94
             off
             2
             bar
          
           
             [185, 33, 215, 47]
             96
             Port number
          
           
             [185, 93, 215, 107]
             97
             2
             Port number
          
           
             1
             1886#out:1
             1887#in:1
          
           
             2
             1889#out:1
             1891#in:1
          
           
             3
             1887#out:4
             [6, 0; 0, 50]
             1889#in:2
          
           
             4
             1887#out:2
             [17, 0; 0, 50]
             1889#in:1
          
           
             5
             1888#out:1
             1890#in:1
          
           
             6
             1887#out:3
             1888#in:2
          
           
             7
             1887#out:1
             1888#in:1
          
        
      
       
         [1395, 290, 1425, 320]
         102
         5
         2*pi*5
         0
      
       
         [1335, 530, 1365, 540]
         738
         on
         5
         0
      
       
         [1180, 530, 1210, 540]
         734
         on
         2
         0
      
       
         [1285, 442, 1315, 458]
         421
         on
         alternate
         0.1
         [0 0 0 0]
         [50e-6 0 0 0]
         0
      
       
         [2, 1]
         [1445, 295, 1465, 315]
         98
         off
         round
         |++
         off
         Inherit: Inherit via internal rule
         off
      
       
         [1]
         [1430, 89, 1460, 121]
         745
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData9','DataLoggingSaveFormat','StructureWithTime','DataLoggingDecimation','1','DataLoggingDecimateData',true),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','1.2484','MaxYLimReal','2.86142','YLabelReal','','MinYLimMag','1.2484','MaxYLimMag','2.86142','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',8,'LineNames',{{'Power  Amplifier:1','Power  Amplifier:2','Power  Amplifier:3','Power  Amplifier:4','Power  Amplifier:5','Power  Amplifier:6','Power  Amplifier:7','Power  Amplifier:8'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','1.2484','MaxYLimReal','2.86142','YLabelReal','','MinYLimMag','1.2484','MaxYLimMag','2.86142','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',0,'LineNames',{{[]}},'ShowContent',true,'Placement',1)),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016a')),'Version','2016a','Location',[1 178 1281 1079],'WindowStyle','docked')
         1
      
       
         [1]
         [1585, 349, 1615, 381]
         96
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData4','DataLoggingSaveFormat','StructureWithTime','DataLoggingDecimation','1','DataLoggingDecimateData',true),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-787.5','MaxYLimReal','7087.5','YLabelReal','','MinYLimMag',' 0.00000','MaxYLimMag','7087.5','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Gain1'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-787.5','MaxYLimReal','7087.5','YLabelReal','','MinYLimMag',' 0.00000','MaxYLimMag','7087.5','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',0,'LineNames',{{[]}},'ShowContent',true,'Placement',1)),extmgr.Configuration('Tools','Plot Navigation',true,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016a')),'Version','2016a','Location',[1 151 1281 1079],'WindowStyle','docked')
         1
      
       
         [2]
         [1810, 260, 1840, 315]
         742
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData8'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.0000014','MaxYLimReal','0.0000002','YLabelReal','','MinYLimMag','0.0000000','MaxYLimMag','0.0000014','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Split3/1:1','Split3/1:2'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-0.00000000000000000009','MaxYLimReal','0.00000000000000000009','YLabelReal','','MinYLimMag','0.0000000','MaxYLimMag','0.0000016','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Split3/2:1','Split3/2:2'}},'ShowContent',true,'Placement',2)},'DisplayPropertyDefaults',struct('YLabelReal','','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[2 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016a')),'Version','2016a','Position',[1 1 1280 901],'WindowStyle','docked')
         2
      
       
         [2]
         [1810, 115, 1840, 170]
         740
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData2'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.0000021','MaxYLimReal','0.0000021','YLabelReal','','MinYLimMag','0.0000000','MaxYLimMag','0.0000021','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',4,'LineNames',{{'Split4/1:1','Split4/1:2','Split4/2:1','Split4/2:2'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.0000021','MaxYLimReal','0.0000021','YLabelReal','','MinYLimMag','0.0000000','MaxYLimMag','0.0000021','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016a')),'Version','2016a','Position',[1 1 1280 901],'WindowStyle','docked')
         2
      
       
         [2]
         [1810, 190, 1840, 245]
         417
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.00008','MaxYLimReal','0.00007','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.00008','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',4,'LineNames',{{'Split2/1:1','Split2/1:2','Split2/2:1','Split2/2:2'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.00008','MaxYLimReal','0.00007','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.00008','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b','Measurements',struct('traceselector',struct('Line',1),'tcursors',struct('XCoordinates',[5.75917859365277 6.26944617299316],'YCoordinates',[-5.08677914778037e-05 -6.25128413595945e-05],'CursorChannels',[1 1],'WaveformCursors',true,'ShowHorizontal',false,'ShowVertical',true,'LockCursorSpacing',false,'SnapToData',false,'SettingsPanelOpen',0,'MeasurementsPanelOpen',1)))),'Version','2016b','Position',[1 1 1280 901],'WindowStyle','docked')
         2
      
       
         12
         453#out:1
         514#in:1
      
       
         13
         455#out:1
         454#in:1
      
       
         14
         496#out:1
         456#in:1
      
       
         451
         [1492, 276; 10, 0]
         
           452
           [0, -1]
           20#in:2
        
         
           16
           [0, 89]
           
             399
             455#in:1
          
           
             398
             [0, 191; -471, 0; 0, -321]
             1234#in:4
          
        
      
       
         18
         460#out:1
         [5, 0]
         456#in:2
      
       
         22
         514#out:1
         460#in:1
      
       
         33
         20#out:2
         [33, 0]
         
           460
           [0, 268; -713, 0; 0, -293]
           1234#in:2
        
         
           269
           1646#in:1
        
      
       
         161
         1234#out:1
         [0, -5]
         1430#in:1
      
       
         167
         1430#out:1
         [16, 0]
         
           453
           1370#in:1
        
         
           353
           [0, -80]
           1894#in:1
        
      
       
         204
         1370#out:1
         20#in:1
      
       
         162
         1289#out:2
         [9, 0]
         
           271
           [0, -100]
           1370#in:2
        
         
           266
           1724#in:1
        
      
       
         223
         1646#out:1
         1653#in:1
      
       
         224
         1646#out:2
         1653#in:2
      
       
         47
         20#out:3
         [6, 0; 0, 145; -521, 0]
         1715#in:1
      
       
         245
         1715#out:1
         [-65, 0; 0, -115]
         
           507
           [0, -60]
           1234#in:5
        
         
           506
           1289#in:1
        
      
       
         241
         1714#out:1
         [-12, 0]
         
           339
           [0, -25]
           1715#in:2
        
         
           298
           [-148, 0; 0, -245]
           1234#in:3
        
      
       
         406
         1716#out:1
         1714#in:1
      
       
         260
         1234#out:2
         [68, 0; 0, 50]
         1725#in:1
      
       
         262
         1725#out:1
         1723#in:1
      
       
         263
         1723#out:1
         1721#in:1
      
       
         264
         1724#out:1
         1723#in:2
      
       
         273
         1739#out:1
         1738#in:1
      
       
         274
         1740#out:1
         1738#in:2
      
       
         331
         1738#out:1
         [-147, 0; 0, -355]
         1234#in:1
      
       
         290
         1781#out:1
         1780#in:1
      
       
         291
         1782#out:1
         1780#in:2
      
       
         529
         1780#out:1
         [5, 0; -35, 0; 0, -65; -21, 0; 0, 0]
      
       
         350
         1885#out:1
         1829#in:1
      
       
         349
         1885#out:2
         1829#in:2
      
       
         351
         20#out:1
         [31, 0; 0, -40]
         1885#in:1
      
       
         347
         1822#out:1
         1892#in:1
      
       
         346
         1822#out:2
         1892#in:2
      
       
         348
         20#out:4
         1822#in:1
      
       
         %Designed PD values for COG control (Kruger)
Kp_t = 448e3;
Kd_t = 4e3;

Kp_r = 11.4e3;
Kd_r = 50.8;


         [1002, 52, 1215, 158]
         [0, 0, 0, 0]
         off
         off
         -1
         %Designed PD values for COG control (Kruger)
Kp_t = 448e3;
Kd_t = 4e3;

Kp_r = 11.4e3;
Kd_r = 50.8;


         on
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     []
     
     
       
         []
         
         0.0
         10
         auto
         1e-9
         auto
         -1
         5
         auto
         10*128*eps
         1000
         4
         1
         1e-4
         auto
         1
         1e-5
         on
         off
         off
         ode45
         ode45
         auto
         DisableAll
         DisableAll
         Nonadaptive
         TrustRegion
         on
         off
         Fast
         off
         off
         Unconstrained
         Whenever possible
         []
      
       
         []
         
         1
         [t, u]
         xFinal
         xInitial
         off
         1000
         off
         off
         off
         off
         Array
         Dataset
         off
         off
         on
         on
         off
         on
         off
         streamout
         off
         off
         xout
         tout
         yout
         logsout
         dsmout
         RefineOutputTimes
         []
         out
         1
         off
         out.mat
         [-inf, inf]
      
       
         
           BooleansAsBitfields
           PassReuseOutputArgsAs
           PassReuseOutputArgsThreshold
           ZeroExternalMemoryAtStartup
           ZeroInternalMemoryAtStartup
           OptimizeModelRefInitCode
           NoFixptDivByZeroProtection
           UseSpecifiedMinMax
        
         
         on
         on
         on
         Tunable
         off
         off
         double
         off
         off
         on
         on
         off
         off
         on
         off
         
         on
         off
         uint_T
         on
         64
         Structure reference
         12
         2147483647
         on
         5
         off
         off
         Native Integer
         on
         on
         off
         off
         off
         on
         inf
         Inherit from target
         on
         off
         off
      
       
         
           UseOnlyExistingSharedCode
        
         
         error
         none
         none
         none
         none
         UseLocalSettings
         UseLocalSettings
         UseLocalSettings
         warning
         warning
         warning
         warning
         on
         Classic
         none
         off
         off
         UseLocalSettings
         warning
         warning
         none
         error
         warning
         warning
         warning
         warning
         error
         error
         error
         none
         warning
         warning
         none
         warning
         warning
         error
         error
         none
         warning
         warning
         none
         none
         none
         none
         none
         none
         error
         error
         none
         warning
         warning
         warning
         error
         none
         error
         none
         warning
         warning
         UseLocalSettings
         on
         off
         none
         error
         none
         none
         warning
         warning
         warning
         error
         warning
         warning
         error
         warning
         ErrorLevel1
         WarnAndRepair
         none
         warning
         warning
         error
         none
         warning
         warning
         warning
         warning
         warning
         warning
         warning
         warning
         error
         warning
         warning
         none
         warning
         warning
         all
         warning
         on
      
       
         []
         
         8
         16
         32
         32
         64
         32
         64
         32
         32
         32
         Char
         None
         Undefined
         Unspecified
         32
         on
         off
         32-bit Generic
         8
         16
         32
         32
         64
         32
         64
         32
         32
         32
         Char
         None
         on
         off
         Undefined
         Unspecified
         32
         32
         32
         Specified
         off
         on
         on
         on
      
       
         []
         
         IfOutOfDateOrStructuralChange
         on
         error
         off
         on
         None
         Multi
         Infer from blocks in model
         
         on
         off
         off
         off
      
       
         []
         
         
         
         
         
         []
         
         
         
         
         
         
         on
         on
         on
         off
         on
         sf_incremental_build
         off
         on
         50
         on
      
       
         
           IncludeHyperlinkInReport
           GenerateTraceInfo
           GenerateTraceReport
           GenerateTraceReportSl
           GenerateTraceReportSf
           GenerateTraceReportEml
           PortableWordSizes
           GenerateWebview
           GenerateCodeMetricsReport
           GenerateCodeReplacementReport
           GenerateErtSFunction
           CreateSILPILBlock
           CodeExecutionProfiling
           CodeProfilingSaveOptions
           CodeProfilingInstrumentation
           GenerateMissedCodeReplacementReport
        
         grt.tlc
         None
         
         off
         make_rtw
         on
         off
         
         grt_default_tmf
         
         
         off
         off
         on
         off
         []
         off
         off
         off
         off
         off
         off
         
         
         
         
         
         
         
         
         
         Automatically locate an installed toolchain
         Faster Builds
         []
         off
         off
         off
         None
         off
         executionProfile
         SummaryOnly
         off
         off
         C
         off
         off
         off
         off
         off
         off
         off
         off
         off
         off
         off
         []
         
         Off
         1024
         
           
             
               IgnoreCustomStorageClasses
               IgnoreTestpoints
               InsertBlockDesc
               InsertPolySpaceComments
               SFDataObjDesc
               MATLABFcnDesc
               SimulinkDataObjDesc
               DefineNamingRule
               SignalNamingRule
               ParamNamingRule
               InternalIdentifier
               InlinedPrmAccess
               CustomSymbolStr
               CustomSymbolStrGlobalVar
               CustomSymbolStrType
               CustomSymbolStrField
               CustomSymbolStrFcn
               CustomSymbolStrFcnArg
               CustomSymbolStrBlkIO
               CustomSymbolStrTmpVar
               CustomSymbolStrMacro
               ReqsInCode
               CustomSymbolStrModelFcn
               CustomSymbolStrUtil
               CustomUserTokenString
            
             
             
             off
             on
             Auto
             on
             off
             off
             31
             off
             off
             off
             off
             off
             off
             off
             off
             off
             1
             $R$N$M
             $N$R$M_T
             $N$M
             $R$N$M$F
             $R$N
             rt$I$N$M
             rtb_$N$M
             $N$M
             $R$N$M
             $N$C
             
             
             None
             
             None
             
             None
             
             off
             off
             on
             off
             off
             
             Shortened
             Literals
             off
             off
             []
          
           
             
               GeneratePreprocessorConditionals
               IncludeMdlTerminateFcn
               GenerateAllocFcn
               SuppressErrorStatus
               ERTCustomFileBanners
               GenerateSampleERTMain
               GenerateTestInterfaces
               ModelStepFunctionPrototypeControlCompliant
               CPPClassGenCompliant
               SupportNonInlinedSFcns
               PurelyIntegerCode
               SupportComplex
               SupportAbsoluteTime
               SupportContinuousTime
               ExistingSharedCode
               RemoveDisableFunc
               RemoveResetFunc
            
             
             ansi_tfl_table_tmw.mat
             
             
             NOT IN USE
             C89/C90 (ANSI)
             None
             Auto
             System defined
             256
             2048
             on
             off
             
             off
             off
             on
             on
             on
             on
             on
             Disable all
             on
             off
             off
             off
             Auto
             off
             on
             rt_
             on
             off
             Nonreusable function
             on
             on
             off
             on
             on
             off
             off
             off
             Nominal
             Nominal
             Simulink.SoftwareTarget.GRTCustomization
             off
             on
             off
             off
             off
             off
             on
             on
             []
             off
             off
             off
             off
             1000000
             0
             ext_comm
             
             Level1
             off
             off
             off
             off
             off
             Error
          
        
      
       
         []
         Simulink Coverage Configuration Component
         Simulink Coverage
         off
         EntireSystem
         on
         off
         /
         covdata
         
         dw
         
         
         off
         on
         on
         on
         on
         on
         covCumulativeData
         off
         on
         slcov_output/$ModelName$
         $ModelName$_cvdata
         on
         on
         off
         
         off
         on
         1e-05
         0.01
         off
         0
         0
      
       
         []
         HDL Coder custom configuration component
         HDL Coder
         
           
        
         0
      
       
         
           Name
        
         
         
           
             []
             
             on
             off
             off
             off
             off
             on
             0
             off
             on
             on
             off
             on
             0
             3
             off
             on
             
             off
             on
             [-1 -1 -1 -1]
             [0 0 0]
             [0 0 -1]
             [0 1 0]
             -1
             0
             [0.9 0.9 0.95]
             [1 0 0]
             Convex hull from body CS locations
             NONE
             SimscapeMultibody1G
             
          
           
             []
             SimMechanics 2G
             
               
                 []
                 Diagnostics
                 DiagnosticsConfigSet
                 warning
                 warning
                 warning
                 warning
                 warning
                 warning
                 error
                 warning
                 error
              
               
                 []
                 Explorer
                 ExplorerConfigSet
                 on
                 
              
            
             SimscapeMultibody
          
        
         Simscape
         Full
         warning
         warning
         none
         off
         off
         simlog
         1
         on
         5000
         
      
    
     Configuration
     
     Solver
      [ 303, 90, 1617, 893 ] 
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   0
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   on
   22 serialization::archive 11 0 3 0 0 0 8 0
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   on
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     windows-1252
     
       
         HDLSubsystem
         $bdroot
      
    
     0.035000
     on
     off
     UseLocalSettings
     AllNumericTypes
     UseLocalSettings
     Overwrite
     Run 1
     120
     win64
     
       
         1
         [-8.0, -8.0, 1936.0, 1056.0]
         
           1
           Left
           50
           50
           9
        
         
           0
        
         
           
             0
             SimulinkSubsys
             1234
             [1693.0, 905.0]
             1.0601402775705118
             [1.3957629504503757, 330.16969313063061]
          
           
             0
             SimulinkSubsys
             1936
             [1693.0, 905.0]
             1.0
             [0.0, 0.0]
          
           
             1
             SimulinkSubsys
             1683
             [1693.0, 905.0]
             3.8
             [0.0, 0.0]
          
        
         
           GLUE2:PropertyInspector
           Property Inspector
           0
           
           
           0
           Right
           640
           480
        
         
      
    
     
       UpdateHistoryNever
       %<Auto>
       %<Auto>
       443361824
       1.%<AutoIncrement:517>
    
     
       off
       off
       disabled
       off
       off
       off
       on
       off
       off
       off
       off
       on
       off
       off
       on
       on
       on
       off
       off
       off
       on
       on
       on
       off
       off
       off
       on
       on
       off
       off
       off
    
     
       normal
       5
       1
       10
       10
       0
       none
       off
       MATLABWorkspace
       accel.tlc
       accel_default_tmf
       make_rtw
       off
       
         $bdroot
         0.0
         
           $bdroot
        
         
           []
        
      
    
     
       off
       on
       manual
       normal
       1
       any
       1000
       auto
       0
       0
       rising
       0
       off
       off
       off
       off
       off
       on
       off
       on
       on
    
     
       off
       off
    
     
       
         Ensure deterministic transfer (maximum delay)
         Ensure data integrity only
         Ensure deterministic transfer (minimum delay)
         None
         0
      
       off
    
     
       landscape
       auto
       A4
       centimeters
       [1.270000, 1.270000, 1.270000, 1.270000]
       1
       off
       on
       200
       white
       180
    
     
       black
       white
       off
       normal
       Helvetica
       10
       normal
       normal
       on
       0
       off
    
     
       center
       middle
       black
       white
       off
       Helvetica
       10
       normal
       normal
       off
    
     
       Helvetica
       9
       normal
       normal
    
     
       off
       on
       opaque
       off
       none
       default
       autoscale
    
     
       on
       on
       off
       off
       off
       on
       on
       on
    
     
       
         off
         10
      
       
         1
         on
         Sample based
         []
         []
         Inherit: Inherit from 'Constant value'
         off
         inf
         inf
         off
      
       
         4
         none
         off
      
       
         Integration: Forward Euler
         1.0
         none
         internal
         0
         Output
         1
         []
         []
         Inherit: Inherit via internal rule
         off
         Floor
         off
         off
         inf
         -inf
         off
         off
         off
         off
         Auto
      
       
         sin(u[1])
         -1
      
       
         1
         Element-wise(K.*u)
         []
         []
         Inherit: Same as input
         []
         []
         Inherit: Same as input
         off
         Floor
         on
         -1
      
       
         1
         off
         []
         []
         Inherit: auto
         off
         off
         inherit
         -1
         Inherit
         -1
         auto
         auto
         off
         off
         on
      
       
         none
         internal
         0
         off
         inf
         -inf
         off
         pi
         -pi
         off
         off
         auto
         off
         on
         ''
      
       
         exp
         auto
         -1
         []
         []
         Inherit: Same as first input
         off
         Floor
         on
         Inherit: Inherit via internal rule
         Newton-Raphson
         3
      
       
         4
         none
         off
         BusObject
         off
      
       
         1
         []
         []
         Inherit: auto
         off
         off
         inherit
         -1
         Inherit
         -1
         auto
         auto
         off
         Dialog
         held
         []
      
       
         2
         Element-wise(.*)
         All dimensions
         1
         on
         []
         []
         Inherit: Same as first input
         off
         Zero
         on
         -1
      
       
         Dialog
         0.5
         Dialog
         -0.5
         on
         on
         -1
         []
         []
         Inherit: Same as input
         off
         Floor
      
       
         Simulink.scopes.TimeScopeBlockCfg
         off
      
       
         1
         One-based
         -1
         -1
      
       
         Time based
         Use simulation time
         1
         0
         1
         0
         10
         0
         -1
         on
      
       
         sqrt
         auto
         -1
         []
         []
         Inherit: Same as first input
         off
         Floor
         on
         Inherit: Inherit via internal rule
         Exact
         3
      
       
         1
         0
         1
         -1
         on
         on
      
       
         FromPortIcon
         ReadWrite
         All
         off
         off
         off
         -1
         Auto
         Auto
         Auto
         void_void
         off
         Inherit from model
         Inherit from model
         Inherit from model
         Inherit from model
         Inherit from model
         off
         UseLocalSettings
         AllNumericTypes
         UseLocalSettings
         off
         off
         NONE
         off
         off
         on
         off
         off
      
       
         rectangular
         ++
         All dimensions
         1
         on
         Inherit: Inherit via internal rule
         []
         []
         Inherit: Same as first input
         off
         Floor
         on
         -1
      
       
         sin
         None
         11
         auto
         -1
      
       
         1
      
    
     
       [-8, -8, 1928, 1048]
       off
       simulink-default.rpt
       2127
       
         [2, 1]
         [1405, 165, 1485, 245]
         382
         alternate
         off
         off
         
           mu_0 = 4*pi*1e-7;
theta = pi/180*theta;
K_L = 2/(N^2*mu_0*A_g);
K_F = 1/2*K_L*cos(theta);
           port_label('output', 1, 'f_{b, AMB}','texmode','on');
port_label('input', 1, 'i_{c}^{T}','texmode','on');
port_label('input', 2, '[L_{b, AMB}]^{T}','texmode','on');

           
             
               edit
               N
               Number of AMB turns
               80*2
            
             
               edit
               A_g
               AMB cross-sectional area [m^2]
               204e-6
            
             
               edit
               theta
               AMB pole angle (deg)
               22.5
            
          
        
         
           [-8, 0, 1928, 1056]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           175
           
             [20, 218, 50, 232]
             54
             alternate
             Port number
          
           
             [20, 253, 50, 267]
             52
             2
             Port number
          
           
             [1, 1]
             [215, 109, 370, 141]
             72
             off
             off
             
               port_label('output', 1, 'F_{x1b}','texmode','on');
port_label('input', 1, '[i_{x1b+}, i_{x1b-}, Lx_{1b+}, Lx_{1b-}]','texmode','on');
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               319
               
                 [45, 63, 75, 77]
                 59
                 Port number
              
               
                 [155, 20, 215, 50]
                 45
                 (u(1)*u(3))^2
              
               
                 [155, 90, 215, 120]
                 57
                 (u(2)*u(4))^2
              
               
                 [2, 1]
                 [350, 51, 355, 89]
                 62
                 off
                 2
                 bar
              
               
                 [1]
                 [400, 54, 430, 86]
                 61
                 Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData6'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','0.0004','MaxYLimReal','0.00082','YLabelReal','','MinYLimMag','0.0004','MaxYLimMag','0.00082','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Fx1b+','Fx1b-'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','0.0004','MaxYLimReal','0.00082','YLabelReal','','MinYLimMag','0.0004','MaxYLimMag','0.00082','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016a')),'Version','2016a','Position',[868 123 560 420])
                 1
              
               
                 [2, 1]
                 [235, 60, 255, 80]
                 58
                 off
                 round
                 +-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [285, 63, 315, 77]
                 60
                 Port number
              
               
                 1
                 1376#out:1
                 [25, 0]
                 
                   12
                   [88, 0; 0, -25]
                   1727#in:2
                
                 
                   11
                   1377#in:2
                
              
               
                 2
                 1374#out:1
                 [50, 0]
                 
                   3
                   [0, 35]
                   1376#in:1
                
                 
                   4
                   [0, -35]
                   1375#in:1
                
              
               
                 5
                 1377#out:1
                 1378#in:1
              
               
                 6
                 1375#out:1
                 [25, 0]
                 
                   10
                   1377#in:1
                
                 
                   8
                   [88, 0; 0, 25]
                   1727#in:1
                
              
               
                 13
                 1727#out:1
                 1726#in:1
              
            
          
           
             [1, 1]
             [215, 264, 370, 296]
             74
             off
             off
             
               port_label('output', 1, 'F_{x2b}','texmode','on');
port_label('input', 1, '[i_{x2b+}, i_{x2b-}, Lx_{2b+}, Lx_{2b-}]','texmode','on');
            
             
               [-9, -9, 1289, 985]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               319
               
                 [35, 63, 65, 77]
                 59
                 Port number
              
               
                 [145, 20, 205, 50]
                 45
                 (u(1)*u(3))^2
              
               
                 [145, 90, 205, 120]
                 57
                 (u(2)*u(4))^2
              
               
                 [2, 1]
                 [225, 60, 245, 80]
                 58
                 off
                 round
                 +-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [280, 63, 310, 77]
                 60
                 Port number
              
               
                 1
                 1382#out:1
                 [25, 0]
                 1383#in:2
              
               
                 2
                 1380#out:1
                 [50, 0]
                 
                   3
                   [0, 35]
                   1382#in:1
                
                 
                   4
                   [0, -35]
                   1381#in:1
                
              
               
                 5
                 1383#out:1
                 1384#in:1
              
               
                 6
                 1381#out:1
                 [25, 0]
                 1383#in:1
              
            
          
           
             [1, 1]
             [215, 191, 370, 219]
             73
             off
             off
             
               port_label('output', 1, 'F_{y1b}','texmode','on');
port_label('input', 1, '[i_{y1b+}, i_{y1b-}, Ly_{1b+}, Ly_{1b-}]','texmode','on');
            
             
               [-9, -9, 1289, 985]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               309
               
                 [35, 63, 65, 77]
                 59
                 Port number
              
               
                 [150, 20, 210, 50]
                 45
                 (u(1)*u(3))^2
              
               
                 [150, 90, 210, 120]
                 57
                 (u(2)*u(4))^2
              
               
                 [2, 1]
                 [230, 60, 250, 80]
                 58
                 off
                 round
                 +-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [290, 63, 320, 77]
                 60
                 Port number
              
               
                 1
                 1387#out:1
                 [25, 0]
                 1389#in:1
              
               
                 2
                 1389#out:1
                 1390#in:1
              
               
                 3
                 1386#out:1
                 [55, 0]
                 
                   4
                   [0, -35]
                   1387#in:1
                
                 
                   5
                   [0, 35]
                   1388#in:1
                
              
               
                 6
                 1388#out:1
                 [25, 0]
                 1389#in:2
              
            
          
           
             [1, 1]
             [215, 334, 370, 366]
             75
             off
             off
             
               port_label('output', 1, 'F_{y2b}','texmode','on');
port_label('input', 1, '[i_{y2b+}, i_{y2b-}, Ly_{2b+}, Ly_{2b-}]','texmode','on');
            
             
               [-9, -9, 1289, 985]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               309
               
                 [35, 63, 65, 77]
                 59
                 Port number
              
               
                 [150, 20, 210, 50]
                 45
                 (u(1)*u(3))^2
              
               
                 [150, 90, 210, 120]
                 57
                 (u(2)*u(4))^2
              
               
                 [2, 1]
                 [230, 60, 250, 80]
                 58
                 off
                 round
                 +-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [290, 63, 320, 77]
                 60
                 Port number
              
               
                 1
                 1393#out:1
                 [25, 0]
                 1395#in:1
              
               
                 2
                 1395#out:1
                 1396#in:1
              
               
                 3
                 1392#out:1
                 [55, 0]
                 
                   4
                   [0, -35]
                   1393#in:1
                
                 
                   5
                   [0, 35]
                   1394#in:1
                
              
               
                 6
                 1394#out:1
                 [25, 0]
                 1395#in:2
              
            
          
           
             [475, 230, 505, 260]
             113
             K_F
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [4, 1]
             [435, 168, 440, 317]
             50
             off
             bar
          
           
             [2, 1]
             [95, 207, 100, 278]
             55
             off
             2
             bar
          
           
             [1, 1]
             [155, 110, 190, 140]
             59
             16
             Index vector (dialog)
             [1 2 9 10]
             1
             
               1
               [ic1, ic2, x]
               Auto
               SignalName
            
          
           
             [1, 1]
             [155, 190, 190, 220]
             62
             16
             Index vector (dialog)
             [3 4 11 12]
             1
          
           
             [1, 1]
             [155, 265, 190, 295]
             64
             16
             Index vector (dialog)
             [5 6 13 14]
             1
          
           
             [1, 1]
             [155, 335, 190, 365]
             66
             16
             Index vector (dialog)
             [7 8 15 16]
             1
          
           
             [535, 238, 565, 252]
             53
             Port number
          
           
             1
             1397#out:1
             1404#in:1
          
           
             2
             1398#out:1
             1397#in:1
          
           
             [ic1, ic2, x]
             3
             [0, 1]
             1400#out:1
             1373#in:1
          
           
             4
             1402#out:1
             1379#in:1
          
           
             5
             1372#out:1
             1399#in:2
          
           
             6
             1371#out:1
             1399#in:1
          
           
             7
             1391#out:1
             [35, 0; 0, -55]
             1398#in:4
          
           
             8
             1403#out:1
             1391#in:1
          
           
             9
             1379#out:1
             [35, 0; 0, -20]
             1398#in:3
          
           
             10
             1385#out:1
             [35, 0; 0, 20]
             1398#in:2
          
           
             11
             1401#out:1
             1385#in:1
          
           
             12
             1373#out:1
             [15, 0; 0, 65]
             1398#in:1
          
           
             13
             1399#out:1
             [12, 0]
             
               14
               [0, -40]
               
                 15
                 [0, -80]
                 1400#in:1
              
               
                 16
                 1401#in:1
              
            
             
               17
               [0, 35]
               
                 18
                 [0, 70]
                 1403#in:1
              
               
                 19
                 1402#in:1
              
            
          
           
             f_{b,AMB} = [F_{x1b}
		F_{y1b}
		F_{x2b}
		  F_{y2b}]
             [490, 169, 679, 230]
             [0, 0, 0, 0]
             off
             off
             tex
             on
             -1
          
        
      
       
         [2, 1]
         [1180, 441, 1210, 474]
         419
         on
         alternate
         off
         Inherit: Inherit via internal rule
         off
      
       
         [2, 1]
         [1115, 411, 1145, 444]
         420
         on
         alternate
         off
         Inherit: Inherit via internal rule
         off
      
       
         [5, 3]
         [1075, 166, 1150, 274]
         242
         off
         off
         
           g = 9.81; %Gravitational acceleration constant [N/kg]

g1 = g0;
g2 = g0;
mu_0 = 4*pi*1e-7;
K_L = 2/(N^2*mu_0*A_g);
theta = pi/180*theta;
K_F = 1/2*K_L*cos(theta);
L_0 = 1/(K_L*g1);

KiF = K_L^2/K_F;
KFi = 1/KiF;

Ki = 2*KFi*i0/g0^2;
Ki_rec = 1/Ki;
Ks = -2*KFi*i0^2/g0^3;



           

           
             
               edit
               M
               M: Rotor mass [kg]
               18.3
            
             
               edit
               Jp
               Jp: Rotor polar mass moment of inertia [kg.m^2]
               0.10669
            
             
               edit
               Jt
               Jt: Rotor transverse mass moment of inertia [kg.m^2]
               0.11575
            
             
               edit
               a
               a: Bearing distance to c.o.g. (Left) [m]
               160e-3
            
             
               edit
               b
               b: Bearing distance to c.o.g. (Right)  [m]
               [64.4e-3 160e-3]*[1 0]'
            
             
               edit
               c
               c: Sensor distance to c.o.g. (Left)  [m]
               190e-3
            
             
               edit
               d
               d: Sensor distance to c.o.g. (Right)  [m]
               95.4e-3
            
             
               edit
               N
               Number of AMB turns
               80*2
            
             
               edit
               g0
               Air gap [m]
               500e-6
            
             
               edit
               i0
               Bias current
               2
            
             
               edit
               A_g
               AMB cross-sectional area [m^2]
               204e-6
            
             
               edit
               theta
               AMB pole angle (deg)
               22.5
            
             
               edit
               I_max
               Maximum current limit [A]
               4
            
          
           
             
               %<MaskType>
               
                 %<MaskDescription>
                 DescTextVar
              
               DescGroupVar
            
             
               
                 
                   Rotor properties
                   
                     
                       M
                    
                     
                       Jp
                    
                     
                       Jt
                    
                  
                   ParameterTabVar0
                
                 
                   Dimensions
                   
                     
                       a
                    
                     
                       b
                    
                     
                       c
                    
                     
                       d
                    
                  
                   ParameterTabVar01
                
                 
                   AMB properties
                   
                     
                       N
                    
                     
                       g0
                    
                     
                       i0
                    
                     
                       A_g
                    
                     
                       theta
                    
                     
                       I_max
                    
                  
                   ParameterTabVar02
                
              
               ParameterTabContainerVar
            
          
        
         
           [-8, -8, 1928, 1048]
           on
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           106
           
             [80, 563, 110, 577]
             345
             Port number
          
           
             [70, 628, 100, 642]
             350
             2
             Port number
          
           
             [755, 968, 785, 982]
             724
             3
             Port number
          
           
             [640, 798, 670, 812]
             758
             on
             4
             Port number
          
           
             [815, 1078, 845, 1092]
             840
             5
             Port number
          
           
             [1270, 865, 1300, 895]
             378
             1/K_F
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [1, 1]
             [1090, 625, 1125, 645]
             382
             8
             Index vector (dialog)
             [1 5 2 6 3 7 4 8]
             1
             
               1
               [Fx1+
Fx1-
Fy1+
Fy1-
Fx2+
Fx2-
Fy2+
Fy2-]
               Auto
               SignalName
            
          
           
             [0, 1]
             [30, 725, 60, 755]
             831
             on
             1.388
             simulink/Sources/Band-Limited
White Noise
             Band-Limited White Noise.
             
               off
               1e-12
               1e-5
               [1]
               on
            
          
           
             [1, 1]
             [880, 617, 930, 653]
             -64
             alternate
             off
             off
             
               [100, 100, 600, 900]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               100
               
                 [20, 28, 50, 42]
                 410
                 Port number
              
               
                 [170, 35, 200, 65]
                 409
                 1/2
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [90, 45, 120, 75]
                 380
                 -1
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [145, 23, 150, 72]
                 381
                 off
                 2
                 bar
              
               
                 [240, 43, 270, 57]
                 411
                 Port number
              
               
                 1226
                 1480#out:1
                 1931#in:1
              
               
                 1225
                 1930#out:1
                 [17, 0]
                 
                   173
                   1328#in:1
                
                 
                   35
                   [0, 25]
                   1287#in:1
                
              
               
                 82
                 1287#out:1
                 1328#in:2
              
               
                 177
                 1328#out:1
                 1480#in:1
              
            
          
           
             [1, 2]
             [500, 586, 505, 619]
             446
             off
             2
             bar
          
           
             [1, 2]
             [500, 651, 505, 684]
             447
             off
             2
             bar
          
           
             [2]
             [825, 928, 855, 992]
             749
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ub_mc','DataLoggingSaveFormat','StructureWithTime'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.000013','MaxYLimReal','0.00007','YLabelReal','','MinYLimMag','0.000000','MaxYLimMag','0.00007','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',8,'LineNames',{{'Sum6:1','Sum6:2','Sum6:3','Sum6:4','Dub:1','Dub:2','Dub:3','Dub:4'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.000013','MaxYLimReal','0.00007','YLabelReal','','MinYLimMag','0.000000','MaxYLimMag','0.00007','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>')),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[1 1 1280 901],'WindowStyle','docked')
             2
          
           
             [1, 1]
             [890, 709, 925, 731]
             -66
             alternate
             off
             off
             
               [-8, 0, 1928, 1056]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               100
               
                 [20, 168, 50, 182]
                 389
                 Port number
              
               
                 [245, 95, 275, 125]
                 386
                 K_F
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
                 
                   1
                   F_0
                   Auto
                   SignalName
                
              
               
                 [140, 95, 170, 125]
                 387
                 L_0
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [1, 1]
                 [195, 95, 225, 125]
                 385
                 magnitude^2
              
               
                 [20, 95, 50, 125]
                 384
                 i0
              
               
                 [325, 103, 355, 117]
                 388
                 Port number
              
               
                 F_0
                 1229
                 [0, 0]
                 1288#out:1
                 1933#in:1
              
               
                 84
                 1323#out:1
                 1288#in:1
              
               
                 1238
                 1359#out:1
                 [-5, 0; 25, 0]
              
               
                 87
                 1321#out:1
                 1323#in:1
              
               
                 1239
                 1987#out:1
                 [40, 0; 0, -65]
                 1321#in:1
              
            
          
           
             [600, 985, 630, 1015]
             747
             alternate
             500e-6
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [105, 725, 135, 755]
             833
             on
             1e-3
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [1300, 390, 1330, 420]
             807
             500e-6
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [1, 1]
             [525, 985, 555, 1015]
             745
             alternate
          
           
             [1, 1]
             [1230, 390, 1260, 420]
             799
          
           
             [1, 2]
             [1010, 858, 1145, 947]
             721
             off
             off
             
               mu_0 = 4*pi*1e-7;
K_L = 2/(N^2*mu_0*A_g);
               port_label('output', 1, '[R_{b, AMB}]^T','texmode','on');
port_label('output', 2, '[L_{b, AMB}]^T','texmode','on');
port_label('input', 1, '[x_{1b} y_{1b} x_{2b} y_{2b}]^{T}','texmode','on');

               
                 
                   edit
                   N
                   Number of AMB turns
                   80*2
                
                 
                   edit
                   g1
                   Air gap (AMB side1) [m]
                   500e-6*1
                
                 
                   edit
                   g2
                   Air gap (AMB side2) [m]
                   500e-6*1
                
                 
                   edit
                   A_g
                   AMB cross-sectional area [mm^2]
                   204e-6
                
              
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               152
               
                 [65, 238, 95, 252]
                 52
                 Port number
              
               
                 [400, 390, 430, 420]
                 122
              
               
                 [545, 230, 575, 260]
                 125
                 K_L
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [4, 1]
                 [510, 182, 515, 308]
                 50
                 off
                 bar
              
               
                 [2, 1]
                 [625, 322, 655, 353]
                 124
                 /*
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [2, 1]
                 [385, 136, 450, 169]
                 72
                 off
                 off
                 
                   port_label('output', 1, 'R_{x1b}','texmode','on');
port_label('input', 1, 'x_{1b}','texmode','on');
                
                 
                   [-8, -8, 1928, 1048]
                   on
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   380
                   
                     [55, 108, 85, 122]
                     59
                     Port number
                  
                   
                     [55, 13, 85, 27]
                     63
                     2
                     Port number
                  
                   
                     [2, 1]
                     [325, 76, 330, 114]
                     62
                     off
                     2
                     bar
                  
                   
                     [2, 1]
                     [110, 86, 115, 124]
                     64
                     off
                     2
                     bar
                  
                   
                     [180, 45, 290, 75]
                     45
                     u(1)-u(2)
                  
                   
                     [185, 125, 295, 155]
                     61
                     500e-6*1+0*u(1)+u(2)
                  
                   
                     [355, 88, 385, 102]
                     60
                     Port number
                  
                   
                     9
                     2125#out:1
                     [36, 0]
                     
                       12
                       [0, 35]
                       1687#in:1
                    
                     
                       11
                       [0, -45]
                       1686#in:1
                    
                  
                   
                     4
                     1686#out:1
                     [12, 0; 0, 25]
                     1685#in:1
                  
                   
                     5
                     1687#out:1
                     [10, 0]
                     1685#in:2
                  
                   
                     6
                     1685#out:1
                     1688#in:1
                  
                   
                     8
                     1684#out:1
                     2125#in:2
                  
                   
                     10
                     2124#out:1
                     [3, 0; 0, 75]
                     2125#in:1
                  
                
              
               
                 [1, 1]
                 [385, 259, 450, 291]
                 117
                 off
                 off
                 
                   port_label('output', 1, 'R_{x2b}','texmode','on');
port_label('input', 1, 'x_{2b}','texmode','on');
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   378
                   
                     [55, 108, 85, 122]
                     59
                     Port number
                  
                   
                     [2, 1]
                     [265, 86, 270, 124]
                     62
                     off
                     2
                     bar
                  
                   
                     [120, 55, 230, 85]
                     45
                     g2-u
                  
                   
                     [125, 135, 235, 165]
                     61
                     g2+u
                  
                   
                     [295, 98, 325, 112]
                     60
                     Port number
                  
                   
                     1
                     1691#out:1
                     1694#in:1
                  
                   
                     2
                     1693#out:1
                     [10, 0]
                     1691#in:2
                  
                   
                     3
                     1692#out:1
                     [12, 0; 0, 25]
                     1691#in:1
                  
                   
                     4
                     1690#out:1
                     [6, 0]
                     
                       5
                       [0, 35]
                       1693#in:1
                    
                     
                       6
                       [0, -45]
                       1692#in:1
                    
                  
                
              
               
                 [1, 1]
                 [385, 199, 450, 231]
                 112
                 off
                 off
                 
                   port_label('output', 1, 'R_{y1b}','texmode','on');
port_label('input', 1, 'y_{1b}','texmode','on');
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   378
                   
                     [55, 108, 85, 122]
                     59
                     Port number
                  
                   
                     [2, 1]
                     [265, 86, 270, 124]
                     62
                     off
                     2
                     bar
                  
                   
                     [120, 55, 230, 85]
                     45
                     g1-u
                  
                   
                     [125, 135, 235, 165]
                     61
                     g1+u
                  
                   
                     [295, 98, 325, 112]
                     60
                     Port number
                  
                   
                     1
                     1697#out:1
                     1700#in:1
                  
                   
                     2
                     1699#out:1
                     [10, 0]
                     1697#in:2
                  
                   
                     3
                     1698#out:1
                     [12, 0; 0, 25]
                     1697#in:1
                  
                   
                     4
                     1696#out:1
                     [6, 0]
                     
                       5
                       [0, 35]
                       1699#in:1
                    
                     
                       6
                       [0, -45]
                       1698#in:1
                    
                  
                
              
               
                 [1, 1]
                 [385, 314, 450, 346]
                 118
                 off
                 off
                 
                   port_label('output', 1, 'R_{y2b}','texmode','on');
port_label('input', 1, 'y_{2b}','texmode','on');
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   378
                   
                     [55, 108, 85, 122]
                     59
                     Port number
                  
                   
                     [2, 1]
                     [265, 86, 270, 124]
                     62
                     off
                     2
                     bar
                  
                   
                     [120, 55, 230, 85]
                     45
                     g2-u
                  
                   
                     [125, 135, 235, 165]
                     61
                     g2+u
                  
                   
                     [295, 98, 325, 112]
                     60
                     Port number
                  
                   
                     1
                     1702#out:1
                     [6, 0]
                     
                       2
                       [0, -45]
                       1704#in:1
                    
                     
                       3
                       [0, 35]
                       1705#in:1
                    
                  
                   
                     4
                     1704#out:1
                     [12, 0; 0, 25]
                     1703#in:1
                  
                   
                     5
                     1705#out:1
                     [10, 0]
                     1703#in:2
                  
                   
                     6
                     1703#out:1
                     1706#in:1
                  
                
              
               
                 [1, 1]
                 [155, 145, 190, 175]
                 113
                 4
                 Index vector (dialog)
                 1
                 1
              
               
                 [1, 1]
                 [155, 260, 190, 290]
                 115
                 4
                 Index vector (dialog)
                 3
                 1
              
               
                 [1, 1]
                 [155, 200, 190, 230]
                 114
                 4
                 Index vector (dialog)
                 2
                 1
              
               
                 [1, 1]
                 [155, 315, 190, 345]
                 116
                 4
                 Index vector (dialog)
                 4
                 1
              
               
                 [0, 1]
                 [160, 60, 190, 90]
                 126
                 50e-6
                 500e-6
                 2*pi*1
                 0
              
               
                 [680, 238, 710, 252]
                 53
                 Port number
              
               
                 [680, 333, 710, 347]
                 123
                 2
                 Port number
              
               
                 1
                 1680#out:1
                 [32, 0]
                 
                   2
                   1711#in:1
                
                 
                   3
                   [0, 85]
                   1682#in:1
                
              
               
                 4
                 1683#out:1
                 [40, 0]
                 1681#in:1
              
               
                 5
                 1678#out:1
                 [17, 0]
                 
                   6
                   [0, 30]
                   
                     7
                     [0, 55]
                     1710#in:1
                  
                   
                     8
                     1708#in:1
                  
                
                 
                   9
                   [0, -30]
                   
                     10
                     [0, -55]
                     1707#in:1
                  
                   
                     11
                     1709#in:1
                  
                
              
               
                 25
                 1707#out:1
                 1683#in:2
              
               
                 13
                 1709#out:1
                 1695#in:1
              
               
                 14
                 1695#out:1
                 [26, 0; 0, 15]
                 1681#in:2
              
               
                 24
                 1708#out:1
                 1689#in:1
              
               
                 16
                 1710#out:1
                 1701#in:1
              
               
                 17
                 1689#out:1
                 [25, 0; 0, -15]
                 1681#in:3
              
               
                 18
                 1701#out:1
                 [40, 0]
                 1681#in:4
              
               
                 19
                 1679#out:1
                 [178, 0; 0, -60]
                 1682#in:2
              
               
                 20
                 1682#out:1
                 1712#in:1
              
               
                 21
                 1681#out:1
                 1680#in:1
              
               
                 28
                 2126#out:1
                 [96, 0; 0, 70]
                 1683#in:1
              
            
          
           
             [1, 1]
             [580, 897, 615, 913]
             780
             off
             off
             
               
                 
                   edit
                   fc
                   Cut-off frequency [Hz]
                   1000
                
                 
                   edit
                   zeta
                   Damping ratio
                   1
                
              
            
             
               [1882, 52, 3234, 1276]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               225
               
                 [195, 113, 225, 127]
                 -1
                 Port number
              
               
                 [1, 1]
                 [320, 105, 350, 135]
                 -2
              
               
                 [1, 1]
                 [440, 100, 470, 130]
                 -3
              
               
                 [330, 20, 360, 50]
                 -4
                 2*pi
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [430, 170, 460, 200]
                 -5
                 on
                 2
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [385, 97, 415, 128]
                 -6
                 off
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [2, 1]
                 [505, 92, 535, 123]
                 -7
                 off
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [2, 1]
                 [375, 162, 405, 193]
                 -8
                 on
                 alternate
                 off
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [2, 1]
                 [260, 110, 280, 130]
                 -9
                 off
                 round
                 |+-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [325, 235, 345, 255]
                 -10
                 on
                 alternate
                 off
                 round
                 ++|
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [280, 20, 310, 50]
                 -11
                 fc
              
               
                 [485, 170, 515, 200]
                 -12
                 on
                 alternate
                 zeta
              
               
                 [610, 103, 640, 117]
                 -13
                 Port number
              
               
                 1
                 1812#out:1
                 [-50, 0]
                 1811#in:2
              
               
                 2
                 1810#out:1
                 [-35, 0]
                 1812#in:1
              
               
                 3
                 1807#out:1
                 1810#in:2
              
               
                 4
                 1814#out:1
                 1807#in:1
              
               
                 5
                 1805#out:1
                 1809#in:2
              
               
                 6
                 1808#out:1
                 [4, 0]
                 
                   7
                   1805#in:1
                
                 
                   8
                   [0, 55]
                   1810#in:1
                
              
               
                 9
                 1804#out:1
                 1808#in:2
              
               
                 10
                 1813#out:1
                 1806#in:1
              
               
                 11
                 1811#out:1
                 1804#in:1
              
               
                 12
                 1803#out:1
                 1811#in:1
              
               
                 13
                 1806#out:1
                 [10, 0; 0, 48]
                 
                   14
                   [0, 22]
                   1808#in:1
                
                 
                   15
                   [109, 0; 0, 17]
                   1809#in:1
                
              
               
                 16
                 1809#out:1
                 [33, 0]
                 
                   17
                   1815#in:1
                
                 
                   18
                   [0, 135]
                   1812#in:2
                
              
            
          
           
             [1, 1]
             [1160, 397, 1195, 413]
             841
             off
             off
             
               
                 
                   edit
                   fc
                   Cut-off frequency [Hz]
                   10
                
                 
                   edit
                   zeta
                   Damping ratio
                   1
                
              
            
             
               [1882, 52, 3234, 1276]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               225
               
                 [195, 113, 225, 127]
                 -1
                 Port number
              
               
                 [1, 1]
                 [320, 105, 350, 135]
                 -2
              
               
                 [1, 1]
                 [440, 100, 470, 130]
                 -3
              
               
                 [330, 20, 360, 50]
                 -4
                 2*pi
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [430, 170, 460, 200]
                 -5
                 on
                 2
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [385, 97, 415, 128]
                 -6
                 off
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [2, 1]
                 [505, 92, 535, 123]
                 -7
                 off
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [2, 1]
                 [375, 162, 405, 193]
                 -8
                 on
                 alternate
                 off
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [2, 1]
                 [260, 110, 280, 130]
                 -9
                 off
                 round
                 |+-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [325, 235, 345, 255]
                 -10
                 on
                 alternate
                 off
                 round
                 ++|
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [280, 20, 310, 50]
                 -11
                 fc
              
               
                 [485, 170, 515, 200]
                 -12
                 on
                 alternate
                 zeta
              
               
                 [610, 103, 640, 117]
                 -13
                 Port number
              
               
                 1
                 2117#out:1
                 [33, 0]
                 
                   2
                   [0, 135]
                   2120#in:2
                
                 
                   3
                   2123#in:1
                
              
               
                 4
                 2114#out:1
                 [10, 0; 0, 48]
                 
                   5
                   [109, 0; 0, 17]
                   2117#in:1
                
                 
                   6
                   [0, 22]
                   2116#in:1
                
              
               
                 7
                 2111#out:1
                 2119#in:1
              
               
                 8
                 2119#out:1
                 2112#in:1
              
               
                 9
                 2121#out:1
                 2114#in:1
              
               
                 10
                 2112#out:1
                 2116#in:2
              
               
                 11
                 2116#out:1
                 [4, 0]
                 
                   12
                   [0, 55]
                   2118#in:1
                
                 
                   13
                   2113#in:1
                
              
               
                 14
                 2113#out:1
                 2117#in:2
              
               
                 15
                 2122#out:1
                 2115#in:1
              
               
                 16
                 2115#out:1
                 2118#in:2
              
               
                 17
                 2118#out:1
                 [-35, 0]
                 2120#in:1
              
               
                 18
                 2120#out:1
                 [-50, 0]
                 2119#in:2
              
            
          
           
             [1, 1]
             [1210, 865, 1240, 895]
             369
             alternate
             magnitude^2
          
           
             [2, 1]
             [630, 598, 635, 667]
             342
             off
             2
             bar
             
               1
               [FT]*
               Auto
               SignalName
            
          
           
             [2, 1]
             [550, 639, 605, 681]
             346
             off
             off
             
               
                 
                   edit
                   Kp
                   Kp
                   Kp_r
                
                 
                   edit
                   Ki
                   Ki
                   500e3
                
                 
                   edit
                   Kd
                   Kd
                   Kd_r
                
              
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               219
               
                 [220, 198, 250, 212]
                 113
                 alternate
                 Port number
              
               
                 [220, 223, 250, 237]
                 116
                 2
                 Port number
              
               
                 [2, 1]
                 [305, 194, 350, 241]
                 115
                 powerlib_extras/Discrete 
Control Blocks/Discrete
PID Controller
                 *1.665
                 POWERSYS.PowerSysDialog
                 off
                 off
                 
                   Discrete PID Controller
                   This block implements a discrete PID controller.
                   This block is part of a subset of blocks in the Extras library that does not have documentation associated with it, other than the block mask description.
                   UpperLimit=Par_Limits(1);
LowerLimit=Par_Limits(2);
power_initmask();
                   on
                   disp('PID');
                   
                     
                       edit
                       Kp
                       Proportional gain (Kp):
                       Kp
                    
                     
                       edit
                       Ki
                       Integral gain (Ki):
                       Ki
                    
                     
                       edit
                       Kd
                       Derivative gain (Kd):
                       Kd
                    
                     
                       edit
                       Par_Limits
                       Output limits: [ Upper   Lower ]
                       [1e6 -1e6]
                    
                     
                       edit
                       Init
                       Output initial value:
                       0
                    
                     
                       edit
                       Ts
                       Sample time:
                       1/10e3
                    
                  
                
                 
                   1
                   [Ta Tb]
                   Auto
                   SignalName
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   100
                   35
                   34
                   
                     [15, 183, 45, 197]
                     -1
                     bold
                     Port number
                     Ts
                  
                   
                     [15, 233, 45, 247]
                     1
                     bold
                     2
                     Port number
                     Ts
                  
                   
                     [1, 1]
                     [225, 171, 285, 209]
                     -3
                     off
                     Init
                     Ts
                     on
                     UpperLimit
                     LowerLimit
                     DiscIntNeverNeededParam
                     DiscIntNeverNeededParam
                  
                   
                     [145, 124, 180, 156]
                     -4
                     off
                     Kp
                     Ts
                  
                   
                     [145, 174, 180, 206]
                     -5
                     off
                     Ki
                     Ts
                  
                   
                     [145, 224, 180, 256]
                     -6
                     off
                     Kd
                     Ts
                  
                   
                     [1, 1]
                     [495, 175, 520, 205]
                     -7
                     alternate
                     off
                     u0
                     UpperLimit
                     LowerLimit
                     Ts
                  
                   
                     [3, 1]
                     [435, 115, 465, 265]
                     -8
                     off
                     +++
                     Ts
                  
                   
                     [315, 125, 350, 155]
                     -9
                     Ts
                  
                   
                     [560, 183, 590, 197]
                     -10
                     bold
                     Port number
                     Ts
                     0
                  
                   
                     1
                     1573:7#out:1
                     1573:10#in:1
                  
                   
                     2
                     1573:1#out:1
                     [65, 0]
                     
                       3
                       [0, -50]
                       1573:4#in:1
                    
                     
                       4
                       1573:5#in:1
                    
                  
                   
                     5
                     1573:8#out:1
                     1573:7#in:1
                  
                   
                     6
                     1573:5#out:1
                     1573:3#in:1
                  
                   
                     7
                     1573:4#out:1
                     1573:9#in:1
                  
                   
                     8
                     1573:3#out:1
                     1573:8#in:2
                  
                   
                     9
                     1573:6#out:1
                     1573:8#in:3
                  
                   
                     10
                     1573:9#out:1
                     1573:8#in:1
                  
                   
                     11
                     1573:35#out:1
                     1573:6#in:1
                  
                   
                     Pierre Giroux, Gilbert Sybille
Power System Simulation Laboratory
IREQ, Hydro-Quebc
                     [4, 31, 170, 72]
                     [0, 0, 0, 0]
                     off
                     off
                     -1
                  
                   
                     Discrete PID Controller
                     [36, 10, 148, 25]
                     [0, 0, 0, 0]
                     off
                     off
                     -2
                     bold
                  
                
              
               
                 [425, 213, 455, 227]
                 114
                 Port number
              
               
                 3
                 1571#out:1
                 1573#in:1
              
               
                 [Ta Tb]
                 4
                 [1, 1]
                 1573#out:1
                 1574#in:1
              
               
                 5
                 1572#out:1
                 1573#in:2
              
            
          
           
             [2, 1]
             [550, 584, 605, 626]
             347
             alternate
             off
             off
             
               
                 
                   edit
                   Kp
                   Kp
                   Kp_t
                
                 
                   edit
                   Ki
                   Ki
                   500e3
                
                 
                   edit
                   Kd
                   Kd
                   Kd_t
                
              
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               246
               
                 [165, 148, 195, 162]
                 63
                 alternate
                 Port number
              
               
                 [165, 173, 195, 187]
                 112
                 2
                 Port number
              
               
                 [2, 1]
                 [250, 144, 295, 191]
                 111
                 powerlib_extras/Discrete 
Control Blocks/Discrete
PID Controller
                 *1.665
                 POWERSYS.PowerSysDialog
                 off
                 off
                 
                   Discrete PID Controller
                   This block implements a discrete PID controller.
                   This block is part of a subset of blocks in the Extras library that does not have documentation associated with it, other than the block mask description.
                   UpperLimit=Par_Limits(1);
LowerLimit=Par_Limits(2);
power_initmask();
                   on
                   disp('PID');
                   
                     
                       edit
                       Kp
                       Proportional gain (Kp):
                       Kp
                    
                     
                       edit
                       Ki
                       Integral gain (Ki):
                       Ki
                    
                     
                       edit
                       Kd
                       Derivative gain (Kd):
                       Kd
                    
                     
                       edit
                       Par_Limits
                       Output limits: [ Upper   Lower ]
                       [1e6 -1e6]
                    
                     
                       edit
                       Init
                       Output initial value:
                       0
                    
                     
                       edit
                       Ts
                       Sample time:
                       1/10e3
                    
                  
                
                 
                   1
                   [Fx Fy]
                   Auto
                   SignalName
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   100
                   35
                   34
                   
                     [15, 183, 45, 197]
                     -1
                     bold
                     Port number
                     Ts
                  
                   
                     [15, 233, 45, 247]
                     1
                     bold
                     2
                     Port number
                     Ts
                  
                   
                     [1, 1]
                     [225, 171, 285, 209]
                     -3
                     off
                     Init
                     Ts
                     on
                     UpperLimit
                     LowerLimit
                     DiscIntNeverNeededParam
                     DiscIntNeverNeededParam
                  
                   
                     [145, 124, 180, 156]
                     -4
                     off
                     Kp
                     Ts
                  
                   
                     [145, 174, 180, 206]
                     -5
                     off
                     Ki
                     Ts
                  
                   
                     [145, 224, 180, 256]
                     -6
                     off
                     Kd
                     Ts
                  
                   
                     [1, 1]
                     [495, 175, 520, 205]
                     -7
                     alternate
                     off
                     u0
                     UpperLimit
                     LowerLimit
                     Ts
                  
                   
                     [3, 1]
                     [435, 115, 465, 265]
                     -8
                     off
                     +++
                     Ts
                  
                   
                     [315, 125, 350, 155]
                     -9
                     Ts
                  
                   
                     [560, 183, 590, 197]
                     -10
                     bold
                     Port number
                     Ts
                     0
                  
                   
                     1
                     1335:7#out:1
                     1335:10#in:1
                  
                   
                     2
                     1335:1#out:1
                     [65, 0]
                     
                       4
                       [0, -50]
                       1335:4#in:1
                    
                     
                       5
                       1335:5#in:1
                    
                  
                   
                     7
                     1335:8#out:1
                     1335:7#in:1
                  
                   
                     8
                     1335:5#out:1
                     1335:3#in:1
                  
                   
                     10
                     1335:4#out:1
                     1335:9#in:1
                  
                   
                     11
                     1335:3#out:1
                     1335:8#in:2
                  
                   
                     14
                     1335:6#out:1
                     1335:8#in:3
                  
                   
                     13
                     1335:9#out:1
                     1335:8#in:1
                  
                   
                     15
                     1335:35#out:1
                     1335:6#in:1
                  
                   
                     Pierre Giroux, Gilbert Sybille
Power System Simulation Laboratory
IREQ, Hydro-Quebc
                     [4, 31, 170, 72]
                     [0, 0, 0, 0]
                     off
                     off
                     -1
                  
                   
                     Discrete PID Controller
                     [36, 10, 148, 25]
                     [0, 0, 0, 0]
                     off
                     off
                     -2
                     bold
                  
                
              
               
                 [370, 163, 400, 177]
                 64
                 Port number
              
               
                 1
                 1334#out:1
                 1335#in:1
              
               
                 [Fx Fy]
                 2
                 [1, 1]
                 1335#out:1
                 1336#in:1
              
               
                 3
                 1570#out:1
                 1335#in:2
              
            
          
           
             [2, 1]
             [1345, 849, 1375, 891]
             368
             **
             off
             Inherit: Inherit via internal rule
             Floor
             off
             
               1
               a
               Auto
               SignalName
            
          
           
             [2, 1]
             [1095, 387, 1125, 418]
             798
             off
             Inherit: Inherit via internal rule
             Floor
             off
          
           
             [320, 884, 375, 926]
             722
             alternate
             [1 0 0 -a; 0 1 a 0; 1 0 0 b; 0 1 -b 0]
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [315, 549, 370, 591]
             822
             alternate
             [b 0 a 0; 0 b 0 a; 0 1 0 -1; -1 0 1 0]/(a+b)
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [740, 614, 795, 656]
             354
             1/(a+b)*[b 0 a 0; 0 b 0 a; 0 1 0 -1; -1 0 1 0]'
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [190, 614, 245, 656]
             349
             [d 0 c 0; 0 d 0 c; 0 1 0 -1; -1 0 1 0]/(c+d)
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [3, 5]
             [510, 742, 615, 818]
             423
             on
             off
             off
             
               g = 9.81; %Gravitational acceleration constant [N/kg]
               
                 
                   edit
                   M
                   M: Rotor mass [kg]
                   18.3
                
                 
                   edit
                   Jp
                   Jp: Rotor polar mass moment of inertia [kg.m^2]
                   0.10669
                
                 
                   edit
                   Jt
                   Jt: Rotor transverse mass moment of inertia [kg.m^2]
                   0.11575
                
                 
                   edit
                   a
                   a: Bearing distance to c.o.g. (Left) [m]
                   160e-3
                
                 
                   edit
                   b
                   b: Bearing distance to c.o.g. (Right)  [m]
                   [64.4e-3 160e-3]*[1 0]'
                
                 
                   edit
                   c
                   c: Sensor distance to c.o.g. (Left)  [m]
                   190e-3
                
                 
                   edit
                   d
                   d: Sensor distance to c.o.g. (Right)  [m]
                   95.4e-3
                
                 
                   edit
                   Lpt
                   Position gain for translation mode
                   5.48e3
                
                 
                   edit
                   Lpr
                   Position gain for rotation mode
                   1.095e4
                
                 
                   edit
                   Lvt
                   Velocity gain for translation mode
                   2.11e7
                
                 
                   edit
                   Lvr
                   Velocity gain for rotation mode
                   8.42e7
                
                 
                   edit
                   Lat
                   Acceleration gain for translation mode
                   3.064e10
                
                 
                   edit
                   Lar
                   Acceleration gain for rotation mode
                   2.45e11
                
              
               
                 
                   %<MaskType>
                   
                     %<MaskDescription>
                     DescTextVar
                  
                   DescGroupVar
                
                 
                   
                     
                       Rotor properties
                       
                         
                           M
                        
                         
                           Jp
                        
                         
                           Jt
                        
                      
                       ParameterTabVar0
                    
                     
                       Dimensions
                       
                         
                           a
                        
                         
                           b
                        
                         
                           c
                        
                         
                           d
                        
                         
                           Container5
                        
                      
                       ParameterTabVar01
                    
                     
                       Observer gains
                       
                         
                           Lpt
                        
                         
                           Lpr
                        
                         
                           Lvt
                        
                         
                           Lvr
                        
                         
                           Lat
                        
                         
                           Lar
                        
                      
                       ParameterTabVar02
                    
                  
                   ParameterTabContainerVar
                
              
            
             
               4
               x_BPF
               Auto
               SignalName
            
             
               [-8, 0, 1928, 1056]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               125
               
                 [170, 133, 200, 147]
                 116
                 Port number
              
               
                 [170, 273, 200, 287]
                 20
                 2
                 Port number
              
               
                 [455, 423, 485, 437]
                 733
                 3
                 Port number
              
               
                 [1, 1]
                 [715, 392, 750, 428]
                 722
                 on
                 1/10e3
                 DiscIntNeverNeededParam
                 DiscIntNeverNeededParam
              
               
                 [1, 1]
                 [620, 392, 655, 428]
                 723
                 on
                 1/10e3
                 DiscIntNeverNeededParam
                 DiscIntNeverNeededParam
              
               
                 [515, 337, 570, 383]
                 731
                 on
                 [0 0 0 0; 0 0 0 0; 0 0 0 Jp; 0 0 -Jp 0]
                 Matrix(K*u) (u vector)
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [1, 1]
                 [345, 190, 375, 220]
                 618
              
               
                 [1, 1]
                 [765, 265, 795, 295]
                 724
                 
                   1
                   u_g^
                   Auto
                   SignalName
                
              
               
                 [1, 1]
                 [625, 265, 655, 295]
                 725
                 
                   1
                   du_g^
                   Auto
                   SignalName
                
              
               
                 [255, 182, 310, 228]
                 619
                 [Lat Lat Lar Lar]';
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [615, 182, 670, 228]
                 121
                 [Lpt Lpt Lpr Lpr]';
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [430, 182, 485, 228]
                 117
                 [Lvt Lvt Lvr Lvr]';
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [615, 67, 670, 113]
                 617
                 [M 0 0 0; 0 M 0 0; 0 0 Jt 0; 0 0 0 Jt]
                 Matrix(K*u) (u vector)
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [695, 142, 750, 188]
                 737
                 [M 0 0 0; 0 M 0 0; 0 0 Jt 0; 0 0 0 Jt]
                 Matrix(K*u) (u vector)
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [330, 257, 385, 303]
                 15
                 [M 0 0 0; 0 M 0 0; 0 0 Jt 0; 0 0 0 Jt]^-1
                 Matrix(K*u) (u vector)
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
                 
                   1
                   ddu_g
                   Auto
                   SignalName
                
              
               
                 [750, 67, 805, 113]
                 615
                 [1 0 1 0; 0 1 0 1; 0 a 0 -b; -a 0 b 0]^-1
                 Matrix(K*u) (u vector)
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [820, 142, 875, 188]
                 736
                 [1 0 1 0; 0 1 0 1; 0 a 0 -b; -a 0 b 0]^-1
                 Matrix(K*u) (u vector)
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [255, 270, 275, 290]
                 17
                 off
                 round
                 |+-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [550, 270, 570, 290]
                 118
                 off
                 round
                 ++|
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [715, 270, 735, 290]
                 119
                 off
                 round
                 ++|
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [500, 195, 520, 215]
                 729
                 off
                 round
                 ++|
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [455, 352, 485, 383]
                 732
                 on
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [290, 388, 320, 402]
                 734
                 Port number
              
               
                 [845, 273, 875, 287]
                 22
                 2
                 Port number
              
               
                 [845, 353, 875, 367]
                 122
                 3
                 Port number
              
               
                 [845, 83, 875, 97]
                 616
                 4
                 Port number
              
               
                 [935, 158, 965, 172]
                 735
                 5
                 Port number
              
               
                 du_g^
                 131
                 [1, 0]
                 1749#out:1
                 [29, 0]
                 
                   32
                   1547#in:2
                
                 
                   4
                   [0, 80]
                   
                     169
                     1818#in:1
                  
                   
                     168
                     1551#in:1
                  
                
              
               
                 6
                 1509#out:1
                 1505#in:1
              
               
                 u_g^
                 129
                 [0, 1]
                 1748#out:1
                 1536#in:1
              
               
                 81
                 1546#out:1
                 [10, 0]
                 
                   214
                   1749#in:1
                
                 
                   190
                   [0, -115]
                   1995#in:1
                
              
               
                 130
                 1547#out:1
                 1748#in:1
              
               
                 59
                 1549#out:1
                 [50, 0]
                 1547#in:1
              
               
                 109
                 1656#out:1
                 1657#in:1
              
               
                 115
                 1737#out:1
                 1736#in:1
              
               
                 149
                 1544#out:1
                 [17, 0]
                 
                   150
                   [194, 0]
                   
                     152
                     [181, 0; 0, 65]
                     1549#in:1
                  
                   
                     45
                     [0, 65]
                     1545#in:1
                  
                
                 
                   120
                   [0, 65]
                   1737#in:1
                
              
               
                 ddu_g
                 151
                 [0, 0; -1, 0]
                 1505#out:1
                 1546#in:2
              
               
                 153
                 1545#out:1
                 1759#in:2
              
               
                 154
                 1736#out:1
                 [16, 0; 0, -34; 114, 0]
                 1759#in:1
              
               
                 155
                 1759#out:1
                 [35, 0]
                 
                   161
                   [0, -115]
                   1655#in:1
                
                 
                   160
                   1546#in:1
                
              
               
                 177
                 1820#out:1
                 [-185, 0]
                 
                   179
                   [0, 25]
                   1830#in:1
                
                 
                   178
                   1509#in:2
                
              
               
                 164
                 1818#out:1
                 1820#in:1
              
               
                 167
                 1817#out:1
                 [10, 0]
                 1820#in:2
              
               
                 171
                 1499#out:1
                 1509#in:1
              
               
                 240
                 1655#out:1
                 1656#in:1
              
               
                 241
                 1994#out:1
                 1880#in:1
              
               
                 242
                 1995#out:1
                 1994#in:1
              
               
                 Input is force and torque for COG control
Output is position of centre of gravity
                 [328, 61, 510, 89]
                 [0, 0, 0, 0]
                 off
                 off
                 left
                 -2
              
               
                 f_{g,AMB} = [F_{xg}
              F_{yg}
               M_{xg}
                M_{yg}]
                 [239, 64, 308, 125]
                 [0, 0, 0, 0]
                 off
                 off
                 tex
                 on
                 -3
              
               
                 u_{g} = [u_{xg}
         u_{yg}
        \theta_{xg}
         \theta_{yg}]
                 [905, 248, 951, 309]
                 [0, 0, 0, 0]
                 off
                 off
                 tex
                 on
                 -4
              
            
          
           
             [1, 1]
             [1440, 855, 1470, 885]
             410
             u0
             I_max^2
             0
          
           
             [1]
             [1450, 389, 1480, 421]
             800
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.00011','MaxYLimReal','0.00001','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.00011','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',4,'LineNames',{{'Gain3:1','Gain3:2','Gain3:3','Gain3:4'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.00011','MaxYLimReal','0.00001','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.00011','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[1 1 1280 901],'WindowStyle','docked')
             1
          
           
             [1]
             [175, 724, 205, 756]
             832
             alternate
             on
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.0000018','MaxYLimReal','0.000002','YLabelReal','','MinYLimMag','0.0000000','MaxYLimMag','0.000002','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Gain1'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.0000018','MaxYLimReal','0.000002','YLabelReal','','MinYLimMag','0.0000000','MaxYLimMag','0.000002','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016a')),'Version','2016a')
             1
          
           
             [1]
             [455, 1069, 485, 1101]
             834
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.00006','MaxYLimReal','0.00006','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.00006','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',4,'LineNames',{{'Qb:1','Qb:2','Qb:3','Qb:4'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.00006','MaxYLimReal','0.00006','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.00006','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b')
             1
          
           
             [1, 2]
             [975, 1055, 1020, 1110]
             836
             off
             off
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               125
               
                 [25, 38, 55, 52]
                 95
                 Port number
              
               
                 [1, 4]
                 [85, 27, 90, 63]
                 90
                 off
                 bar
              
               
                 [2, 1]
                 [135, 21, 140, 59]
                 91
                 off
                 2
                 bar
              
               
                 [2, 1]
                 [135, 81, 140, 119]
                 94
                 off
                 2
                 bar
              
               
                 [185, 33, 215, 47]
                 96
                 Port number
              
               
                 [185, 93, 215, 107]
                 97
                 2
                 Port number
              
               
                 1
                 1640#out:1
                 1641#in:1
              
               
                 2
                 1640#out:3
                 1641#in:2
              
               
                 3
                 1641#out:1
                 1643#in:1
              
               
                 4
                 1640#out:2
                 [17, 0; 0, 50]
                 1642#in:1
              
               
                 5
                 1640#out:4
                 [6, 0; 0, 50]
                 1642#in:2
              
               
                 6
                 1642#out:1
                 1644#in:1
              
               
                 7
                 1639#out:1
                 1640#in:1
              
            
          
           
             [3, 1]
             [145, 560, 165, 580]
             353
             off
             round
             -+-
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [895, 1075, 915, 1095]
             839
             off
             round
             -+|
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [955, 625, 975, 645]
             383
             off
             round
             |++
             off
             Inherit: Inherit via internal rule
             off
             
               1
               [Fx1+
Fy1+
Fx2+
Fy2+
Fx1-
Fx2-
Fy1-
Fy2-]
               Auto
               SignalName
            
          
           
             [2, 1]
             [465, 715, 485, 735]
             424
             off
             round
             |+-
             off
             Inherit: Inherit via internal rule
             off
          
           
             [3, 1]
             [710, 895, 730, 915]
             746
             off
             round
             +++
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [145, 625, 165, 645]
             750
             off
             round
             |++
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [675, 625, 695, 645]
             759
             off
             round
             |++
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [335, 625, 355, 645]
             789
             off
             round
             |+-
             off
             Inherit: Inherit via internal rule
             off
          
           
             [3, 2]
             [440, 571, 480, 699]
             445
             alternate
             off
             off
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               123
               
                 [120, 268, 150, 282]
                 438
                 Port number
              
               
                 [120, 338, 150, 352]
                 446
                 2
                 Port number
              
               
                 [120, 448, 150, 462]
                 448
                 3
                 Port number
              
               
                 [1, 1]
                 [325, 377, 385, 413]
                 447
                 1.388
                 simulink/Discrete/Discrete Derivative
                 Discrete Derivative
                 
                   off
                   1.0
                   0.0
                   Inherited
                   []
                   []
                   Inherit: Inherit via internal rule
                   Inherit via internal rule
                   fixdt(1, 16)
                   2^-10
                   off
                   Floor
                   off
                
                 
                   1
                   dug*
                   Auto
                   SignalName
                
              
               
                 [1]
                 [515, 204, 545, 236]
                 743
                 alternate
                 Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.00016','MaxYLimReal','0.00015','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.00016','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',4,'LineNames',{{'Sum:1','Sum:2','Sum:3','Sum:4'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-0.00016','MaxYLimReal','0.00015','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.00016','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',0,'LineNames',{{}},'ShowContent',false,'Placement',2)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.00016','MaxYLimReal','0.00015','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.00016','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[2 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016a')),'Version','2016a','Position',[1 1 1280 901],'WindowStyle','docked')
                 1
              
               
                 [2, 1]
                 [325, 265, 345, 285]
                 445
                 off
                 round
                 |+-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [475, 385, 495, 405]
                 449
                 off
                 round
                 |+-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [185, 330, 220, 360]
                 451
                 1/10e3
              
               
                 [185, 260, 220, 290]
                 452
                 1/10e3
              
               
                 [580, 268, 610, 282]
                 440
                 Port number
              
               
                 [580, 388, 610, 402]
                 441
                 2
                 Port number
              
               
                 438
                 1579#out:1
                 1593#in:1
              
               
                 441
                 1587#out:1
                 1358#in:1
              
               
                 476
                 1589#out:1
                 [330, 0]
                 1590#in:2
              
               
                 449
                 1586#out:1
                 [121, 0]
                 
                   467
                   [0, -55]
                   1816#in:1
                
                 
                   466
                   1581#in:1
                
              
               
                 450
                 1590#out:1
                 1582#in:1
              
               
                 dug*
                 477
                 [2, 1]
                 1588#out:1
                 [-5, 0; 71, 0; 0, 0]
              
               
                 457
                 1358#out:1
                 [110, 0]
                 1586#in:2
              
               
                 458
                 1593#out:1
                 [60, 0]
                 
                   443
                   [0, 120]
                   1588#in:1
                
                 
                   442
                   1586#in:1
                
              
            
          
           
             [0, 2]
             [825, 711, 855, 749]
             819
             alternate
             off
             off
             
               [-8, -8, 1928, 1048]
               on
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               100
               
                 [0, 1]
                 [80, 179, 115, 211]
                 794
                 off
                 off
                 
                   [-8, -8, 1928, 1048]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   352
                   
                     [-40, 70, -20, 90]
                     452
                  
                   
                     [130, -40, 160, -10]
                     457
                     alternate
                     0.2
                     0
                  
                   
                     [315, 60, 345, 90]
                     511
                     0.5
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [2, 1]
                     [235, 56, 265, 89]
                     456
                     off
                     Inherit: Inherit via internal rule
                     Floor
                     off
                  
                   
                     [1, 1]
                     [130, 65, 160, 95]
                     455
                     alternate
                  
                   
                     [20, 65, 50, 95]
                     453
                     100
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [75, 65, 105, 95]
                     460
                     2*pi
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [400, 68, 430, 82]
                     458
                     Port number
                  
                   
                     1
                     1900#out:1
                     1952#in:1
                  
                   
                     2
                     1896#out:1
                     1903#in:1
                  
                   
                     6
                     1903#out:1
                     1905#in:1
                  
                   
                     7
                     1905#out:1
                     1901#in:1
                  
                   
                     16
                     1901#out:1
                     1900#in:2
                  
                   
                     17
                     1898#out:1
                     [54, 0; 0, 90]
                     1900#in:1
                  
                   
                     18
                     1952#out:1
                     1907#in:1
                  
                
              
               
                 [2, 1]
                 [175, 100, 195, 120]
                 796
                 off
                 round
                 |++
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [80, 95, 110, 125]
                 384
                 i0
                 
                   1
                   F_0
                   Auto
                   SignalName
                
              
               
                 [260, 103, 290, 117]
                 388
                 Port number
              
               
                 [260, 188, 290, 202]
                 797
                 2
                 Port number
              
               
                 F_0
                 11
                 [0, 0]
                 1940#out:1
                 1950#in:1
              
               
                 12
                 1950#out:1
                 1941#in:1
              
               
                 13
                 1895#out:1
                 [65, 0]
                 
                   15
                   1951#in:1
                
                 
                   14
                   1950#in:2
                
              
            
          
           
             [2]
             [1065, 1055, 1095, 1110]
             835
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ub_mc','DataLogging',true,'DataLoggingSaveFormat','StructureWithTime'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.0000026','MaxYLimReal','0.0000035','YLabelReal','','MinYLimMag','0.0000000','MaxYLimMag','0.0000035','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Split1/1:1','Split1/1:2'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-0.0000006','MaxYLimReal','0.0000036','YLabelReal','','MinYLimMag','0.000000','MaxYLimMag','0.000058','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Split1/2:1','Split1/2:2'}},'ShowContent',true,'Placement',2)},'DisplayPropertyDefaults',struct('YLabelReal','','AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[2 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[1 1 1280 901],'WindowStyle','docked')
             2
          
           
             [1]
             [445, 489, 475, 521]
             792
             alternate
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData5'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.0000013','MaxYLimReal','0.0000013','YLabelReal','','MinYLimMag','0.0000000','MaxYLimMag','0.0000013','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',4,'LineNames',{{'Sum9:1','Sum9:2','Sum9:3','Sum9:4'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.0000013','MaxYLimReal','0.0000013','YLabelReal','','MinYLimMag','0.0000000','MaxYLimMag','0.0000013','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016a')),'Version','2016a','Position',[1921 57 1280 948])
             1
          
           
             [890, 538, 920, 552]
             828
             Port number
          
           
             [1505, 863, 1535, 877]
             366
             2
             Port number
          
           
             [1210, 918, 1240, 932]
             728
             3
             Port number
          
           
             [FT]*
             24
             [0, 1]
             1324#out:1
             1831#in:1
          
           
             28
             1333#out:1
             [5, 0]
             1324#in:1
          
           
             30
             1280#out:1
             1354#in:2
          
           
             1321
             1354#out:1
             1339#in:1
          
           
             63
             1322#out:1
             1283#in:1
          
           
             568
             1677#out:1
             1322#in:1
          
           
             81
             1283#out:1
             1337#in:2
          
           
             [Fx1+
Fy1+
Fx2+
Fy2+
Fx1-
Fx2-
Fy1-
Fy2-]
             118
             [0, 1]
             1357#out:1
             1284#in:1
          
           
             299
             1498#out:2
             [-30, 0]
             1543#in:2
          
           
             301
             1543#out:1
             [150, 0; 0, 30]
             1498#in:1
          
           
             390
             1329#out:1
             [5, 0]
             1324#in:2
          
           
             1320
             1339#out:1
             [41, 0; 0, 25]
             1578#in:1
          
           
             452
             1578#out:1
             1285#in:1
          
           
             453
             1285#out:1
             1333#in:1
          
           
             454
             1285#out:2
             [5, 0; 0, 40]
             1329#in:1
          
           
             455
             1578#out:2
             1591#in:1
          
           
             456
             1591#out:1
             [15, 0; 0, -45]
             1333#in:2
          
           
             457
             1591#out:2
             [18, 0; 0, -5]
             1329#in:2
          
           
             661
             1717#out:1
             1783#in:2
          
           
             591
             1677#out:2
             1722#in:1
          
           
             653
             1776#out:1
             1778#in:1
          
           
             1334
             1778#out:1
             [85, 0]
             
               1841
               [0, -68]
            
             
               1840
               [1, 0; 0, 29; -451, 0; 0, -363]
            
          
           
             666
             1784#out:1
             1341#in:1
          
           
             749
             1821#out:1
             1498#in:3
          
           
             772
             1831#out:1
             [3, 0]
             
               1307
               1340#in:1
            
             
               776
               [0, 145]
               1498#in:2
            
          
           
             774
             1498#out:1
             [-7, 0; 0, -44; 187, 0]
             1831#in:2
          
           
             652
             1713#out:1
             [7, 0]
             
               1771
               [0, 180]
               2089#in:1
            
             
               1770
               1802#in:1
            
          
           
             905
             1875#out:1
             [31, 0]
             
               939
               1578#in:2
            
             
               942
               [0, -130]
               1883#in:1
            
             
               940
               [0, 90]
               1543#in:1
            
          
           
             953
             1498#out:3
             [-93, 0; 0, -105]
             1578#in:3
          
           
             1119
             1802#out:1
             1777#in:2
          
           
             1027
             1281#out:1
             1784#in:1
          
           
             1079
             1913#out:1
             2110#in:1
          
           
             1142
             1921#out:1
             [45, 0]
             
               1902
               1915#in:1
            
             
               1300
               [0, 50; -660, 0]
               
                 1397
                 1777#in:1
              
               
                 1395
                 [-565, 0]
                 1354#in:1
              
            
          
           
             a
             1748
             [0, 0]
             1337#out:1
             1485#in:1
          
           
             1220
             1485#out:1
             1361#in:1
          
           
             1229
             1340#out:1
             [21, 0]
             
               1584
               [0, -90]
               1993#in:1
            
             
               1259
               1929#in:1
            
          
           
             1230
             1929#out:1
             1357#in:1
          
           
             1235
             1932#out:1
             [35, 0]
             1357#in:2
          
           
             [Fx1+
Fx1-
Fy1+
Fy1-
Fx2+
Fx2-
Fy2+
Fy2-]
             1252
             [1, 1]
             1284#out:1
             [163, 0; 0, 225]
             1337#in:1
          
           
             1281
             1936#out:1
             1932#in:1
          
           
             1283
             1936#out:2
             [190, 0; 0, -330]
             1913#in:2
          
           
             x_BPF
             941
             [1, 0]
             1498#out:4
             [-94, 0; 0, 62]
             
               1750
               [344, 0; 0, -462]
               1913#in:1
            
             
               1749
               [0, 143]
               1776#in:1
            
          
           
             1718
             2071#out:1
             2073#in:1
          
           
             1719
             2073#out:1
             [15, 0]
             
               1732
               2072#in:1
            
             
               1730
               1784#in:2
            
          
           
             888
             1341#out:1
             [44, 0]
             
               1618
               1875#in:1
            
             
               967
               [0, 270]
               1713#in:1
            
          
           
             1747
             1914#out:1
             1921#in:1
          
           
             1774
             1638#out:1
             1645#in:1
          
           
             1775
             1638#out:2
             1645#in:2
          
           
             1854
             2090#out:1
             2098#in:2
          
           
             1903
             2098#out:1
             [-5, 0; 25, 0; 0, 0]
          
           
             651
             1777#out:1
             [55, 0]
             
               1773
               [0, 40]
               1783#in:1
            
             
               1772
               [115, 0]
               
                 1851
                 [0, 125]
                 
                   1906
                   [47, 0; 0, 55]
                   1638#in:1
                
                 
                   1905
                   2098#in:1
                
              
               
                 1786
                 1677#in:1
              
            
          
           
             1907
             2110#out:1
             1914#in:1
          
        
      
       
         [1525, 350, 1555, 380]
         97
         60/(2*pi)
         Inherit: Inherit via internal rule
         Inherit: Inherit via internal rule
         off
      
       
         [1, 1]
         [1370, 350, 1400, 380]
         103
      
       
         [1, 2]
         [1060, 286, 1190, 339]
         380
         off
         off
         
           mu_0 = 4*pi*1e-7;
K_L = 2/(N^2*mu_0*A_g);
           port_label('output', 1, '[R_{b, AMB}]^T','texmode','on');
port_label('output', 2, '[L_{b, AMB}]^T','texmode','on');
port_label('input', 1, '[x_{1b} y_{1b} x_{2b} y_{2b}]^{T}','texmode','on');

           
             
               edit
               N
               Number of AMB turns
               80*2
            
             
               edit
               g1
               Air gap (AMB side1) [m]
               500e-6
            
             
               edit
               g2
               Air gap (AMB side2) [m]
               500e-6
            
             
               edit
               A_g
               AMB cross-sectional area [mm^2]
               204e-6
            
          
        
         
           [-8, 0, 1928, 1056]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           152
           
             [65, 238, 95, 252]
             52
             Port number
          
           
             [255, 390, 285, 420]
             122
          
           
             [400, 230, 430, 260]
             125
             K_L
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [4, 1]
             [365, 182, 370, 308]
             50
             off
             bar
          
           
             [2, 1]
             [480, 322, 510, 353]
             124
             /*
             off
             Inherit: Inherit via internal rule
             Floor
             off
          
           
             [1, 1]
             [240, 144, 305, 176]
             72
             off
             off
             
               port_label('output', 1, 'R_{x1b}','texmode','on');
port_label('input', 1, 'x_{1b}','texmode','on');
            
             
               [-8, 0, 1928, 1056]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               380
               
                 [55, 108, 85, 122]
                 59
                 Port number
              
               
                 [2, 1]
                 [265, 86, 270, 124]
                 62
                 off
                 2
                 bar
              
               
                 [120, 55, 230, 85]
                 45
                 g1-u
              
               
                 [125, 135, 235, 165]
                 61
                 g1+u
              
               
                 [295, 98, 325, 112]
                 60
                 Port number
              
               
                 1
                 1293#out:1
                 [6, 0]
                 
                   2
                   [0, -45]
                   1295#in:1
                
                 
                   3
                   [0, 35]
                   1296#in:1
                
              
               
                 4
                 1295#out:1
                 [12, 0; 0, 25]
                 1294#in:1
              
               
                 5
                 1296#out:1
                 [10, 0]
                 1294#in:2
              
               
                 6
                 1294#out:1
                 1297#in:1
              
            
          
           
             [1, 1]
             [240, 259, 305, 291]
             117
             off
             off
             
               port_label('output', 1, 'R_{x2b}','texmode','on');
port_label('input', 1, 'x_{2b}','texmode','on');
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               378
               
                 [55, 108, 85, 122]
                 59
                 Port number
              
               
                 [2, 1]
                 [265, 86, 270, 124]
                 62
                 off
                 2
                 bar
              
               
                 [120, 55, 230, 85]
                 45
                 g2-u
              
               
                 [125, 135, 235, 165]
                 61
                 g2+u
              
               
                 [295, 98, 325, 112]
                 60
                 Port number
              
               
                 1
                 1300#out:1
                 1303#in:1
              
               
                 2
                 1302#out:1
                 [10, 0]
                 1300#in:2
              
               
                 3
                 1301#out:1
                 [12, 0; 0, 25]
                 1300#in:1
              
               
                 4
                 1299#out:1
                 [6, 0]
                 
                   5
                   [0, 35]
                   1302#in:1
                
                 
                   6
                   [0, -45]
                   1301#in:1
                
              
            
          
           
             [1, 1]
             [240, 199, 305, 231]
             112
             off
             off
             
               port_label('output', 1, 'R_{y1b}','texmode','on');
port_label('input', 1, 'y_{1b}','texmode','on');
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               378
               
                 [55, 108, 85, 122]
                 59
                 Port number
              
               
                 [2, 1]
                 [265, 86, 270, 124]
                 62
                 off
                 2
                 bar
              
               
                 [120, 55, 230, 85]
                 45
                 g1-u
              
               
                 [125, 135, 235, 165]
                 61
                 g1+u
              
               
                 [295, 98, 325, 112]
                 60
                 Port number
              
               
                 1
                 1306#out:1
                 1309#in:1
              
               
                 2
                 1308#out:1
                 [10, 0]
                 1306#in:2
              
               
                 3
                 1307#out:1
                 [12, 0; 0, 25]
                 1306#in:1
              
               
                 4
                 1305#out:1
                 [6, 0]
                 
                   5
                   [0, 35]
                   1308#in:1
                
                 
                   6
                   [0, -45]
                   1307#in:1
                
              
            
          
           
             [1, 1]
             [240, 314, 305, 346]
             118
             off
             off
             
               port_label('output', 1, 'R_{y2b}','texmode','on');
port_label('input', 1, 'y_{2b}','texmode','on');
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               378
               
                 [55, 108, 85, 122]
                 59
                 Port number
              
               
                 [2, 1]
                 [265, 86, 270, 124]
                 62
                 off
                 2
                 bar
              
               
                 [120, 55, 230, 85]
                 45
                 g2-u
              
               
                 [125, 135, 235, 165]
                 61
                 g2+u
              
               
                 [295, 98, 325, 112]
                 60
                 Port number
              
               
                 1
                 1311#out:1
                 [6, 0]
                 
                   2
                   [0, -45]
                   1313#in:1
                
                 
                   3
                   [0, 35]
                   1314#in:1
                
              
               
                 4
                 1313#out:1
                 [12, 0; 0, 25]
                 1312#in:1
              
               
                 5
                 1314#out:1
                 [10, 0]
                 1312#in:2
              
               
                 6
                 1312#out:1
                 1315#in:1
              
            
          
           
             [1, 1]
             [155, 145, 190, 175]
             113
             4
             Index vector (dialog)
             1
             1
          
           
             [1, 1]
             [155, 260, 190, 290]
             115
             4
             Index vector (dialog)
             3
             1
          
           
             [1, 1]
             [155, 200, 190, 230]
             114
             4
             Index vector (dialog)
             2
             1
          
           
             [1, 1]
             [155, 315, 190, 345]
             116
             4
             Index vector (dialog)
             4
             1
          
           
             [535, 238, 565, 252]
             53
             Port number
          
           
             [535, 333, 565, 347]
             123
             2
             Port number
          
           
             24
             1457#out:1
             [32, 0]
             
               2
               1320#in:1
            
             
               3
               [0, 85]
               1369#in:1
            
          
           
             4
             1292#out:1
             [40, 0]
             1291#in:1
          
           
             5
             1290#out:1
             [17, 0]
             
               6
               [0, 30]
               
                 7
                 [0, 55]
                 1319#in:1
              
               
                 8
                 1317#in:1
              
            
             
               9
               [0, -30]
               
                 10
                 [0, -55]
                 1316#in:1
              
               
                 11
                 1318#in:1
              
            
          
           
             12
             1316#out:1
             1292#in:1
          
           
             13
             1318#out:1
             1304#in:1
          
           
             14
             1304#out:1
             [26, 0; 0, 15]
             1291#in:2
          
           
             15
             1317#out:1
             1298#in:1
          
           
             16
             1319#out:1
             1310#in:1
          
           
             17
             1298#out:1
             [25, 0; 0, -15]
             1291#in:3
          
           
             18
             1310#out:1
             [40, 0]
             1291#in:4
          
           
             19
             1367#out:1
             [178, 0; 0, -60]
             1369#in:2
          
           
             20
             1369#out:1
             1368#in:1
          
           
             25
             1291#out:1
             1457#in:1
          
        
      
       
         [1]
         [1335, 294, 1365, 326]
         728
         alternate
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData7'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','0.0062','MaxYLimReal','0.00979','YLabelReal','','MinYLimMag','0.0062','MaxYLimMag','0.00979','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Selector3','Selector'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','0.0062','MaxYLimReal','0.00979','YLabelReal','','MinYLimMag','0.0062','MaxYLimMag','0.00979','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016a')),'Version','2016a','Position',[1 1 1280 901],'WindowStyle','docked')
         1
      
       
         [2, 1]
         [1305, 278, 1310, 342]
         729
         off
         2
         bar
      
       
         [1, 1]
         [1255, 158, 1360, 212]
         384
         alternate
         off
         off
         
           port_label('output', 1, '[i_{b, AMB}]^*T','texmode','on');
port_label('input', 1, '[i^{*2}_{b, AMB}]^T','texmode','on');


           
             
               edit
               PA_L
               AMB inductance
               6.494e-3
            
             
               edit
               PA_R
               AMB resistance
               0.152
            
             
               edit
               PA_Kp
               PA Kp
               PA_Kp
               off
            
             
               edit
               PA_Ki
               PA Ki
               PA_Ki
               off
            
             
               edit
               I_max
               Current limit
               5
            
             
               edit
               Vbus
               Bus voltage
               60
            
          
        
         
           [-8, 0, 1928, 1056]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           108
           
             [375, 158, 405, 172]
             -1
             Port number
          
           
             [1, 8]
             [550, 40, 555, 120]
             299
             off
             8
             bar
          
           
             [465, 150, 495, 180]
             225
             signedSqrt
          
           
             [8]
             [645, 32, 680, 128]
             300
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData3'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','2.08265','MaxYLimReal','3.05219','YLabelReal','','MinYLimMag','2.08265','MaxYLimMag','3.05219','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',8,'LineNames',{{'Demux/1','Demux/2','Demux/3','Demux/4','Demux/5','Demux/6','Demux/7','Demux/8'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','2.08265','MaxYLimReal','3.05219','YLabelReal','','MinYLimMag','2.08265','MaxYLimMag','3.05219','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016a')),'Version','2016a')
             8
          
           
             [545, 158, 575, 172]
             -9
             Port number
          
           
             15
             1431#out:1
             1450#in:1
          
           
             16
             1450#out:1
             [16, 0]
             
               18
               [0, -85]
               1675#in:1
            
             
               17
               1453#in:1
            
          
           
             19
             1675#out:4
             1676#in:4
          
           
             20
             1675#out:7
             1676#in:7
          
           
             21
             1675#out:5
             1676#in:5
          
           
             22
             1675#out:8
             1676#in:8
          
           
             23
             1675#out:6
             1676#in:6
          
           
             24
             1675#out:3
             1676#in:3
          
           
             25
             1675#out:1
             1676#in:1
          
           
             26
             1675#out:2
             1676#in:2
          
        
      
       
         [2, 1]
         [1355, 447, 1385, 478]
         747
         on
         alternate
         off
         Inherit: Inherit via internal rule
         Floor
         off
      
       
         [0, 1]
         [1315, 350, 1345, 380]
         95
         1.388
         simulink/Sources/Ramp
         Ramp
         
           off
           2*pi*10
           5
           0
           on
        
      
       
         [2, 4]
         [1530, 167, 1670, 308]
         20
         alternate
         off
         off
         
           g = 9.81; %Gravitational acceleration constant [N/kg]
           %image(imread('Rigid_body_var_def.png'));
port_label('input', 1, 'f_{b, AMB}','texmode','on');
port_label('input', 2, '\omega','texmode','on');
port_label('output', 1, 'u_{g}','texmode','on');
port_label('output', 2, 'u_{s}','texmode','on');
port_label('output', 3, 'u_{b}','texmode','on');
port_label('output', 4, 'u_{cog}','texmode','on');

           
             
               edit
               M
               M: Rotor mass [kg]
               18.3
            
             
               edit
               Jp
               Jp: Rotor polar mass moment of inertia [kg.m^2]
               0.10669
            
             
               edit
               Jt
               Jt: Rotor transverse mass moment of inertia [kg.m^2]
               0.11575
            
             
               edit
               a
               a: Bearing distance to c.o.g. (Left) [m]
               160e-3
            
             
               edit
               b
               b: Bearing distance to c.o.g. (Right)  [m]
               [64.4e-3 160e-3]*[1 0]'
            
             
               edit
               c
               c: Sensor distance to c.o.g. (Left)  [m]
               190e-3
            
             
               edit
               d
               d: Sensor distance to c.o.g. (Right)  [m]
               95.4e-3
            
          
           
             
               %<MaskType>
               
                 %<MaskDescription>
                 DescTextVar
              
               DescGroupVar
            
             
               
                 
                   Rotor properties
                   
                     
                       M
                    
                     
                       Jp
                    
                     
                       Jt
                    
                  
                   ParameterTabVar0
                
                 
                   Dimensions
                   
                     
                       a
                    
                     
                       b
                    
                     
                       c
                    
                     
                       d
                    
                  
                   ParameterTabVar01
                
              
               ParameterTabContainerVar
            
          
        
         
           [-8, -8, 1928, 1048]
           off
           179
           
             [70, 188, 100, 202]
             20
             Port number
          
           
             [440, 383, 470, 397]
             21
             2
             Port number
          
           
             [-40, 340, -10, 370]
             129
             [0 0]
          
           
             [95, 109, 125, 131]
             117
             [-1 -1 0 0]
          
           
             [250, 119, 280, 141]
             118
             [0 0 -1 -1]
          
           
             [535, 242, 590, 288]
             18
             on
             [0 0 0 0; 0 0 0 0; 0 0 0 Jp; 0 0 -Jp 0]
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [75, 245, 105, 275]
             131
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [250, 17, 280, 43]
             61
             0*[0 -M*g 0 0]'
          
           
             [1, 1]
             [555, 180, 585, 210]
             13
             off
             
               1
               du_g
               Auto
               SignalName
            
          
           
             [1, 1]
             [630, 180, 660, 210]
             14
             off
             
               1
               u_g
               Auto
               SignalName
            
          
           
             [450, 172, 505, 218]
             15
             [M 0 0 0; 0 M 0 0; 0 0 Jt 0; 0 0 0 Jt]^-1
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
             
               1
               ddu_g
               Auto
               SignalName
            
          
           
             [2, 1]
             [45, 241, 50, 279]
             130
             off
             2
             bar
          
           
             [2, 1]
             [145, 251, 150, 289]
             132
             off
             2
             bar
          
           
             [775, 319, 830, 361]
             40
             [1 0 0 -a; 0 1 a 0; 1 0 0 b; 0 1 -b 0]
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [240, 172, 295, 218]
             16
             [1 0 1 0; 0 1 0 1; 0 a 0 -b; -a 0 b 0]
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [775, 249, 830, 291]
             114
             [1 0 0 -c; 0 1 c 0; 1 0 0 d; 0 1 -d 0]
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [400, 185, 420, 205]
             17
             off
             round
             |+-
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [330, 185, 350, 205]
             62
             off
             round
             ++|
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [715, 185, 735, 205]
             65
             off
             round
             |++
             off
             Inherit: Inherit via internal rule
             off
          
           
             [3, 1]
             [165, 185, 185, 205]
             119
             off
             round
             +++
             off
             Inherit: Inherit via internal rule
             off
          
           
             [1, 1]
             [560, 371, 660, 409]
             64
             off
             off
             
               port_label('input', 1, '\omega','texmode','on');
port_label('output', 1, 'r[cos(\omegat) sin(\omegat)]','texmode','on');

               
                 edit
                 r
                 Radius of eccentricity  [m]
                 1e-6
              
            
             
               [-8, -8, 1928, 1048]
               off
               227
               
                 [65, 113, 95, 127]
                 2
                 Port number
              
               
                 [180, 128, 220, 162]
                 1
                 on
                 alternate
                 -1
              
               
                 [325, 130, 355, 160]
                 7
                 [0 0]'
              
               
                 [2, 1]
                 [145, 166, 170, 199]
                 -2
                 none
                 off
                 off
                 
                   Dot Product
                   Inner (dot) product.
y=sum(u1.*u2)
                   Computes the inner (dot) product of the inputs: sum(u1.*u2).  The inputs are vectors of the same length. Output is a scalar.
                   disp('.\n')
                
                 
                   [1252, 52, 2584, 1098]
                   off
                   646
                   
                     [15, 25, 35, 45]
                     -1
                     Port number
                  
                   
                     [15, 90, 35, 110]
                     -2
                     2
                     Port number
                  
                   
                     [2, 1]
                     [65, 55, 90, 75]
                     -3
                  
                   
                     [1, 1]
                     [125, 55, 145, 75]
                     -4
                     +
                  
                   
                     [185, 55, 205, 75]
                     -5
                     Port number
                     0
                  
                   
                     1
                     435#out:1
                     436#in:1
                  
                   
                     2
                     434#out:1
                     435#in:1
                  
                   
                     3
                     432#out:1
                     434#in:1
                  
                   
                     4
                     433#out:1
                     434#in:2
                  
                
              
               
                 [2, 1]
                 [180, 55, 205, 90]
                 -3
                 alternate
                 none
                 off
                 off
                 
                   Dot Product
                   Inner (dot) product.
y=sum(u1.*u2)
                   Computes the inner (dot) product of the inputs: sum(u1.*u2).  The inputs are vectors of the same length. Output is a scalar.
                   disp('.\n')
                
                 
                   [1252, 52, 2584, 1098]
                   off
                   646
                   
                     [15, 25, 35, 45]
                     -1
                     Port number
                  
                   
                     [15, 90, 35, 110]
                     -2
                     2
                     Port number
                  
                   
                     [2, 1]
                     [65, 55, 90, 75]
                     -3
                  
                   
                     [1, 1]
                     [125, 55, 145, 75]
                     -4
                     +
                  
                   
                     [185, 55, 205, 75]
                     -5
                     Port number
                     0
                  
                   
                     1
                     441#out:1
                     442#in:1
                  
                   
                     2
                     440#out:1
                     441#in:1
                  
                   
                     3
                     438#out:1
                     440#in:1
                  
                   
                     4
                     439#out:1
                     440#in:2
                  
                
              
               
                 [3, 1]
                 [380, 91, 385, 129]
                 5
                 off
                 3
                 bar
              
               
                 [1, 1]
                 [245, 55, 280, 95]
                 -6
                 1
              
               
                 [410, 93, 450, 127]
                 6
                 r
              
               
                 [1, 1]
                 [245, 166, 280, 204]
                 -8
              
               
                 [480, 103, 510, 117]
                 3
                 Port number
              
               
                 1
                 429#out:1
                 [24, 0]
                 
                   2
                   [0, 55]
                   431#in:1
                
                 
                   3
                   [0, -55]
                   437#in:1
                
              
               
                 4
                 444#out:1
                 [20, 0; 0, -40]
                 
                   5
                   [0, -35]
                   449#in:2
                
                 
                   6
                   430#in:1
                
              
               
                 7
                 443#out:1
                 [19, 0]
                 
                   8
                   [0, 25]
                   449#in:1
                
                 
                   9
                   [0, -53; -196, 0; 0, 168]
                   431#in:2
                
              
               
                 10
                 437#out:1
                 443#in:1
              
               
                 11
                 431#out:1
                 444#in:1
              
               
                 12
                 430#out:1
                 [-20, 0; 0, -65]
                 437#in:2
              
               
                 13
                 449#out:1
                 450#in:1
              
               
                 14
                 450#out:1
                 445#in:1
              
               
                 15
                 451#out:1
                 [5, 0]
                 449#in:3
              
               
                 sin_wt
                 [267, 128, 297, 143]
                 [0, 0, 0, 0]
                 off
                 off
                 top
                 -1
              
               
                 cos_wt
                 [311, 51, 344, 66]
                 [0, 0, 0, 0]
                 off
                 off
                 top
                 -2
              
            
          
           
             [0, 1]
             [-40, 280, -10, 310]
             128
             1*2*pi/60
             pi/2
             0
          
           
             [0, 1]
             [-40, 235, -10, 265]
             127
             alternate
             1*2*pi/60
             0
          
           
             [2, 1]
             [475, 257, 505, 288]
             19
             on
             off
             Inherit: Inherit via internal rule
             off
          
           
             [855, 188, 885, 202]
             22
             Port number
          
           
             [855, 263, 885, 277]
             115
             2
             Port number
          
           
             [855, 333, 885, 347]
             39
             3
             Port number
          
           
             [845, 58, 875, 72]
             116
             4
             Port number
          
           
             49
             19#out:1
             [-60, 0]
             17#in:2
          
           
             2
             18#out:1
             19#in:1
          
           
             du_g
             3
             [1, 0]
             10#out:1
             [22, 0]
             
               25
               [0, 70]
               18#in:1
            
             
               24
               14#in:1
            
          
           
             4
             17#out:1
             15#in:1
          
           
             ddu_g
             5
             [-1, 1]
             15#out:1
             10#in:1
          
           
             6
             22#out:1
             [45, 0]
             
               7
               19#in:2
            
             
               8
               428#in:1
            
          
           
             9
             84#out:1
             83#in:1
          
           
             88
             21#out:1
             2103#in:2
          
           
             11
             16#out:1
             116#in:2
          
           
             12
             116#out:1
             17#in:1
          
           
             74
             115#out:1
             [54, 0; 0, 19]
          
           
             u_g
             14
             14#out:1
             [19, 0]
             
               52
               [0, -130]
               1884#in:1
            
             
               51
               [-1, 1]
               452#in:1
            
          
           
             17
             452#out:1
             [10, 0]
             
               18
               23#in:1
            
             
               19
               [0, 75]
               
                 20
                 [0, 70]
                 84#in:1
              
               
                 21
                 654#in:1
              
            
          
           
             50
             428#out:1
             [60, 0]
             452#in:2
          
           
             23
             654#out:1
             655#in:1
          
           
             102
             2101#out:1
             [45, 0; 0, 51]
          
           
             90
             2102#out:1
             [40, 0; 0, 21]
          
           
             87
             2103#out:1
             16#in:1
          
           
             92
             2109#out:1
             2106#in:1
          
           
             93
             2106#out:1
             2105#in:1
          
           
             94
             2104#out:1
             [129, 0; 0, -75]
             2107#in:2
          
           
             95
             2108#out:1
             [23, 0; 0, -25]
             2106#in:2
          
           
             96
             2105#out:1
             2107#in:1
          
           
             f_{b,AMB} = [F_{x1b}
		F_{y1b}
		F_{x2b}
		  F_{y2b}]
             [221, 280, 410, 341]
             [0, 0, 0, 0]
             off
             off
             tex
             on
             -1
          
           
             Input is force at bearing locations and angular speed.
Output is position of centre of gravity
             [618, 464, 854, 492]
             [0, 0, 0, 0]
             off
             off
             left
             -2
          
           
             f_{g,AMB} = [F_{xg}
		F_{yg}
		M_{xg}
		  M_{yg}]
             [398, 34, 585, 95]
             [0, 0, 0, 0]
             off
             off
             tex
             on
             -3
          
           
             u_{g} = [u_{xg}
	u_{yg}
	\theta_{xg}
         \theta_{yg}]
             [783, 119, 879, 180]
             [0, 0, 0, 0]
             off
             off
             tex
             on
             -4
          
        
      
       
         [1, 1]
         [1415, 350, 1445, 380]
         99
         u0
         2*pi*100
         0
      
       
         [2]
         [1625, 46, 1655, 79]
         750
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-17.56994','MaxYLimReal','13.58138','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','17.56994','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Selector2'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-17.56994','MaxYLimReal','13.58138','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','17.56994','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Selector1'}},'ShowContent',true,'Placement',2)},'DisplayPropertyDefaults',struct('MinYLimReal','-17.56994','MaxYLimReal','13.58138','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','17.56994','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[2 1]),extmgr.Configuration('Tools','Plot Navigation',true,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016a')),'Version','2016a','Position',[588 224 560 420])
         2
      
       
         [1, 1]
         [1240, 313, 1280, 337]
         730
         8
         Index vector (dialog)
         1
         1
      
       
         [1, 1]
         [1545, 86, 1585, 124]
         749
         4
         Index vector (dialog)
         [1]
         1
      
       
         [1, 1]
         [1480, 36, 1520, 74]
         751
         4
         Index vector (dialog)
         [1]
         1
      
       
         [1, 1]
         [1240, 283, 1280, 307]
         731
         alternate
         8
         Index vector (dialog)
         1
         1
      
       
         [0, 1]
         [1405, 450, 1435, 460]
         746
         on
         alternate
         [50e-6 0 0 0]
         2*pi*10
         0
      
       
         [1, 2]
         [1720, 190, 1765, 245]
         416
         off
         off
         
           [100, 100, 600, 900]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           125
           
             [25, 38, 55, 52]
             95
             Port number
          
           
             [1, 4]
             [85, 27, 90, 63]
             90
             off
             bar
          
           
             [2, 1]
             [135, 21, 140, 59]
             91
             off
             2
             bar
          
           
             [2, 1]
             [135, 81, 140, 119]
             94
             off
             2
             bar
          
           
             [185, 33, 215, 47]
             96
             Port number
          
           
             [185, 93, 215, 107]
             97
             2
             Port number
          
           
             1
             1647#out:1
             1648#in:1
          
           
             2
             1650#out:1
             1652#in:1
          
           
             3
             1648#out:4
             [6, 0; 0, 50]
             1650#in:2
          
           
             4
             1648#out:2
             [17, 0; 0, 50]
             1650#in:1
          
           
             5
             1649#out:1
             1651#in:1
          
           
             6
             1648#out:3
             1649#in:2
          
           
             7
             1648#out:1
             1649#in:1
          
        
      
       
         [1, 2]
         [1720, 260, 1765, 315]
         744
         off
         off
         
           [-8, -8, 1928, 1048]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           125
           
             [25, 38, 55, 52]
             95
             Port number
          
           
             [1, 2]
             [85, 27, 90, 63]
             90
             off
             2
             bar
          
           
             [185, 18, 215, 32]
             96
             Port number
          
           
             [185, 48, 215, 62]
             97
             2
             Port number
          
           
             1
             1823#out:1
             1824#in:1
          
           
             2
             1824#out:1
             [43, 0; 0, -10]
             1827#in:1
          
           
             3
             1824#out:2
             1828#in:1
          
        
      
       
         [1, 2]
         [1720, 125, 1765, 180]
         743
         alternate
         off
         off
         
           [100, 100, 600, 900]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           125
           
             [25, 38, 55, 52]
             95
             Port number
          
           
             [1, 4]
             [85, 27, 90, 63]
             90
             off
             bar
          
           
             [2, 1]
             [135, 21, 140, 59]
             91
             off
             2
             bar
          
           
             [2, 1]
             [135, 81, 140, 119]
             94
             off
             2
             bar
          
           
             [185, 33, 215, 47]
             96
             Port number
          
           
             [185, 93, 215, 107]
             97
             2
             Port number
          
           
             1
             1886#out:1
             1887#in:1
          
           
             2
             1889#out:1
             1891#in:1
          
           
             3
             1887#out:4
             [6, 0; 0, 50]
             1889#in:2
          
           
             4
             1887#out:2
             [17, 0; 0, 50]
             1889#in:1
          
           
             5
             1888#out:1
             1890#in:1
          
           
             6
             1887#out:3
             1888#in:2
          
           
             7
             1887#out:1
             1888#in:1
          
        
      
       
         [1395, 290, 1425, 320]
         102
         5
         2*pi*5
         0
      
       
         [1405, 465, 1435, 475]
         748
         on
         5
         0
      
       
         [1285, 422, 1315, 438]
         421
         on
         alternate
         0.1
         [0 0 0 0]
         [50e-6 0 0 0]
         0
      
       
         [2, 1]
         [1445, 295, 1465, 315]
         98
         off
         round
         |++
         off
         Inherit: Inherit via internal rule
         off
      
       
         [1]
         [1585, 349, 1615, 381]
         96
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData4','DataLoggingSaveFormat','StructureWithTime','DataLoggingDecimation','1','DataLoggingDecimateData',true),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-787.5','MaxYLimReal','7087.5','YLabelReal','','MinYLimMag',' 0.00000','MaxYLimMag','7087.5','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Gain1'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-787.5','MaxYLimReal','7087.5','YLabelReal','','MinYLimMag',' 0.00000','MaxYLimMag','7087.5','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',0,'LineNames',{{[]}},'ShowContent',true,'Placement',1)),extmgr.Configuration('Tools','Plot Navigation',true,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016a')),'Version','2016a','Location',[1 151 1281 1079],'WindowStyle','docked')
         1
      
       
         [2]
         [1795, 260, 1825, 315]
         742
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData8'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.000025','MaxYLimReal','0.000027','YLabelReal','','MinYLimMag','0.000000','MaxYLimMag','0.000027','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Split3/1:1','Split3/1:2'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-0.00017','MaxYLimReal','0.00027','YLabelReal','','MinYLimMag','0.0000000','MaxYLimMag','0.0000016','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Split3/2:1','Split3/2:2'}},'ShowContent',true,'Placement',2)},'DisplayPropertyDefaults',struct('YLabelReal','','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[2 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[1 1 1280 901],'WindowStyle','docked')
         2
      
       
         [2]
         [1795, 125, 1825, 180]
         740
         alternate
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData2'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.00017','MaxYLimReal','0.00027','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.00027','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',4,'LineNames',{{'Split4/1:1','Split4/1:2','Split4/2:1','Split4/2:2'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.00017','MaxYLimReal','0.00027','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.00027','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[1 1 1280 901],'WindowStyle','docked')
         2
      
       
         [2]
         [1795, 190, 1825, 245]
         417
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.00016','MaxYLimReal','0.00018','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.00018','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',4,'LineNames',{{'Split2/1:1','Split2/1:2','Split2/2:1','Split2/2:2'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.00016','MaxYLimReal','0.00018','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.00018','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b','Measurements',struct('traceselector',struct('Line',1),'tcursors',struct('XCoordinates',[30.5678233438486 59.5268138801262],'YCoordinates',[-5.68992334661883e-05 -5.64717209531614e-05],'CursorChannels',[1 1],'WaveformCursors',true,'ShowHorizontal',false,'ShowVertical',true,'LockCursorSpacing',false,'SnapToData',false,'SettingsPanelOpen',0,'MeasurementsPanelOpen',1)))),'Version','2016b','Position',[1 1 1280 901],'WindowStyle','docked')
         2
      
       
         12
         453#out:1
         514#in:1
      
       
         13
         455#out:1
         454#in:1
      
       
         14
         496#out:1
         456#in:1
      
       
         451
         [1492, 281; 10, 0]
         
           452
           [0, -6]
           20#in:2
        
         
           16
           [0, 84]
           
             507
             [0, 148; -471, 0; 0, -273]
             1234#in:4
          
           
             399
             455#in:1
          
        
      
       
         18
         460#out:1
         [5, 0]
         456#in:2
      
       
         22
         514#out:1
         460#in:1
      
       
         33
         20#out:2
         [21, 0]
         
           460
           [0, 307; -696, 0; 0, -327]
           1234#in:2
        
         
           269
           1646#in:1
        
      
       
         161
         1234#out:2
         [40, 0; 0, -35]
         1430#in:1
      
       
         167
         1430#out:1
         1370#in:1
      
       
         204
         1370#out:1
         [12, 0]
         
           504
           [0, -100]
           1990#in:1
        
         
           503
           20#in:1
        
      
       
         162
         1289#out:2
         [14, 0]
         
           271
           [0, -100]
           1370#in:2
        
         
           266
           1724#in:1
        
      
       
         223
         1646#out:1
         1653#in:1
      
       
         224
         1646#out:2
         1653#in:2
      
       
         47
         20#out:3
         [6, 0; 0, 145]
         
           407
           [39, 0]
        
         
           243
           [-521, 0]
           1715#in:1
        
      
       
         245
         1715#out:1
         [-71, 0; 0, -115]
         
           551
           [0, -55]
           1234#in:5
        
         
           550
           1289#in:1
        
      
       
         241
         1714#out:1
         [-12, 0]
         
           339
           [0, -25]
           1715#in:2
        
         
           298
           [-148, 0; 0, -240]
           1234#in:3
        
      
       
         406
         1716#out:1
         [-32, 0; 0, 20]
         1714#in:1
      
       
         260
         1234#out:3
         [68, 0; 0, 40]
         1725#in:1
      
       
         262
         1725#out:1
         1723#in:1
      
       
         263
         1723#out:1
         1721#in:1
      
       
         264
         1724#out:1
         1723#in:2
      
       
         350
         1885#out:1
         1829#in:1
      
       
         349
         1885#out:2
         1829#in:2
      
       
         351
         20#out:1
         [20, 0; 0, -30]
         1885#in:1
      
       
         347
         1822#out:1
         1892#in:1
      
       
         346
         1822#out:2
         1892#in:2
      
       
         348
         20#out:4
         1822#in:1
      
       
         498
         1971#out:1
         1970#in:1
      
       
         499
         1972#out:1
         1970#in:2
      
       
         573
         1970#out:1
         [-123, 0]
      
       
         502
         1990#out:1
         [15, 0; 0, -35]
         1991#in:2
      
       
         505
         1992#out:1
         1991#in:1
      
       
         506
         1234#out:1
         [25, 0; 0, -130]
         1992#in:1
      
       
         %Designed PD values for COG control (Kruger)
Kp_t = 448e3;
Kd_t = 4e3;

Kp_r = 11.4e3;
Kd_r = 50.8;


         [929, 52, 1142, 158]
         [0, 0, 0, 0]
         off
         off
         -1
         %Designed PD values for COG control (Kruger)
Kp_t = 448e3;
Kd_t = 4e3;

Kp_r = 11.4e3;
Kd_r = 50.8;


         on
      
    
  










simulink/configSet0.xml


 
   
     []
     
     
       
         []
         
         0.0
         10
         auto
         1e-9
         auto
         -1
         5
         auto
         10*128*eps
         1000
         4
         1
         1e-4
         auto
         1
         1e-5
         on
         off
         off
         ode45
         ode45
         auto
         DisableAll
         DisableAll
         Nonadaptive
         TrustRegion
         on
         off
         Fast
         off
         off
         Unconstrained
         Whenever possible
         []
      
       
         []
         
         1
         [t, u]
         xFinal
         xInitial
         off
         1000
         off
         off
         off
         off
         Array
         Dataset
         off
         off
         on
         on
         off
         on
         off
         streamout
         off
         off
         xout
         tout
         yout
         logsout
         dsmout
         RefineOutputTimes
         []
         out
         1
         off
         out.mat
         [-inf, inf]
      
       
         
           BooleansAsBitfields
           PassReuseOutputArgsAs
           PassReuseOutputArgsThreshold
           ZeroExternalMemoryAtStartup
           ZeroInternalMemoryAtStartup
           OptimizeModelRefInitCode
           NoFixptDivByZeroProtection
           UseSpecifiedMinMax
        
         
         on
         on
         on
         Tunable
         off
         off
         double
         off
         off
         on
         on
         off
         off
         on
         off
         
         on
         off
         uint_T
         on
         64
         Structure reference
         12
         2147483647
         on
         5
         off
         off
         Native Integer
         on
         on
         off
         off
         off
         on
         inf
         Inherit from target
         on
         off
         off
      
       
         
           UseOnlyExistingSharedCode
        
         
         error
         none
         none
         none
         none
         UseLocalSettings
         UseLocalSettings
         UseLocalSettings
         warning
         warning
         warning
         warning
         on
         Classic
         none
         off
         off
         UseLocalSettings
         warning
         warning
         none
         error
         warning
         warning
         warning
         warning
         error
         error
         error
         none
         warning
         warning
         none
         warning
         warning
         error
         error
         none
         warning
         warning
         none
         none
         none
         none
         none
         none
         error
         error
         none
         warning
         warning
         warning
         error
         none
         error
         none
         warning
         warning
         UseLocalSettings
         on
         off
         none
         error
         none
         none
         warning
         warning
         warning
         error
         warning
         warning
         error
         warning
         ErrorLevel1
         WarnAndRepair
         none
         warning
         warning
         error
         none
         warning
         warning
         warning
         warning
         warning
         warning
         warning
         warning
         error
         warning
         warning
         none
         warning
         warning
         all
         warning
         on
      
       
         []
         
         8
         16
         32
         32
         64
         32
         64
         32
         32
         32
         Char
         None
         Undefined
         Unspecified
         32
         on
         off
         32-bit Generic
         8
         16
         32
         32
         64
         32
         64
         32
         32
         32
         Char
         None
         on
         off
         Undefined
         Unspecified
         32
         32
         32
         Specified
         off
         on
         on
         on
      
       
         []
         
         IfOutOfDateOrStructuralChange
         on
         error
         off
         on
         None
         Multi
         Infer from blocks in model
         
         on
         off
         off
         off
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AMB sims/Unbalance control/Full_state_feedback_observer_gain_design_low_stiffness.m

%% COG full-state feedback gain constant design

clc;

g0 = 500e-6;    %Air gap

%F_p = 112;      %Peak force for high stiffness

%F_p = 40;      %Peak force for medium stiffness

F_p = 10;      %Peak force for low stiffness



K=F_p/(g0/2);   %Resulting equivalent stiffness for peak force at half the airgap

M = 17.6;       %Rotor mass

J = 0.116;      %Rotor transverse mass moment of inertia



Kz = 80e3;





w_z = sqrt(Kz/M);   %Natural frequency for axial axis

wc_t = sqrt(K/M);   %Resulting natural control frequency for translation mode

wc_r = 2*wc_t;      %Choose tilt/rotational mode as double frequency of translation mode



% wc_t = 2*pi*5;  %Hard coded bandwidth

% wc_r = 2*wc_t;



K_p_z = w_z^2*M;     %Axial PD gains

K_v_z = 1.4*w_z*M;



K_p_t = wc_t^2*M 

K_v_t = 1.4*wc_t*M



K_p_r = wc_r^2*J

K_v_r = 1.4*wc_r*J



%% Observer gain calculation

clc;

wo_t = 10*wc_t;

wo_r = 10*wc_r;



Lvt = wo_t^2

Lvr = wo_r^2



Lpt = 1.4*wo_t

Lpr = 1.4*wo_r





%% Extended control and Observer gain calculation 

clc;



g0 = 500e-6;    %Air gap

F_p = 112;      %Peak force



K=F_p/(g0/2);   %Resulting equivalent stiffness for peak force at half the airgap

M = 17.6;       %Rotor mass

J = 0.116;      %Rotor transverse mass moment of inertia





wc_t = sqrt(K/M); %Resulting natural control frequency for translation mode

wc_r = wc_t;      %Choose tilt/rotational mode as double frequency of translation mode



% wc_t = 2*pi*5;  %Hard coded bandwidth

% wc_r = 2*wc_t;



K_i_t = wc_t^3*M 

K_p_t = 2.15*wc_t^2*M

K_v_t = 1.75*wc_t*M



K_i_r = wc_r^3*J

K_p_r = 2.15*wc_r^2*J

K_v_r = 1.75*wc_t*J



%%

clc;

wo_t = 10*wc_t;

wo_r = 10*wc_r;



Lat = wo_t^3

Lvt = 2.15*wo_t^2

Lpt = 1.75*wo_t



Lar = wo_r^3

Lvr = 2.15*wo_r^2

Lpr = 1.75*wo_r





%% Matrix transformations for COG control

clc;

syms a b c d;



Qb = [1 0 0 -a; ...

      0 1 a 0; ...

      1 0 0 b; ...

      0 1 -b 0]; %COG to bearing

Qb_inv = inv(Qb);   %Bearing to COG coordinates



Qs = [1 0 0 -c; ...

      0 1 c 0; ...

      1 0 0 d; ...

      0 1 -d 0]; %COG to sensor

Qs_inv = inv(Qs);   %Sensor to COG coordinates



%Bearings to COG force

QbT = transpose(Qb);

%COG to bearings force

QbT_inv = inv(QbT);







%% Matrix transformations for COG control x-axis

clc;

syms a b c d;



Qb = [1 -a; ...

      1  b]; %COG to bearing

Qb_inv = inv(Qb);   %Bearing to COG coordinates



Qs = [1  -c; ...

      1  d]; %COG to sensor

Qs_inv = inv(Qs);   %Sensor to COG coordinates



%Bearings to COG force

QbT = transpose(Qb);

%COG to bearings force

QbT_inv = inv(QbT);







%% Transformation to obtain magnet centre coordiantes x-axis

%Two ways to obtain x_m:

%(x_1, x_2) ->Q_s^-1-> (x_g, th_yg), then x_m = x_g -m*th_yg

%or

%(x_1, x_2) ->Q_m^-1-> (x_m, th_yg)  

%x1 = x_g - m1*th_yg 

%x2 = x_g + m2*th_yg



syms m1 m2

Qm = [1  -m1; ...

      1  +m2];

  

Qm_inv = Qm^-1;



%Thus,

%x_m = (m2*x_1 + m1*x_2)/(m1+m2)

%th_yg = (-x_1 + x2)/(m1+m2)



%% For x and y magnet coordinates matrix:

Qm = [1  0  0  -m1;...

      0  1  m1  0;...

      1  0  0   m2;...

      0  1 -m2  0];



Qm_inv = Qm^-1;

%Note that (th_xg, th_yg) does not have to be recalculated again, since it is

%already available from the calculation for the cog coordinates



%% Extended (force) observer 



syms lp lv la s;

A = [-lp 1 0; -lv 0 1; -la 0 0];

I = eye(3);

det(s*I - A)
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             1
             2506#out:1
             [12, 0]
             
               2
               [0, 35]
               
                 3
                 2509#in:1
              
               
                 4
                 [0, 70]
                 2510#in:1
              
            
             
               5
               [0, -40]
               
                 6
                 2508#in:1
              
               
                 7
                 [0, -80]
                 2507#in:1
              
            
          
           
             8
             2480#out:1
             [15, 0; 0, 65]
             2505#in:1
          
           
             9
             2508#out:1
             2492#in:1
          
           
             10
             2492#out:1
             [35, 0; 0, 20]
             2505#in:2
          
           
             11
             2486#out:1
             [35, 0; 0, -20]
             2505#in:3
          
           
             12
             2510#out:1
             2498#in:1
          
           
             13
             2498#out:1
             [35, 0; 0, -55]
             2505#in:4
          
           
             14
             2478#out:1
             2506#in:1
          
           
             15
             2479#out:1
             2506#in:2
          
           
             16
             2509#out:1
             2486#in:1
          
           
             [ic1, ic2, x]
             17
             [0, 1]
             2507#out:1
             2480#in:1
          
           
             18
             2505#out:1
             2504#in:1
          
           
             19
             2504#out:1
             2511#in:1
          
           
             f_{b,AMB} = [F_{x1b}
		F_{y1b}
		F_{x2b}
		  F_{y2b}]
             [490, 169, 679, 230]
             [0, 0, 0, 0]
             off
             off
             tex
             on
             -1
          
        
      
       
         [3, 2]
         [1535, 300, 1610, 410]
         784
         alternate
         off
         off
         
           g = 9.81; %Gravitational acceleration constant [N/kg]

mu_0 = 4*pi*1e-7;
K_L = 2/(N^2*mu_0*A_g);
theta = pi/180*theta;
K_F = 1/2*K_L*cos(theta);
L_0 = 1/(K_L*g1)
           

           
             
               edit
               M
               M: Rotor mass [kg]
               17.6
            
             
               edit
               Jp
               Jp: Rotor polar mass moment of inertia [kg.m^2]
               0.10669
            
             
               edit
               Jt
               Jt: Rotor transverse mass moment of inertia [kg.m^2]
               0.11575
            
             
               edit
               a
               a: Bearing distance to c.o.g. (Left) [m]
               166.04e-3
            
             
               edit
               b
               b: Bearing distance to c.o.g. (Right)  [m]
               73.98e-3
            
             
               edit
               c
               c: Sensor distance to c.o.g. (Left)  [m]
               193.7e-3
            
             
               edit
               d
               d: Sensor distance to c.o.g. (Right)  [m]
               97.48e-3
            
             
               edit
               N
               Number of AMB turns
               80*2
            
             
               edit
               g1
               Air gap (AMB side1) [m]
               500e-6
            
             
               edit
               g2
               Air gap (AMB side2) [m]
               500e-6
            
             
               edit
               A_g
               AMB cross-sectional area [m^2]
               204e-6
            
             
               edit
               theta
               AMB pole angle (deg)
               22.5
            
             
               edit
               I_max
               Maximum current limit [A]
               4
            
          
           
             
               %<MaskType>
               
                 %<MaskDescription>
                 DescTextVar
              
               DescGroupVar
            
             
               
                 
                   Rotor properties
                   
                     
                       M
                    
                     
                       Jp
                    
                     
                       Jt
                    
                  
                   ParameterTabVar0
                
                 
                   Dimensions
                   
                     
                       a
                    
                     
                       b
                    
                     
                       c
                    
                     
                       d
                    
                  
                   ParameterTabVar01
                
                 
                   AMB properties
                   
                     
                       N
                    
                     
                       g1
                    
                     
                       g2
                    
                     
                       A_g
                    
                     
                       theta
                    
                     
                       I_max
                    
                  
                   ParameterTabVar02
                
              
               ParameterTabContainerVar
            
          
        
         
           [-8, -8, 1928, 1048]
           on
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           80
           
             [190, 648, 220, 662]
             345
             alternate
             Port number
          
           
             [-5, 698, 25, 712]
             350
             2
             Port number
          
           
             [715, 908, 745, 922]
             758
             on
             3
             Port number
          
           
             [1335, 930, 1365, 960]
             378
             1/K_F
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [1, 1]
             [1095, 715, 1130, 735]
             382
             8
             Index vector (dialog)
             [1 5 2 6 3 7 4 8]
             1
             
               1
               [Fx1+
Fx1-
Fy1+
Fy1-
Fx2+
Fx2-
Fy2+
Fy2-]
               Auto
               SignalName
            
          
           
             [1, 2]
             [540, 661, 545, 694]
             446
             off
             2
             bar
          
           
             [1, 2]
             [540, 726, 545, 759]
             447
             off
             2
             bar
          
           
             [1, 2]
             [55, 676, 60, 729]
             886
             off
             2
             bar
          
           
             [1, 4]
             [900, 1100, 905, 1325]
             839
             off
             bar
          
           
             [1]
             [800, 779, 830, 811]
             760
             alternate
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData3'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.000000048','MaxYLimReal','0.000000044','YLabelReal','','MinYLimMag','0.000000000','MaxYLimMag','0.000000048','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',4,'LineNames',{{'Rigid rotor dynamics Observer/1:1','Rigid rotor dynamics Observer/1:2','Rigid rotor dynamics Observer/1:3','Rigid rotor dynamics Observer/1:4'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.000000048','MaxYLimReal','0.000000044','YLabelReal','','MinYLimMag','0.000000000','MaxYLimMag','0.000000048','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[320 66 1280 948])
             1
          
           
             [960, 710, 990, 740]
             409
             1/2
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [1100, 1220, 1130, 1250]
             876
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [880, 720, 910, 750]
             380
             -1
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [1100, 1110, 1130, 1140]
             846
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [715, 1390, 745, 1420]
             779
             on
             alternate
             -10e-6
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [1100, 1165, 1130, 1195]
             847
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [1100, 1275, 1130, 1305]
             877
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [1, 1]
             [1190, 1110, 1220, 1140]
             849
             alternate
          
           
             [1, 1]
             [1190, 1165, 1220, 1195]
             850
          
           
             [1, 1]
             [1190, 1220, 1220, 1250]
             878
          
           
             [1, 1]
             [1190, 1275, 1220, 1305]
             879
          
           
             [960, 840, 990, 870]
             386
             K_F
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
             
               1
               F_0
               Auto
               SignalName
            
          
           
             [1, 2]
             [1025, 925, 1205, 1000]
             721
             off
             off
             
               mu_0 = 4*pi*1e-7;
K_L = 2/(N^2*mu_0*A_g);
               port_label('output', 1, '[R_{b, AMB}]^T','texmode','on');
port_label('output', 2, '[L_{b, AMB}]^T','texmode','on');
port_label('input', 1, '[x_{1b} y_{1b} x_{2b} y_{2b}]^{T}','texmode','on');

               
                 
                   edit
                   N
                   Number of AMB turns
                   80*2
                
                 
                   edit
                   g1
                   Air gap (AMB side1) [m]
                   ge
                
                 
                   edit
                   g2
                   Air gap (AMB side2) [m]
                   ge
                
                 
                   edit
                   A_g
                   AMB cross-sectional area [mm^2]
                   A_ge
                
              
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               152
               
                 [65, 238, 95, 252]
                 52
                 Port number
              
               
                 [255, 390, 285, 420]
                 122
              
               
                 [400, 230, 430, 260]
                 125
                 K_L
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [4, 1]
                 [365, 182, 370, 308]
                 50
                 off
                 bar
              
               
                 [2, 1]
                 [480, 322, 510, 353]
                 124
                 /*
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [1, 1]
                 [240, 144, 305, 176]
                 72
                 off
                 off
                 
                   port_label('output', 1, 'R_{x1b}','texmode','on');
port_label('input', 1, 'x_{1b}','texmode','on');
                
                 
                   [-8, 0, 1928, 1056]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   380
                   
                     [55, 108, 85, 122]
                     59
                     Port number
                  
                   
                     [2, 1]
                     [265, 86, 270, 124]
                     62
                     off
                     2
                     bar
                  
                   
                     [120, 55, 230, 85]
                     45
                     g1-u
                  
                   
                     [125, 135, 235, 165]
                     61
                     g1+u
                  
                   
                     [295, 98, 325, 112]
                     60
                     Port number
                  
                   
                     1
                     2205#out:1
                     2208#in:1
                  
                   
                     2
                     2207#out:1
                     [10, 0]
                     2205#in:2
                  
                   
                     3
                     2206#out:1
                     [12, 0; 0, 25]
                     2205#in:1
                  
                   
                     4
                     2204#out:1
                     [6, 0]
                     
                       5
                       [0, 35]
                       2207#in:1
                    
                     
                       6
                       [0, -45]
                       2206#in:1
                    
                  
                
              
               
                 [1, 1]
                 [240, 259, 305, 291]
                 117
                 off
                 off
                 
                   port_label('output', 1, 'R_{x2b}','texmode','on');
port_label('input', 1, 'x_{2b}','texmode','on');
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   378
                   
                     [55, 108, 85, 122]
                     59
                     Port number
                  
                   
                     [2, 1]
                     [265, 86, 270, 124]
                     62
                     off
                     2
                     bar
                  
                   
                     [120, 55, 230, 85]
                     45
                     g2-u
                  
                   
                     [125, 135, 235, 165]
                     61
                     g2+u
                  
                   
                     [295, 98, 325, 112]
                     60
                     Port number
                  
                   
                     1
                     2210#out:1
                     [6, 0]
                     
                       2
                       [0, -45]
                       2212#in:1
                    
                     
                       3
                       [0, 35]
                       2213#in:1
                    
                  
                   
                     4
                     2212#out:1
                     [12, 0; 0, 25]
                     2211#in:1
                  
                   
                     5
                     2213#out:1
                     [10, 0]
                     2211#in:2
                  
                   
                     6
                     2211#out:1
                     2214#in:1
                  
                
              
               
                 [1, 1]
                 [240, 199, 305, 231]
                 112
                 off
                 off
                 
                   port_label('output', 1, 'R_{y1b}','texmode','on');
port_label('input', 1, 'y_{1b}','texmode','on');
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   378
                   
                     [55, 108, 85, 122]
                     59
                     Port number
                  
                   
                     [2, 1]
                     [265, 86, 270, 124]
                     62
                     off
                     2
                     bar
                  
                   
                     [120, 55, 230, 85]
                     45
                     g1-u
                  
                   
                     [125, 135, 235, 165]
                     61
                     g1+u
                  
                   
                     [295, 98, 325, 112]
                     60
                     Port number
                  
                   
                     1
                     2216#out:1
                     [6, 0]
                     
                       2
                       [0, -45]
                       2218#in:1
                    
                     
                       3
                       [0, 35]
                       2219#in:1
                    
                  
                   
                     4
                     2218#out:1
                     [12, 0; 0, 25]
                     2217#in:1
                  
                   
                     5
                     2219#out:1
                     [10, 0]
                     2217#in:2
                  
                   
                     6
                     2217#out:1
                     2220#in:1
                  
                
              
               
                 [1, 1]
                 [240, 314, 305, 346]
                 118
                 off
                 off
                 
                   port_label('output', 1, 'R_{y2b}','texmode','on');
port_label('input', 1, 'y_{2b}','texmode','on');
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   378
                   
                     [55, 108, 85, 122]
                     59
                     Port number
                  
                   
                     [2, 1]
                     [265, 86, 270, 124]
                     62
                     off
                     2
                     bar
                  
                   
                     [120, 55, 230, 85]
                     45
                     g2-u
                  
                   
                     [125, 135, 235, 165]
                     61
                     g2+u
                  
                   
                     [295, 98, 325, 112]
                     60
                     Port number
                  
                   
                     1
                     2223#out:1
                     2226#in:1
                  
                   
                     2
                     2225#out:1
                     [10, 0]
                     2223#in:2
                  
                   
                     3
                     2224#out:1
                     [12, 0; 0, 25]
                     2223#in:1
                  
                   
                     4
                     2222#out:1
                     [6, 0]
                     
                       5
                       [0, 35]
                       2225#in:1
                    
                     
                       6
                       [0, -45]
                       2224#in:1
                    
                  
                
              
               
                 [1, 1]
                 [155, 145, 190, 175]
                 113
                 4
                 Index vector (dialog)
                 1
                 1
              
               
                 [1, 1]
                 [155, 260, 190, 290]
                 115
                 4
                 Index vector (dialog)
                 3
                 1
              
               
                 [1, 1]
                 [155, 200, 190, 230]
                 114
                 4
                 Index vector (dialog)
                 2
                 1
              
               
                 [1, 1]
                 [155, 315, 190, 345]
                 116
                 4
                 Index vector (dialog)
                 4
                 1
              
               
                 [535, 238, 565, 252]
                 53
                 Port number
              
               
                 [535, 333, 565, 347]
                 123
                 2
                 Port number
              
               
                 1
                 2201#out:1
                 2200#in:1
              
               
                 2
                 2202#out:1
                 2232#in:1
              
               
                 3
                 2199#out:1
                 [178, 0; 0, -60]
                 2202#in:2
              
               
                 4
                 2221#out:1
                 [40, 0]
                 2201#in:4
              
               
                 5
                 2209#out:1
                 [25, 0; 0, -15]
                 2201#in:3
              
               
                 6
                 2230#out:1
                 2221#in:1
              
               
                 7
                 2228#out:1
                 2209#in:1
              
               
                 8
                 2215#out:1
                 [26, 0; 0, 15]
                 2201#in:2
              
               
                 9
                 2229#out:1
                 2215#in:1
              
               
                 10
                 2227#out:1
                 2203#in:1
              
               
                 11
                 2198#out:1
                 [17, 0]
                 
                   12
                   [0, -30]
                   
                     13
                     2229#in:1
                  
                   
                     14
                     [0, -55]
                     2227#in:1
                  
                
                 
                   15
                   [0, 30]
                   
                     16
                     2228#in:1
                  
                   
                     17
                     [0, 55]
                     2230#in:1
                  
                
              
               
                 18
                 2203#out:1
                 [40, 0]
                 2201#in:1
              
               
                 19
                 2200#out:1
                 [32, 0]
                 
                   20
                   [0, 85]
                   2202#in:1
                
                 
                   21
                   2231#in:1
                
              
            
          
           
             [860, 840, 890, 870]
             387
             L_0
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [1, 1]
             [1260, 930, 1290, 960]
             369
             alternate
             magnitude^2
          
           
             [1, 1]
             [910, 840, 940, 870]
             385
             magnitude^2
          
           
             [2, 1]
             [670, 673, 675, 742]
             342
             off
             2
             bar
             
               1
               [FT]*
               Auto
               SignalName
            
          
           
             [2, 1]
             [170, 678, 175, 727]
             888
             off
             2
             bar
          
           
             [4, 1]
             [1525, 1116, 1530, 1299]
             844
             off
             bar
          
           
             [2, 1]
             [935, 698, 940, 747]
             381
             off
             2
             bar
          
           
             [1, 1]
             [80, 696, 145, 734]
             887
             off
             off
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               100
               
                 [25, 103, 55, 117]
                 -1
                 Port number
              
               
                 [1, 1]
                 [215, 94, 250, 126]
                 -2
                 1/10e3
                 DiscIntNeverNeededParam
                 DiscIntNeverNeededParam
              
               
                 [1, 1]
                 [475, 94, 510, 126]
                 -3
                 Integration: Backward Euler
                 1/10e3
                 DiscIntNeverNeededParam
                 DiscIntNeverNeededParam
              
               
                 [280, 170, 310, 200]
                 -4
                 2*pi
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [3, 1]
                 [326, 260, 374, 290]
                 -5
                 270
                 on
                 alternate
                 /**
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [3, 1]
                 [471, 260, 519, 290]
                 -6
                 270
                 on
                 alternate
                 3
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [280, 215, 310, 245]
                 -7
                 6
              
               
                 [2, 1]
                 [130, 100, 150, 120]
                 -8
                 off
                 round
                 |+-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [130, 305, 150, 325]
                 -9
                 270
                 off
                 round
                 |++
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [610, 100, 630, 120]
                 -10
                 off
                 round
                 |++
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [695, 100, 715, 120]
                 -11
                 off
                 round
                 +-|
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [125, 210, 155, 245]
                 -12
                 270
                 1/10e3
              
               
                 [215, 170, 245, 200]
                 -13
                 712
              
               
                 [740, 103, 770, 117]
                 -14
                 Port number
              
               
                 1
                 2912#out:1
                 2906#in:1
              
               
                 2
                 2906#out:1
                 [110, 0]
                 
                   3
                   2909#in:3
                
                 
                   4
                   2907#in:1
                
              
               
                 5
                 2911#out:1
                 [20, 0]
                 2909#in:1
              
               
                 6
                 2909#out:1
                 [0, 20]
                 
                   7
                   [270, 0]
                   2914#in:2
                
                 
                   8
                   2913#in:2
                
              
               
                 9
                 2917#out:1
                 2908#in:1
              
               
                 10
                 2907#out:1
                 [42, 0]
                 
                   11
                   2914#in:1
                
                 
                   12
                   [0, 73; -47, 0]
                   2910#in:3
                
              
               
                 13
                 2910#out:1
                 [0, 67; -355, 0]
                 2913#in:1
              
               
                 14
                 2905#out:1
                 [15, 0]
                 
                   15
                   2912#in:1
                
                 
                   16
                   [0, -80; 630, 0]
                   2915#in:1
                
              
               
                 17
                 2914#out:1
                 2915#in:2
              
               
                 18
                 2908#out:1
                 [35, 0]
                 
                   19
                   2909#in:2
                
                 
                   20
                   [145, 0; 0, 46]
                   
                     21
                     [-15, 0]
                     2910#in:1
                  
                   
                     22
                     2910#in:2
                  
                
              
               
                 23
                 2916#out:1
                 2912#in:2
              
               
                 24
                 2913#out:1
                 2916#in:1
              
               
                 25
                 2915#out:1
                 2918#in:1
              
            
          
           
             [2, 1]
             [590, 719, 645, 761]
             346
             off
             off
             
               
                 
                   edit
                   Kp
                   Kp
                   Kp_r
                
                 
                   edit
                   Ki
                   Ki
                   Ki_r
                
                 
                   edit
                   Kd
                   Kd
                   Kv_r
                
              
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               219
               
                 [220, 198, 250, 212]
                 113
                 alternate
                 Port number
              
               
                 [220, 223, 250, 237]
                 116
                 2
                 Port number
              
               
                 [2, 1]
                 [305, 194, 350, 241]
                 115
                 powerlib_extras/Discrete 
Control Blocks/Discrete
PID Controller
                 *1.665
                 POWERSYS.PowerSysDialog
                 off
                 off
                 
                   Discrete PID Controller
                   This block implements a discrete PID controller.
                   This block is part of a subset of blocks in the Extras library that does not have documentation associated with it, other than the block mask description.
                   UpperLimit=Par_Limits(1);
LowerLimit=Par_Limits(2);
power_initmask();
                   on
                   disp('PID');
                   
                     
                       edit
                       Kp
                       Proportional gain (Kp):
                       Kp
                    
                     
                       edit
                       Ki
                       Integral gain (Ki):
                       0
                    
                     
                       edit
                       Kd
                       Derivative gain (Kd):
                       Kd
                    
                     
                       edit
                       Par_Limits
                       Output limits: [ Upper   Lower ]
                       [1e6 -1e6]
                    
                     
                       edit
                       Init
                       Output initial value:
                       0
                    
                     
                       edit
                       Ts
                       Sample time:
                       1/10e3
                    
                  
                
                 
                   1
                   [Ta Tb]
                   Auto
                   SignalName
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   100
                   35
                   34
                   
                     [15, 183, 45, 197]
                     -1
                     bold
                     Port number
                     Ts
                  
                   
                     [15, 233, 45, 247]
                     1
                     bold
                     2
                     Port number
                     Ts
                  
                   
                     [1, 1]
                     [225, 171, 285, 209]
                     -3
                     off
                     Init
                     Ts
                     on
                     UpperLimit
                     LowerLimit
                     DiscIntNeverNeededParam
                     DiscIntNeverNeededParam
                  
                   
                     [145, 124, 180, 156]
                     -4
                     off
                     Kp
                     Ts
                  
                   
                     [145, 174, 180, 206]
                     -5
                     off
                     Ki
                     Ts
                  
                   
                     [145, 224, 180, 256]
                     -6
                     off
                     Kd
                     Ts
                  
                   
                     [1, 1]
                     [495, 175, 520, 205]
                     -7
                     alternate
                     off
                     u0
                     UpperLimit
                     LowerLimit
                     Ts
                  
                   
                     [3, 1]
                     [435, 115, 465, 265]
                     -8
                     off
                     +++
                     Ts
                  
                   
                     [560, 183, 590, 197]
                     -10
                     bold
                     Port number
                     Ts
                     0
                  
                   
                     1
                     2259:35#out:1
                     2259:6#in:1
                  
                   
                     12
                     2259:4#out:1
                     2259:8#in:1
                  
                   
                     3
                     2259:6#out:1
                     2259:8#in:3
                  
                   
                     4
                     2259:3#out:1
                     2259:8#in:2
                  
                   
                     6
                     2259:5#out:1
                     2259:3#in:1
                  
                   
                     7
                     2259:8#out:1
                     2259:7#in:1
                  
                   
                     8
                     2259:1#out:1
                     [65, 0]
                     
                       9
                       2259:5#in:1
                    
                     
                       10
                       [0, -50]
                       2259:4#in:1
                    
                  
                   
                     11
                     2259:7#out:1
                     2259:10#in:1
                  
                   
                     Discrete PID Controller
                     [36, 10, 148, 25]
                     [0, 0, 0, 0]
                     off
                     off
                     -3
                     bold
                  
                   
                     Pierre Giroux, Gilbert Sybille
Power System Simulation Laboratory
IREQ, Hydro-Quebc
                     [4, 31, 170, 72]
                     [0, 0, 0, 0]
                     off
                     off
                     -4
                  
                
              
               
                 [425, 213, 455, 227]
                 114
                 Port number
              
               
                 1
                 2258#out:1
                 2259#in:2
              
               
                 [Ta Tb]
                 2
                 [1, 1]
                 2259#out:1
                 2260#in:1
              
               
                 3
                 2257#out:1
                 2259#in:1
              
            
          
           
             [2, 1]
             [590, 659, 645, 701]
             347
             alternate
             off
             off
             
               
                 
                   edit
                   Kp
                   Kp
                   Kp_t
                
                 
                   edit
                   Ki
                   Ki
                   Ki_t
                
                 
                   edit
                   Kd
                   Kd
                   Kv_t
                
              
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               246
               
                 [165, 148, 195, 162]
                 63
                 alternate
                 Port number
              
               
                 [165, 173, 195, 187]
                 112
                 2
                 Port number
              
               
                 [2, 1]
                 [250, 144, 295, 191]
                 111
                 powerlib_extras/Discrete 
Control Blocks/Discrete
PID Controller
                 *1.665
                 POWERSYS.PowerSysDialog
                 off
                 off
                 
                   Discrete PID Controller
                   This block implements a discrete PID controller.
                   This block is part of a subset of blocks in the Extras library that does not have documentation associated with it, other than the block mask description.
                   UpperLimit=Par_Limits(1);
LowerLimit=Par_Limits(2);
power_initmask();
                   on
                   disp('PID');
                   
                     
                       edit
                       Kp
                       Proportional gain (Kp):
                       Kp
                    
                     
                       edit
                       Ki
                       Integral gain (Ki):
                       0
                    
                     
                       edit
                       Kd
                       Derivative gain (Kd):
                       Kd
                    
                     
                       edit
                       Par_Limits
                       Output limits: [ Upper   Lower ]
                       [1e6 -1e6]
                    
                     
                       edit
                       Init
                       Output initial value:
                       0
                    
                     
                       edit
                       Ts
                       Sample time:
                       1/10e3
                    
                  
                
                 
                   1
                   [Fx Fy]
                   Auto
                   SignalName
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   100
                   35
                   34
                   
                     [15, 183, 45, 197]
                     -1
                     bold
                     Port number
                     Ts
                  
                   
                     [15, 233, 45, 247]
                     1
                     bold
                     2
                     Port number
                     Ts
                  
                   
                     [1, 1]
                     [225, 171, 285, 209]
                     -3
                     off
                     Init
                     Ts
                     on
                     UpperLimit
                     LowerLimit
                     DiscIntNeverNeededParam
                     DiscIntNeverNeededParam
                  
                   
                     [145, 124, 180, 156]
                     -4
                     off
                     Kp
                     Ts
                  
                   
                     [145, 174, 180, 206]
                     -5
                     off
                     Ki
                     Ts
                  
                   
                     [145, 224, 180, 256]
                     -6
                     off
                     Kd
                     Ts
                  
                   
                     [1, 1]
                     [495, 175, 520, 205]
                     -7
                     alternate
                     off
                     u0
                     UpperLimit
                     LowerLimit
                     Ts
                  
                   
                     [3, 1]
                     [435, 115, 465, 265]
                     -8
                     off
                     +++
                     Ts
                  
                   
                     [560, 183, 590, 197]
                     -10
                     bold
                     Port number
                     Ts
                     0
                  
                   
                     1
                     2264:35#out:1
                     2264:6#in:1
                  
                   
                     3
                     2264:6#out:1
                     2264:8#in:3
                  
                   
                     4
                     2264:3#out:1
                     2264:8#in:2
                  
                   
                     6
                     2264:5#out:1
                     2264:3#in:1
                  
                   
                     7
                     2264:8#out:1
                     2264:7#in:1
                  
                   
                     8
                     2264:1#out:1
                     [65, 0]
                     
                       9
                       2264:5#in:1
                    
                     
                       10
                       [0, -50]
                       2264:4#in:1
                    
                  
                   
                     11
                     2264:7#out:1
                     2264:10#in:1
                  
                   
                     13
                     2264:4#out:1
                     2264:8#in:1
                  
                   
                     Discrete PID Controller
                     [36, 10, 148, 25]
                     [0, 0, 0, 0]
                     off
                     off
                     -3
                     bold
                  
                   
                     Pierre Giroux, Gilbert Sybille
Power System Simulation Laboratory
IREQ, Hydro-Quebc
                     [4, 31, 170, 72]
                     [0, 0, 0, 0]
                     off
                     off
                     -4
                  
                
              
               
                 [370, 163, 400, 177]
                 64
                 Port number
              
               
                 1
                 2263#out:1
                 2264#in:2
              
               
                 [Fx Fy]
                 2
                 [1, 1]
                 2264#out:1
                 2265#in:1
              
               
                 3
                 2262#out:1
                 2264#in:1
              
            
          
           
             [2, 1]
             [1415, 914, 1445, 956]
             368
             **
             off
             Inherit: Inherit via internal rule
             Floor
             off
             
               1
               a
               Auto
               SignalName
            
          
           
             [2, 1]
             [1330, 1102, 1360, 1133]
             842
             off
             Inherit: Inherit via internal rule
             Floor
             off
          
           
             [2, 1]
             [1330, 1157, 1360, 1188]
             843
             off
             Inherit: Inherit via internal rule
             Floor
             off
          
           
             [2, 1]
             [990, 1107, 1020, 1138]
             840
             off
             Inherit: Inherit via internal rule
             Floor
             off
          
           
             [2, 1]
             [990, 1162, 1020, 1193]
             841
             off
             Inherit: Inherit via internal rule
             Floor
             off
          
           
             [2, 1]
             [810, 1197, 840, 1228]
             800
             off
             Inherit: Inherit via internal rule
             Floor
             off
          
           
             [2, 1]
             [1330, 1212, 1360, 1243]
             874
             off
             Inherit: Inherit via internal rule
             Floor
             off
          
           
             [2, 1]
             [1330, 1267, 1360, 1298]
             875
             off
             Inherit: Inherit via internal rule
             Floor
             off
          
           
             [2, 1]
             [990, 1217, 1020, 1248]
             872
             off
             Inherit: Inherit via internal rule
             Floor
             off
          
           
             [2, 1]
             [990, 1272, 1020, 1303]
             873
             off
             Inherit: Inherit via internal rule
             Floor
             off
          
           
             [795, 944, 850, 986]
             722
             alternate
             [1 0 0 -a; 0 1 a 0; 1 0 0 b; 0 1 -b 0]
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [790, 689, 845, 731]
             354
             1/(a+b)*[b 0 a 0; 0 b 0 a; 0 1 0 -1; -1 0 1 0]'
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [210, 684, 265, 726]
             804
             [d 0 c 0; 0 d 0 c; 0 1 0 -1; -1 0 1 0]/(c+d)
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [270, 634, 325, 676]
             805
             alternate
             [d 0 c 0; 0 d 0 c; 0 1 0 -1; -1 0 1 0]/(c+d)
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [3, 5]
             [565, 829, 670, 931]
             423
             on
             off
             off
             
               g = 9.81; %Gravitational acceleration constant [N/kg]
               
                 
                   edit
                   M
                   M: Rotor mass [kg]
                   17.6
                
                 
                   edit
                   Jp
                   Jp: Rotor polar mass moment of inertia [kg.m^2]
                   0.10669
                
                 
                   edit
                   Jt
                   Jt: Rotor transverse mass moment of inertia [kg.m^2]
                   0.11575
                
                 
                   edit
                   a
                   a: Bearing distance to c.o.g. (Left) [m]
                   160e-3
                
                 
                   edit
                   b
                   b: Bearing distance to c.o.g. (Right)  [m]
                   [64.4e-3 160e-3]*[1 0]'
                
                 
                   edit
                   c
                   c: Sensor distance to c.o.g. (Left)  [m]
                   190e-3
                
                 
                   edit
                   d
                   d: Sensor distance to c.o.g. (Right)  [m]
                   95.4e-3
                
                 
                   edit
                   Lpt
                   Position gain for translation mode
                   Lpt
                
                 
                   edit
                   Lpr
                   Position gain for rotation mode
                   Lpr
                
                 
                   edit
                   Lvt
                   Velocity gain for translation mode
                   Lvt
                
                 
                   edit
                   Lvr
                   Velocity gain for rotation mode
                   Lvr
                
                 
                   edit
                   Lat
                   Acceleration gain for translation mode
                   Lat
                
                 
                   edit
                   Lar
                   Acceleration gain for rotation mode
                   Lar
                
              
               
                 
                   %<MaskType>
                   
                     %<MaskDescription>
                     DescTextVar
                  
                   DescGroupVar
                
                 
                   
                     
                       Rotor properties
                       
                         
                           M
                        
                         
                           Jp
                        
                         
                           Jt
                        
                      
                       ParameterTabVar0
                    
                     
                       Dimensions
                       
                         
                           a
                        
                         
                           b
                        
                         
                           c
                        
                         
                           d
                        
                         
                           Container5
                        
                      
                       ParameterTabVar01
                    
                     
                       Observer gains
                       
                         
                           Lpt
                        
                         
                           Lpr
                        
                         
                           Lvt
                        
                         
                           Lvr
                        
                         
                           Lat
                        
                         
                           Lar
                        
                      
                       ParameterTabVar02
                    
                  
                   ParameterTabContainerVar
                
              
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               150
               
                 [255, 183, 285, 197]
                 116
                 Port number
              
               
                 [255, 343, 285, 357]
                 20
                 2
                 Port number
              
               
                 [615, 493, 645, 507]
                 733
                 on
                 3
                 Port number
              
               
                 [695, 422, 750, 468]
                 731
                 on
                 [0 0 0 0; 0 0 0 0; 0 0 0 Jp; 0 0 -Jp 0]
                 Matrix(K*u) (u vector)
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [1, 1]
                 [430, 240, 460, 270]
                 618
              
               
                 [1, 1]
                 [850, 335, 880, 365]
                 724
                 
                   1
                   u_g^
                   Auto
                   SignalName
                
              
               
                 [1, 1]
                 [710, 335, 740, 365]
                 725
                 
                   1
                   du_g^
                   Auto
                   SignalName
                
              
               
                 [340, 232, 395, 278]
                 619
                 [Lat Lat Lar Lar]';
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [700, 207, 755, 253]
                 121
                 [Lpt Lpt Lpr Lpr]';
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [515, 232, 570, 278]
                 117
                 [Lvt Lvt Lvr Lvr]';
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [700, 132, 755, 178]
                 617
                 [M 0 0 0; 0 M 0 0; 0 0 Jt 0; 0 0 0 Jt]
                 Matrix(K*u) (u vector)
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [415, 327, 470, 373]
                 15
                 [M 0 0 0; 0 M 0 0; 0 0 Jt 0; 0 0 0 Jt]^-1
                 Matrix(K*u) (u vector)
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
                 
                   1
                   ddu_g
                   Auto
                   SignalName
                
              
               
                 [2, 1]
                 [340, 340, 360, 360]
                 17
                 off
                 round
                 |+-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [635, 340, 655, 360]
                 118
                 off
                 round
                 ++|
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [800, 340, 820, 360]
                 119
                 off
                 round
                 ++|
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [585, 245, 605, 265]
                 729
                 off
                 round
                 ++|
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [540, 437, 570, 468]
                 732
                 on
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [375, 473, 405, 487]
                 734
                 Port number
              
               
                 [930, 343, 960, 357]
                 22
                 2
                 Port number
              
               
                 [930, 438, 960, 452]
                 122
                 3
                 Port number
              
               
                 [915, 148, 945, 162]
                 616
                 4
                 Port number
              
               
                 [710, 283, 740, 297]
                 735
                 5
                 Port number
              
               
                 1
                 2278#out:1
                 2293#in:1
              
               
                 2
                 2279#out:1
                 [-26, 0; 0, -40]
                 2297#in:2
              
               
                 3
                 2282#out:1
                 2297#in:1
              
               
                 4
                 2297#out:1
                 [-185, 0]
                 
                   5
                   2293#in:2
                
                 
                   6
                   [0, 25]
                   2298#in:1
                
              
               
                 7
                 2296#out:1
                 [35, 0]
                 
                   8
                   [0, 35]
                   
                     47
                     2294#in:1
                  
                   
                     46
                     2302#in:1
                  
                
                 
                   9
                   [0, -100]
                   2289#in:1
                
              
               
                 10
                 2283#out:1
                 [16, 0; 0, -34; 114, 0]
                 2296#in:1
              
               
                 11
                 2288#out:1
                 2296#in:2
              
               
                 ddu_g
                 12
                 [0, 0; -1, 0]
                 2290#out:1
                 2294#in:2
              
               
                 13
                 2277#out:1
                 [17, 0]
                 
                   14
                   [0, 65]
                   2286#in:1
                
                 
                   15
                   [194, 0]
                   
                     16
                     [0, 65]
                     2288#in:1
                  
                   
                     17
                     [181, 0; 0, 40]
                     2287#in:1
                  
                
              
               
                 18
                 2286#out:1
                 2283#in:1
              
               
                 53
                 2289#out:1
                 2301#in:1
              
               
                 23
                 2287#out:1
                 [50, 0]
                 2295#in:1
              
               
                 24
                 2295#out:1
                 2284#in:1
              
               
                 25
                 2294#out:1
                 2285#in:1
              
               
                 u_g^
                 28
                 [0, 1]
                 2284#out:1
                 2299#in:1
              
               
                 29
                 2293#out:1
                 2290#in:1
              
               
                 du_g^
                 30
                 [1, 0]
                 2285#out:1
                 [29, 0]
                 
                   31
                   [0, 95]
                   
                     32
                     2300#in:1
                  
                   
                     33
                     2282#in:1
                  
                
                 
                   34
                   2295#in:2
                
              
               
                 u_{g} = [u_{xg}
         u_{yg}
        \theta_{xg}
         \theta_{yg}]
                 [990, 298, 1036, 359]
                 [0, 0, 0, 0]
                 off
                 off
                 tex
                 on
                 -1
              
               
                 f_{g,AMB} = [F_{xg}
              F_{yg}
               M_{xg}
                M_{yg}]
                 [324, 114, 393, 175]
                 [0, 0, 0, 0]
                 off
                 off
                 tex
                 on
                 -2
              
               
                 Input is force and torque for COG control
Output is position for centre of gravity
                 [413, 111, 595, 139]
                 [0, 0, 0, 0]
                 off
                 off
                 left
                 -3
              
            
          
           
             [1, 1]
             [1475, 920, 1505, 950]
             410
             u0
             I_max^2
             0
          
           
             [2]
             [1310, 996, 1340, 1029]
             852
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData4'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.48805','MaxYLimReal','1.244','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','1.244','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Integrator:1','Integrator:2'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-0.17466','MaxYLimReal','1.20938','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','1.12295','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Integrator1:1','Integrator1:2'}},'ShowContent',true,'Placement',2)},'DisplayPropertyDefaults',struct('YLabelReal','','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[2 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[-1279 57 1280 948])
             2
          
           
             [2]
             [1330, 1331, 1360, 1364]
             882
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.00423','MaxYLimReal','0.01818','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.01818','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Integrator2:1','Integrator2:2'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-0.00219','MaxYLimReal','0.01796','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','1.12295','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Integrator3:1','Integrator3:2'}},'ShowContent',true,'Placement',2)},'DisplayPropertyDefaults',struct('YLabelReal','','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[2 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[-1279 57 1280 948])
             2
          
           
             [715, 1240, 745, 1270]
             801
             10
             0
          
           
             [1, 1]
             [1405, 1105, 1435, 1135]
             860
             alternate
             +
             off
             Inherit: Inherit via internal rule
             off
          
           
             [1, 1]
             [1405, 1160, 1435, 1190]
             861
             alternate
             +
             off
             Inherit: Inherit via internal rule
             off
          
           
             [1, 1]
             [1405, 1215, 1435, 1245]
             880
             alternate
             +
             off
             Inherit: Inherit via internal rule
             off
          
           
             [1, 1]
             [1405, 1270, 1435, 1300]
             881
             alternate
             +
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [375, 645, 395, 665]
             806
             off
             round
             ++|
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [1015, 715, 1035, 735]
             383
             off
             round
             |++
             off
             Inherit: Inherit via internal rule
             off
             
               1
               [Fx1+
Fy1+
Fx2+
Fy2+
Fx1-
Fx2-
Fy1-
Fy2-]
               Auto
               SignalName
            
          
           
             [2, 1]
             [470, 800, 490, 820]
             424
             off
             round
             |+-
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [720, 700, 740, 720]
             759
             off
             round
             |++
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [375, 695, 395, 715]
             789
             off
             round
             |+-
             off
             Inherit: Inherit via internal rule
             off
          
           
             [3, 2]
             [460, 626, 500, 784]
             445
             alternate
             off
             off
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               123
               
                 [70, 268, 100, 282]
                 438
                 Port number
              
               
                 [70, 338, 100, 352]
                 446
                 2
                 Port number
              
               
                 [120, 523, 150, 537]
                 448
                 3
                 Port number
              
               
                 [620, 380, 650, 410]
                 745
                 through
              
               
                 [1, 1]
                 [325, 377, 385, 413]
                 447
                 1.388
                 simulink/Discrete/Discrete Derivative
                 Discrete Derivative
                 
                   off
                   1.0
                   0.0
                   Inherited
                   []
                   []
                   Inherit: Inherit via internal rule
                   Inherit via internal rule
                   fixdt(1, 16)
                   2^-10
                   off
                   Floor
                   off
                
                 
                   1
                   dug*
                   Auto
                   SignalName
                
              
               
                 [1, 1]
                 [325, 452, 385, 488]
                 744
                 1.388
                 simulink/Discrete/Discrete Derivative
                 Discrete Derivative
                 
                   off
                   1.0
                   0.0
                   Inherited
                   []
                   []
                   Inherit: Inherit via internal rule
                   Inherit via internal rule
                   fixdt(1, 16)
                   2^-10
                   off
                   Floor
                   off
                
              
               
                 [2, 1]
                 [325, 265, 345, 285]
                 445
                 off
                 round
                 |+-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [475, 385, 495, 405]
                 449
                 off
                 round
                 |+-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [185, 330, 220, 360]
                 451
                 1/10e3
              
               
                 [185, 260, 220, 290]
                 452
                 1/10e3
              
               
                 [580, 268, 610, 282]
                 440
                 Port number
              
               
                 [705, 388, 735, 402]
                 441
                 2
                 Port number
              
               
                 1
                 2332#out:1
                 [60, 0]
                 
                   2
                   2329#in:1
                
                 
                   3
                   [0, 120]
                   2327#in:1
                
              
               
                 4
                 2331#out:1
                 [35, 0]
                 
                   16
                   [0, 125]
                   2367#in:1
                
                 
                   15
                   [75, 0]
                   2329#in:2
                
              
               
                 dug*
                 5
                 [1, 1]
                 2327#out:1
                 2330#in:1
              
               
                 6
                 2330#out:1
                 2589#in:1
              
               
                 7
                 2329#out:1
                 2333#in:1
              
               
                 13
                 2326#out:1
                 [125, 0; 0, 5]
              
               
                 11
                 2325#out:1
                 2331#in:1
              
               
                 12
                 2324#out:1
                 2332#in:1
              
               
                 14
                 2367#out:1
                 [95, 0]
                 2330#in:2
              
               
                 27
                 2589#out:1
                 2334#in:1
              
            
          
           
             [800, 840, 830, 870]
             384
             i_0
          
           
             [1, 1]
             [760, 1041, 890, 1079]
             838
             off
             off
             
               port_label('input', 1, '\omega','texmode','on');
port_label('output', 1, 'r[cos(\omegat) sin(\omegat)]','texmode','on');

               
                 edit
                 r
                 Radius of eccentricity  [m]
                 1e-6
              
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               200
               
                 [35, 103, 65, 117]
                 2
                 Port number
              
               
                 [180, 128, 220, 162]
                 1
                 on
                 alternate
                 -1
              
               
                 [95, 325, 125, 355]
                 7
                 on
                 0/180*pi
              
               
                 [2, 1]
                 [145, 166, 170, 199]
                 -2
                 none
                 off
                 off
                 
                   Dot Product
                   Inner (dot) product.
y=sum(u1.*u2)
                   Computes the inner (dot) product of the inputs: sum(u1.*u2).  The inputs are vectors of the same length. Output is a scalar.
                   disp('.\n')
                
                 
                   [1252, 52, 2584, 1098]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   646
                   
                     [15, 25, 35, 45]
                     -1
                     Port number
                  
                   
                     [15, 90, 35, 110]
                     -2
                     2
                     Port number
                  
                   
                     [2, 1]
                     [65, 55, 90, 75]
                     -3
                  
                   
                     [1, 1]
                     [125, 55, 145, 75]
                     -4
                     +
                  
                   
                     [185, 55, 205, 75]
                     -5
                     Port number
                     0
                  
                   
                     1
                     2343#out:1
                     2344#in:2
                  
                   
                     2
                     2342#out:1
                     2344#in:1
                  
                   
                     3
                     2344#out:1
                     2345#in:1
                  
                   
                     4
                     2345#out:1
                     2346#in:1
                  
                
              
               
                 [2, 1]
                 [180, 55, 205, 90]
                 -3
                 alternate
                 none
                 off
                 off
                 
                   Dot Product
                   Inner (dot) product.
y=sum(u1.*u2)
                   Computes the inner (dot) product of the inputs: sum(u1.*u2).  The inputs are vectors of the same length. Output is a scalar.
                   disp('.\n')
                
                 
                   [1252, 52, 2584, 1098]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   646
                   
                     [15, 25, 35, 45]
                     -1
                     Port number
                  
                   
                     [15, 90, 35, 110]
                     -2
                     2
                     Port number
                  
                   
                     [2, 1]
                     [65, 55, 90, 75]
                     -3
                  
                   
                     [1, 1]
                     [125, 55, 145, 75]
                     -4
                     +
                  
                   
                     [185, 55, 205, 75]
                     -5
                     Port number
                     0
                  
                   
                     1
                     2349#out:1
                     2350#in:2
                  
                   
                     2
                     2348#out:1
                     2350#in:1
                  
                   
                     3
                     2350#out:1
                     2351#in:1
                  
                   
                     4
                     2351#out:1
                     2352#in:1
                  
                
              
               
                 [2, 1]
                 [435, 91, 440, 129]
                 5
                 off
                 2
                 bar
              
               
                 [1, 1]
                 [480, 91, 520, 129]
                 6
                 through
                 2
                 Index vector (dialog)
                 [2 1]
                 1
              
               
                 [1, 1]
                 [190, 325, 220, 355]
                 9
                 on
              
               
                 [1, 1]
                 [190, 255, 220, 285]
                 10
                 on
                 cos
              
               
                 [1, 1]
                 [300, 65, 335, 105]
                 -6
                 1
              
               
                 [1, 1]
                 [300, 176, 335, 214]
                 -8
              
               
                 [565, 103, 595, 117]
                 3
                 Port number
              
               
                 1
                 2353#out:1
                 2736#in:1
              
               
                 2
                 2340#out:1
                 [-20, 0; 0, -65]
                 2347#in:2
              
               
                 3
                 2341#out:1
                 [110, 0]
                 2355#in:1
              
               
                 4
                 2347#out:1
                 [75, 0]
                 2354#in:1
              
               
                 5
                 2354#out:1
                 [4, 0]
                 
                   6
                   [0, -63; -236, 0; 0, 168]
                   2341#in:2
                
                 
                   7
                   [15, 0; 0, 15]
                   2353#in:1
                
              
               
                 8
                 2355#out:1
                 [20, 0; 0, -50; -1, 0]
                 
                   9
                   [0, -25]
                   2353#in:2
                
                 
                   10
                   2340#in:1
                
              
               
                 11
                 2339#out:1
                 [54, 0]
                 
                   12
                   [0, 65]
                   2341#in:1
                
                 
                   13
                   [0, -45]
                   2347#in:1
                
              
               
                 14
                 2736#out:1
                 2356#in:1
              
               
                 15
                 2804#out:1
                 [31, 0]
                 
                   16
                   [0, -70]
                   2807#in:1
                
                 
                   17
                   2806#in:1
                
              
               
                 18
                 2806#out:1
                 [60, 0; 0, -135; 15, 0]
              
               
                 19
                 2807#out:1
                 [28, 0; 0, -175; 47, 0]
              
               
                 cos_wt
                 [366, 51, 399, 66]
                 [0, 0, 0, 0]
                 off
                 off
                 top
                 -1
              
               
                 sin_wt
                 [322, 128, 352, 143]
                 [0, 0, 0, 0]
                 off
                 off
                 top
                 -2
              
            
          
           
             [280, 575, 310, 605]
             807
             alternate
             on
             0.5
             [0 0 0 0]
             [10e-6 0 0 0]*10
             0
          
           
             [880, 638, 910, 652]
             343
             Port number
          
           
             [1540, 928, 1570, 942]
             366
             2
             Port number
          
           
             16
             2276#out:3
             [-116, 0; 0, -125]
             2323#in:3
          
           
             245
             2275#out:1
             [57, 0]
             
               852
               [0, 260]
               2272#in:1
            
             
               851
               2322#in:1
            
          
           
             53
             2276#out:1
             [-29, 0; 0, -45; 199, 0]
             
               746
               2321#in:2
            
             
               142
               2183#in:1
            
          
           
             56
             2321#out:1
             [7, 0]
             
               57
               2274#in:1
            
             
               58
               [0, 170]
               2276#in:2
            
          
           
             26
             2272#out:1
             2197#in:1
          
           
             80
             2167#out:2
             2256#in:2
          
           
             81
             2167#out:1
             [15, 0; 0, -45]
             2261#in:2
          
           
             82
             2323#out:2
             2167#in:1
          
           
             83
             2166#out:2
             [5, 0; 0, 45]
             2256#in:1
          
           
             84
             2166#out:1
             2261#in:1
          
           
             85
             2323#out:1
             [15, 0; 0, 15]
             2166#in:1
          
           
             87
             2256#out:1
             [5, 0]
             2250#in:2
          
           
             88
             2318#out:1
             [204, 0; 0, 35]
             2276#in:1
          
           
             89
             2276#out:2
             [-80, 0]
             2318#in:2
          
           
             90
             2308#out:1
             2361#in:1
          
           
             91
             2253#out:1
             2184#in:1
          
           
             [Fx1+
Fy1+
Fx2+
Fy2+
Fx1-
Fx2-
Fy1-
Fy2-]
             92
             [0, 0]
             2317#out:1
             2165#in:1
          
           
             93
             2233#out:1
             2249#in:1
          
           
             94
             2335#out:1
             2233#in:1
          
           
             95
             2249#out:1
             2196#in:1
          
           
             96
             2187#out:1
             2253#in:2
          
           
             97
             2164#out:1
             2266#in:2
          
           
             98
             2197#out:1
             2248#in:1
          
           
             [Fx1+
Fx1-
Fy1+
Fy1-
Fx2+
Fx2-
Fy2+
Fy2-]
             104
             [0, 0]
             2165#out:1
             [252, 0; 0, 200]
             2266#in:1
          
           
             a
             107
             [0, 0]
             2266#out:1
             2308#in:1
          
           
             108
             2248#out:1
             2164#in:1
          
           
             109
             2274#out:1
             [12, 0]
             
               110
               [0, 25]
               2187#in:1
            
             
               111
               [0, -65]
               2360#in:1
            
             
               112
               2253#in:1
            
          
           
             115
             2261#out:1
             [5, 0]
             2250#in:1
          
           
             [FT]*
             116
             [0, 1]
             2250#out:1
             2321#in:1
          
           
             139
             2184#out:1
             2317#in:1
          
           
             F_0
             140
             [0, 0]
             2196#out:1
             [30, 0]
             2317#in:2
          
           
             242
             2160#out:1
             2580#in:1
          
           
             342
             2645#out:1
             2323#in:1
          
           
             343
             2580#out:1
             2645#in:2
          
           
             344
             2646#out:1
             [70, 0]
             2645#in:1
          
           
             2
             2313#out:1
             [34, 0; 0, -35]
             2271#in:2
          
           
             455
             2190#out:1
             2779#in:1
          
           
             456
             2188#out:1
             2778#in:1
          
           
             457
             2268#out:1
             2873#in:1
          
           
             458
             2267#out:1
             2872#in:1
          
           
             465
             2168#out:2
             2270#in:2
          
           
             472
             2338#out:1
             [70, 0]
             
               539
               [0, 55]
               
                 601
                 [0, 55]
                 
                   604
                   [0, 55]
                   
                     590
                     [0, 55]
                     2891#in:1
                  
                   
                     589
                     2890#in:1
                  
                
                 
                   587
                   2270#in:1
                
              
               
                 470
                 2269#in:1
              
            
             
               538
               [335, 0; 0, 50]
               
                 602
                 [0, 55]
                 
                   603
                   [0, 55]
                   
                     594
                     [0, 55]
                     2889#in:1
                  
                   
                     593
                     2888#in:1
                  
                
                 
                   591
                   2268#in:1
                
              
               
                 467
                 2267#in:1
              
            
          
           
             473
             2168#out:1
             2269#in:2
          
           
             475
             2778#out:1
             [19, 0]
             
               489
               [0, -120]
               2864#in:1
            
             
               488
               2267#in:2
            
          
           
             476
             2779#out:1
             [49, 0]
             
               491
               [0, -160]
               2864#in:2
            
             
               490
               2268#in:2
            
          
           
             59
             2163#out:1
             [-15, 0]
             
               492
               [0, 145]
               2338#in:1
            
             
               118
               2276#in:3
            
          
           
             484
             2271#out:1
             2168#in:1
          
           
             502
             2270#out:1
             2190#in:1
          
           
             501
             2269#out:1
             2188#in:1
          
           
             858
             2161#out:1
             2903#in:1
          
           
             17
             2322#out:1
             [11, 0]
             
               848
               [0, 105]
               2318#in:1
            
             
               847
               2323#in:2
            
          
           
             541
             2872#out:1
             [65, 0; 0, 20]
             2252#in:1
          
           
             542
             2873#out:1
             [41, 0; 0, 10]
             2252#in:2
          
           
             563
             2885#out:1
             2887#in:1
          
           
             564
             2884#out:1
             2886#in:1
          
           
             565
             2889#out:1
             2893#in:1
          
           
             566
             2888#out:1
             2892#in:1
          
           
             576
             2886#out:1
             [64, 0]
             
               758
               [0, 105]
               2899#in:1
            
             
               757
               2888#in:2
            
          
           
             579
             2887#out:1
             [36, 0]
             
               760
               [0, 65]
               2899#in:2
            
             
               759
               2889#in:2
            
          
           
             580
             2891#out:1
             2885#in:1
          
           
             581
             2890#out:1
             2884#in:1
          
           
             637
             2168#out:3
             2890#in:2
          
           
             638
             2168#out:4
             2891#in:2
          
           
             782
             2892#out:1
             [-5, 0; 71, 0]
          
           
             781
             2893#out:1
             [-5, 0; 45, 0; 0, -10; 22, 0]
          
           
             778
             2252#out:1
             [9, 0; 0, 195]
             2189#in:1
          
           
             857
             2919#out:1
             2275#in:1
          
           
             779
             2189#out:1
             [-325, 0]
             2322#in:2
          
           
             780
             2276#out:5
             [-9, 0; 0, 285]
             2271#in:1
          
           
             854
             2903#out:2
             2904#in:1
          
           
             855
             2904#out:1
             2919#in:2
          
           
             856
             2903#out:1
             2919#in:1
          
        
      
       
         [1, 4]
         [2360, 493, 2365, 562]
         811
         off
         bar
      
       
         [2125, 560, 2155, 590]
         97
         60/(2*pi)
         Inherit: Inherit via internal rule
         Inherit: Inherit via internal rule
         off
      
       
         [1, 1]
         [1925, 515, 1955, 545]
         103
      
       
         [1, 1]
         [1505, 477, 1640, 523]
         787
         off
         off
         
           mu_0 = 4*pi*1e-7;
K_L = 2/(N^2*mu_0*A_g);
           port_label('output', 1, '[L_{b, AMB}]^T','texmode','on');
port_label('input', 1, '[x_{1b} y_{1b} x_{2b} y_{2b}]^{T}','texmode','on');

           
             
               edit
               N
               Number of AMB turns
               80*2
            
             
               edit
               g1
               Air gap (AMB side1) [m]
               500e-6
            
             
               edit
               g2
               Air gap (AMB side2) [m]
               500e-6
            
             
               edit
               A_g
               AMB cross-sectional area [mm^2]
               204e-6
            
          
        
         
           [-8, -8, 1928, 1048]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           389
           
             [65, 238, 95, 252]
             52
             Port number
          
           
             [1, 1]
             [240, 144, 305, 176]
             72
             off
             off
             
               port_label('output', 1, 'L_{x1b}','texmode','on');
port_label('input', 1, 'x_{1b}','texmode','on');
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               380
               
                 [55, 108, 85, 122]
                 59
                 Port number
              
               
                 [120, 55, 230, 85]
                 45
                 1/(K_L*(g1-u))
              
               
                 [125, 135, 235, 165]
                 61
                 1/(K_L*(g1+u))
              
               
                 [2, 1]
                 [265, 86, 270, 124]
                 62
                 off
                 2
                 bar
              
               
                 [295, 98, 325, 112]
                 60
                 Port number
              
               
                 1
                 2451#out:1
                 2452#in:1
              
               
                 2
                 2450#out:1
                 [10, 0]
                 2451#in:2
              
               
                 3
                 2449#out:1
                 [12, 0; 0, 25]
                 2451#in:1
              
               
                 4
                 2448#out:1
                 [6, 0]
                 
                   5
                   [0, 35]
                   2450#in:1
                
                 
                   6
                   [0, -45]
                   2449#in:1
                
              
            
          
           
             [1, 1]
             [240, 259, 305, 291]
             117
             off
             off
             
               port_label('output', 1, 'L_{x2b}','texmode','on');
port_label('input', 1, 'x_{2b}','texmode','on');
            
             
               [-9, -9, 1289, 985]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               378
               
                 [55, 108, 85, 122]
                 59
                 Port number
              
               
                 [120, 55, 230, 85]
                 45
                 1/(K_L*(g2-u))
              
               
                 [125, 135, 235, 165]
                 61
                 1/(K_L*(g2+u))
              
               
                 [2, 1]
                 [265, 86, 270, 124]
                 62
                 off
                 2
                 bar
              
               
                 [295, 98, 325, 112]
                 60
                 Port number
              
               
                 1
                 2454#out:1
                 [6, 0]
                 
                   2
                   [0, -45]
                   2455#in:1
                
                 
                   3
                   [0, 35]
                   2456#in:1
                
              
               
                 4
                 2455#out:1
                 [12, 0; 0, 25]
                 2457#in:1
              
               
                 5
                 2456#out:1
                 [10, 0]
                 2457#in:2
              
               
                 6
                 2457#out:1
                 2458#in:1
              
            
          
           
             [1, 1]
             [240, 199, 305, 231]
             112
             off
             off
             
               port_label('output', 1, 'L_{y1b}','texmode','on');
port_label('input', 1, 'y_{1b}','texmode','on');
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               378
               
                 [55, 108, 85, 122]
                 59
                 Port number
              
               
                 [120, 55, 230, 85]
                 45
                 1/(K_L*(g1-u))
              
               
                 [125, 135, 235, 165]
                 61
                 1/(K_L*(g1+u))
              
               
                 [2, 1]
                 [265, 86, 270, 124]
                 62
                 off
                 2
                 bar
              
               
                 [295, 98, 325, 112]
                 60
                 Port number
              
               
                 1
                 2460#out:1
                 [6, 0]
                 
                   2
                   [0, -45]
                   2461#in:1
                
                 
                   3
                   [0, 35]
                   2462#in:1
                
              
               
                 4
                 2461#out:1
                 [12, 0; 0, 25]
                 2463#in:1
              
               
                 5
                 2462#out:1
                 [10, 0]
                 2463#in:2
              
               
                 6
                 2463#out:1
                 2464#in:1
              
            
          
           
             [1, 1]
             [240, 314, 305, 346]
             118
             off
             off
             
               port_label('output', 1, 'L_{y2b}','texmode','on');
port_label('input', 1, 'y_{2b}','texmode','on');
            
             
               [1271, -9, 2569, 1033]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               378
               
                 [55, 108, 85, 122]
                 59
                 Port number
              
               
                 [120, 55, 230, 85]
                 45
                 1/(K_L*(g2-u))
              
               
                 [125, 135, 235, 165]
                 61
                 1/(K_L*(g2+u))
              
               
                 [2, 1]
                 [265, 86, 270, 124]
                 62
                 off
                 2
                 bar
              
               
                 [295, 98, 325, 112]
                 60
                 Port number
              
               
                 1
                 2469#out:1
                 2470#in:1
              
               
                 2
                 2468#out:1
                 [10, 0]
                 2469#in:2
              
               
                 3
                 2467#out:1
                 [12, 0; 0, 25]
                 2469#in:1
              
               
                 4
                 2466#out:1
                 [6, 0]
                 
                   5
                   [0, 35]
                   2468#in:1
                
                 
                   6
                   [0, -45]
                   2467#in:1
                
              
            
          
           
             [4, 1]
             [365, 182, 370, 308]
             50
             off
             bar
          
           
             [1, 1]
             [155, 145, 190, 175]
             113
             4
             Index vector (dialog)
             1
             1
          
           
             [1, 1]
             [155, 260, 190, 290]
             115
             4
             Index vector (dialog)
             3
             1
          
           
             [1, 1]
             [155, 200, 190, 230]
             114
             4
             Index vector (dialog)
             2
             1
          
           
             [1, 1]
             [155, 315, 190, 345]
             116
             4
             Index vector (dialog)
             4
             1
          
           
             [395, 238, 425, 252]
             53
             Port number
          
           
             1
             2465#out:1
             [40, 0]
             2471#in:4
          
           
             2
             2453#out:1
             [25, 0; 0, -15]
             2471#in:3
          
           
             3
             2475#out:1
             2465#in:1
          
           
             4
             2473#out:1
             2453#in:1
          
           
             5
             2459#out:1
             [26, 0; 0, 15]
             2471#in:2
          
           
             6
             2474#out:1
             2459#in:1
          
           
             7
             2472#out:1
             2447#in:1
          
           
             8
             2446#out:1
             [17, 0]
             
               9
               [0, -30]
               
                 10
                 2474#in:1
              
               
                 11
                 [0, -55]
                 2472#in:1
              
            
             
               12
               [0, 30]
               
                 13
                 2473#in:1
              
               
                 14
                 [0, 55]
                 2475#in:1
              
            
          
           
             15
             2447#out:1
             [40, 0]
             2471#in:1
          
           
             16
             2471#out:1
             2476#in:1
          
        
      
       
         [1, 1]
         [1670, 632, 1785, 678]
         791
         on
         off
         off
         
           
             edit
             fc
             Cut-off frequency [Hz]
             5e3
          
        
         
           [-8, -8, 1928, 1048]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           236
           
             [195, 73, 225, 87]
             11
             Port number
          
           
             [1, 1]
             [320, 65, 350, 95]
             1
          
           
             [380, 65, 410, 95]
             14
             2*pi
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [435, 65, 465, 95]
             15
             fc
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [260, 70, 280, 90]
             6
             off
             round
             |+-
             off
             Inherit: Inherit via internal rule
             off
          
           
             [510, 73, 540, 87]
             12
             Port number
          
           
             1
             2557#out:1
             2554#in:1
          
           
             2
             2553#out:1
             2557#in:1
          
           
             3
             2554#out:1
             2555#in:1
          
           
             4
             2555#out:1
             2556#in:1
          
           
             5
             2556#out:1
             [8, 0]
             
               6
               [0, 42; -208, 0]
               2557#in:2
            
             
               7
               2558#in:1
            
          
        
      
       
         [1, 1]
         [2040, 464, 2080, 486]
         803
         alternate
         off
         off
         
           
             edit
             fc
             Cut-off frequency [Hz]
             1
          
        
         
           [1912, 0, 3208, 1040]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           236
           
             [195, 73, 225, 87]
             11
             Port number
          
           
             [1, 1]
             [320, 65, 350, 95]
             1
          
           
             [380, 65, 410, 95]
             14
             2*pi
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [435, 65, 465, 95]
             15
             fc
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [260, 70, 280, 90]
             6
             off
             round
             |+-
             off
             Inherit: Inherit via internal rule
             off
          
           
             [510, 73, 540, 87]
             12
             Port number
          
           
             1
             2602#out:1
             2599#in:1
          
           
             2
             2598#out:1
             2602#in:1
          
           
             3
             2599#out:1
             2600#in:1
          
           
             4
             2600#out:1
             2601#in:1
          
           
             5
             2601#out:1
             [8, 0]
             
               6
               [0, 42; -208, 0]
               2602#in:2
            
             
               7
               2603#in:1
            
          
        
      
       
         [2, 1]
         [1670, 371, 1780, 424]
         789
         alternate
         off
         off
         
           port_label('output', 1, '[i_{b, AMB}]^T','texmode','on');
port_label('input', 1, '[i^{*2}_{b, AMB}]^T','texmode','on');
port_label('input', 2, '[L_{b, AMB}]^{T}','texmode','on');

           
             
               edit
               PA_L
               AMB inductance
               6.494e-3
            
             
               edit
               PA_R
               AMB resistance
               0.152
            
             
               edit
               PA_Kp
               PA Kp
               PA_Kp
            
             
               edit
               PA_Ki
               PA Ki
               PA_Ki
            
             
               edit
               I_max
               Current limit
               5
            
             
               edit
               Vbus
               Bus voltage
               60
            
          
        
         
           [-8, -8, 1928, 1048]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           265
           
             [395, 158, 425, 172]
             -1
             Port number
          
           
             [605, 223, 635, 237]
             224
             2
             Port number
          
           
             [2, 1]
             [785, 164, 940, 206]
             -7
             off
             off
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               252
               
                 [20, 103, 50, 117]
                 -2
                 Port number
              
               
                 [130, 148, 160, 162]
                 5
                 2
                 Port number
              
               
                 [2, 1]
                 [210, 102, 240, 133]
                 3
                 */
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [1, 1]
                 [130, 95, 160, 125]
                 6
                 alternate
              
               
                 [195, 190, 225, 220]
                 -4
                 on
                 PA_R
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [75, 100, 95, 120]
                 4
                 off
                 round
                 |+-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [360, 113, 390, 127]
                 -9
                 Port number
              
               
                 1
                 2520#out:1
                 2519#in:1
              
               
                 2
                 2521#out:1
                 [-105, 0]
                 2522#in:2
              
               
                 3
                 2522#out:1
                 2520#in:1
              
               
                 4
                 2517#out:1
                 2522#in:1
              
               
                 5
                 2518#out:1
                 [12, 0; 0, -30]
                 2519#in:2
              
               
                 6
                 2519#out:1
                 [72, 0]
                 
                   7
                   [0, 85]
                   2521#in:1
                
                 
                   8
                   2523#in:1
                
              
            
          
           
             [1, 1]
             [585, 154, 655, 196]
             7
             off
             off
             
               1
               v*
               d*
               Auto
               SignalName
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               150
               
                 [20, 63, 50, 77]
                 7
                 Port number
              
               
                 [1, 1]
                 [165, 20, 195, 50]
                 3
              
               
                 [120, 20, 150, 50]
                 4
                 PA_Ki
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [145, 90, 175, 120]
                 5
                 PA_Kp
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [255, 50, 285, 90]
                 6
                 off
                 off
                 Inherit: Inherit via internal rule
                 
                   1
                   v*
                   Auto
                   SignalName
                
              
               
                 [375, 63, 405, 77]
                 8
                 Port number
              
               
                 v*
                 1
                 [-1, 0]
                 2529#out:1
                 2530#in:1
              
               
                 2
                 2528#out:1
                 [22, 0; 0, -25]
                 2529#in:2
              
               
                 3
                 2526#out:1
                 [26, 0; 0, 25]
                 2529#in:1
              
               
                 4
                 2527#out:1
                 2526#in:1
              
               
                 5
                 2525#out:1
                 [29, 0]
                 
                   6
                   [0, -35]
                   2527#in:1
                
                 
                   7
                   [0, 35]
                   2528#in:1
                
              
            
          
           
             [1, 1]
             [710, 160, 740, 190]
             220
             u0
             Vbus
             -Vbus
          
           
             [455, 150, 485, 180]
             225
             signedSqrt
          
           
             [2, 1]
             [530, 155, 560, 195]
             -8
             off
             +-
             off
             Inherit: Inherit via internal rule
          
           
             [985, 178, 1015, 192]
             -9
             Port number
          
           
             1
             2514#out:1
             2533#in:1
          
           
             2
             2533#out:1
             2534#in:1
          
           
             5
             2515#out:1
             [124, 0; 0, -35]
             2516#in:2
          
           
             6
             2531#out:1
             2516#in:1
          
           
             9
             2516#out:1
             [20, 0]
             
               31
               2536#in:1
            
             
               11
               [0, 188; -453, 0; 0, -188]
               2534#in:2
            
          
           
             v*
             12
             [-1, 1]
             2524#out:1
             2531#in:1
          
           
             15
             2534#out:1
             2524#in:1
          
        
      
       
         [0, 1]
         [1880, 515, 1910, 545]
         95
         1.388
         simulink/Sources/Ramp
         Ramp
         
           off
           2*pi*2
           1
           0
           on
        
      
       
         [2, 3]
         [2125, 387, 2265, 503]
         758
         alternate
         off
         off
         
           g = 9.81; %Gravitational acceleration constant [N/kg]
           
port_label('input', 1, 'f_{b, AMB}','texmode','on');
port_label('input', 2, '\omega','texmode','on');

% port_label('output', 1, 'u_{g}','texmode','on');
port_label('output', 1, 'u_{cog}','texmode','on');
port_label('output', 2, 'u_{s}','texmode','on');
port_label('output', 3, 'u_{b}','texmode','on');


           
             
               edit
               M
               M: Rotor mass [kg]
               17.6
            
             
               edit
               Jp
               Jp: Rotor polar mass moment of inertia [kg.m^2]
               0.10669
            
             
               edit
               Jt
               Jt: Rotor transverse mass moment of inertia [kg.m^2]
               0.11575
            
             
               edit
               a
               a: Bearing distance to c.o.g. (Left) [m]
               166e-3
            
             
               edit
               b
               b: Bearing distance to c.o.g. (Right)  [m]
               74e-3
            
             
               edit
               c
               c: Sensor distance to c.o.g. (Left)  [m]
               194e-3
            
             
               edit
               d
               d: Sensor distance to c.o.g. (Right)  [m]
               97.5e-3
            
          
           
             
               %<MaskType>
               
                 %<MaskDescription>
                 DescTextVar
              
               DescGroupVar
            
             
               
                 
                   Rotor properties
                   
                     
                       M
                    
                     
                       Jp
                    
                     
                       Jt
                    
                  
                   ParameterTabVar0
                
                 
                   Dimensions
                   
                     
                       a
                    
                     
                       b
                    
                     
                       c
                    
                     
                       d
                    
                  
                   ParameterTabVar01
                
              
               ParameterTabContainerVar
            
          
        
         
           [-8, -8, 1928, 1048]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           208
           
             [360, 358, 390, 372]
             859
             Port number
          
           
             [360, 553, 390, 567]
             858
             2
             Port number
          
           
             [720, 412, 775, 458]
             857
             on
             [0 0 0 0; 0 0 0 0; 0 0 0 Jp; 0 0 -Jp 0]
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [425, 277, 455, 303]
             856
             on
             [0 -M*g 0 0]'
          
           
             [1, 1]
             [740, 350, 770, 380]
             855
             off
             
               1
               du_g
               Auto
               SignalName
            
          
           
             [1, 1]
             [815, 350, 845, 380]
             854
             off
             
               1
               u_g
               Auto
               SignalName
            
          
           
             [635, 342, 690, 388]
             853
             [M 0 0 0; 0 M 0 0; 0 0 Jt 0; 0 0 0 Jt]^-1
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
             
               1
               ddu_g
               Auto
               SignalName
            
          
           
             [990, 489, 1045, 531]
             852
             [1 0 0 -a; 0 1 a 0; 1 0 0 b; 0 1 -b 0]
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [425, 342, 480, 388]
             851
             [1 0 1 0; 0 1 0 1; 0 a 0 -b; -a 0 b 0]
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [990, 419, 1045, 461]
             850
             [1 0 0 -c; 0 1 c 0; 1 0 0 d; 0 1 -d 0]
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [585, 355, 605, 375]
             849
             off
             round
             |+-
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [500, 355, 520, 375]
             848
             off
             round
             ++|
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [930, 355, 950, 375]
             847
             off
             round
             |++
             off
             Inherit: Inherit via internal rule
             off
          
           
             [1, 1]
             [745, 541, 845, 579]
             846
             off
             off
             
               port_label('input', 1, '\omega','texmode','on');
port_label('output', 1, 'r[cos(\omegat) sin(\omegat)]','texmode','on');

               
                 edit
                 r
                 Radius of eccentricity  [m]
                 10e-6
              
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               227
               
                 [65, 113, 95, 127]
                 -1
                 Port number
              
               
                 [180, 128, 220, 162]
                 -2
                 on
                 alternate
                 -1
              
               
                 [325, 130, 355, 160]
                 -3
                 [0 0]'
              
               
                 [2, 1]
                 [145, 166, 170, 199]
                 -4
                 none
                 off
                 off
                 
                   Dot Product
                   Inner (dot) product.
y=sum(u1.*u2)
                   Computes the inner (dot) product of the inputs: sum(u1.*u2).  The inputs are vectors of the same length. Output is a scalar.
                   disp('.\n')
                
                 
                   [1222, 52, 2610, 1282]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   646
                   
                     [15, 25, 35, 45]
                     -1
                     Port number
                  
                   
                     [15, 90, 35, 110]
                     -2
                     2
                     Port number
                  
                   
                     [2, 1]
                     [65, 55, 90, 75]
                     -3
                  
                   
                     [1, 1]
                     [125, 55, 145, 75]
                     -4
                     +
                  
                   
                     [185, 55, 205, 75]
                     -5
                     Port number
                     0
                  
                   
                     1
                     2713#out:1
                     2714#in:1
                  
                   
                     2
                     2712#out:1
                     2713#in:1
                  
                   
                     3
                     2710#out:1
                     2712#in:1
                  
                   
                     4
                     2711#out:1
                     2712#in:2
                  
                
              
               
                 [2, 1]
                 [180, 55, 205, 90]
                 -5
                 alternate
                 none
                 off
                 off
                 
                   Dot Product
                   Inner (dot) product.
y=sum(u1.*u2)
                   Computes the inner (dot) product of the inputs: sum(u1.*u2).  The inputs are vectors of the same length. Output is a scalar.
                   disp('.\n')
                
                 
                   [1222, 52, 2610, 1282]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   646
                   
                     [15, 25, 35, 45]
                     -1
                     Port number
                  
                   
                     [15, 90, 35, 110]
                     -2
                     2
                     Port number
                  
                   
                     [2, 1]
                     [65, 55, 90, 75]
                     -3
                  
                   
                     [1, 1]
                     [125, 55, 145, 75]
                     -4
                     +
                  
                   
                     [185, 55, 205, 75]
                     -5
                     Port number
                     0
                  
                   
                     1
                     2719#out:1
                     2720#in:1
                  
                   
                     2
                     2718#out:1
                     2719#in:1
                  
                   
                     3
                     2716#out:1
                     2718#in:1
                  
                   
                     4
                     2717#out:1
                     2718#in:2
                  
                
              
               
                 [3, 1]
                 [380, 91, 385, 129]
                 -6
                 off
                 3
                 bar
              
               
                 [1, 1]
                 [435, 91, 475, 129]
                 7
                 through
                 4
                 Index vector (dialog)
                 [2 1 3 4]
                 1
              
               
                 [1, 1]
                 [245, 55, 280, 95]
                 -7
                 1
              
               
                 [525, 93, 565, 127]
                 -8
                 r
              
               
                 [1, 1]
                 [245, 166, 280, 204]
                 -9
              
               
                 [595, 103, 625, 117]
                 -10
                 Port number
              
               
                 1
                 2706#out:1
                 [24, 0]
                 
                   2
                   [0, 55]
                   2709#in:1
                
                 
                   3
                   [0, -55]
                   2715#in:1
                
              
               
                 4
                 2724#out:1
                 [20, 0; 0, -40]
                 
                   5
                   [0, -35]
                   2721#in:2
                
                 
                   6
                   2707#in:1
                
              
               
                 7
                 2722#out:1
                 [19, 0]
                 
                   8
                   [0, 25]
                   2721#in:1
                
                 
                   9
                   [0, -53; -196, 0; 0, 168]
                   2709#in:2
                
              
               
                 10
                 2715#out:1
                 2722#in:1
              
               
                 11
                 2709#out:1
                 2724#in:1
              
               
                 12
                 2707#out:1
                 [-20, 0; 0, -65]
                 2715#in:2
              
               
                 13
                 2721#out:1
                 2738#in:1
              
               
                 14
                 2723#out:1
                 2725#in:1
              
               
                 15
                 2708#out:1
                 [5, 0]
                 2721#in:3
              
               
                 16
                 2738#out:1
                 2723#in:1
              
               
                 sin_wt
                 [282, 130, 312, 145]
                 [0, 0, 0, 0]
                 off
                 off
                 top
                 -1
              
               
                 cos_wt
                 [327, 53, 360, 68]
                 [0, 0, 0, 0]
                 off
                 off
                 top
                 -2
              
            
          
           
             [2, 1]
             [660, 427, 690, 458]
             845
             on
             off
             Inherit: Inherit via internal rule
             off
          
           
             [1025, 298, 1055, 312]
             844
             Port number
          
           
             [1070, 433, 1100, 447]
             843
             2
             Port number
          
           
             [1070, 503, 1100, 517]
             842
             3
             Port number
          
           
             186
             2728#out:1
             [-60, 0]
             2702#in:2
          
           
             187
             2694#out:1
             2728#in:1
          
           
             du_g
             190
             [1, 0]
             2696#out:1
             [14, 0]
             
               189
               [0, 70]
               2694#in:1
            
             
               188
               2697#in:1
            
          
           
             191
             2702#out:1
             2698#in:1
          
           
             ddu_g
             192
             [-1, 1]
             2698#out:1
             2696#in:1
          
           
             195
             2693#out:1
             [310, 0]
             
               194
               2728#in:2
            
             
               193
               2705#in:1
            
          
           
             196
             2699#out:1
             2731#in:1
          
           
             197
             2692#out:1
             2700#in:1
          
           
             198
             2700#out:1
             2703#in:2
          
           
             199
             2703#out:1
             2702#in:1
          
           
             200
             2695#out:1
             [50, 0]
             2703#in:1
          
           
             u_g
             203
             2697#out:1
             [11, 0]
             
               202
               [0, -60]
               2729#in:1
            
             
               201
               [1, 0]
               2704#in:1
            
          
           
             206
             2704#out:1
             [10, 0; 0, 75]
             
               205
               [0, 70]
               2699#in:1
            
             
               204
               2701#in:1
            
          
           
             207
             2705#out:1
             [90, 0]
             2704#in:2
          
           
             208
             2701#out:1
             2730#in:1
          
           
             f_{b,AMB} = [F_{x1b}
		F_{y1b}
		F_{x2b}
		  F_{y2b}]
             [307, 341, 496, 402]
             [0, 0, 0, 0]
             off
             off
             tex
             on
             -1
          
           
             Input is force at bearing locations and angular speed.
Output is position of centre of gravity
             [413, 181, 649, 209]
             [0, 0, 0, 0]
             off
             off
             left
             -2
          
           
             f_{g,AMB} = [F_{xg}
		F_{yg}
		M_{xg}
		  M_{yg}]
             [497, 341, 684, 402]
             [0, 0, 0, 0]
             off
             off
             tex
             on
             -3
          
           
             u_{g} = [u_{xg}
	u_{yg}
	\theta_{xg}
         \theta_{yg}]
             [1010, 281, 1106, 342]
             [0, 0, 0, 0]
             off
             off
             tex
             on
             -4
          
        
      
       
         [1, 1]
         [1975, 515, 2005, 545]
         99
         u0
         2*pi*100
         0
      
       
         [2]
         [2395, 256, 2425, 289]
         795
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-1.41112','MaxYLimReal','0.59888','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','1.41112','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Selector','Selector1'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-1.41112','MaxYLimReal','0.59888','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','1.41112','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[1 41 1920 964])
         2
      
       
         [1]
         [1820, 339, 1850, 371]
         807
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','PA_current','DataLogging',true,'DataLoggingSaveFormat','StructureWithTime'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','1.88531','MaxYLimReal','2.10139','YLabelReal','','MinYLimMag','1.88531','MaxYLimMag','2.10139','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',8,'LineNames',{{'Power  Amplifier:1','Power  Amplifier:2','Power  Amplifier:3','Power  Amplifier:4','Power  Amplifier:5','Power  Amplifier:6','Power  Amplifier:7','Power  Amplifier:8'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','1.88531','MaxYLimReal','2.10139','YLabelReal','','MinYLimMag','1.88531','MaxYLimMag','2.10139','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[600 287 560 420])
         1
      
       
         [1, 1]
         [2175, 246, 2215, 284]
         792
         alternate
         4
         Index vector (dialog)
         1
         1
      
       
         [1, 1]
         [2175, 296, 2215, 334]
         793
         4
         Index vector (dialog)
         1
         1
      
       
         [1, 2]
         [2320, 585, 2365, 640]
         414
         off
         off
         
           [100, 100, 600, 900]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           125
           
             [25, 38, 55, 52]
             95
             Port number
          
           
             [1, 4]
             [85, 27, 90, 63]
             90
             off
             bar
          
           
             [2, 1]
             [135, 21, 140, 59]
             91
             off
             2
             bar
          
           
             [2, 1]
             [135, 81, 140, 119]
             94
             off
             2
             bar
          
           
             [185, 33, 215, 47]
             96
             Port number
          
           
             [185, 93, 215, 107]
             97
             2
             Port number
          
           
             1
             1640#out:1
             1641#in:1
          
           
             2
             1640#out:3
             1641#in:2
          
           
             3
             1641#out:1
             1643#in:1
          
           
             4
             1640#out:2
             [17, 0; 0, 50]
             1642#in:1
          
           
             5
             1640#out:4
             [6, 0; 0, 50]
             1642#in:2
          
           
             6
             1642#out:1
             1644#in:1
          
           
             7
             1639#out:1
             1640#in:1
          
        
      
       
         [1, 2]
         [2320, 419, 2365, 466]
         416
         off
         off
         
           [-8, -8, 1928, 1048]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           125
           
             [25, 38, 55, 52]
             95
             Port number
          
           
             [1, 4]
             [85, 27, 90, 63]
             90
             off
             bar
          
           
             [2, 1]
             [135, 21, 140, 59]
             91
             off
             2
             bar
          
           
             [2, 1]
             [135, 81, 140, 119]
             94
             off
             2
             bar
          
           
             [185, 33, 215, 47]
             96
             Port number
          
           
             [185, 93, 215, 107]
             97
             2
             Port number
          
           
             1
             1647#out:1
             1648#in:1
          
           
             2
             1650#out:1
             1652#in:1
          
           
             3
             1648#out:4
             [6, 0; 0, 50]
             1650#in:2
          
           
             4
             1648#out:2
             [17, 0; 0, 50]
             1650#in:1
          
           
             5
             1649#out:1
             1651#in:1
          
           
             6
             1648#out:3
             1649#in:2
          
           
             7
             1648#out:1
             1649#in:1
          
        
      
       
         [1, 2]
         [2320, 359, 2365, 406]
         804
         alternate
         off
         off
         
           [-8, -8, 1928, 1048]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           125
           
             [25, 38, 55, 52]
             95
             Port number
          
           
             [1, 4]
             [85, 27, 90, 63]
             90
             off
             bar
          
           
             [2, 1]
             [135, 21, 140, 59]
             91
             off
             2
             bar
          
           
             [2, 1]
             [135, 81, 140, 119]
             94
             off
             2
             bar
          
           
             [165, 93, 195, 107]
             96
             Port number
          
           
             [165, 33, 195, 47]
             97
             2
             Port number
          
           
             1
             2608#out:1
             2609#in:1
          
           
             10
             2609#out:1
             2612#in:1
          
           
             5
             2608#out:4
             [0, 50]
             2610#in:2
          
           
             11
             2610#out:1
             2611#in:1
          
           
             7
             2607#out:1
             2608#in:1
          
           
             21
             2608#out:2
             [18, 0; 0, 10]
             2609#in:2
          
           
             22
             2608#out:3
             [7, 0; 0, 40]
             2610#in:1
          
        
      
       
         [1925, 460, 1955, 490]
         102
         5
         2*pi*5*0
         0
      
       
         [1]
         [1815, 430, 1850, 470]
         -26
         on
         off
         off
         
           [-1288, -8, 8, 1032]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           100
           
             [180, 197, 215, 213]
             809
             alternate
             Port number
          
           
             [420, 190, 450, 220]
             808
             off
          
           
             [1, 1]
             [275, 185, 350, 225]
             815
             off
             off
             
               
                 edit
                 fc
                 Cut-off frequency [Hz]
                 10
              
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               297
               
                 [195, 73, 225, 87]
                 -1
                 Port number
              
               
                 [1, 1]
                 [285, 135, 315, 165]
                 -2
                 on
                 alternate
              
               
                 [2, 1]
                 [260, 70, 280, 90]
                 -5
                 off
                 round
                 |+-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [350, 135, 380, 165]
                 1
                 on
                 alternate
                 2*pi
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [410, 135, 440, 165]
                 -4
                 on
                 alternate
                 fc
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [490, 73, 520, 87]
                 -6
                 Port number
              
               
                 1
                 2791#out:1
                 2793#in:1
              
               
                 2
                 2792#out:1
                 [-10, 0]
                 2793#in:2
              
               
                 3
                 2793#out:1
                 [181, 0]
                 
                   4
                   [0, 70]
                   2795#in:1
                
                 
                   5
                   2796#in:1
                
              
               
                 6
                 2795#out:1
                 2794#in:1
              
               
                 7
                 2794#out:1
                 2792#in:1
              
            
          
           
             [1, 1]
             [650, 185, 725, 225]
             814
             off
             off
             
               
                 edit
                 fc
                 Cut-off frequency [Hz]
                 100
              
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               236
               
                 [80, 73, 110, 87]
                 -1
                 Port number
              
               
                 [1, 1]
                 [330, 65, 360, 95]
                 -2
              
               
                 [2, 1]
                 [145, 70, 165, 90]
                 -5
                 off
                 round
                 |+-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [265, 65, 295, 95]
                 2
                 2*pi
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [200, 65, 230, 95]
                 3
                 fc
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [435, 73, 465, 87]
                 -6
                 Port number
              
               
                 1
                 2802#out:1
                 2801#in:1
              
               
                 2
                 2801#out:1
                 2799#in:1
              
               
                 3
                 2799#out:1
                 [30, 0]
                 
                   4
                   [0, 52; -240, 0]
                   2800#in:2
                
                 
                   5
                   2803#in:1
                
              
               
                 6
                 2798#out:1
                 2800#in:1
              
               
                 7
                 2800#out:1
                 2802#in:1
              
            
          
           
             [1]
             [795, 189, 825, 221]
             812
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData2'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-1.54701','MaxYLimReal','13.92312','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','13.92312','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Low-pass filter'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-1.54701','MaxYLimReal','13.92312','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','13.92312','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[-1279 57 1280 948])
             1
          
           
             [1, 1]
             [545, 190, 575, 220]
             811
             +
             off
             Inherit: Inherit via internal rule
             off
          
           
             690
             2786#out:1
             2790#in:1
          
           
             693
             2784#out:1
             2788#in:1
          
           
             698
             2788#out:1
             2797#in:1
          
           
             696
             2797#out:1
             2789#in:1
          
           
             697
             2790#out:1
             2784#in:1
          
        
      
       
         [2, 1]
         [2000, 465, 2020, 485]
         98
         off
         round
         |++
         off
         Inherit: Inherit via internal rule
         off
      
       
         [2]
         [2485, 495, 2515, 530]
         810
         alternate
         on
         1.388
         simulink/Sinks/XY Graph
         XY scope.
         
           off
           -20e-6
           20e-6
           -20e-6
           20E-6
           -1
        
      
       
         [2]
         [2485, 540, 2515, 575]
         813
         on
         1.388
         simulink/Sinks/XY Graph
         XY scope.
         
           off
           -20e-6
           20e-6
           -20e-6
           20E-6
           -1
        
      
       
         [1]
         [2185, 559, 2215, 591]
         96
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData4','DataLoggingSaveFormat','StructureWithTime','DataLoggingDecimation','1','DataLoggingDecimateData',true),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-1125.00000','MaxYLimReal','10125.00000','YLabelReal','','MinYLimMag','  0.00000','MaxYLimMag','10125.00000','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Gain1'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-1125.00000','MaxYLimReal','10125.00000','YLabelReal','','MinYLimMag','  0.00000','MaxYLimMag','10125.00000','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',0,'LineNames',{{[]}},'ShowContent',true,'Placement',1)),extmgr.Configuration('Tools','Plot Navigation',true,'PreviousAutoscale','XY','OnceAtStop',false),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Location',[1 140 1921 1079],'WindowStyle','docked')
         1
      
       
         [2]
         [2395, 585, 2425, 640]
         415
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData8'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.000013','MaxYLimReal','0.000013','YLabelReal','','MinYLimMag','0.000000','MaxYLimMag','0.000013','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Split1/1:1','Split1/1:2'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-0.000013','MaxYLimReal','0.000013','YLabelReal','','MinYLimMag','0.000000','MaxYLimMag','0.000058','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Split1/2:1','Split1/2:2'}},'ShowContent',true,'Placement',2)},'DisplayPropertyDefaults',struct('YLabelReal','','AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[2 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b','Measurements',struct('traceselector',struct('Line',1),'tcursors',struct('XCoordinates',[9.4286457204683 9.43068325312951],'YCoordinates',[NaN NaN],'CursorChannels',[1 1],'WaveformCursors',true,'ShowHorizontal',false,'ShowVertical',true,'LockCursorSpacing',false,'SnapToData',false,'SettingsPanelOpen',0,'MeasurementsPanelOpen',1)))),'Version','2016b','Position',[1 1 1280 923],'WindowStyle','docked')
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         [2]
         [2395, 359, 2425, 406]
         805
         alternate
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ucog','DataLogging',true,'DataLoggingSaveFormat','StructureWithTime'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.000003','MaxYLimReal','0.000013','YLabelReal','','MinYLimMag','0.000000','MaxYLimMag','0.000013','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Split3/1:1','Split3/1:2'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-0.000017','MaxYLimReal','0.000017','YLabelReal','','MinYLimMag','0.000000','MaxYLimMag','0.000017','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Split3/2:1','Split3/2:2'}},'ShowContent',true,'Placement',2)},'DisplayPropertyDefaults',struct('YLabelReal','','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[2 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b','Measurements',struct('traceselector',struct('Line',1),'tcursors',struct('XCoordinates',[8.75782881002088 9.80492796362849],'YCoordinates',[NaN NaN],'CursorChannels',[1 1],'WaveformCursors',true,'ShowHorizontal',false,'ShowVertical',true,'LockCursorSpacing',false,'SnapToData',false,'SettingsPanelOpen',0,'MeasurementsPanelOpen',1)))),'Version','2016b','Position',[1 1 1920 939],'WindowStyle','docked')
         2
      
       
         [2]
         [2395, 419, 2425, 466]
         417
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','us','DataLogging',true,'DataLoggingSaveFormat','StructureWithTime'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.000014','MaxYLimReal','0.000014','YLabelReal','','MinYLimMag','0.000000','MaxYLimMag','0.000014','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',4,'LineNames',{{'Split2/1:1','Split2/1:2','Split2/2:1','Split2/2:2'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.000014','MaxYLimReal','0.000014','YLabelReal','','MinYLimMag','0.000000','MaxYLimMag','0.000014','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b','Measurements',struct('traceselector',struct('Line',1),'tcursors',struct('XCoordinates',[9.96558123837039 9.97405981062985],'YCoordinates',[NaN NaN],'CursorChannels',[1 1],'WaveformCursors',true,'ShowHorizontal',false,'ShowVertical',true,'LockCursorSpacing',false,'SnapToData',false,'SettingsPanelOpen',0,'MeasurementsPanelOpen',1)))),'Version','2016b','Position',[1 1 1920 939],'WindowStyle','docked')
         2
      
       
         [1465, 305, 1495, 335]
         783
         alternate
         0.5
         [0 0 0 0]
         [10e-6 0 0 0]*0
         0
      
       
         12
         453#out:1
         514#in:1
      
       
         13
         455#out:1
         454#in:1
      
       
         14
         496#out:1
         456#in:1
      
       
         18
         460#out:1
         456#in:2
      
       
         22
         514#out:1
         460#in:1
      
       
         218
         1638#out:1
         1645#in:1
      
       
         219
         1638#out:2
         1645#in:2
      
       
         223
         1646#out:1
         1653#in:1
      
       
         224
         1646#out:2
         1653#in:2
      
       
         668
         20#out:3
         [2, 0; 0, 130]
         
           669
           [-790, 0; 0, -115]
           2445#in:1
        
         
           635
           1638#in:1
        
      
       
         603
         456#out:1
         2597#in:1
      
       
         667
         20#out:2
         [21, 0]
         
           743
           1646#in:1
        
         
           606
           [0, 85]
           
             708
             2896#in:1
          
           
             707
             [0, 125]
             2552#in:1
          
        
      
       
         530
         2155#out:1
         2158#in:1
      
       
         561
         2477#out:1
         [21, 0]
         
           748
           20#in:1
        
         
           741
           [0, -100]
           2560#in:1
        
      
       
         543
         2445#out:1
         [8, 0]
         
           683
           [219, 0; 0, -75]
           2477#in:2
        
         
           552
           [0, -90]
           2513#in:2
        
      
       
         548
         2158#out:2
         2513#in:1
      
       
         550
         2513#out:1
         [16, 0]
         
           688
           2477#in:1
        
         
           685
           [0, -45]
           2783#in:1
        
         
           690
           [0, 50]
           2785#in:1
        
      
       
         554
         2552#out:1
         [-241, 0; 0, -300]
         2158#in:2
      
       
         557
         2158#out:1
         [352, 0; 0, -65]
         2559#in:1
      
       
         562
         2559#out:1
         2562#in:1
      
       
         563
         2560#out:1
         [19, 0; 0, -35]
         2562#in:2
      
       
         604
         2597#out:1
         [10, 0]
         
           740
           [0, 100]
           
             680
             [-640, 0; 0, -185]
             2158#in:3
          
           
             532
             455#in:1
          
        
         
           665
           20#in:2
        
      
       
         607
         2606#out:1
         2613#in:1
      
       
         608
         2606#out:2
         2613#in:2
      
       
         666
         20#out:1
         [19, 0; 0, -20]
         2606#in:1
      
       
         709
         2896#out:1
         2895#in:1
      
       
         710
         2896#out:2
         2895#in:2
      
       
         713
         2896#out:3
         [55, 0; 0, 15]
         2898#in:1
      
       
         714
         2896#out:4
         [25, 0; 0, 15]
         2898#in:2
      
       
         %Power amplifier current control gain
PA_Kp = 160;
PA_Ki = 0;

%Designed PD values for COG control (Kruger)
A_ge = 204e-6;
ge = 500e-6;

%Designed PD values for COG control (Kruger)
Ki_t = 15e6;
Kp_t = 344e3;
Kv_t = 2.94e3;

Ki_r= 100e3;
Kp_r = 2.27e3;
Kv_r = 19.4;

i_0 = 1.5;

Full_state_feedback_observer_gain_design_low_stiffness;
         [1670, 45, 1930, 307]
         [0, 0, 0, 0]
         off
         off
         left
         top
         [0.000000, 0.000000, 0.501961]
         -1
         %Power amplifier current control gain
PA_Kp = 160;
PA_Ki = 0;

%Designed PD values for COG control (Kruger)
A_ge = 204e-6;
ge = 500e-6;

%Designed PD values for COG control (Kruger)
Ki_t = 15e6;
Kp_t = 344e3;
Kv_t = 2.94e3;

Ki_r= 100e3;
Kp_r = 2.27e3;
Kv_r = 19.4;

i_0 = 1.5;

Full_state_feedback_observer_gain_design_low_stiffness;
         on
         Helvetica
         10
         normal
         normal
      
    
  










simulink/configSet0.xml


 
   
     []
     
     
       
         []
         
         0.0
         15
         auto
         1e-9
         auto
         -1
         5
         auto
         10*128*eps
         1000
         4
         1
         1e-3
         auto
         1
         1e-5
         on
         off
         off
         ode45
         ode45
         auto
         DisableAll
         DisableAll
         Nonadaptive
         TrustRegion
         on
         off
         Fast
         off
         off
         Unconstrained
         Whenever possible
         []
      
       
         []
         
         1
         [t, u]
         xFinal
         xInitial
         off
         1000
         off
         off
         off
         off
         Array
         Dataset
         off
         off
         on
         on
         off
         on
         off
         streamout
         off
         off
         xout
         tout
         yout
         logsout
         dsmout
         RefineOutputTimes
         []
         out
         1
         off
         out.mat
         [-inf, inf]
      
       
         
           BooleansAsBitfields
           PassReuseOutputArgsAs
           PassReuseOutputArgsThreshold
           ZeroExternalMemoryAtStartup
           ZeroInternalMemoryAtStartup
           OptimizeModelRefInitCode
           NoFixptDivByZeroProtection
           UseSpecifiedMinMax
        
         
         on
         on
         on
         Tunable
         off
         off
         double
         off
         off
         on
         on
         off
         off
         on
         off
         
         on
         off
         uint_T
         on
         64
         Structure reference
         12
         2147483647
         on
         5
         off
         off
         Native Integer
         on
         on
         off
         off
         off
         on
         inf
         Inherit from target
         on
         off
         off
      
       
         
           UseOnlyExistingSharedCode
        
         
         error
         none
         none
         none
         none
         UseLocalSettings
         UseLocalSettings
         UseLocalSettings
         warning
         warning
         warning
         warning
         on
         Classic
         none
         off
         off
         UseLocalSettings
         warning
         warning
         none
         error
         warning
         warning
         warning
         warning
         error
         error
         error
         none
         warning
         warning
         none
         warning
         warning
         error
         error
         none
         warning
         warning
         none
         none
         none
         none
         none
         none
         error
         error
         none
         warning
         warning
         warning
         error
         none
         error
         none
         warning
         warning
         UseLocalSettings
         on
         off
         none
         error
         none
         none
         warning
         warning
         warning
         error
         warning
         warning
         error
         warning
         ErrorLevel1
         WarnAndRepair
         none
         warning
         warning
         error
         none
         warning
         warning
         warning
         warning
         warning
         warning
         warning
         warning
         error
         warning
         warning
         none
         warning
         warning
         all
         warning
         on
      
       
         []
         
         8
         16
         32
         32
         64
         32
         64
         32
         32
         32
         Char
         None
         Undefined
         Unspecified
         32
         on
         off
         32-bit Generic
         8
         16
         32
         32
         64
         32
         64
         32
         32
         32
         Char
         None
         on
         off
         Undefined
         Unspecified
         32
         32
         32
         Specified
         off
         on
         on
         on
      
       
         []
         
         IfOutOfDateOrStructuralChange
         on
         error
         off
         on
         None
         Multi
         Infer from blocks in model
         
         on
         off
         off
         off
      
       
         []
         
         
         
         
         
         []
         
         
         
         
         
         
         on
         on
         on
         off
         on
         sf_incremental_build
         off
         on
         50
         on
      
       
         
           IncludeHyperlinkInReport
           GenerateTraceInfo
           GenerateTraceReport
           GenerateTraceReportSl
           GenerateTraceReportSf
           GenerateTraceReportEml
           PortableWordSizes
           GenerateWebview
           GenerateCodeMetricsReport
           GenerateCodeReplacementReport
           GenerateErtSFunction
           CreateSILPILBlock
           CodeExecutionProfiling
           CodeProfilingSaveOptions
           CodeProfilingInstrumentation
           GenerateMissedCodeReplacementReport
        
         grt.tlc
         None
         
         off
         make_rtw
         on
         off
         
         grt_default_tmf
         
         
         off
         off
         on
         off
         []
         off
         off
         off
         off
         off
         off
         
         
         
         
         
         
         
         
         
         Automatically locate an installed toolchain
         Faster Builds
         []
         off
         off
         off
         None
         off
         executionProfile
         SummaryOnly
         off
         off
         C
         off
         off
         off
         off
         off
         off
         off
         off
         off
         off
         off
         []
         
         Off
         1024
         
           
             
               IgnoreCustomStorageClasses
               IgnoreTestpoints
               InsertBlockDesc
               InsertPolySpaceComments
               SFDataObjDesc
               MATLABFcnDesc
               SimulinkDataObjDesc
               DefineNamingRule
               SignalNamingRule
               ParamNamingRule
               InternalIdentifier
               InlinedPrmAccess
               CustomSymbolStr
               CustomSymbolStrGlobalVar
               CustomSymbolStrType
               CustomSymbolStrField
               CustomSymbolStrFcn
               CustomSymbolStrFcnArg
               CustomSymbolStrBlkIO
               CustomSymbolStrTmpVar
               CustomSymbolStrMacro
               ReqsInCode
               CustomSymbolStrModelFcn
               CustomSymbolStrUtil
               CustomUserTokenString
            
             
             
             off
             on
             Auto
             on
             off
             off
             31
             off
             off
             off
             off
             off
             off
             off
             off
             off
             1
             $R$N$M
             $N$R$M_T
             $N$M
             $R$N$M$F
             $R$N
             rt$I$N$M
             rtb_$N$M
             $N$M
             $R$N$M
             $N$C
             
             
             None
             
             None
             
             None
             
             off
             off
             on
             off
             off
             
             Shortened
             Literals
             off
             off
             []
          
           
             
               GeneratePreprocessorConditionals
               IncludeMdlTerminateFcn
               GenerateAllocFcn
               SuppressErrorStatus
               ERTCustomFileBanners
               GenerateSampleERTMain
               GenerateTestInterfaces
               ModelStepFunctionPrototypeControlCompliant
               CPPClassGenCompliant
               SupportNonInlinedSFcns
               PurelyIntegerCode
               SupportComplex
               SupportAbsoluteTime
               SupportContinuousTime
               ExistingSharedCode
               RemoveDisableFunc
               RemoveResetFunc
            
             
             ansi_tfl_table_tmw.mat
             
             
             NOT IN USE
             C89/C90 (ANSI)
             None
             Auto
             System defined
             256
             2048
             on
             off
             
             off
             off
             on
             on
             on
             on
             on
             Disable all
             on
             off
             off
             off
             Auto
             off
             on
             rt_
             on
             off
             Nonreusable function
             on
             on
             off
             on
             on
             off
             off
             off
             Nominal
             Nominal
             Simulink.SoftwareTarget.GRTCustomization
             off
             on
             off
             off
             off
             off
             on
             on
             []
             off
             off
             off
             off
             1000000
             0
             ext_comm
             
             Level1
             off
             off
             off
             off
             off
             Error
          
        
      
       
         []
         Simulink Coverage Configuration Component
         Simulink Coverage
         off
         EntireSystem
         on
         off
         /
         covdata
         
         dw
         
         
         off
         on
         on
         on
         on
         on
         covCumulativeData
         off
         on
         slcov_output/$ModelName$
         $ModelName$_cvdata
         on
         on
         off
         
         off
         on
         1e-05
         0.01
         off
         0
         0
      
       
         []
         HDL Coder custom configuration component
         HDL Coder
         
           
        
         0
      
       
         
           Name
        
         
         
           
             []
             
             on
             off
             off
             off
             off
             on
             0
             off
             on
             on
             off
             on
             0
             3
             off
             on
             
             off
             on
             [-1 -1 -1 -1]
             [0 0 0]
             [0 0 -1]
             [0 1 0]
             -1
             0
             [0.9 0.9 0.95]
             [1 0 0]
             Convex hull from body CS locations
             NONE
             SimscapeMultibody1G
             
          
           
             []
             SimMechanics 2G
             
               
                 []
                 Diagnostics
                 DiagnosticsConfigSet
                 warning
                 warning
                 warning
                 warning
                 warning
                 warning
                 error
                 warning
                 error
              
               
                 []
                 Explorer
                 ExplorerConfigSet
                 on
                 
              
            
             SimscapeMultibody
          
        
         Simscape
         Full
         warning
         warning
         none
         off
         off
         simlog
         1
         on
         5000
         
      
    
     Configuration
     
     Solver
      [ 303, 90, 1617, 893 ] 
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   0
   0
   
   0
   0
   0
   0
   0
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   0
   0










simulink/plugins/DiagnosticSuppressor.xml


 
   on
   22 serialization::archive 11 0 3 0 0 0 8 0
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   on
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     30-Jul-2013 15:32:49
     0
     80000010
     
       
         Default Simulink S-Function Target.
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simulink/blockdiagram.xml


 
   
     windows-1252
     
       
         HDLSubsystem
         $bdroot
      
    
     0.035000
     on
     off
     UseLocalSettings
     AllNumericTypes
     UseLocalSettings
     Overwrite
     Run 1
     120
     win64
     
       
         1
         [-8.0, -8.0, 1936.0, 1056.0]
         
           1
           Left
           50
           50
           11
        
         
           0
        
         
           
             0
             SimulinkSubsys
             418
             [1693.0, 905.0]
             1.296760532528537
             [115.23511636636636, 59.753537912912634]
          
           
             0
             SimulinkSubsys
             2192
             [1693.0, 905.0]
             1.839779005524862
             [-442.60960960960961, -230.95345345345345]
          
           
             0
             SimulinkSubsys
             107
             [1693.0, 905.0]
             2.3831521739130435
             [23.0638005986317, -66.831242873432132]
          
           
             1
             SimulinkTopLevel
             0
             [1693.0, 905.0]
             1.8998870733562261
             [226.39642149630635, 44.761584463475579]
          
           
             0
             SimulinkSubsys
             3119
             [1693.0, 875.0]
             1.7799999999999998
             [-82.86516853932585, 0.0]
          
           
             0
             SimulinkSubsys
             2669
             [1693.0, 905.0]
             1.5751779392308884
             [546.1121152402402, -229.26913241366356]
          
        
         
           GLUE2:PropertyInspector
           Property Inspector
           0
           
           
           0
           Right
           640
           480
        
         
      
    
     
       UpdateHistoryNever
       %<Auto>
       %<Auto>
       462709565
       1.%<AutoIncrement:1205>
    
     
       off
       off
       none
       off
       off
       off
       on
       off
       off
       off
       off
       on
       off
       off
       on
       on
       on
       off
       off
       off
       on
       on
       on
       off
       off
       off
       on
       on
       off
       off
       on
    
     
       normal
       5
       1
       10
       10
       0
       none
       off
       MATLABWorkspace
       accel.tlc
       accel_default_tmf
       make_rtw
       off
       
         $bdroot
         
           $bdroot
        
         
           
        
      
    
     
       off
       on
       manual
       normal
       1
       any
       1000
       auto
       0
       0
       rising
       0
       off
       off
       off
       off
       off
       on
       off
       on
       on
    
     
       off
       off
    
     
       
         Ensure deterministic transfer (maximum delay)
         Ensure data integrity only
         Ensure deterministic transfer (minimum delay)
         None
         0
      
       off
    
     
       landscape
       auto
       usletter
       inches
       [0.500000, 0.500000, 0.500000, 0.500000]
       1
       off
       on
       200
       white
       190
    
     
       black
       white
       off
       normal
       Arial
       10
       normal
       normal
       on
       0
       off
    
     
       center
       middle
       black
       white
       off
       Arial
       10
       normal
       normal
       off
    
     
       Arial
       9
       normal
       normal
    
     
       off
       on
       opaque
       off
       none
       default
       autoscale
    
     
       on
       on
       off
       off
       off
       on
       on
       on
    
     
       
         on
         -1
         []
         []
         Inherit: Same as input
         off
         Floor
         on
      
       
         0
         on
      
       
         2
         Vector
         1
      
       
         1
         on
         Sample based
         []
         []
         Inherit: Inherit from 'Constant value'
         off
         inf
         inf
         off
      
       
         -0.5
         0.5
         on
         on
         on
         -1
      
       
         4
         none
         off
      
       
         Integration: Forward Euler
         1.0
         none
         internal
         0
         Output
         1
         []
         []
         Inherit: Inherit via internal rule
         off
         Floor
         off
         off
         inf
         -inf
         off
         off
         off
         off
         Auto
      
       
         held
         Only when enabling
         off
         on
         off
         1
         -1
         []
         []
         double
         on
      
       
         sin(u[1])
         -1
      
       
         1
         Element-wise(K.*u)
         []
         []
         Inherit: Same as input
         []
         []
         Inherit: Same as input
         off
         Floor
         on
         -1
      
       
         1
         off
         []
         []
         Inherit: auto
         off
         off
         inherit
         -1
         Inherit
         -1
         auto
         auto
         off
         off
         on
      
       
         none
         internal
         0
         off
         inf
         -inf
         off
         pi
         -pi
         off
         off
         auto
         off
         on
         ''
      
       
         4
         none
         off
         BusObject
         off
      
       
         1
         []
         []
         Inherit: auto
         off
         off
         inherit
         -1
         Inherit
         -1
         auto
         auto
         off
         Dialog
         held
         []
      
       
         2
         Element-wise(.*)
         All dimensions
         1
         on
         []
         []
         Inherit: Same as first input
         off
         Zero
         on
         -1
      
       
         system
         ''
         []
      
       
         Dialog
         0.5
         Dialog
         -0.5
         on
         on
         -1
         []
         []
         Inherit: Same as input
         off
         Floor
      
       
         Simulink.scopes.TimeScopeBlockCfg
         off
      
       
         1
         One-based
         -1
         -1
      
       
         on
         -1
      
       
         1
         0
         1
         -1
         on
         on
      
       
         FromPortIcon
         ReadWrite
         All
         off
         off
         off
         -1
         Auto
         Auto
         Auto
         void_void
         off
         Inherit from model
         Inherit from model
         Inherit from model
         Inherit from model
         Inherit from model
         off
         UseLocalSettings
         AllNumericTypes
         UseLocalSettings
         off
         off
         NONE
         off
         off
         on
         off
         off
      
       
         rectangular
         ++
         All dimensions
         1
         on
         Inherit: Inherit via internal rule
         []
         []
         Inherit: Same as first input
         off
         Floor
         on
         -1
      
       
      
       
         [1]
         [1 2 1]
         auto
         ''
         auto
      
       
         sin
         None
         11
         auto
         -1
      
       
         0
         Inherited
         1
         off
         Auto
         on
      
    
     
       [-8, -8, 1928, 1048]
       on
       simulink-default.rpt
       4154
       
         [480, 440, 510, 470]
         393
         Inherit: Inherit via internal rule
         Inherit: Inherit via internal rule
         off
      
       
         [3, 1]
         [930, 308, 935, 362]
         -5
         off
         3
         bar
      
       
         [3, 1]
         [985, 234, 990, 276]
         -6
         off
         3
         bar
      
       
         [2, 1]
         [985, 101, 990, 139]
         374
         off
         2
         bar
      
       
         [2, 7]
         [660, 103, 740, 267]
         303
         alternate
         off
         off
         
           This dialog gives access to the PMSM model parameters for input.
           Tsd = Lsd/Rs;
Tsq = Lsq/Rs;
w_s = 2*pi*f_s;
lambda_p = sqrt(2)*E_s/w_s;
tf = Lf/Rlf;
           
             
               edit
               zp
               Pole pairs
               1
            
             
               edit
               Lsd
               d-axis stator inductance [H]
               500e-6
            
             
               edit
               Lsq
               q-axis stator inductance [H]
               500e-6
            
             
               edit
               Rs
               Stator resistance [Ohm]
               0.172
            
             
               edit
               E_s
               Rated no-load voltage [V] @ Rated frequency
               103
            
             
               edit
               f_s
               Rated frequency [Hz]
               500
            
             
               edit
               B
               B [N.m/(rad/sec)]: Friction Coefficient 
               5e-6
            
             
               edit
               J
               J [kg.m^2]: Moment of Inertia 
               0.10669
            
             
               edit
               C
               Coloumb friction
               1e-5
            
             
               edit
               theta_init
               Initial angle (rad)
               0
            
             
               checkbox
               Coulomb_friction_check
               Coloumb friction
               off
            
             
               edit
               Lf
               3ph Filter inductance [H]
               300e-6
            
             
               edit
               Cf
               3ph Filter capacitance [F]
               3e-6
            
             
               edit
               Rlf
               3ph Filter inductance resistance [ohm]
               50e-3
            
             
               edit
               Rcf
               3ph Filter capacitance resistance [ohm]
               1
            
          
           
             
               %<MaskType>
               
                 %<MaskDescription>
                 DescTextVar
              
               DescGroupVar
            
             
               
                 
                   Motor Electrical
                   
                     
                       zp
                    
                     
                       Lsd
                    
                     
                       Lsq
                    
                     
                       Rs
                    
                     
                       E_s
                    
                     
                       f_s
                    
                  
                   ParameterTabVar0
                
                 
                   Mechanical
                   
                     
                       B
                    
                     
                       J
                    
                     
                       C
                    
                     
                       theta_init
                    
                     
                       Coulomb_friction_check
                    
                  
                   ParameterTabVar01
                
                 
                   LC filter
                   
                     
                       Lf
                    
                     
                       Cf
                    
                     
                       Rlf
                    
                     
                       Rcf
                    
                  
                   Container13
                
              
               ParameterTabContainerVar
            
          
        
         
           1
           vdq
           u_a
           Auto
           SignalName
        
         
           2
           vdq
           u_a
           Auto
           SignalName
        
         
           3
           iabc
           Auto
           SignalName
        
         
           4
           idq
           i_s
           Auto
           SignalName
        
         
           6
           wr
           w_r
           Auto
           SignalName
        
         
           7
           theta_r
           Auto
           SignalName
        
         
           [-8, -8, 1928, 1048]
           on
           158
           
             [1220, 78, 1250, 92]
             -2
             Port number
          
           
             [555, 33, 585, 47]
             -1
             alternate
             2
             Port number
          
           
             [2, 2]
             [1190, -43, 1280, 53]
             -3
             off
             off
             
               port_label('input',1,'v_{dq}','texmode','on');
port_label('input',2,'\omega_{r}','texmode','on');
port_label('output',1,'i_{dq}','texmode','on');
port_label('output',2,'T_{e}','texmode','on');
            
             
               1
               i_s
               Auto
               SignalName
            
             
               [-8, -8, 1928, 1048]
               off
               146
               
                 [125, 268, 155, 282]
                 -1
                 Port number
              
               
                 [25, 193, 55, 207]
                 -2
                 2
                 Port number
              
               
                 [75, 52, 200, 88]
                 -3
                 [-1/Tsd; -1/Tsq]
                 off
              
               
                 [150, 216, 255, 254]
                 -4
                 [1/Lsd; 1/Lsq]
                 off
              
               
                 [190, 289, 255, 321]
                 -5
                 [0; -1/Lsq]
                 off
              
               
                 [1, 1]
                 [470, 225, 500, 255]
                 -7
                 alternate
                 off
              
               
                 [2, 1]
                 [365, 341, 370, 379]
                 -9
                 off
                 2
                 bar
              
               
                 [1, 1]
                 [290, 141, 320, 169]
                 1
                 2
                 Index vector (dialog)
                 [2 1]
                 1
              
               
                 [0, 1]
                 [40, 341, 65, 369]
                 -11
                 off
                 off
                 off
                 
                   port_label('output',1,'\lambda_{p} ','texmode','on');
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   100
                   
                     [25, 29, 75, 61]
                     -1
                     off
                     lambda_p
                  
                   
                     [100, 38, 130, 52]
                     -2
                     Port number
                  
                   
                     1
                     2698#out:1
                     2699#in:1
                  
                
              
               
                 [4, 1]
                 [415, 216, 440, 264]
                 -12
                 off
                 ++++
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [390, 347, 580, 373]
                 -13
                 3/2*zp*( u(3)*u(2) + u(1)*u(2)*(Lsd-Lsq)  )
              
               
                 [70, 126, 200, 164]
                 -14
                 [-Lsd/Lsq; Lsq/Lsd ]
                 off
              
               
                 [2, 1]
                 [230, 58, 280, 102]
                 -15
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [2, 1]
                 [280, 223, 330, 267]
                 -16
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [2, 1]
                 [220, 133, 270, 177]
                 -17
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [2, 1]
                 [350, 147, 380, 178]
                 -18
                 alternate
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [135, 332, 165, 363]
                 -19
                 alternate
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [280, 293, 330, 337]
                 -20
                 Matrix(*)
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [580, 233, 610, 247]
                 -21
                 Port number
              
               
                 [600, 353, 630, 367]
                 -22
                 2
                 Port number
              
               
                 1
                 2692#out:1
                 2703#in:1
              
               
                 34
                 2705#out:1
                 2893#in:1
              
               
                 3
                 2691#out:1
                 [45, 0]
                 
                   4
                   [230, 0]
                   2706#in:2
                
                 
                   5
                   [0, 140]
                   2707#in:1
                
              
               
                 6
                 2693#out:1
                 2704#in:1
              
               
                 7
                 2690#out:1
                 [105, 0]
                 2704#in:2
              
               
                 8
                 2702#out:1
                 2705#in:1
              
               
                 9
                 2697#out:1
                 [45, 0]
                 
                   10
                   2707#in:2
                
                 
                   11
                   [0, 15]
                   2696#in:2
                
              
               
                 12
                 2694#out:1
                 2708#in:1
              
               
                 13
                 2707#out:1
                 [95, 0]
                 2708#in:2
              
               
                 14
                 2703#out:1
                 [115, 0]
                 2700#in:1
              
               
                 15
                 2706#out:1
                 [5, 0; 0, 70]
                 2700#in:2
              
               
                 16
                 2704#out:1
                 2700#in:3
              
               
                 17
                 2708#out:1
                 [65, 0]
                 2700#in:4
              
               
                 18
                 2700#out:1
                 2695#in:1
              
               
                 19
                 2695#out:1
                 [5, 0]
                 
                   20
                   2709#in:1
                
                 
                   21
                   [0, 95; -160, 0]
                   2696#in:1
                
                 
                   22
                   [0, -205; -449, 0; 0, 80]
                   
                     29
                     [153, 0; 0, -25]
                     2703#in:2
                  
                   
                     27
                     [0, 75; 144, 0]
                     2705#in:2
                  
                
              
               
                 25
                 2696#out:1
                 2701#in:1
              
               
                 26
                 2701#out:1
                 2710#in:1
              
               
                 35
                 2893#out:1
                 2706#in:1
              
            
          
           
             [2, 2]
             [1310, 19, 1405, 61]
             -4
             off
             off
             
               port_label('input',1,'T_{e}','texmode','on');
port_label('input',2,'T_{l}','texmode','on');
port_label('output',1,'\theta_{r}','texmode','on');
port_label('output',2,'\omega_{r}','texmode','on');
            
             
               [-8, -8, 1928, 1048]
               off
               250
               
                 [20, 103, 50, 117]
                 -1
                 alternate
                 Port number
              
               
                 [20, 138, 50, 152]
                 -2
                 2
                 Port number
              
               
                 [100, -40, 130, -10]
                 45
                 Coulomb_friction_check
              
               
                 [1, 1, 1]
                 [170, 25, 240, 75]
                 -13
                 on
                 off
                 off
                 
                   [1912, -8, 3208, 1032]
                   off
                   187
                   
                     [340, 153, 370, 167]
                     46
                     on
                     alternate
                     Port number
                  
                   
                     []
                     [187, 70, 207, 90]
                     47
                  
                   
                     [95, 145, 125, 175]
                     1
                     on
                     alternate
                     C
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [275, 145, 305, 175]
                     37
                     on
                     alternate
                     -eps
                     eps
                  
                   
                     [210, 145, 240, 175]
                     43
                     on
                     alternate
                     10
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [1, 1]
                     [150, 145, 180, 175]
                     38
                     on
                     alternate
                     u0
                     1
                     -1
                  
                   
                     [40, 153, 70, 167]
                     45
                     on
                     alternate
                     Port number
                  
                   
                     1
                     2720#out:1
                     2721#in:1
                  
                   
                     2
                     2718#out:1
                     2722#in:1
                  
                   
                     3
                     2721#out:1
                     2718#in:1
                  
                   
                     4
                     2719#out:1
                     2720#in:1
                  
                   
                     5
                     2716#out:1
                     2719#in:1
                  
                
              
               
                 [215, 195, 245, 225]
                 -3
                 on
                 off
                 B
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [190, 130, 220, 160]
                 -4
                 off
                 1/J
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
                 
                   1
                   w_dot
                   Auto
                   SignalName
                
              
               
                 [355, 130, 390, 160]
                 -5
                 off
                 zp
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
                 
                   1
                   w_r
                   Auto
                   SignalName
                
              
               
                 [1, 1]
                 [260, 129, 290, 161]
                 -6
                 off
                 
                   1
                   w_m
                   Auto
                   SignalName
                
              
               
                 [1, 1]
                 [430, 85, 460, 115]
                 -7
                 off
                 theta_init
              
               
                 [2, 1]
                 [120, 135, 140, 155]
                 32
                 off
                 round
                 -+|
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [3, 1]
                 [70, 135, 90, 155]
                 -9
                 off
                 round
                 +--
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [495, 93, 525, 107]
                 -10
                 Port number
              
               
                 [495, 138, 525, 152]
                 -11
                 2
                 Port number
              
               
                 w_r
                 1
                 2725#out:1
                 [9, 0]
                 
                   2
                   [-1, 1]
                   2731#in:1
                
                 
                   3
                   [0, -45]
                   2727#in:1
                
              
               
                 w_dot
                 4
                 [1, 0]
                 2724#out:1
                 2726#in:1
              
               
                 w_m
                 5
                 2726#out:1
                 [8, 0]
                 
                   6
                   [0, -95]
                   2715#in:1
                
                 
                   7
                   [0, 65]
                   2723#in:1
                
                 
                   8
                   [1, 0]
                   2725#in:1
                
              
               
                 9
                 2727#out:1
                 2730#in:1
              
               
                 10
                 2713#out:1
                 2729#in:2
              
               
                 11
                 2712#out:1
                 [25, 0]
                 2729#in:1
              
               
                 12
                 2729#out:1
                 2728#in:2
              
               
                 13
                 2728#out:1
                 2724#in:1
              
               
                 14
                 2723#out:1
                 [-130, 0]
                 2729#in:3
              
               
                 15
                 2715#out:1
                 [-35, 0]
                 2728#in:1
              
               
                 16
                 2714#out:1
                 [70, 0]
                 2715#enable
              
            
          
           
             [1, 1]
             [655, 22, 710, 58]
             370
             through
             off
             off
             
               [100, 100, 600, 900]
               off
               100
               
                 [20, 33, 50, 47]
                 392
                 Port number
              
               
                 [1, 3]
                 [70, 21, 75, 59]
                 390
                 off
                 3
                 bar
              
               
                 [3, 1]
                 [130, 21, 135, 59]
                 391
                 off
                 3
                 bar
              
               
                 [155, 33, 185, 47]
                 393
                 Port number
              
               
                 1
                 4018#out:2
                 [9, 0; 0, 5; 26, 0]
                 4019#in:3
              
               
                 2
                 4021#out:1
                 4018#in:1
              
               
                 3
                 4019#out:1
                 4022#in:1
              
               
                 4
                 4018#out:3
                 [23, 0; 0, -10]
                 4019#in:2
              
               
                 5
                 4018#out:1
                 4019#in:1
              
            
          
           
             [1, 1]
             [1475, -108, 1530, -72]
             372
             through
             off
             off
             
               [100, 100, 600, 900]
               off
               100
               
                 [20, 33, 50, 47]
                 392
                 Port number
              
               
                 [1, 3]
                 [70, 21, 75, 59]
                 390
                 off
                 3
                 bar
              
               
                 [3, 1]
                 [130, 21, 135, 59]
                 391
                 off
                 3
                 bar
              
               
                 [155, 33, 185, 47]
                 393
                 Port number
              
               
                 1
                 4042#out:2
                 [9, 0; 0, 5; 26, 0]
                 4043#in:3
              
               
                 2
                 4041#out:1
                 4042#in:1
              
               
                 3
                 4043#out:1
                 4044#in:1
              
               
                 4
                 4042#out:3
                 [23, 0; 0, -10]
                 4043#in:2
              
               
                 5
                 4042#out:1
                 4043#in:1
              
            
          
           
             [2, 1]
             [820, 25, 875, 80]
             301
             alternate
             off
             off
             
               port_label('input',1,'X_{abc}','texmode','on');
port_label('input',2,'K_{r}','texmode','on');
port_label('output',1,'X_{dq}','texmode','on');
            
             
               1
               u_a
               Auto
               SignalName
            
             
               [-8, -8, 1928, 1048]
               off
               234
               
                 [200, 220, 220, 240]
                 -1
                 Port number
              
               
                 [200, 150, 220, 170]
                 -2
                 2
                 Port number
              
               
                 [2, 1]
                 [280, 152, 330, 188]
                 -3
                 Matrix(*)
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [350, 160, 370, 180]
                 -7
                 Port number
                 0
              
               
                 1
                 2788#out:1
                 2789#in:1
              
               
                 2
                 2787#out:1
                 [40, 0]
                 2789#in:2
              
               
                 3
                 2789#out:1
                 2790#in:1
              
            
          
           
             [1, 2]
             [815, 188, 885, 232]
             363
             on
             alternate
             off
             off
             
               port_label('input', 1,'\theta_{r}','texmode','on');
port_label('output', 1,'K^{r}','texmode','on');
port_label('output', 2,'K^{r}^{-1}','texmode','on');



            
             
               [-8, -8, 1928, 1048]
               off
               163
               
                 [95, 48, 125, 62]
                 -1
                 Port number
              
               
                 [435, 55, 465, 85]
                 -3
                 -1
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
                 
                   1
                   -sin(wt)
                   Auto
                   SignalName
                
              
               
                 [785, 125, 815, 155]
                 -4
                 off
                 2/3
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [190, 100, 215, 120]
                 -5
                 off
                 0.5
              
               
                 [165, 139, 215, 161]
                 -6
                 off
                 sqrt(3)/2
              
               
                 [2, 1]
                 [675, 112, 680, 163]
                 -7
                 off
                 2
                 bar
              
               
                 [2, 1]
                 [675, 32, 680, 83]
                 -8
                 off
                 2
                 bar
              
               
                 [2, 1]
                 [675, 192, 680, 243]
                 -9
                 off
                 2
                 bar
              
               
                 [3, 1]
                 [675, 284, 680, 336]
                 11
                 off
                 3
                 bar
              
               
                 [3, 1]
                 [675, 354, 680, 406]
                 12
                 off
                 3
                 bar
              
               
                 [2, 1]
                 [315, 93, 345, 117]
                 -10
                 off
                 Floor
              
               
                 [2, 1]
                 [315, 133, 345, 157]
                 -11
                 off
                 Floor
              
               
                 [2, 1]
                 [310, 238, 340, 262]
                 -12
                 off
                 Floor
              
               
                 [2, 1]
                 [310, 198, 340, 222]
                 -13
                 off
                 Floor
              
               
                 [2, 1]
                 [360, 189, 380, 271]
                 -14
                 off
                 
                   1
                   -sin(wt-2pi/3)
                   Auto
                   SignalName
                
              
               
                 [2, 1]
                 [360, 84, 380, 166]
                 -15
                 off
                 -+
                 
                   1
                   cos(wt-2pi/3)
                   Auto
                   SignalName
                
              
               
                 [2, 1]
                 [445, 186, 465, 219]
                 -16
                 off
                 --
                 
                   1
                   cos(wt+2pi/3)
                   Auto
                   SignalName
                
              
               
                 [2, 1]
                 [445, 292, 465, 323]
                 -17
                 off
                 -+
                 
                   1
                   -sin(wt+2pi/3)
                   Auto
                   SignalName
                
              
               
                 [2, 1]
                 [725, 318, 750, 387]
                 4
                 alternate
                 Multidimensional array
                 2
              
               
                 [3, 1]
                 [725, 106, 750, 174]
                 -19
                 alternate
                 3
                 Multidimensional array
                 2
              
               
                 [1, 2]
                 [150, 36, 220, 74]
                 13
                 off
                 off
                 
                   1
                   cos(wt)
                   Auto
                   SignalName
                
                 
                   2
                   sin(wt)
                   Auto
                   SignalName
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   175
                   
                     [90, 73, 120, 87]
                     25
                     Port number
                  
                   
                     [1, 2]
                     [235, 62, 265, 93]
                     19
                     sincos
                  
                   
                     [355, 123, 385, 137]
                     26
                     Port number
                  
                   
                     [355, 63, 385, 77]
                     27
                     2
                     Port number
                  
                   
                     4
                     3557#out:1
                     3559#in:1
                  
                   
                     7
                     3559#out:1
                     3659#in:1
                  
                   
                     8
                     3559#out:2
                     [46, 0; 0, 45]
                     3561#in:1
                  
                
              
               
                 [845, 133, 875, 147]
                 -21
                 Port number
              
               
                 [845, 348, 875, 362]
                 5
                 2
                 Port number
              
               
                 1
                 3545#out:1
                 [18, 0; 0, -10]
                 3554#in:2
              
               
                 2
                 3544#out:1
                 [12, 0; 0, 25]
                 3554#in:1
              
               
                 -sin(wt)
                 10
                 3
                 3537#out:1
                 [162, 0]
                 
                   4
                   [-1, 0]
                   3542#in:2
                
                 
                   5
                   [0, 295]
                   3545#in:1
                
              
               
                 6
                 3543#out:1
                 [10, 0; 0, -60]
                 3555#in:3
              
               
                 7
                 3541#out:1
                 3555#in:2
              
               
                 8
                 3542#out:1
                 [10, 0; 0, 60]
                 3555#in:1
              
               
                 9
                 3538#out:1
                 3562#in:1
              
               
                 10
                 3555#out:1
                 3538#in:1
              
               
                 11
                 3535#out:1
                 3556#in:1
              
               
                 sin(wt)
                 10
                 57
                 3556#out:2
                 [45, 0; 0, 5]
                 
                   13
                   [1, 0]
                   3537#in:1
                
                 
                   14
                   [0, 70]
                   
                     15
                     [0, 65]
                     
                       16
                       [0, 110]
                       3553#in:2
                    
                     
                       17
                       3549#in:1
                    
                  
                   
                     18
                     3547#in:1
                  
                
              
               
                 cos(wt)
                 10
                 58
                 3556#out:1
                 [65, 0]
                 
                   20
                   [370, 0]
                   
                     21
                     [-1, 1]
                     3542#in:1
                  
                   
                     22
                     3544#in:1
                  
                
                 
                   23
                   [0, 55]
                   
                     24
                     3546#in:1
                  
                   
                     25
                     [0, 145]
                     
                       26
                       3548#in:1
                    
                     
                       27
                       [0, 40; 140, 0]
                       3552#in:2
                    
                  
                
              
               
                 28
                 3546#out:1
                 3551#in:1
              
               
                 29
                 3547#out:1
                 3551#in:2
              
               
                 30
                 3549#out:1
                 3550#in:1
              
               
                 31
                 3548#out:1
                 3550#in:2
              
               
                 -sin(wt+2pi/3)
                 10
                 32
                 3553#out:1
                 [15, 0; 0, -80; 123, 0]
                 
                   33
                   [1, 0]
                   3543#in:2
                
                 
                   34
                   [0, 165]
                   3545#in:3
                
              
               
                 cos(wt+2pi/3)
                 10
                 35
                 3552#out:1
                 [172, 0]
                 
                   36
                   [-1, 1]
                   3543#in:1
                
                 
                   37
                   [0, 120]
                   3544#in:3
                
              
               
                 38
                 3539#out:1
                 [35, 0]
                 
                   39
                   3546#in:2
                
                 
                   40
                   [0, 105]
                   3549#in:2
                
              
               
                 41
                 3540#out:1
                 [20, 0]
                 
                   42
                   3547#in:2
                
                 
                   43
                   [0, 105]
                   3548#in:2
                
              
               
                 cos(wt-2pi/3)
                 10
                 44
                 3551#out:1
                 [45, 0]
                 
                   45
                   [217, 0]
                   
                     46
                     [-1, 1]
                     3541#in:1
                  
                   
                     47
                     [0, 185]
                     3544#in:2
                  
                
                 
                   48
                   3552#in:1
                
              
               
                 -sin(wt-2pi/3)
                 10
                 49
                 3550#out:1
                 [20, 0]
                 
                   50
                   [0, -80; 215, 0]
                   
                     51
                     [1, 0]
                     3541#in:2
                  
                   
                     52
                     [0, 230]
                     3545#in:2
                  
                
                 
                   53
                   [0, 70]
                   3553#in:1
                
              
               
                 54
                 3554#out:1
                 3563#in:1
              
            
          
           
             [2, 1]
             [1350, -116, 1420, -69]
             -6
             off
             off
             
               port_label('input',1,'K_{r}^{-1}','texmode','on');
port_label('input',2,'X_{dq}','texmode','on');
port_label('output',1,'X_{abc}','texmode','on');
            
             
               [-8, -8, 1928, 1048]
               off
               100
               
                 [165, 35, 185, 55]
                 -1
                 Port number
              
               
                 [165, 90, 185, 110]
                 -2
                 2
                 Port number
              
               
                 [2, 1]
                 [240, 37, 290, 73]
                 -3
                 Matrix(*)
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [310, 45, 330, 65]
                 -7
                 Port number
                 0
              
               
                 1
                 2792#out:1
                 2794#in:1
              
               
                 2
                 2794#out:1
                 2795#in:1
              
               
                 3
                 2793#out:1
                 [35, 0]
                 2794#in:2
              
            
          
           
             [1025, 153, 1055, 167]
             365
             Port number
             [2 1]
          
           
             [1130, 58, 1160, 72]
             -7
             2
             Port number
          
           
             [1580, -97, 1610, -83]
             -8
             3
             Port number
          
           
             [1580, -27, 1610, -13]
             -9
             alternate
             4
             Port number
          
           
             [1475, -12, 1505, 2]
             -10
             5
             Port number
          
           
             [1475, 43, 1505, 57]
             -11
             6
             Port number
          
           
             [1580, 23, 1610, 37]
             -12
             7
             Port number
          
           
             i_s
             1
             2689#out:1
             [33, 0]
             
               139
               2803#in:1
            
             
               3
               [0, 0]
               [0, -60]
               2791#in:2
            
          
           
             u_a
             95
             [2, 0]
             2786#out:1
             [39, 0; 0, 10]
             
               216
               [196, 0]
               
                 159
                 [0, -85]
                 2689#in:1
              
               
                 158
                 2801#in:1
              
            
             
               137
               [0, 95]
               3658#in:1
            
          
           
             7
             2791#out:1
             4040#in:1
          
           
             8
             2689#out:2
             [5, 0]
             
               9
               2711#in:1
            
             
               10
               [0, -35]
               2804#in:1
            
          
           
             11
             2671#out:1
             [40, 0]
             2711#in:2
          
           
             12
             2711#out:2
             [37, 0]
             
               13
               [0, 78; -267, 0; 0, -98]
               2689#in:2
            
             
               18
               2805#in:1
            
          
           
             20
             2670#out:1
             4020#in:1
          
           
             126
             3534#out:2
             [-70, 0; 0, -325]
             2791#in:1
          
           
             125
             3534#out:1
             [-18, 0; 0, -135]
             2786#in:2
          
           
             19
             2711#out:1
             [144, 0]
             
               133
               [0, 180]
               3534#in:1
            
             
               131
               2806#in:1
            
          
           
             208
             4020#out:1
             2786#in:1
          
           
             210
             4040#out:1
             2802#in:1
          
        
      
       
         [265, 473, 290, 497]
         8
         0
      
       
         [2, 1]
         [315, 439, 340, 466]
         7
         off
         off
         Inherit: Inherit via internal rule
         off
      
       
         [985, 320, 1015, 350]
         -3
         alternate
         60/(2*pi)
         Inherit: Inherit via internal rule
         Inherit: Inherit via internal rule
         off
      
       
         [920, 445, 950, 475]
         17
         60/(2*pi)
         Inherit: Inherit via internal rule
         Inherit: Inherit via internal rule
         off
      
       
         [4]
         [1055, 95, 1085, 265]
         -9
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData2','DataLoggingSaveFormat','StructureWithTime','DataLoggingDecimation','1','DataLoggingDecimateData',true),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-11.56715','MaxYLimReal','35.04981','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','35.04981','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',4,'LineNames',{{'idq','Sensorless Vector control/6'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-45.74953','MaxYLimReal','45.74869','YLabelReal','','MinYLimMag','0','MaxYLimMag','10','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',3,'LineNames',{{'iabc:1','iabc:2','iabc:3'}},'ShowContent',true,'Placement',2),struct('MinYLimReal','-78.37406','MaxYLimReal','36.3905','YLabelReal','','MinYLimMag','0','MaxYLimMag','10','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',3,'LineNames',{{'mod','mod1','mod2'}},'ShowContent',true,'Placement',3),struct('MinYLimReal','-187.56914','MaxYLimReal','1688.12229','YLabelReal','','MinYLimMag','0','MaxYLimMag','10','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',3,'LineNames',{{'Rad2 rpm:1','Rad2 rpm:2','Rad2 rpm:3'}},'ShowContent',true,'Placement',4)},'DisplayPropertyDefaults',struct('YLabelReal','','AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',0,'LineNames',{{[]}},'ShowContent',true,'Placement',1),'DisplayLayoutDimensions',[4 1],'TimeRangeSamples','0.1061309030654516','TimeRangeFrames','0.1061309030654516'),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Location',[1 75 1921 1039])
         4
      
       
         [1]
         [985, 444, 1015, 476]
         15
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData9','DataLoggingSaveFormat','StructureWithTime','DataLoggingDecimation','1','DataLoggingDecimateData',true),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-16.45875','MaxYLimReal','77.34254','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','77.34254','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Rad2 rpm1'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-16.45875','MaxYLimReal','77.34254','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','77.34254','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',0,'LineNames',{{[]}},'ShowContent',true,'Placement',1)),extmgr.Configuration('Tools','Plot Navigation',true,'PreviousAutoscale','XY','OnceAtStop',false),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Location',[-402 307 1518 1271])
         1
      
       
         [2]
         [1055, 325, 1085, 360]
         295
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData11'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-60.24166','MaxYLimReal','542.17496','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','542.17496','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',3,'LineNames',{{'Rad2 rpm:1','Rad2 rpm:2','Rad2 rpm:3'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-2.3355','MaxYLimReal','11.04626','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','20.42168','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Sensorless Vector control/5'}},'ShowContent',true,'Placement',2)},'DisplayPropertyDefaults',struct('YLabelReal','','AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[2 1],'DisplayContentCache',[]),extmgr.Configuration('Tools','Plot Navigation',true,'PreviousAutoscale','XY','OnceAtStop',false),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[9 49 944 948])
         2
      
       
         [2, 6]
         [550, 279, 620, 411]
         4
         off
         off
         
           Speed ranges:

0<wr1<wr2<wr3

Pure open-loop:  0->wr1: Pure open-loop start-up, control current is only d-axis current, q-axis current results from lagging motor.
Observer init:  wr1->wr2:  Observer starts to engage, d-axis current is partially reduced up onto wr2, where it is limited to 50% of surplus current.
Observer on: wr2-wr3:       Observer is fully engaged, and d-axis current is further reduced to 0.

           L_s = Lsd; %=Lq for SPMSM
w_s = 2*pi*f_s;
lambda_p = sqrt(2)*E_s/w_s;
Kt = 3/2*lambda_p*zp;

wr_init = 2*pi*fr_init;

%Set duty cycle limit, 
%depending on modulation type
if THI_en
    d_lim = 2/sqrt(3); %THI limit
else
    d_lim = 1;   %Sine-triangle limit
end

Vs_lim = d_lim*V_dc/2; %Voltage limit

if AVcheck
%Large step size of Average value inverter
    evalin('base', 'hmax = 5e-3;');
else
%Smaller step size of PWM inverter
   evalin('base', 'hmax = 5e-6;');
end

           %port_label('input',1,'i_{abc_f}','texmode','on');
port_label('input',1,'i_{abc}','texmode','on');
port_label('input',2,'\omega_{r}^{*}','texmode','on');


port_label('output',1,'v_{abc}','texmode','on');
port_label('output',2,'\theta_{r\_con}','texmode','on');
port_label('output',3,'\omega_{r\_con}','texmode','on');
port_label('output',4,'vdq*','texmode','on');
port_label('output',5,'we','texmode','on');
           
             
               edit
               zp
               Zp: # Pole pairs
               1
            
             
               edit
               Lsd
               Ld [H]: d-axis inductance
               500e-6
            
             
               edit
               Lsq
               Lq [H]: q-axis inductance
               500e-6
            
             
               edit
               E_s
               Rated no-load voltage [Vrms] @ Rated frequency
               103
            
             
               edit
               f_s
               f_s [Hz]: Rated Frequency
               500
            
             
               edit
               V_dc
               Vdc [V] - dc link voltage
               150
            
             
               edit
               f_c
               f_c [Hz]: Inverter carrier frequency
               40e3
            
             
               edit
               Hw
               Inverter triangle crossing accuracy
               0.001
            
             
               checkbox
               THI_en
               Third harmonic Injection (unchecked => Sine-Triangle Modulation)
               off
            
             
               checkbox
               AVcheck
               Average Value Inverter 
               on
            
             
               edit
               Kp_current
               Kp: current proportional controller gain
               0.1257
            
             
               edit
               Ki_current
               Ki: current integral controller gain
               34.87
            
             
               edit
               Kp_speed
               Kp: speed proportional controller gain
               6.82
            
             
               edit
               Ki_speed
               Ki: speed integral controller gain
               15.14
            
             
               edit
               T_max
               T_max [Nm]: maximum torque
               10*inf
            
             
               edit
               Is_max
               Is_max [A]: Maximum inverter current
               30
            
             
               edit
               Ts
               Controller sampling period: Ts
               1/10e3
            
             
               edit
               w_o
               Observer bandwidth: w_o
               2*pi*100
            
             
               edit
               z
               Observer damping: z
               1/sqrt(2)
            
             
               edit
               Rs
               Commanded Resistance: Rs*
               0.172
            
             
               edit
               Ls
               Commanded Inductance: Ls*
               500e-6
            
             
               edit
               Kp_PLL
               Speed estimator: Kp_t
               88.8577
            
             
               edit
               Ki_PLL
               Speed estimator: Ki_t
               3.9478e+03
            
             
               edit
               fr_init
               Open-loop switch-off [Hz]
               20
            
             
               edit
               J
               J [kg.m^2]: Moment of Inertia
               0.10669
            
             
               edit
               Lf
               Filter inductance [H]
               300e-6*0
            
             
               edit
               Rcf
               Filter capacitor resistance [ohm]
               1*0
            
             
               edit
               Rlf
               Filter inductor resistance [ohm]
               50e-3*0
            
             
               edit
               Cf
               Filter capacitance
               3e-6*0
            
          
           
             
               %<MaskType>
               
                 %<MaskDescription>
                 DescTextVar
              
               DescGroupVar
            
             
               
                 
                   PMSM
                   
                     
                       zp
                    
                     
                       Lsd
                    
                     
                       Lsq
                    
                     
                       E_s
                    
                     
                       f_s
                    
                  
                   ParameterTabVar0
                
                 
                   Inverter
                   
                     
                       V_dc
                    
                     
                       f_c
                    
                     
                       Hw
                    
                     
                       THI_en
                    
                     
                       AVcheck
                    
                  
                   ParameterTabVar01
                
                 
                   Control 
                   
                     
                       Kp_current
                    
                     
                       Ki_current
                    
                     
                       Kp_speed
                    
                     
                       Ki_speed
                    
                     
                       T_max
                    
                     
                       Is_max
                    
                     
                       Ts
                    
                  
                   ParameterTabVar012
                
                 
                   Observer
                   
                     
                       w_o
                    
                     
                       z
                    
                     
                       Rs
                    
                     
                       Ls
                    
                     
                       Kp_PLL
                    
                     
                       Ki_PLL
                    
                     
                       fr_init
                    
                     
                       J
                    
                  
                   ParameterTabVar0123
                
                 
                   3-phase filter
                   
                     
                       Lf
                    
                     
                       Rcf
                    
                     
                       Rlf
                    
                     
                       Cf
                    
                  
                   Container7
                
              
               ParameterTabContainerVar
            
          
        
         
           1
           v_abc
           Auto
           SignalName
        
         
           [-8, -8, 1928, 1048]
           on
           A4
           centimeters
           [1.270000, 1.270000, 1.270000, 1.270000]
           130
           
             [130, 243, 160, 257]
             -2
             Port number
          
           
             [210, 148, 240, 162]
             -1
             alternate
             2
             Port number
          
           
             [365, 233, 400, 267]
             373
             100e-6
          
           
             [1, 1]
             [200, 235, 255, 265]
             372
             alternate
             off
             off
             
               wc = 2*pi*fc;
               port_label('input',1,'i_{abc}','texmode','on');
port_label('output',1,'i_{abc}^{LPF}','texmode','on');
               
                 edit
                 fc
                 LPF bandwidth [Hz]:
                 5e3
              
            
             
               [16, 52, 2008, 1292]
               off
               100
               
                 [320, 443, 350, 457]
                 -1
                 alternate
                 Port number
              
               
                 [1, 1]
                 [440, 435, 470, 465]
                 -2
              
               
                 [515, 435, 545, 465]
                 -3
                 wc
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [380, 440, 400, 460]
                 -4
                 off
                 round
                 |+-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [630, 443, 660, 457]
                 -5
                 alternate
                 Port number
              
               
                 1
                 4008#out:1
                 4006#in:1
              
               
                 2
                 4006#out:1
                 4007#in:1
              
               
                 3
                 4007#out:1
                 [48, 0]
                 
                   4
                   4009#in:1
                
                 
                   5
                   [0, 42; -208, 0]
                   4008#in:2
                
              
               
                 6
                 4005#out:1
                 4008#in:1
              
            
          
           
             [3, 7]
             [685, 449, 810, 661]
             2
             off
             off
             
               [-8, -8, 1928, 1048]
               off
               A4
               centimeters
               [1.270000, 1.270000, 1.270000, 1.270000]
               179
               
                 [135, -107, 165, -93]
                 315
                 alternate
                 Port number
              
               
                 [255, 28, 285, 42]
                 -2
                 2
                 Port number
              
               
                 [135, -62, 165, -48]
                 309
                 3
                 Port number
              
               
                 [3, 2]
                 [230, -122, 310, 12]
                 367
                 alternate
                 off
                 off
                 
                   
                     
                       edit
                       Ls
                       Inductance
                       Ls+Lf*1
                    
                     
                       edit
                       Rs
                       Resistance
                       Rs+Rlf*1
                    
                  
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   112
                   
                     [355, 503, 385, 517]
                     6
                     alternate
                     Port number
                  
                   
                     [340, 43, 370, 57]
                     7
                     alternate
                     2
                     Port number
                  
                   
                     [340, 93, 370, 107]
                     8
                     3
                     Port number
                  
                   
                     [650, 230, 690, 260]
                     34
                     -Rs/Ls
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [2, 1]
                     [640, 103, 675, 132]
                     45
                     off
                     Inherit: Inherit via internal rule
                     Floor
                     off
                  
                   
                     [650, 290, 690, 320]
                     36
                     1/Ls
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [420, 35, 460, 65]
                     19
                     alternate
                     1/Ls
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                     
                       1
                       B*u
                       Auto
                       SignalName
                    
                  
                   
                     [1, 2]
                     [555, 506, 560, 544]
                     31
                     off
                     2
                     bar
                  
                   
                     [1, 2]
                     [495, 286, 500, 324]
                     40
                     off
                     2
                     bar
                  
                   
                     [1, 1]
                     [990, 87, 1025, 123]
                     48
                     State (most efficient)
                     Ts
                     DiscIntNeverNeededParam
                     DiscIntNeverNeededParam
                     
                       1
                       x = [id^_r^ 
       iq^_r^ 
        ed^_r^ 
        eq^_r^]
                       Auto
                       SignalName
                    
                  
                   
                     [425, 105, 455, 135]
                     26
                     -1
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [580, 520, 610, 550]
                     29
                     -1
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [525, 300, 555, 330]
                     38
                     -1
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [550, 425, 590, 455]
                     22
                     -Rs/Ls+2*z*w_o
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [2, 1]
                     [630, 363, 665, 392]
                     25
                     off
                     Inherit: Inherit via internal rule
                     Floor
                     off
                  
                   
                     [675, 510, 715, 540]
                     24
                     w_o^2*Ls
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [2, 1]
                     [475, 91, 480, 129]
                     27
                     off
                     2
                     bar
                  
                   
                     [2, 1]
                     [630, 506, 635, 544]
                     30
                     off
                     2
                     bar
                  
                   
                     [2, 1]
                     [765, 496, 770, 534]
                     32
                     off
                     2
                     bar
                  
                   
                     [2, 1]
                     [570, 286, 575, 324]
                     39
                     off
                     2
                     bar
                  
                   
                     [2, 1]
                     [860, 71, 865, 109]
                     41
                     off
                     2
                     bar
                     
                       1
                       dx/dt
                       Auto
                       SignalName
                    
                  
                   
                     [1, 1]
                     [355, 523, 385, 547]
                     21
                     4
                     Index vector (dialog)
                     [1 2]
                     1
                     
                       1
                       y^ = C*x
                       Auto
                       SignalName
                    
                  
                   
                     [1, 1]
                     [1105, 86, 1145, 124]
                     3
                     4
                     Index vector (dialog)
                     [3 4]
                     1
                  
                   
                     [1, 1]
                     [555, 373, 585, 397]
                     23
                     2
                     Index vector (dialog)
                     [2 1]
                     1
                  
                   
                     [1, 1]
                     [385, 233, 415, 257]
                     33
                     4
                     Index vector (dialog)
                     [1 2]
                     1
                  
                   
                     [1, 1]
                     [385, 293, 415, 317]
                     37
                     4
                     Index vector (dialog)
                     [3 4]
                     1
                  
                   
                     [1, 1]
                     [545, 113, 575, 137]
                     44
                     2
                     Index vector (dialog)
                     [2 1]
                     1
                  
                   
                     [1, 1]
                     [1105, 21, 1145, 59]
                     47
                     4
                     Index vector (dialog)
                     [1 2]
                     1
                  
                   
                     [2, 1]
                     [705, 400, 725, 455]
                     28
                     off
                     off
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [2, 1]
                     [900, 75, 920, 130]
                     42
                     off
                     off
                     Inherit: Inherit via internal rule
                     off
                     
                       1
                       x = [id^_r^ 
       iq^_r^ 
        ed^_r^ 
        eq^_r^]
                       Auto
                       SignalName
                    
                  
                   
                     [2, 1]
                     [430, 496, 450, 549]
                     -17
                     off
                     +-
                     off
                     Inherit: Inherit via internal rule
                     off
                     
                       1
                       i_dq^_e
                       Auto
                       SignalName
                    
                  
                   
                     [4, 1]
                     [795, 39, 810, 121]
                     -18
                     off
                     ++++
                     off
                     Inherit: Inherit via internal rule
                     off
                     
                       1
                       dx/dt
                       Auto
                       SignalName
                    
                  
                   
                     [785, 147, 825, 173]
                     14
                     [0 0]'
                     off
                  
                   
                     [1190, 33, 1220, 47]
                     46
                     Port number
                  
                   
                     [1190, 98, 1220, 112]
                     9
                     2
                     Port number
                  
                   
                     2
                     3623#out:1
                     3653#in:1
                  
                   
                     x = [id^_r^ 
       iq^_r^ 
        ed^_r^ 
        eq^_r^]
                     60
                     3683#out:1
                     [43, 0]
                     
                       4
                       [0, -65]
                       3650#in:1
                    
                     
                       5
                       3645#in:1
                    
                     
                       6
                       [1, 0]
                       [0, 501; -762, 0; 0, -71]
                       
                         115
                         [0, -290; 48, 0]
                         
                           8
                           [0, 60]
                           3648#in:1
                        
                         
                           9
                           3647#in:1
                        
                      
                       
                         10
                         3644#in:1
                      
                    
                  
                   
                     y^ = C*x
                     11
                     [1, 1]
                     3644#out:1
                     3653#in:2
                  
                   
                     12
                     3645#out:1
                     3657#in:1
                  
                   
                     13
                     3624#out:1
                     3629#in:1
                  
                   
                     14
                     3655#out:1
                     [15, 0]
                     3643#in:2
                  
                   
                     B*u
                     15
                     [1, 0]
                     3629#out:1
                     3654#in:1
                  
                   
                     21
                     3625#out:1
                     [24, 0]
                     
                       22
                       [0, 20]
                       3632#in:1
                    
                     
                       23
                       3639#in:1
                    
                  
                   
                     24
                     3632#out:1
                     3639#in:2
                  
                   
                     25
                     3646#out:1
                     3637#in:2
                  
                   
                     26
                     3639#out:1
                     [125, 0]
                     
                       27
                       [0, 260]
                       3637#in:1
                    
                     
                       28
                       3627#in:1
                    
                  
                   
                     56
                     3636#out:1
                     3651#in:2
                  
                   
                     58
                     3637#out:1
                     [20, 0]
                     3651#in:1
                  
                   
                     31
                     3630#out:2
                     3633#in:1
                  
                   
                     32
                     3633#out:1
                     3640#in:2
                  
                   
                     33
                     3630#out:1
                     3640#in:1
                  
                   
                     34
                     3640#out:1
                     3638#in:1
                  
                   
                     35
                     3651#out:1
                     [13, 0; 0, 75]
                     3641#in:1
                  
                   
                     36
                     3638#out:1
                     3641#in:2
                  
                   
                     37
                     3647#out:1
                     [72, 0]
                     
                       38
                       [0, -120]
                       3649#in:1
                    
                     
                       39
                       3626#in:1
                    
                  
                   
                     40
                     3631#out:2
                     3634#in:1
                  
                   
                     41
                     3634#out:1
                     3642#in:2
                  
                   
                     42
                     3631#out:1
                     3642#in:1
                  
                   
                     43
                     3642#out:1
                     3628#in:1
                  
                   
                     44
                     3648#out:1
                     3631#in:1
                  
                   
                     dx/dt
                     45
                     [0, 0]
                     3654#out:1
                     3643#in:1
                  
                   
                     dx/dt
                     46
                     [0, 0]
                     3643#out:1
                     3652#in:1
                  
                   
                     47
                     3641#out:1
                     [98, 0; 0, -400]
                     3652#in:2
                  
                   
                     48
                     3626#out:1
                     [9, 0; 0, -155]
                     3654#in:3
                  
                   
                     49
                     3628#out:1
                     [45, 0; 0, -195]
                     3654#in:4
                  
                   
                     50
                     3649#out:1
                     3627#in:2
                  
                   
                     51
                     3627#out:1
                     [13, 0; 0, -50]
                     3654#in:2
                  
                   
                     52
                     3650#out:1
                     3656#in:1
                  
                   
                     x = [id^_r^ 
       iq^_r^ 
        ed^_r^ 
        eq^_r^]
                     162
                     [-1, 1]
                     3652#out:1
                     3683#in:1
                  
                   
                     i_dq^_e
                     117
                     [0, 0; 1, 1]
                     3653#out:1
                     [78, 0]
                     
                       17
                       [0, -85]
                       
                         57
                         [-1, 1]
                         [0, -55]
                         3646#in:1
                      
                       
                         19
                         3636#in:1
                      
                    
                     
                       20
                       3630#in:1
                    
                  
                
              
               
                 [2, 3]
                 [360, 163, 475, 287]
                 330
                 on
                 off
                 off
                 
                   [-8, -8, 1928, 1048]
                   off
                   279
                   
                     [140, -72, 170, -58]
                     337
                     alternate
                     Port number
                  
                   
                     [140, -42, 170, -28]
                     369
                     2
                     Port number
                  
                   
                     [1, 2]
                     [570, -92, 640, -48]
                     362
                     off
                     off
                     
                       port_label('input', 1,'\theta_{r}','texmode','on');
port_label('output', 1,'K^{r}','texmode','on');
port_label('output', 2,'K^{r}^{-1}','texmode','on');



                    
                     
                       [-8, -8, 1928, 1048]
                       off
                       163
                       
                         [50, 48, 80, 62]
                         -1
                         Port number
                      
                       
                         [1, 2]
                         [220, 36, 225, 74]
                         1
                         off
                         2
                         bar
                         
                           1
                           cos(wt)
                           Auto
                           SignalName
                        
                         
                           2
                           sin(wt)
                           Auto
                           SignalName
                        
                      
                       
                         [435, 55, 465, 85]
                         -3
                         -1
                         Inherit: Inherit via internal rule
                         Inherit: Inherit via internal rule
                         off
                         
                           1
                           -sin(wt)
                           Auto
                           SignalName
                        
                      
                       
                         [785, 125, 815, 155]
                         -4
                         off
                         2/3
                         Inherit: Inherit via internal rule
                         Inherit: Inherit via internal rule
                         off
                      
                       
                         [190, 100, 215, 120]
                         -5
                         off
                         0.5
                      
                       
                         [165, 139, 215, 161]
                         -6
                         off
                         sqrt(3)/2
                      
                       
                         [2, 1]
                         [675, 112, 680, 163]
                         -7
                         off
                         2
                         bar
                      
                       
                         [2, 1]
                         [675, 32, 680, 83]
                         -8
                         off
                         2
                         bar
                      
                       
                         [2, 1]
                         [675, 192, 680, 243]
                         -9
                         off
                         2
                         bar
                      
                       
                         [3, 1]
                         [675, 284, 680, 336]
                         11
                         off
                         3
                         bar
                      
                       
                         [3, 1]
                         [675, 354, 680, 406]
                         12
                         off
                         3
                         bar
                      
                       
                         [2, 1]
                         [315, 93, 345, 117]
                         -10
                         off
                         Floor
                      
                       
                         [2, 1]
                         [315, 133, 345, 157]
                         -11
                         off
                         Floor
                      
                       
                         [2, 1]
                         [310, 238, 340, 262]
                         -12
                         off
                         Floor
                      
                       
                         [2, 1]
                         [310, 198, 340, 222]
                         -13
                         off
                         Floor
                      
                       
                         [2, 1]
                         [360, 189, 380, 271]
                         -14
                         off
                         
                           1
                           -sin(wt-2pi/3)
                           Auto
                           SignalName
                        
                      
                       
                         [2, 1]
                         [360, 84, 380, 166]
                         -15
                         off
                         -+
                         
                           1
                           cos(wt-2pi/3)
                           Auto
                           SignalName
                        
                      
                       
                         [2, 1]
                         [445, 186, 465, 219]
                         -16
                         off
                         --
                         
                           1
                           cos(wt+2pi/3)
                           Auto
                           SignalName
                        
                      
                       
                         [2, 1]
                         [445, 292, 465, 323]
                         -17
                         off
                         -+
                         
                           1
                           -sin(wt+2pi/3)
                           Auto
                           SignalName
                        
                      
                       
                         [2, 1]
                         [725, 328, 750, 397]
                         4
                         alternate
                         Multidimensional array
                         2
                      
                       
                         [3, 1]
                         [725, 106, 750, 174]
                         -19
                         alternate
                         3
                         Multidimensional array
                         2
                      
                       
                         [1, 1]
                         [105, 42, 175, 68]
                         13
                         off
                         off
                         
                           [-8, -8, 1928, 1048]
                           off
                           175
                           
                             [20, 73, 50, 87]
                             25
                             Port number
                          
                           
                             [2, 1]
                             [370, 61, 375, 99]
                             24
                             off
                             2
                             bar
                          
                           
                             [1, 1]
                             [235, 20, 265, 50]
                             19
                             cos
                          
                           
                             [1, 1]
                             [235, 110, 265, 140]
                             20
                          
                           
                             [455, 73, 485, 87]
                             26
                             Port number
                          
                           
                             1
                             3477#out:1
                             [47, 0; 0, 35]
                             3476#in:1
                          
                           
                             2
                             3478#out:1
                             [48, 0; 0, -35]
                             3476#in:2
                          
                           
                             3
                             3476#out:1
                             3479#in:1
                          
                           
                             4
                             3475#out:1
                             [125, 0]
                             
                               5
                               [0, 45]
                               3478#in:1
                            
                             
                               6
                               [0, -45]
                               3477#in:1
                            
                          
                        
                      
                       
                         [845, 133, 875, 147]
                         -21
                         Port number
                      
                       
                         [845, 358, 875, 372]
                         5
                         2
                         Port number
                      
                       
                         1
                         3463#out:1
                         3472#in:2
                      
                       
                         2
                         3462#out:1
                         [12, 0; 0, 35]
                         3472#in:1
                      
                       
                         -sin(wt)
                         10
                         3
                         3455#out:1
                         [162, 0]
                         
                           4
                           [-1, 0]
                           3460#in:2
                        
                         
                           5
                           [0, 295]
                           3463#in:1
                        
                      
                       
                         6
                         3461#out:1
                         [10, 0; 0, -60]
                         3473#in:3
                      
                       
                         7
                         3459#out:1
                         3473#in:2
                      
                       
                         8
                         3460#out:1
                         [10, 0; 0, 60]
                         3473#in:1
                      
                       
                         9
                         3456#out:1
                         3480#in:1
                      
                       
                         10
                         3473#out:1
                         3456#in:1
                      
                       
                         11
                         3453#out:1
                         3474#in:1
                      
                       
                         sin(wt)
                         10
                         12
                         3454#out:2
                         [40, 0; 0, 5]
                         
                           13
                           [1, 0]
                           3455#in:1
                        
                         
                           14
                           [0, 70]
                           
                             15
                             [0, 65]
                             
                               16
                               [0, 110]
                               3471#in:2
                            
                             
                               17
                               3467#in:1
                            
                          
                           
                             18
                             3465#in:1
                          
                        
                      
                       
                         cos(wt)
                         10
                         19
                         3454#out:1
                         [60, 0]
                         
                           20
                           [370, 0]
                           
                             21
                             [-1, 1]
                             3460#in:1
                          
                           
                             22
                             3462#in:1
                          
                        
                         
                           23
                           [0, 55]
                           
                             24
                             3464#in:1
                          
                           
                             25
                             [0, 145]
                             
                               26
                               3466#in:1
                            
                             
                               27
                               [0, 40; 140, 0]
                               3470#in:2
                            
                          
                        
                      
                       
                         28
                         3464#out:1
                         3469#in:1
                      
                       
                         29
                         3465#out:1
                         3469#in:2
                      
                       
                         30
                         3467#out:1
                         3468#in:1
                      
                       
                         31
                         3466#out:1
                         3468#in:2
                      
                       
                         -sin(wt+2pi/3)
                         10
                         32
                         3471#out:1
                         [15, 0; 0, -80; 123, 0]
                         
                           33
                           [1, 0]
                           3461#in:2
                        
                         
                           34
                           [0, 165]
                           3463#in:3
                        
                      
                       
                         cos(wt+2pi/3)
                         10
                         35
                         3470#out:1
                         [172, 0]
                         
                           36
                           [-1, 1]
                           3461#in:1
                        
                         
                           37
                           [0, 120]
                           3462#in:3
                        
                      
                       
                         38
                         3457#out:1
                         [35, 0]
                         
                           39
                           3464#in:2
                        
                         
                           40
                           [0, 105]
                           3467#in:2
                        
                      
                       
                         41
                         3458#out:1
                         [20, 0]
                         
                           42
                           3465#in:2
                        
                         
                           43
                           [0, 105]
                           3466#in:2
                        
                      
                       
                         cos(wt-2pi/3)
                         10
                         44
                         3469#out:1
                         [45, 0]
                         
                           45
                           [217, 0]
                           
                             46
                             [-1, 1]
                             3459#in:1
                          
                           
                             47
                             [0, 185]
                             3462#in:2
                          
                        
                         
                           48
                           3470#in:1
                        
                      
                       
                         -sin(wt-2pi/3)
                         10
                         49
                         3468#out:1
                         [20, 0]
                         
                           50
                           [0, -80; 215, 0]
                           
                             51
                             [1, 0]
                             3459#in:2
                          
                           
                             52
                             [0, 230]
                             3463#in:2
                          
                        
                         
                           53
                           [0, 70]
                           3471#in:1
                        
                      
                       
                         54
                         3472#out:1
                         3481#in:1
                      
                       
                         55
                         3474#out:1
                         3454#in:1
                      
                    
                  
                   
                     [1, 2]
                     [570, -8, 640, 28]
                     368
                     on
                     off
                     off
                     
                       port_label('input', 1,'\theta_{r}','texmode','on');
port_label('output', 1,'K^{r}','texmode','on');
port_label('output', 2,'K^{r}^{-1}','texmode','on');



                    
                     
                       [-8, -8, 1928, 1048]
                       off
                       163
                       
                         [50, 48, 80, 62]
                         -1
                         Port number
                      
                       
                         [1, 2]
                         [220, 36, 225, 74]
                         1
                         off
                         2
                         bar
                         
                           1
                           cos(wt)
                           Auto
                           SignalName
                        
                         
                           2
                           sin(wt)
                           Auto
                           SignalName
                        
                      
                       
                         [435, 55, 465, 85]
                         -3
                         -1
                         Inherit: Inherit via internal rule
                         Inherit: Inherit via internal rule
                         off
                         
                           1
                           -sin(wt)
                           Auto
                           SignalName
                        
                      
                       
                         [785, 125, 815, 155]
                         -4
                         off
                         2/3
                         Inherit: Inherit via internal rule
                         Inherit: Inherit via internal rule
                         off
                      
                       
                         [190, 100, 215, 120]
                         -5
                         off
                         0.5
                      
                       
                         [165, 139, 215, 161]
                         -6
                         off
                         sqrt(3)/2
                      
                       
                         [2, 1]
                         [675, 112, 680, 163]
                         -7
                         off
                         2
                         bar
                      
                       
                         [2, 1]
                         [675, 32, 680, 83]
                         -8
                         off
                         2
                         bar
                      
                       
                         [2, 1]
                         [675, 192, 680, 243]
                         -9
                         off
                         2
                         bar
                      
                       
                         [3, 1]
                         [675, 284, 680, 336]
                         11
                         off
                         3
                         bar
                      
                       
                         [3, 1]
                         [675, 354, 680, 406]
                         12
                         off
                         3
                         bar
                      
                       
                         [2, 1]
                         [315, 93, 345, 117]
                         -10
                         off
                         Floor
                      
                       
                         [2, 1]
                         [315, 133, 345, 157]
                         -11
                         off
                         Floor
                      
                       
                         [2, 1]
                         [310, 238, 340, 262]
                         -12
                         off
                         Floor
                      
                       
                         [2, 1]
                         [310, 198, 340, 222]
                         -13
                         off
                         Floor
                      
                       
                         [2, 1]
                         [360, 189, 380, 271]
                         -14
                         off
                         
                           1
                           -sin(wt-2pi/3)
                           Auto
                           SignalName
                        
                      
                       
                         [2, 1]
                         [360, 84, 380, 166]
                         -15
                         off
                         -+
                         
                           1
                           cos(wt-2pi/3)
                           Auto
                           SignalName
                        
                      
                       
                         [2, 1]
                         [445, 186, 465, 219]
                         -16
                         off
                         --
                         
                           1
                           cos(wt+2pi/3)
                           Auto
                           SignalName
                        
                      
                       
                         [2, 1]
                         [445, 292, 465, 323]
                         -17
                         off
                         -+
                         
                           1
                           -sin(wt+2pi/3)
                           Auto
                           SignalName
                        
                      
                       
                         [2, 1]
                         [725, 328, 750, 397]
                         4
                         alternate
                         Multidimensional array
                         2
                      
                       
                         [3, 1]
                         [725, 106, 750, 174]
                         -19
                         alternate
                         3
                         Multidimensional array
                         2
                      
                       
                         [1, 1]
                         [105, 42, 175, 68]
                         13
                         off
                         off
                         
                           [-8, -8, 1928, 1048]
                           off
                           175
                           
                             [20, 73, 50, 87]
                             25
                             Port number
                          
                           
                             [2, 1]
                             [370, 61, 375, 99]
                             24
                             off
                             2
                             bar
                          
                           
                             [1, 1]
                             [235, 20, 265, 50]
                             19
                             cos
                          
                           
                             [1, 1]
                             [235, 110, 265, 140]
                             20
                          
                           
                             [455, 73, 485, 87]
                             26
                             Port number
                          
                           
                             1
                             3749#out:1
                             [47, 0; 0, 35]
                             3748#in:1
                          
                           
                             2
                             3750#out:1
                             [48, 0; 0, -35]
                             3748#in:2
                          
                           
                             3
                             3748#out:1
                             3751#in:1
                          
                           
                             4
                             3747#out:1
                             [125, 0]
                             
                               5
                               [0, 45]
                               3750#in:1
                            
                             
                               6
                               [0, -45]
                               3749#in:1
                            
                          
                        
                      
                       
                         [845, 133, 875, 147]
                         -21
                         Port number
                      
                       
                         [845, 358, 875, 372]
                         5
                         2
                         Port number
                      
                       
                         1
                         3735#out:1
                         3744#in:2
                      
                       
                         2
                         3734#out:1
                         [12, 0; 0, 35]
                         3744#in:1
                      
                       
                         -sin(wt)
                         10
                         3
                         3727#out:1
                         [162, 0]
                         
                           4
                           [-1, 0]
                           3732#in:2
                        
                         
                           5
                           [0, 295]
                           3735#in:1
                        
                      
                       
                         6
                         3733#out:1
                         [10, 0; 0, -60]
                         3745#in:3
                      
                       
                         7
                         3731#out:1
                         3745#in:2
                      
                       
                         8
                         3732#out:1
                         [10, 0; 0, 60]
                         3745#in:1
                      
                       
                         9
                         3728#out:1
                         3752#in:1
                      
                       
                         10
                         3745#out:1
                         3728#in:1
                      
                       
                         11
                         3725#out:1
                         3746#in:1
                      
                       
                         sin(wt)
                         10
                         12
                         3726#out:2
                         [40, 0; 0, 5]
                         
                           13
                           [1, 0]
                           3727#in:1
                        
                         
                           14
                           [0, 70]
                           
                             15
                             [0, 65]
                             
                               16
                               [0, 110]
                               3743#in:2
                            
                             
                               17
                               3739#in:1
                            
                          
                           
                             18
                             3737#in:1
                          
                        
                      
                       
                         cos(wt)
                         10
                         19
                         3726#out:1
                         [60, 0]
                         
                           20
                           [370, 0]
                           
                             21
                             [-1, 1]
                             3732#in:1
                          
                           
                             22
                             3734#in:1
                          
                        
                         
                           23
                           [0, 55]
                           
                             24
                             3736#in:1
                          
                           
                             25
                             [0, 145]
                             
                               26
                               3738#in:1
                            
                             
                               27
                               [0, 40; 140, 0]
                               3742#in:2
                            
                          
                        
                      
                       
                         28
                         3736#out:1
                         3741#in:1
                      
                       
                         29
                         3737#out:1
                         3741#in:2
                      
                       
                         30
                         3739#out:1
                         3740#in:1
                      
                       
                         31
                         3738#out:1
                         3740#in:2
                      
                       
                         -sin(wt+2pi/3)
                         10
                         32
                         3743#out:1
                         [15, 0; 0, -80; 123, 0]
                         
                           33
                           [1, 0]
                           3733#in:2
                        
                         
                           34
                           [0, 165]
                           3735#in:3
                        
                      
                       
                         cos(wt+2pi/3)
                         10
                         35
                         3742#out:1
                         [172, 0]
                         
                           36
                           [-1, 1]
                           3733#in:1
                        
                         
                           37
                           [0, 120]
                           3734#in:3
                        
                      
                       
                         38
                         3729#out:1
                         [35, 0]
                         
                           39
                           3736#in:2
                        
                         
                           40
                           [0, 105]
                           3739#in:2
                        
                      
                       
                         41
                         3730#out:1
                         [20, 0]
                         
                           42
                           3737#in:2
                        
                         
                           43
                           [0, 105]
                           3738#in:2
                        
                      
                       
                         cos(wt-2pi/3)
                         10
                         44
                         3741#out:1
                         [45, 0]
                         
                           45
                           [217, 0]
                           
                             46
                             [-1, 1]
                             3731#in:1
                          
                           
                             47
                             [0, 185]
                             3734#in:2
                          
                        
                         
                           48
                           3742#in:1
                        
                      
                       
                         -sin(wt-2pi/3)
                         10
                         49
                         3740#out:1
                         [20, 0]
                         
                           50
                           [0, -80; 215, 0]
                           
                             51
                             [1, 0]
                             3731#in:2
                          
                           
                             52
                             [0, 230]
                             3735#in:2
                          
                        
                         
                           53
                           [0, 70]
                           3743#in:1
                        
                      
                       
                         54
                         3744#out:1
                         3753#in:1
                      
                       
                         55
                         3746#out:1
                         3726#in:1
                      
                    
                  
                   
                     [2, 3]
                     [275, -82, 390, -18]
                     352
                     off
                     off
                     
                       wc = 2*pi*fc;

                       
                         
                           edit
                           fc
                           Anti-aliasing low pass filter cut off frequency
                           5e3
                        
                         
                           edit
                           Ts
                           Sampling time
                           100e-6
                        
                      
                    
                     
                       [-8, -8, 1928, 1048]
                       off
                       354
                       
                         [525, 533, 555, 547]
                         18
                         Port number
                      
                       
                         [525, 613, 555, 627]
                         329
                         2
                         Port number
                      
                       
                         [1, 1]
                         [670, 522, 705, 558]
                         38
                         State (most efficient)
                         Ts
                         DiscIntNeverNeededParam
                         DiscIntNeverNeededParam
                      
                       
                         [1, 1]
                         [600, 525, 630, 555]
                         28
                         through
                      
                       
                         [2, 1]
                         [795, 530, 815, 550]
                         30
                         off
                         round
                         |+-
                         off
                         Inherit: Inherit via internal rule
                         off
                      
                       
                         [2, 1]
                         [845, 570, 865, 590]
                         35
                         off
                         round
                         |++
                         off
                         Inherit: Inherit via internal rule
                         off
                      
                       
                         [595, 602, 635, 638]
                         31
                         Ts*1+1/wc*1
                         Inherit: Inherit via internal rule
                         Inherit: Inherit via internal rule
                         off
                      
                       
                         [595, 675, 635, 715]
                         36
                         Ts*1.25
                         Inherit: Inherit via internal rule
                         Inherit: Inherit via internal rule
                         off
                      
                       
                         [890, 533, 920, 547]
                         25
                         Port number
                      
                       
                         [890, 573, 920, 587]
                         34
                         2
                         Port number
                      
                       
                         [890, 493, 920, 507]
                         27
                         3
                         Port number
                      
                       
                         6
                         3514#out:1
                         3662#in:1
                      
                       
                         10
                         3515#out:1
                         3519#in:1
                      
                       
                         60
                         3517#out:1
                         [165, 0]
                         3515#in:2
                      
                       
                         45
                         3516#out:1
                         3520#in:1
                      
                       
                         59
                         3518#out:1
                         [215, 0]
                         3516#in:2
                      
                       
                         28
                         3662#out:1
                         [39, 0]
                         
                           40
                           [0, -40]
                           3521#in:1
                        
                         
                           8
                           [0, 40]
                           3516#in:1
                        
                         
                           9
                           3515#in:1
                        
                      
                       
                         1
                         3513#out:1
                         3514#in:1
                      
                       
                         73
                         3975#out:1
                         [16, 0]
                         
                           71
                           [0, 75]
                           3518#in:1
                        
                         
                           70
                           3517#in:1
                        
                      
                    
                  
                   
                     [690, -87, 720, -73]
                     339
                     alternate
                     Port number
                  
                   
                     [420, -37, 450, -23]
                     359
                     2
                     Port number
                  
                   
                     [690, 13, 720, 27]
                     367
                     3
                     Port number
                  
                   
                     3
                     3452#out:1
                     3524#in:1
                  
                   
                     11
                     3512#out:3
                     3523#in:1
                  
                   
                     39
                     3724#out:2
                     [11, 0]
                  
                   
                     29
                     3976#out:1
                     3512#in:2
                  
                   
                     34
                     3451#out:1
                     3512#in:1
                  
                   
                     37
                     3512#out:1
                     3452#in:1
                  
                   
                     38
                     3512#out:2
                     [91, 0; 0, 60]
                     3724#in:1
                  
                   
                     40
                     3452#out:2
                     [20, 0; 0, 80]
                     3754#in:1
                  
                
              
               
                 [2, 4]
                 [370, -51, 470, 61]
                 369
                 off
                 off
                 
                   [-8, -8, 1928, 1048]
                   on
                   238
                   
                     [45, 238, 75, 252]
                     -1
                     Port number
                  
                   
                     [100, 53, 130, 67]
                     2
                     alternate
                     2
                     Port number
                  
                   
                     [3, 1]
                     [280, 129, 310, 161]
                     -3
                     **/
                     off
                     Inherit: Inherit via internal rule
                     Floor
                     off
                  
                   
                     [170, 230, 230, 260]
                     -4
                     sqrt(u(1)^2 + u(2)^2 + 1e-2)
                  
                   
                     [475, 125, 505, 155]
                     423
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [1, 2]
                     [250, -54, 335, -1]
                     384
                     alternate
                     off
                     off
                     
                       


                    
                     
                       [-8, -8, 1928, 1048]
                       on
                       178
                       
                         [-75, 93, -45, 107]
                         -1
                         Port number
                      
                       
                         [-5, 85, 25, 115]
                         133
                         off
                      
                       
                         [165, 88, 200, 112]
                         93
                         off
                         0.8
                         off
                      
                       
                         [515, 165, 550, 195]
                         135
                         1-u
                      
                       
                         [60, 85, 90, 115]
                         -5
                         1/wr_init
                         Inherit: Inherit via internal rule
                         Inherit: Inherit via internal rule
                         off
                      
                       
                         [1, 1]
                         [415, 87, 445, 113]
                         125
                         off
                         u0
                         1
                         0
                      
                       
                         [2, 1]
                         [110, 90, 130, 110]
                         -9
                         off
                         round
                         |+-
                         off
                         Inherit: Inherit via internal rule
                         off
                      
                       
                         [270, 85, 300, 115]
                         119
                         1.25
                         Inherit: Inherit via internal rule
                         Inherit: Inherit via internal rule
                         off
                      
                       
                         [60, 169, 90, 191]
                         -10
                      
                       
                         [590, 93, 620, 107]
                         132
                         Port number
                      
                       
                         [590, 173, 620, 187]
                         134
                         2
                         Port number
                      
                       
                         1
                         3123#out:1
                         3127#in:1
                      
                       
                         2
                         3129#out:1
                         [25, 0]
                         3127#in:2
                      
                       
                         3
                         3120#out:1
                         3121#in:1
                      
                       
                         4
                         3122#out:1
                         3128#in:1
                      
                       
                         Helvetica
                         5
                         3128#out:1
                         3124#in:1
                      
                       
                         6
                         3124#out:1
                         [23, 0]
                         
                           7
                           3130#in:1
                        
                         
                           8
                           [0, 80]
                           3132#in:1
                        
                      
                       
                         9
                         3121#out:1
                         3123#in:1
                      
                       
                         10
                         3132#out:1
                         3131#in:1
                      
                       
                         11
                         3127#out:1
                         3122#in:1
                      
                    
                  
                   
                     [3, 2]
                     [585, -44, 640, 4]
                     428
                     on
                     none
                     off
                     off
                     
                       PI controller
                       Pi controller
                       Input: Error;\nOutput: PI output;\nParamemetrs: PI gain (Ki),\n   Time constant (Ti),\n   Limits (LimitH, LimitL)
                       disp('PI\ncontroller')
                    
                     
                       [-8, -8, 1928, 1048]
                       off
                       235
                       
                         [245, 190, 265, 210]
                         -1
                         Port number
                      
                       
                         [50, 110, 70, 130]
                         -2
                         2
                         Port number
                      
                       
                         [50, 195, 70, 215]
                         -3
                         3
                         Port number
                      
                       
                         [235, 54, 275, 96]
                         -4
                         off
                         Kp_PLL %54 %
                      
                       
                         [2, 1]
                         [150, 112, 185, 148]
                         -5
                         falling
                         1/10e3
                         DiscIntNeverNeededParam
                         DiscIntNeverNeededParam
                      
                       
                         [235, 111, 275, 149]
                         -6
                         Ki_PLL %2.1e3 %
                      
                       
                         [2, 1]
                         [410, 112, 430, 148]
                         -7
                      
                       
                         [2, 1]
                         [330, 122, 350, 158]
                         -8
                      
                       
                         [465, 120, 485, 140]
                         -9
                         Port number
                         0
                      
                       
                         [465, 190, 485, 210]
                         -10
                         2
                         Port number
                         0
                      
                       
                         1
                         4060#out:1
                         [102, 0; 0, 45]
                         4063#in:1
                      
                       
                         2
                         4062#out:1
                         4064#in:1
                      
                       
                         3
                         4061#out:1
                         4062#in:1
                      
                       
                         4
                         4058#out:1
                         [51, 0]
                         
                           5
                           [0, -45]
                           4060#in:1
                        
                         
                           6
                           4061#in:1
                        
                      
                       
                         7
                         4059#out:1
                         [50, 0; 0, -65]
                         4061#in:2
                      
                       
                         8
                         4063#out:1
                         4065#in:1
                      
                       
                         9
                         4064#out:1
                         [25, 0]
                         
                           10
                           4063#in:2
                        
                         
                           11
                           [0, 60]
                           4066#in:1
                        
                      
                       
                         12
                         4057#out:1
                         [30, 0; 0, -50]
                         4064#in:2
                      
                    
                  
                   
                     [2, 2]
                     [565, 100, 620, 155]
                     427
                     none
                     off
                     off
                     
                       PI controller
                       Pi controller
                       Input: Error;\nOutput: PI output;\nParamemetrs: PI gain (Ki),\n   Time constant (Ti),\n   Limits (LimitH, LimitL)
                       disp('PI\ncontroller')
                    
                     
                       [-8, -8, 1928, 1048]
                       off
                       327
                       
                         [195, 195, 215, 215]
                         60
                         Port number
                      
                       
                         [20, 140, 40, 160]
                         -1
                         2
                         Port number
                      
                       
                         [185, 69, 225, 111]
                         -2
                         off
                         Kp_PLL %54 %
                      
                       
                         [1, 1]
                         [105, 132, 140, 168]
                         52
                         State (most efficient)
                         Ts
                         DiscIntNeverNeededParam
                         DiscIntNeverNeededParam
                      
                       
                         [185, 131, 225, 169]
                         -3
                         Ki_PLL %2.1e3 %
                      
                       
                         [3]
                         [400, 249, 430, 311]
                         54
                         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData4'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-21.57113','MaxYLimReal','176.86431','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','176.86431','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',3,'LineNames',{{'1','Ki = Kp/Ti','Sum2'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-21.57113','MaxYLimReal','176.86431','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','176.86431','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[318 -7 1280 948])
                         3
                      
                       
                         [2, 1]
                         [430, 132, 450, 168]
                         -5
                      
                       
                         [2, 1]
                         [305, 142, 325, 178]
                         62
                         alternate
                         2
                      
                       
                         [490, 140, 510, 160]
                         -6
                         Port number
                         0
                      
                       
                         [490, 210, 510, 230]
                         58
                         2
                         Port number
                         0
                      
                       
                         55
                         4119#out:1
                         [157, 0; 0, 50]
                         
                           63
                           [0, 120]
                           4124#in:1
                        
                         
                           3
                           4125#in:1
                        
                      
                       
                         4
                         4125#out:1
                         4127#in:1
                      
                       
                         10
                         4120#out:1
                         4122#in:1
                      
                       
                         20
                         4118#out:1
                         [31, 0]
                         
                           21
                           [0, -60]
                           4119#in:1
                        
                         
                           22
                           4120#in:1
                        
                      
                       
                         56
                         4122#out:1
                         [47, 0]
                         
                           62
                           [0, 130]
                           4124#in:2
                        
                         
                           61
                           4143#in:1
                        
                      
                       
                         57
                         4141#out:1
                         [45, 0; 0, -35]
                         4143#in:2
                      
                       
                         53
                         4143#out:1
                         [26, 0]
                         
                           58
                           [0, 60]
                           
                             65
                             [0, 80]
                             4124#in:3
                          
                           
                             64
                             4128#in:1
                          
                        
                         
                           30
                           4125#in:2
                        
                      
                    
                  
                   
                     [2, 1]
                     [400, 121, 430, 154]
                     10
                     off
                     Inherit: Inherit via internal rule
                     Floor
                     off
                  
                   
                     [2, 1]
                     [400, 36, 430, 69]
                     426
                     off
                     Inherit: Inherit via internal rule
                     Floor
                     off
                  
                   
                     [3]
                     [470, 216, 510, 274]
                     430
                     Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData2'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-1.2443','MaxYLimReal','0.95359','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','1.2443','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',3,'LineNames',{{'Product','Divide','Sum'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-1.2443','MaxYLimReal','0.95359','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','1.2443','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b')
                     3
                  
                   
                     [1]
                     [565, 39, 595, 71]
                     431
                     C++SS(StrPVP('SaveName','ScopeData3'),StrPVP('LimitDataPoints','on'),StrPVP('DataFormat','Array'),StrPVP('Decimation','1'),StrPVP('BlockParamSampleInput','off'))
                     1
                  
                   
                     [1, 1]
                     [117, 180, 143, 220]
                     -7
                     270
                     2
                     Index vector (dialog)
                     [1]
                     1
                  
                   
                     [200, 90, 230, 120]
                     421
                  
                   
                     [2, 1]
                     [120, 135, 140, 155]
                     -8
                     off
                     round
                     |++
                     off
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [45, 130, 75, 160]
                     -9
                     0
                  
                   
                     [450, -47, 480, -33]
                     42
                     alternate
                     Port number
                  
                   
                     [450, -22, 480, -8]
                     63
                     2
                     Port number
                  
                   
                     [680, 133, 710, 147]
                     417
                     3
                     Port number
                  
                   
                     [680, 108, 710, 122]
                     53
                     alternate
                     4
                     Port number
                  
                   
                     1
                     111#out:1
                     [24, 0; 0, -90]
                     110#in:3
                  
                   
                     2
                     108#out:1
                     [50, 0]
                     
                       3
                       111#in:1
                    
                     
                       4
                       137#in:1
                    
                  
                   
                     5
                     139#out:1
                     138#in:1
                  
                   
                     7
                     137#out:1
                     138#in:2
                  
                   
                     8
                     3119#out:1
                     [16, 0]
                     
                       57
                       [0, 170]
                       819#in:1
                    
                     
                       9
                       826#in:1
                    
                  
                   
                     11
                     3119#out:2
                     [33, 0]
                     
                       12
                       [0, 60]
                       4068#in:1
                    
                     
                       13
                       2841#in:1
                    
                  
                   
                     28
                     4117#out:1
                     898#in:1
                  
                   
                     15
                     110#out:1
                     [25, 0]
                     
                       91
                       819#in:2
                    
                     
                       90
                       [0, 100]
                       4148#in:2
                    
                  
                   
                     16
                     819#out:1
                     [10, 0]
                     
                       48
                       [0, 85]
                       4148#in:1
                    
                     
                       47
                       4055#in:1
                    
                  
                   
                     30
                     4117#out:2
                     3974#in:1
                  
                   
                     19
                     655#out:1
                     [40, 0]
                     
                       93
                       [0, 45]
                       4052#in:1
                    
                     
                       87
                       4068#in:2
                    
                     
                       21
                       [0, -85]
                       3119#in:1
                    
                  
                   
                     23
                     4052#out:1
                     [27, 0; 0, 30]
                     110#in:1
                  
                   
                     34
                     4055#out:1
                     4117#in:2
                  
                   
                     6
                     138#out:1
                     [98, 0]
                     
                       54
                       [0, 120]
                       4148#in:3
                    
                     
                       53
                       110#in:2
                    
                  
                   
                     55
                     4068#out:1
                     [88, 0]
                     
                       64
                       4149#in:1
                    
                     
                       63
                       [0, 60]
                       4117#in:1
                    
                  
                
              
               
                 [2, 4]
                 [605, 169, 705, 281]
                 371
                 on
                 off
                 off
                 
                   [-8, -8, 1928, 1048]
                   off
                   238
                   
                     [35, 303, 65, 317]
                     -1
                     Port number
                  
                   
                     [35, 138, 65, 152]
                     2
                     alternate
                     2
                     Port number
                  
                   
                     [3, 1]
                     [250, 194, 280, 226]
                     -3
                     **/
                     off
                     Inherit: Inherit via internal rule
                     Floor
                     off
                  
                   
                     [155, 295, 215, 325]
                     -4
                     sqrt(u(1)^2 + u(2)^2 + 1e-2)
                  
                   
                     [1, 1]
                     [385, 132, 430, 158]
                     419
                     alternate
                     off
                     off
                     
                       wc = 2*pi*fc;
                       port_label('input',1,'i_{abc}','texmode','on');
port_label('output',1,'i_{abc}^{LPF}','texmode','on');
                       
                         edit
                         fc
                         LPF bandwidth [Hz]:
                         100
                      
                    
                     
                       [-8, -8, 1928, 1048]
                       off
                       300
                       
                         [320, 443, 350, 457]
                         -1
                         alternate
                         Port number
                      
                       
                         [1, 1]
                         [440, 435, 470, 465]
                         16
                      
                       
                         [515, 435, 545, 465]
                         21
                         wc
                         Inherit: Inherit via internal rule
                         Inherit: Inherit via internal rule
                         off
                      
                       
                         [2, 1]
                         [380, 440, 400, 460]
                         17
                         off
                         round
                         |+-
                         off
                         Inherit: Inherit via internal rule
                         off
                      
                       
                         [630, 443, 660, 457]
                         -7
                         alternate
                         Port number
                      
                       
                         1
                         4078#out:1
                         4076#in:1
                      
                       
                         2
                         4076#out:1
                         4077#in:1
                      
                       
                         3
                         4077#out:1
                         [48, 0]
                         
                           4
                           4079#in:1
                        
                         
                           5
                           [0, 42; -208, 0]
                           4078#in:2
                        
                      
                       
                         6
                         4075#out:1
                         4078#in:1
                      
                    
                  
                   
                     [1, 2]
                     [205, 6, 290, 59]
                     384
                     alternate
                     off
                     off
                     
                       


                    
                     
                       [-1288, -8, 8, 1032]
                       off
                       178
                       
                         [-75, 93, -45, 107]
                         -1
                         Port number
                      
                       
                         [-5, 85, 25, 115]
                         133
                         off
                      
                       
                         [165, 88, 200, 112]
                         93
                         off
                         0.8
                         off
                      
                       
                         [385, 165, 420, 195]
                         135
                         1-u
                      
                       
                         [60, 85, 90, 115]
                         -5
                         1/wr_init
                         Inherit: Inherit via internal rule
                         Inherit: Inherit via internal rule
                         off
                      
                       
                         [1, 1]
                         [285, 87, 315, 113]
                         125
                         off
                         u0
                         1
                         0
                      
                       
                         [2, 1]
                         [110, 90, 130, 110]
                         -9
                         off
                         round
                         |+-
                         off
                         Inherit: Inherit via internal rule
                         off
                      
                       
                         [230, 85, 260, 115]
                         119
                         1.25
                         Inherit: Inherit via internal rule
                         Inherit: Inherit via internal rule
                         off
                      
                       
                         [60, 169, 90, 191]
                         -10
                      
                       
                         [460, 93, 490, 107]
                         132
                         Port number
                      
                       
                         [460, 173, 490, 187]
                         134
                         2
                         Port number
                      
                       
                         1
                         4085#out:1
                         4087#in:1
                      
                       
                         2
                         4089#out:1
                         [25, 0]
                         4087#in:2
                      
                       
                         3
                         4081#out:1
                         4082#in:1
                      
                       
                         4
                         4083#out:1
                         4088#in:1
                      
                       
                         Helvetica
                         5
                         4088#out:1
                         4086#in:1
                      
                       
                         6
                         4086#out:1
                         [23, 0]
                         
                           7
                           4090#in:1
                        
                         
                           8
                           [0, 80]
                           4084#in:1
                        
                      
                       
                         9
                         4082#out:1
                         4085#in:1
                      
                       
                         10
                         4084#out:1
                         4091#in:1
                      
                       
                         11
                         4087#out:1
                         4083#in:1
                      
                    
                  
                   
                     [1, 2]
                     [585, 175, 640, 230]
                     -6
                     none
                     off
                     off
                     
                       PI controller
                       Pi controller
                       Input: Error;\nOutput: PI output;\nParamemetrs: PI gain (Ki),\n   Time constant (Ti),\n   Limits (LimitH, LimitL)
                       disp('PI\ncontroller')
                    
                     
                       [-8, -8, 1928, 1048]
                       off
                       200
                       
                         [-15, 145, 5, 165]
                         -1
                         Port number
                      
                       
                         [245, 79, 285, 121]
                         -2
                         off
                         Kp_PLL %54 %
                      
                       
                         [1, 1]
                         [70, 137, 105, 173]
                         52
                         State (most efficient)
                         Ts
                         DiscIntNeverNeededParam
                         DiscIntNeverNeededParam
                      
                       
                         [1, 1]
                         [170, 242, 205, 278]
                         51
                         State (most efficient)
                         Ts
                         DiscIntNeverNeededParam
                         DiscIntNeverNeededParam
                      
                       
                         [245, 136, 285, 174]
                         -3
                         Ki_PLL %2.1e3 %
                      
                       
                         [250, 241, 285, 279]
                         53
                         Ki_PLL*10    %31e3 %
                      
                       
                         [3]
                         [470, 209, 500, 271]
                         54
                         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData4'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-130.50234','MaxYLimReal','15.84113','YLabelReal','','MinYLimMag',' 0.00000','MaxYLimMag','130.50234','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',3,'LineNames',{{'1','Ki = Kp/Ti','Ki = Kp/Ti1'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-130.50234','MaxYLimReal','15.84113','YLabelReal','','MinYLimMag',' 0.00000','MaxYLimMag','130.50234','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[-1279 57 1280 948])
                         3
                      
                       
                         [3, 1]
                         [390, 137, 410, 173]
                         -5
                         +++
                      
                       
                         [2, 1]
                         [390, 57, 410, 93]
                         57
                         alternate
                         2
                      
                       
                         [475, 145, 495, 165]
                         -6
                         Port number
                         0
                      
                       
                         [475, 65, 495, 85]
                         58
                         2
                         Port number
                         0
                      
                       
                         1
                         4094#out:1
                         [82, 0; 0, 45]
                         
                           2
                           [0, 75]
                           4099#in:1
                        
                         
                           3
                           4100#in:1
                        
                      
                       
                         4
                         4100#out:1
                         4102#in:1
                      
                       
                         5
                         4097#out:1
                         [43, 0]
                         
                           6
                           [0, -90]
                           4101#in:1
                        
                         
                           7
                           [28, 0]
                           
                             8
                             [0, 85]
                             4099#in:2
                          
                           
                             9
                             4100#in:2
                          
                        
                      
                       
                         10
                         4095#out:1
                         [34, 0]
                         
                           11
                           [0, 105]
                           4096#in:1
                        
                         
                           12
                           4097#in:1
                        
                      
                       
                         13
                         4096#out:1
                         4098#in:1
                      
                       
                         14
                         4098#out:1
                         [58, 0]
                         
                           15
                           [0, -95]
                           
                             16
                             [0, -80]
                             4101#in:2
                          
                           
                             17
                             4100#in:3
                          
                        
                         
                           18
                           4099#in:3
                        
                      
                       
                         19
                         4101#out:1
                         4103#in:1
                      
                       
                         20
                         4093#out:1
                         [31, 0]
                         
                           21
                           [0, -55]
                           4094#in:1
                        
                         
                           22
                           4095#in:1
                        
                      
                    
                  
                   
                     [2, 1]
                     [470, 187, 500, 218]
                     10
                     **
                     off
                     Inherit: Inherit via internal rule
                     Floor
                     off
                  
                   
                     [2, 1]
                     [470, 122, 500, 153]
                     61
                     **
                     off
                     Inherit: Inherit via internal rule
                     Floor
                     off
                  
                   
                     [3]
                     [600, 114, 630, 146]
                     65
                     Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.23461','MaxYLimReal','1.13718','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','1.13718','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',3,'LineNames',{{'Loop Enable Logic/1','Loop Enable Logic/2','Product1'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.23461','MaxYLimReal','1.13718','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','1.13718','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[341 23 1280 948])
                     3
                  
                   
                     [1, 1]
                     [107, 245, 133, 285]
                     -7
                     270
                     2
                     Index vector (dialog)
                     [1]
                     1
                  
                   
                     [170, 155, 200, 185]
                     421
                  
                   
                     [2, 1]
                     [110, 200, 130, 220]
                     -8
                     off
                     round
                     |++
                     off
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [2, 1]
                     [535, 195, 555, 215]
                     59
                     off
                     round
                     ++|
                     off
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [2, 1]
                     [330, 135, 350, 155]
                     60
                     off
                     round
                     -+|
                     off
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [35, 195, 65, 225]
                     -9
                     0
                  
                   
                     [695, 13, 725, 27]
                     42
                     alternate
                     Port number
                  
                   
                     [695, 38, 725, 52]
                     63
                     2
                     Port number
                  
                   
                     [695, 208, 725, 222]
                     417
                     3
                     Port number
                  
                   
                     [695, 183, 725, 197]
                     53
                     alternate
                     4
                     Port number
                  
                   
                     1
                     4073#out:1
                     [9, 0; 0, -90]
                     4072#in:3
                  
                   
                     2
                     4070#out:1
                     [50, 0]
                     
                       3
                       4073#in:1
                    
                     
                       4
                       4107#in:1
                    
                  
                   
                     5
                     4112#out:1
                     4109#in:1
                  
                   
                     6
                     4109#out:1
                     4072#in:2
                  
                   
                     7
                     4107#out:1
                     4109#in:2
                  
                   
                     8
                     4080#out:1
                     [16, 0]
                     
                       9
                       [271, 0]
                       
                         10
                         4113#in:1
                      
                       
                         11
                         [0, 100]
                         4106#in:1
                      
                    
                     
                       12
                       [0, 175]
                       4104#in:1
                    
                  
                   
                     13
                     4111#out:1
                     4074#in:1
                  
                   
                     14
                     4105#out:1
                     [40, 0]
                     
                       15
                       4106#in:3
                    
                     
                       16
                       4110#in:1
                    
                  
                   
                     17
                     4080#out:2
                     [160, 0]
                     
                       18
                       [114, 0]
                       
                         19
                         4114#in:1
                      
                       
                         20
                         [0, 85]
                         4106#in:2
                      
                    
                     
                       21
                       4105#in:1
                    
                  
                   
                     22
                     4092#out:1
                     [22, 0]
                     
                       23
                       4116#in:1
                    
                     
                       24
                       [0, -108; -327, 0]
                       4111#in:1
                    
                  
                   
                     25
                     4072#out:1
                     4104#in:2
                  
                   
                     26
                     4104#out:1
                     4110#in:2
                  
                   
                     27
                     4092#out:2
                     4115#in:1
                  
                   
                     28
                     4110#out:1
                     4092#in:1
                  
                   
                     29
                     4074#out:1
                     4105#in:2
                  
                   
                     30
                     4071#out:1
                     [43, 0]
                     
                       31
                       [0, -110]
                       4080#in:1
                    
                     
                       32
                       [0, 25]
                       4108#in:1
                    
                     
                       33
                       4111#in:2
                    
                  
                   
                     34
                     4108#out:1
                     [9, 0; 0, 30]
                     4072#in:1
                  
                
              
               
                 [1]
                 [405, -131, 435, -99]
                 372
                 Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-1.95499','MaxYLimReal','8.2039','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','8.2039','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Electrical domain observer/2:1','Electrical domain observer/2:2'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-1.95499','MaxYLimReal','8.2039','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','8.2039','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b')
                 1
              
               
                 [255, 178, 285, 192]
                 302
                 on
                 alternate
                 Port number
              
               
                 [605, 13, 635, 27]
                 329
                 2
                 Port number
              
               
                 [255, 218, 285, 232]
                 21
                 on
                 3
                 Port number
              
               
                 [605, -47, 635, -33]
                 61
                 alternate
                 4
                 Port number
              
               
                 [605, -17, 635, -3]
                 322
                 alternate
                 5
                 Port number
              
               
                 [605, -92, 635, -78]
                 59
                 alternate
                 6
                 Port number
              
               
                 [255, 258, 285, 272]
                 368
                 on
                 7
                 Port number
              
               
                 840
                 3622#out:2
                 [21, 0]
                 
                   867
                   [0, -95]
                   4150#in:1
                
                 
                   866
                   107#in:1
                
              
               
                 844
                 7#out:1
                 107#in:2
              
               
                 843
                 107#out:1
                 929#in:1
              
               
                 841
                 107#out:4
                 [44, 0; 0, 145]
                 3450#in:1
              
               
                 742
                 3622#out:1
                 911#in:1
              
               
                 845
                 107#out:2
                 2842#in:1
              
               
                 733
                 3450#out:2
                 897#in:1
              
               
                 731
                 3450#out:1
                 2001#in:1
              
               
                 753
                 3450#out:3
                 3755#in:1
              
               
                 820
                 2187#out:1
                 3622#in:1
              
               
                 819
                 2160#out:1
                 3622#in:2
              
               
                 842
                 107#out:3
                 [80, 0]
                 
                   868
                   [0, 100]
                   
                     831
                     [-340, 0]
                     3622#in:3
                  
                   
                     800
                     [0, 135]
                     3450#in:2
                  
                
                 
                   862
                   3396#in:1
                
              
            
          
           
             [2, 1]
             [435, 208, 495, 377]
             -4
             alternate
             off
             off
             
               port_label('input',1,'i_{abc}','texmode','on');
port_label('input',2,'K_{r}','texmode','on');


port_label('output',1,'i_{dq}','texmode','on');




            
             
               [-8, -8, 1928, 1048]
               off
               A4
               centimeters
               [1.270000, 1.270000, 1.270000, 1.270000]
               900
               
                 [320, 198, 350, 212]
                 -1
                 alternate
                 Port number
              
               
                 [320, 223, 350, 237]
                 290
                 2
                 Port number
              
               
                 [2, 1]
                 [385, 190, 440, 245]
                 292
                 alternate
                 off
                 off
                 
                   port_label('input',1,'X_{abc}','texmode','on');
port_label('input',2,'K_{r}','texmode','on');
port_label('output',1,'X_{dq}','texmode','on');
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   234
                   
                     [200, 220, 220, 240]
                     -1
                     Port number
                  
                   
                     [200, 150, 220, 170]
                     -2
                     2
                     Port number
                  
                   
                     [2, 1]
                     [280, 152, 330, 188]
                     -3
                     Matrix(*)
                     off
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [350, 160, 370, 180]
                     -7
                     Port number
                     0
                  
                   
                     1
                     2015#out:1
                     2016#in:1
                  
                   
                     2
                     2014#out:1
                     [40, 0]
                     2016#in:2
                  
                   
                     3
                     2016#out:1
                     2017#in:1
                  
                
              
               
                 [475, 213, 505, 227]
                 -11
                 alternate
                 Port number
              
               
                 53
                 2012#out:1
                 2013#in:2
              
               
                 56
                 423#out:1
                 2013#in:1
              
               
                 190
                 2013#out:1
                 490#in:1
              
            
          
           
             [1, 1]
             [1200, 170, 1300, 210]
             305
             off
             off
             
               port_label('input', 1,' i_{abc}','texmode','on');
port_label('input', 2,' d_{abc}^{*}','texmode','on');
port_label('input', 3,' i_{dq}^{*}','texmode','on');
port_label('input', 4,' K_{r}^{-1}','texmode','on');
port_label('output', 1,'v_{abc} ','texmode','on');
            
             
               [-8, -8, 1928, 1048]
               off
               201
               
                 [435, 233, 465, 247]
                 -2
                 Port number
                 
                   1
                   d_abc
                   Auto
                   SignalName
                
              
               
                 [2, 1]
                 [560, 217, 590, 248]
                 -7
                 off
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [440, 191, 480, 219]
                 -10
                 alternate
                 off
                 V_dc/2
              
               
                 [685, 228, 715, 242]
                 -11
                 Port number
              
               
                 7
                 1824#out:1
                 1828#in:1
              
               
                 8
                 1827#out:1
                 [7, 0; 0, 20]
                 1824#in:1
              
               
                 d_abc
                 151
                 [0, 0]
                 1806#out:1
                 1824#in:2
              
            
          
           
             [3, 1]
             [915, 97, 985, 243]
             -6
             none
             off
             off
             
               PI controller
               Pi controller
               Input: Error;\nOutput: PI output;\nParamemetrs: PI gain (Ki),\n   Time constant (Ti),\n   Limits (LimitH, LimitL)
               Kaw = Ki/Kp; %Anti-windup gain
               port_label('input',1,'i_{dq}^{*}','texmode','on');
port_label('input',2,'i_{dq\_e}^{*}','texmode','on');
port_label('input',3,'\omega_r^*','texmode','on');

port_label('output',1,'v_{dq}^{*}','texmode','on');

               
                 
                   edit
                   Kp
                   Proportional Gain
                   Kp_current
                
                 
                   edit
                   Ki
                   Integral Gain
                   Ki_current
                
                 
                   edit
                   Limit
                   Output limit
                   Vs_lim
                
              
            
             
               [-8, -8, 1928, 1048]
               off
               A4
               centimeters
               [1.270000, 1.270000, 1.270000, 1.270000]
               238
               
                 [195, -87, 225, -73]
                 43
                 alternate
                 Port number
              
               
                 [195, 148, 225, 162]
                 -1
                 2
                 Port number
              
               
                 [195, -2, 225, 12]
                 -2
                 3
                 Port number
              
               
                 [330, 218, 370, 252]
                 -4
                 on
                 alternate
                 off
                 Kaw
              
               
                 [460, -96, 495, -64]
                 44
                 off
                 Rs+Rlf
              
               
                 [330, 69, 365, 101]
                 46
                 off
                 Kp
              
               
                 [1, 1]
                 [465, 137, 500, 173]
                 47
                 State (most efficient)
                 Ts
                 DiscIntNeverNeededParam
                 DiscIntNeverNeededParam
              
               
                 [330, 138, 365, 172]
                 -6
                 off
                 Ki
              
               
                 [1, 1]
                 [760, 98, 790, 122]
                 -7
                 u0
                 Limit
                 -Limit
              
               
                 [2, 1]
                 [550, 90, 565, 125]
                 -8
                 off
                 2
              
               
                 [2, 1]
                 [725, 225, 745, 245]
                 -9
                 on
                 alternate
                 off
                 round
                 +-|
              
               
                 [2, 1]
                 [280, 145, 300, 165]
                 -10
                 off
                 round
                 |+-
              
               
                 [2, 1]
                 [610, 100, 630, 120]
                 -11
                 off
                 round
                 -+|
              
               
                 [2, 1]
                 [675, 100, 695, 120]
                 42
                 off
                 round
                 ++|
              
               
                 [2, 1]
                 [450, -26, 510, 16]
                 50
                 alternate
                 off
                 off
                 
                   port_label('input',1,'i_{dq}','texmode','on');
port_label('input',2,'\omega_{r}','texmode','on');
port_label('output',1,'v_{dq}^{DN}','texmode','on');
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   351
                   
                     [50, 78, 80, 92]
                     -1
                     Port number
                  
                   
                     [195, 148, 225, 162]
                     -2
                     2
                     Port number
                  
                   
                     [50, 136, 85, 164]
                     -3
                     on
                     [0; -1]
                     off
                  
                   
                     [0, 1]
                     [60, 183, 80, 207]
                     -4
                     off
                     on
                     off
                     off
                     
                       port_label('output',1,'\lambda_{p} ','texmode','on');
                    
                     
                       [-8, -8, 1928, 1048]
                       off
                       100
                       
                         [25, 29, 75, 61]
                         -1
                         off
                         lambda_p
                      
                       
                         [100, 38, 130, 52]
                         -2
                         Port number
                      
                       
                         1
                         463#out:1
                         464#in:1
                      
                    
                  
                   
                     [2, 1]
                     [200, 73, 215, 122]
                     -5
                     off
                     +-
                     off
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [-25, 14, 95, 66]
                     -6
                     alternate
                     [0 Ls+Lf; -(Ls+Lf) 0]
                     off
                  
                   
                     [2, 1]
                     [120, 32, 160, 63]
                     -7
                     Matrix(*)
                     off
                     Inherit: Inherit via internal rule
                     Floor
                     off
                  
                   
                     [2, 1]
                     [285, 132, 315, 163]
                     -8
                     off
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [2, 1]
                     [120, 143, 160, 172]
                     -9
                     on
                     Matrix(*)
                     off
                     Inherit: Inherit via internal rule
                     Floor
                     off
                  
                   
                     [340, 143, 370, 157]
                     -10
                     Port number
                  
                   
                     1
                     461#out:1
                     469#in:1
                  
                   
                     2
                     466#out:1
                     467#in:1
                  
                   
                     3
                     469#out:1
                     [15, 0; 0, -50]
                     465#in:2
                  
                   
                     4
                     465#out:1
                     [30, 0; 0, 40]
                     468#in:1
                  
                   
                     5
                     467#out:1
                     [3, 0; 0, 35]
                     465#in:1
                  
                   
                     6
                     462#out:1
                     [20, 0]
                     469#in:2
                  
                   
                     7
                     459#out:1
                     [20, 0]
                     467#in:2
                  
                   
                     8
                     460#out:1
                     468#in:2
                  
                   
                     9
                     468#out:1
                     470#in:1
                  
                   
                     Sul2012 eq 21 & 22
                     [192, 232, 281, 247]
                     [0, 0, 0, 0]
                     off
                     off
                     left
                     top
                     -1
                  
                
              
               
                 [840, 103, 870, 117]
                 -12
                 Port number
              
               
                 9
                 517#out:1
                 520#in:2
              
               
                 14
                 519#out:1
                 515#in:1
              
               
                 91
                 1890#out:1
                 [35, 0]
                 
                   60
                   516#in:1
                
                 
                   22
                   518#in:1
                
              
               
                 23
                 513#out:1
                 [-35, 0]
                 519#in:2
              
               
                 24
                 518#out:1
                 513#in:1
              
               
                 411
                 520#out:1
                 1890#in:2
              
               
                 92
                 1891#out:1
                 [195, 0]
                 
                   409
                   [0, 65]
                   458#in:1
                
                 
                   408
                   1892#in:1
                
              
               
                 429
                 1892#out:1
                 [189, 0; 0, 150]
              
               
                 119
                 2313#out:1
                 [155, 0; 0, 15]
                 517#in:1
              
               
                 374
                 3526#out:1
                 [20, 0; 0, -40]
                 517#in:2
              
               
                 1
                 510#out:1
                 [30, 0]
                 
                   124
                   [0, -70]
                   2313#in:1
                
                 
                   123
                   519#in:1
                
              
               
                 11
                 516#out:1
                 [5, 0]
                 
                   348
                   521#in:1
                
                 
                   12
                   [0, 125]
                   518#in:2
                
              
               
                 406
                 515#out:1
                 3526#in:1
              
               
                 407
                 511#out:1
                 458#in:2
              
               
                 428
                 458#out:1
                 [106, 0; 0, 66]
              
            
          
           
             [2, 1]
             [630, 142, 710, 198]
             318
             none
             off
             off
             
               PI controller
               Pi controller
               Input: Error;\nOutput: PI output;\nParamemetrs: PI gain (Ki),\n   Time constant (Ti),\n   Limits (LimitH, LimitL)
               Kaw = Ki/Kp; %Anti-windup gain
               port_label('input',1,'\omega_{e}','texmode','on');
port_label('input',2,'Obs_{en}','texmode','on');

port_label('output',1,'i_{dq}^{*}','texmode','on');
               
                 
                   edit
                   Kp
                   Proportional Gain
                   Kp_speed
                
                 
                   edit
                   Ki
                   Integral Gain
                   Ki_speed
                
                 
                   edit
                   Limit
                   Output limit
                   Is_max
                
              
            
             
               [-8, -8, 1928, 1048]
               on
               184
               
                 [-435, 67, -400, 83]
                 -1
                 alternate
                 Port number
              
               
                 [-95, -98, -60, -82]
                 367
                 alternate
                 2
                 Port number
              
               
                 [-300, -6, -265, 26]
                 -3
                 off
                 Kp/1.5
              
               
                 [1, 1]
                 [-85, 135, -55, 165]
                 385
                 on
                 1.388
                 simulink/Logic and Bit
Operations/Compare
To Constant
                 Compare To Constant
                 
                   off
                   >
                   0
                   boolean
                   on
                
              
               
                 [2, 1]
                 [-190, 67, -155, 103]
                 387
                 rising
                 State (most efficient)
                 Ts
                 DiscIntNeverNeededParam
                 DiscIntNeverNeededParam
              
               
                 [-230, 179, -195, 211]
                 -5
                 on
                 off
                 Kaw
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [-300, 58, -265, 92]
                 -6
                 off
                 Ki
              
               
                 [2, 1]
                 [150, -114, 215, -21]
                 93
                 1.32
                 Stateflow.Translate.translate
                 ExplicitOnly
                 on
                 off
                 MATLAB Function
                 off
                 
                   [223, 338, 826, 833]
                   off
                   100
                   25
                   
                     [20, 101, 40, 119]
                     -1
                     Port number
                  
                   
                     [20, 136, 40, 154]
                     12
                     2
                     Port number
                  
                   
                     [1, 1]
                     [270, 230, 320, 270]
                     14
                     1
                  
                   
                     Stateflow S-Function Sensorless_vector_control_bumpless_startup_nonsalient_observer 1
                     [2, 2]
                     [180, 100, 230, 160]
                     13
                     sf_sfun
                     [2 2]
                     off
                     on
                     off
                     
                       2
                       id
                       Auto
                       SignalName
                    
                  
                   
                     [460, 241, 480, 259]
                     15
                  
                   
                     [460, 101, 480, 119]
                     -5
                     Port number
                  
                   
                     49
                     3021::1#out:1
                     [120, 0]
                     3021::23#in:1
                  
                   
                     50
                     3021::21#out:1
                     3021::23#in:2
                  
                   
                     id
                     51
                     [0, 0]
                     3021::23#out:2
                     3021::5#in:1
                  
                   
                     52
                     3021::24#out:1
                     3021::25#in:1
                  
                   
                     53
                     3021::23#out:1
                     3021::24#in:1
                  
                
              
               
                 [2, 1]
                 [410, -51, 415, 36]
                 36
                 off
                 2
                 bar
              
               
                 [2, 1]
                 [30, -4, 60, 29]
                 384
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [3]
                 [310, -181, 340, -149]
                 95
                 Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData3'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.03898','MaxYLimReal','0.35078','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.35078','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Obs_en'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-19.65652','MaxYLimReal','39.29786','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','32.09123','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Product1'}},'ShowContent',true,'Placement',2),struct('MinYLimReal','11.00000','MaxYLimReal','31.00000','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','32.09123','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'MATLAB Function'}},'ShowContent',true,'Placement',3)},'DisplayPropertyDefaults',struct('YLabelReal','','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[3 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[1 41 1920 964])
                 3
              
               
                 [3]
                 [30, 79, 60, 131]
                 388
                 Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-71.92476','MaxYLimReal','191.99773','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','191.99773','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Sum'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-47.41538','MaxYLimReal','59.1612','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','32.09123','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'1'}},'ShowContent',true,'Placement',2),struct('MinYLimReal','-61.33544','MaxYLimReal','161.22248','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','32.09123','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Discrete-Time Integrator'}},'ShowContent',true,'Placement',3)},'DisplayPropertyDefaults',struct('YLabelReal','','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[3 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[1 41 1920 964])
                 3
              
               
                 [250, -45, 280, -15]
                 390
                 18
                 10
                 0
              
               
                 [2, 1]
                 [-75, 0, -60, 35]
                 -8
                 off
                 2
              
               
                 [2, 1]
                 [170, 185, 190, 205]
                 -9
                 on
                 alternate
                 off
                 round
                 +-|
              
               
                 [2, 1]
                 [-350, 65, -330, 85]
                 -10
                 off
                 round
                 |+-
              
               
                 [2, 1]
                 [295, -75, 315, -55]
                 389
                 off
                 round
                 |++
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [1, 1]
                 [200, 3, 230, 27]
                 -14
                 u0
                 Limit
                 -Limit
              
               
                 [440, -12, 470, 2]
                 -15
                 Port number
              
               
                 1
                 2209#out:1
                 [-105, 0]
                 2225#in:2
              
               
                 2
                 2225#out:1
                 2210#in:1
              
               
                 3
                 2224#out:1
                 2209#in:1
              
               
                 4
                 2210#out:1
                 3686#in:1
              
               
                 7
                 2197#out:1
                 [158, 0]
                 
                   541
                   [0, 95]
                   4144#in:2
                
                 
                   540
                   2223#in:1
                
              
               
                 10
                 2230#out:1
                 [12, 0]
                 
                   11
                   [0, 180]
                   2224#in:2
                
                 
                   12
                   2218#in:2
                
              
               
                 31
                 2218#out:1
                 2231#in:1
              
               
                 396
                 2193#out:1
                 [21, 0]
                 
                   379
                   [0, -65]
                   2197#in:1
                
                 
                   378
                   2225#in:1
                
              
               
                 515
                 3068#out:1
                 [21, 0]
                 
                   392
                   3021#in:1
                
                 
                   359
                   [0, -85]
                   3023#in:1
                
                 
                   419
                   [0, 95]
                   
                     556
                     3133#in:1
                  
                   
                     555
                     [0, 145]
                     3134#in:1
                  
                
              
               
                 391
                 3134#out:1
                 [-125, 0; 0, -55]
                 3686#in:2
              
               
                 387
                 3133#out:1
                 [0, -5; 34, 0]
                 
                   546
                   [0, 5; 81, 0]
                   
                     452
                     2224#in:1
                  
                   
                     451
                     2230#in:1
                  
                
                 
                   418
                   [0, -55]
                   
                     395
                     [0, -120]
                     3023#in:2
                  
                   
                     352
                     3021#in:2
                  
                
              
               
                 459
                 3686#out:1
                 [16, 0]
                 
                   543
                   [0, 35]
                   4144#in:3
                
                 
                   542
                   [41, 0; 0, -60]
                   2223#in:2
                
              
               
                 304
                 3021#out:1
                 [25, 0]
                 
                   578
                   [0, -90]
                   3023#in:3
                
                 
                   577
                   4154#in:1
                
              
               
                 551
                 2223#out:1
                 [8, 0]
                 
                   553
                   3133#in:2
                
                 
                   552
                   [0, 70]
                   4144#in:1
                
              
               
                 579
                 4154#out:1
                 [43, 0; 0, 35]
                 2218#in:1
              
               
                 580
                 4153#out:1
                 [20, 0]
                 4154#in:2
              
            
          
           
             [2]
             [935, 541, 970, 599]
             371
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.125','MaxYLimReal','1.125','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','1.125','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Current and Back-EMF Observer/4','Current and Back-EMF Observer/5'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.125','MaxYLimReal','1.125','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','1.125','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[9 49 1335 948])
             2
          
           
             [2, 1]
             [785, 160, 805, 180]
             317
             off
             round
             |+-
          
           
             [2, 1]
             [540, 145, 560, 165]
             -11
             off
             round
             |+-
          
           
             [2, 1]
             [1060, 151, 1110, 224]
             -14
             off
             off
             
               port_label('input',1,'v_{dq}^{*}','texmode','on');
port_label('input',2,'K^{r-1}','texmode','on');

port_label('output',1,'d_{abc}^{*}','texmode','on');
%port_label('output',2,'v_{abc}^{*}','texmode','on');
            
             
               [-8, -8, 1928, 1048]
               off
               A4
               centimeters
               [1.270000, 1.270000, 1.270000, 1.270000]
               364
               
                 [35, 18, 65, 32]
                 -1
                 alternate
                 Port number
              
               
                 [35, 43, 65, 57]
                 1
                 2
                 Port number
              
               
                 [2, 1]
                 [110, 10, 165, 65]
                 293
                 off
                 off
                 
                   port_label('input',1,'X_{dq}','texmode','on');
port_label('input',2,'K_{r}^{-1}','texmode','on');
port_label('output',1,'X_{abc}','texmode','on');
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   234
                   
                     [200, 220, 220, 240]
                     -1
                     Port number
                  
                   
                     [200, 150, 220, 170]
                     -2
                     2
                     Port number
                  
                   
                     [2, 1]
                     [280, 152, 330, 188]
                     -3
                     Matrix(*)
                     off
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [350, 160, 370, 180]
                     -7
                     Port number
                     0
                  
                   
                     1
                     2095#out:1
                     2096#in:1
                  
                   
                     2
                     2094#out:1
                     [40, 0]
                     2096#in:2
                  
                   
                     3
                     2096#out:1
                     2097#in:1
                  
                
              
               
                 [200, 27, 225, 53]
                 -6
                 1/(V_dc/2)
              
               
                 [285, 33, 315, 47]
                 -7
                 Port number
              
               
                 1
                 545#out:1
                 2093#in:1
              
               
                 12
                 2076#out:1
                 2093#in:2
              
               
                 19
                 2093#out:1
                 574#in:1
              
               
                 21
                 574#out:1
                 575#in:1
              
            
          
           
             [1380, 183, 1410, 197]
             -15
             Port number
          
           
             [855, 518, 885, 532]
             3
             alternate
             2
             Port number
          
           
             [855, 398, 885, 412]
             -16
             3
             Port number
          
           
             [1070, 123, 1100, 137]
             300
             alternate
             4
             Port number
          
           
             [655, 98, 685, 112]
             302
             5
             Port number
          
           
             [855, 608, 885, 622]
             374
             alternate
             6
             Port number
          
           
             8
             5#out:3
             609#in:1
          
           
             1683
             420#out:1
             4004#in:1
          
           
             799
             509#out:1
             [19, 0]
             
               1721
               544#in:1
            
             
               1450
               [0, -40]
               1166#in:1
            
             
               1729
               [0, 550; -354, 0; 0, -95]
               5#in:3
            
          
           
             26
             544#out:1
             1804#in:1
          
           
             666
             541#out:1
             [43, 0]
             
               1690
               2192#in:1
            
             
               1453
               [0, -50]
               1179#in:1
            
          
           
             1646
             1942#out:1
             509#in:2
          
           
             354
             422#out:1
             [155, 0]
             
               1716
               [140, 0]
               1942#in:2
            
             
               1711
               [0, 190]
               5#in:1
            
          
           
             1476
             5#out:7
             [217, 0; 0, -440]
             544#in:2
          
           
             1326
             5#out:2
             [20, 0; 0, -90]
             
               1717
               [0, -185]
               509#in:3
            
             
               1696
               577#in:1
            
             
               1682
               [-285, 0]
               541#in:2
            
          
           
             1687
             5#out:5
             3992#in:2
          
           
             1686
             5#out:4
             [90, 0]
             
               1732
               3992#in:1
            
             
               1695
               [0, -185; -299, 0; 0, -185]
               2192#in:2
            
          
           
             1730
             5#out:1
             [8, 0; 0, -39; -412, 0; 0, -91]
             422#in:2
          
           
             1763
             4003#out:1
             422#in:1
          
           
             1777
             1804#out:1
             576#in:1
          
           
             1776
             4004#out:1
             4003#in:1
          
           
             1779
             419#out:1
             [101, 0]
             
               1765
               541#in:1
            
             
               1708
               [0, 400]
               5#in:2
            
          
           
             1784
             5#out:6
             4145#in:1
          
           
             1792
             2192#out:1
             [50, 0]
             
               1705
               [0, -50]
               509#in:1
            
             
               355
               1942#in:1
            
          
        
      
       
         [1, 1]
         [410, 441, 455, 469]
         6
         off
         off
         
           1
           w_m^ref
           Auto
           SignalName
        
         
           [-8, -8, 1928, 1048]
           off
           A4
           centimeters
           [1.270000, 1.270000, 1.270000, 1.270000]
           311
           
             [15, 48, 45, 62]
             -1
             Port number
          
           
             [90, 31, 120, 49]
             -2
             alternate
             12
          
           
             [90, 61, 120, 79]
             -3
             -10
             off
          
           
             [4, 1]
             [165, 28, 295, 97]
             -4
             Stateflow.Translate.translate
             ExplicitOnly
             on
             off
             MATLAB Function
             off
             
               [227, 345, 838, 789]
               off
               A4
               centimeters
               [1.270000, 1.270000, 1.270000, 1.270000]
               100
               18
               
                 [20, 101, 40, 119]
                 -1
                 Port number
              
               
                 [20, 136, 40, 154]
                 -2
                 2
                 Port number
              
               
                 [20, 171, 40, 189]
                 -3
                 3
                 Port number
              
               
                 [20, 206, 40, 224]
                 -4
                 4
                 Port number
              
               
                 [1, 1]
                 [270, 230, 320, 270]
                 9
                 1
              
               
                 Stateflow S-Function Sensorless_vector_control_bumpless_startup_nonsalient_observer 2
                 [4, 2]
                 [180, 102, 230, 203]
                 8
                 sf_sfun
                 [4 2]
                 off
                 on
                 off
                 
                   2
                   u_ref
                   Auto
                   SignalName
                
              
               
                 [460, 241, 480, 259]
                 10
              
               
                 [460, 101, 480, 119]
                 -8
                 Port number
              
               
                 15
                 621::1#out:1
                 621::16#in:1
              
               
                 16
                 621::2#out:1
                 621::16#in:2
              
               
                 17
                 621::3#out:1
                 621::16#in:3
              
               
                 18
                 621::4#out:1
                 621::16#in:4
              
               
                 u_ref
                 19
                 [0, 0]
                 621::16#out:2
                 621::8#in:1
              
               
                 20
                 621::17#out:1
                 621::18#in:1
              
               
                 21
                 621::16#out:1
                 621::17#in:1
              
            
          
           
             [80, 113, 130, 157]
             -5
             on
             off
             on
             -0.046
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [375, 47, 425, 83]
             -6
             [2*pi*0.2]
             [1 2*pi*0.2]
          
           
             [315, 54, 350, 76]
             -7
             1/10e3
          
           
             [450, 58, 480, 72]
             -8
             Port number
          
           
             1
             621#out:1
             624#in:1
          
           
             2
             624#out:1
             [5, 0]
             
               3
               [0, 70; -215, 0]
               
                 4
                 622#in:1
              
               
                 5
                 [0, -50]
                 621#in:4
              
            
             
               6
               623#in:1
            
          
           
             7
             618#out:1
             621#in:2
          
           
             8
             619#out:1
             621#in:1
          
           
             9
             620#out:1
             621#in:3
          
           
             10
             622#out:1
             [-10, 0; 0, -65]
             620#in:1
          
           
             13
             623#out:1
             625#in:1
          
        
      
       
         [570, 130, 600, 160]
         -10
         alternate
         22
         0
         
           1
           u_2b
           Auto
           SignalName
        
      
       
         [2, 1]
         [845, 450, 865, 470]
         16
         off
         round
         |+-
         off
         Inherit: Inherit via internal rule
         off
      
       
         [2, 1]
         [360, 445, 380, 465]
         308
         off
         round
         ++|
         off
         Inherit: Inherit via internal rule
         off
      
       
         [2, 1]
         [875, 260, 895, 280]
         361
         off
         round
         +-
         off
         Inherit: Inherit via internal rule
         off
      
       
         [0, 1]
         [265, 433, 290, 457]
         5
         off
         off
         off
         
           port_label('output',1,'\Omega_{r}^* ','texmode','on');
           
             edit
             w_r
             Reference Speed [rpm]:
             10e3*0+1500
          
        
         
           [-8, -8, 1928, 1048]
           off
           A4
           centimeters
           [1.270000, 1.270000, 1.270000, 1.270000]
           670
           
             [80, 17, 135, 63]
             -1
             (2*pi)/60
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [25, 28, 50, 52]
             -2
             w_r
          
           
             [155, 33, 185, 47]
             -3
             Port number
          
           
             1
             628#out:1
             627#in:1
          
           
             2
             627#out:1
             629#in:1
          
        
      
       
         [1, 1]
         [835, 229, 875, 251]
         -11
         alternate
         off
         off
         
           [-8, -8, 1928, 1048]
           off
           296
           
             [25, 103, 55, 117]
             -1
             Port number
          
           
             [1, 1]
             [115, 45, 145, 75]
             -2
          
           
             [1, 1]
             [115, 130, 145, 160]
             -3
             cos
          
           
             [2, 1]
             [230, 87, 260, 118]
             -4
             atan2
          
           
             [305, 98, 335, 112]
             -5
             Port number
          
           
             1
             254#out:1
             [20, 0]
             
               2
               [0, -50]
               255#in:1
            
             
               3
               [0, 35]
               256#in:1
            
          
           
             4
             255#out:1
             [30, 0; 0, 35]
             257#in:1
          
           
             5
             256#out:1
             [30, 0; 0, -35]
             257#in:2
          
           
             6
             257#out:1
             258#in:1
          
        
      
       
         [1, 1]
         [835, 296, 875, 314]
         -12
         alternate
         off
         off
         
           [16, 52, 1340, 1132]
           off
           296
           
             [25, 103, 55, 117]
             -1
             Port number
          
           
             [1, 1]
             [115, 45, 145, 75]
             -2
          
           
             [1, 1]
             [115, 130, 145, 160]
             -3
             cos
          
           
             [2, 1]
             [230, 87, 260, 118]
             -4
             atan2
          
           
             [360, 33, 390, 47]
             -5
             Port number
          
           
             1
             263#out:1
             [40, 0; 0, -65]
             264#in:1
          
           
             2
             262#out:1
             [30, 0; 0, -35]
             263#in:2
          
           
             3
             261#out:1
             [30, 0; 0, 35]
             263#in:1
          
           
             4
             260#out:1
             [20, 0]
             
               5
               [0, 35]
               262#in:1
            
             
               6
               [0, -50]
               261#in:1
            
          
        
      
       
         [1, 1]
         [910, 258, 955, 282]
         376
         alternate
         off
         off
         
           [-8, -8, 1928, 1048]
           off
           296
           
             [25, 103, 55, 117]
             -1
             Port number
          
           
             [335, 90, 365, 120]
             1
             180/pi
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [1, 1]
             [115, 45, 145, 75]
             -2
          
           
             [1, 1]
             [115, 130, 145, 160]
             -3
             cos
          
           
             [2, 1]
             [230, 87, 260, 118]
             -4
             atan2
          
           
             [480, 98, 510, 112]
             -5
             Port number
          
           
             1
             3674#out:1
             [20, 0]
             
               2
               [0, -50]
               3675#in:1
            
             
               3
               [0, 35]
               3676#in:1
            
          
           
             4
             3675#out:1
             [30, 0; 0, 35]
             3677#in:1
          
           
             5
             3676#out:1
             [30, 0; 0, -35]
             3677#in:2
          
           
             6
             3677#out:1
             3679#in:1
          
           
             7
             3679#out:1
             3678#in:1
          
        
      
       
         u_2b
         236
         [0, 1]
         252#out:1
         2669#in:1
      
       
         v_abc
         2
         [2, 0]
         418#out:1
         [14, 0; 0, -70]
         2669#in:2
      
       
         w_m^ref
         5
         [0, 0]
         617#out:1
         4053#in:1
      
       
         iabc
         231
         2669#out:3
         [31, 0]
         
           1010
           [0, -108; -282, 0; 0, 263]
           418#in:1
        
         
           699
           [-1, 0]
           251#in:2
        
      
       
         idq
         1017
         [-1, 0]
         2669#out:4
         [47, 0; 0, -75]
         3445#in:1
      
       
         15
         170#out:1
         168#in:1
      
       
         theta_r
         229
         [3, 0]
         2669#out:7
         [48, 0; 0, -20]
         253#in:1
      
       
         wr
         228
         [0, 1]
         2669#out:6
         [33, 0; 0, 91]
         
           413
           [0, 159]
           1135#in:2
        
         
           112
           [133, 0; 0, -11]
           170#in:1
        
      
       
         20
         253#out:1
         [5, 0]
         
           694
           2896#in:1
        
         
           352
           171#in:1
        
      
       
         21
         418#out:2
         [74, 0; 0, -10]
         259#in:1
      
       
         22
         418#out:3
         170#in:2
      
       
         621
         171#out:1
         [21, 0; 0, -55]
         251#in:3
      
       
         24
         168#out:1
         [20, 0]
         
           678
           251#in:4
        
         
           414
           1180#in:1
        
      
       
         26
         626#out:1
         616#in:1
      
       
         27
         615#out:1
         [5, 0]
         616#in:2
      
       
         33
         1135#out:1
         1136#in:1
      
       
         34
         1136#out:1
         1134#in:1
      
       
         45
         418#out:5
         [410, 0; 0, -25]
         1180#in:2
      
       
         238
         259#out:1
         [5, 0]
         
           417
           2896#in:2
        
         
           416
           [81, 0; 0, -50]
           171#in:2
        
      
       
         310
         616#out:1
         2886#in:2
      
       
         308
         2886#out:1
         617#in:1
      
       
         940
         3445#out:1
         251#in:1
      
       
         697
         2896#out:1
         3673#in:1
      
       
         698
         3673#out:1
         171#in:3
      
       
         1003
         4053#out:1
         [13, 0]
         
           817
           [-1, 1]
           [0, -75]
           418#in:2
        
         
           6
           [299, 0]
           
             1009
             [0, 5]
             1135#in:1
          
           
             811
             [0, -100]
             170#in:3
          
        
      
       
         1018
         418#out:6
         [183, 0; 0, -265]
         3445#in:2
      
    
  










simulink/configSet0.xml


 
   
     []
     
     
       
         []
         
         0.0
         20
         auto
         auto
         auto
         -1
         5
         auto
         10*128*eps
         1000
         4
         1
         100e-6*1
         auto
         2
         1e-3
         on
         off
         off
         ode23tb
         ode23tb
         auto
         DisableAll
         UseLocalSettings
         Nonadaptive
         TrustRegion
         on
         off
         Fast
         off
         off
         Unconstrained
         Whenever possible
         []
      
       
         []
         
         1
         [t, u]
         xFinal
         xInitial
         on
         1000
         off
         off
         off
         off
         Array
         ModelDataLogs
         on
         off
         on
         on
         off
         on
         off
         streamout
         on
         off
         xout
         tout
         yout
         logsout
         dsmout
         RefineOutputTimes
         []
         out
         1
         off
         out.mat
         [-inf, inf]
      
       
         
           ZeroExternalMemoryAtStartup
           ZeroInternalMemoryAtStartup
           NoFixptDivByZeroProtection
           OptimizeModelRefInitCode
           BooleansAsBitfields
           PassReuseOutputArgsAs
           PassReuseOutputArgsThreshold
           UseSpecifiedMinMax
        
         
         on
         on
         on
         Tunable
         off
         off
         double
         off
         off
         on
         on
         off
         off
         on
         off
         
         on
         off
         uint_T
         on
         64
         Structure reference
         12
         2147483647
         on
         5
         off
         off
         Native Integer
         on
         on
         on
         off
         off
         on
         inf
         Inherit from target
         on
         off
         off
      
       
         
           UseOnlyExistingSharedCode
        
         
         error
         none
         none
         none
         none
         UseLocalSettings
         UseLocalSettings
         UseLocalSettings
         warning
         warning
         warning
         warning
         on
         Classic
         none
         off
         off
         UseLocalSettings
         warning
         warning
         none
         error
         warning
         warning
         warning
         warning
         error
         error
         error
         none
         warning
         warning
         none
         warning
         warning
         error
         error
         none
         warning
         warning
         none
         none
         none
         none
         none
         none
         error
         warning
         none
         warning
         warning
         warning
         error
         none
         error
         none
         warning
         warning
         UseLocalSettings
         on
         off
         none
         error
         none
         none
         warning
         warning
         warning
         error
         warning
         warning
         error
         warning
         ErrorLevel1
         WarnAndRepair
         none
         warning
         warning
         error
         none
         warning
         warning
         warning
         warning
         warning
         warning
         warning
         warning
         error
         warning
         warning
         none
         warning
         warning
         all
         warning
         on
      
       
         []
         
         8
         16
         32
         32
         64
         32
         64
         32
         32
         32
         Char
         None
         Undefined
         Unspecified
         32
         on
         off
         32-bit Generic
         8
         16
         32
         32
         64
         32
         64
         32
         32
         32
         Char
         None
         on
         off
         Undefined
         Unspecified
         32
         32
         32
         Specified
         off
         on
         on
         on
      
       
         []
         
         IfOutOfDateOrStructuralChange
         on
         error
         off
         on
         None
         Multi
         Infer from blocks in model
         
         on
         off
         off
         off
      
       
         []
         
         
         
         
         
         []
         
         
         
         
         
         
         on
         on
         on
         off
         on
         sf_incremental_build
         off
         on
         50
         on
      
       
         
           IncludeHyperlinkInReport
           GenerateTraceInfo
           GenerateTraceReport
           GenerateTraceReportSl
           GenerateTraceReportSf
           GenerateTraceReportEml
           PortableWordSizes
           GenerateWebview
           GenerateCodeMetricsReport
           GenerateCodeReplacementReport
           GenerateMissedCodeReplacementReport
           GenerateErtSFunction
           CreateSILPILBlock
        
         grt.tlc
         None
         
         off
         make_rtw
         on
         off
         
         grt_default_tmf
         
         
         off
         off
         on
         off
         []
         off
         off
         off
         off
         off
         off
         
         
         
         
         
         
         
         
         
         Automatically locate an installed toolchain
         Faster Builds
         []
         off
         off
         off
         None
         off
         executionProfile
         SummaryOnly
         off
         off
         C
         off
         off
         off
         off
         off
         off
         off
         off
         off
         off
         off
         []
         
         Off
         1024
         
           
             
               IgnoreCustomStorageClasses
               InsertBlockDesc
               SFDataObjDesc
               SimulinkDataObjDesc
               DefineNamingRule
               SignalNamingRule
               ParamNamingRule
               InlinedPrmAccess
               CustomSymbolStr
               CustomSymbolStrGlobalVar
               CustomSymbolStrType
               CustomSymbolStrField
               CustomSymbolStrFcn
               CustomSymbolStrBlkIO
               CustomSymbolStrTmpVar
               CustomSymbolStrMacro
               IgnoreTestpoints
               InsertPolySpaceComments
               MATLABFcnDesc
               InternalIdentifier
               CustomSymbolStrModelFcn
               CustomSymbolStrFcnArg
               CustomSymbolStrUtil
               CustomUserTokenString
               ReqsInCode
            
             
             
             off
             on
             Auto
             on
             off
             off
             31
             off
             off
             off
             off
             off
             off
             off
             off
             off
             1
             $R$N$M
             $N$R$M_T
             $N$M
             $R$N$M$F
             $R$N
             rt$I$N$M
             rtb_$N$M
             $N$M
             $R$N$M
             $N$C
             
             
             None
             
             None
             
             None
             
             off
             off
             on
             off
             off
             
             Shortened
             Literals
             off
             off
             []
          
           
             
               IncludeMdlTerminateFcn
               GenerateAllocFcn
               SuppressErrorStatus
               ERTCustomFileBanners
               GenerateSampleERTMain
               GenerateTestInterfaces
               ModelStepFunctionPrototypeControlCompliant
               SupportNonInlinedSFcns
               PurelyIntegerCode
               PortableWordSizes
               SupportComplex
               SupportAbsoluteTime
               SupportContinuousTime
               RemoveResetFunc
               ExistingSharedCode
               RemoveDisableFunc
            
             
             ansi_tfl_table_tmw.mat
             
             
             NOT IN USE
             C89/C90 (ANSI)
             None
             Auto
             System defined
             256
             2048
             on
             off
             
             off
             off
             on
             on
             on
             on
             on
             Disable all
             off
             off
             off
             off
             Auto
             off
             on
             rt_
             on
             off
             Nonreusable function
             on
             on
             off
             on
             on
             off
             off
             off
             Nominal
             Nominal
             Simulink.SoftwareTarget.GRTCustomization
             off
             on
             off
             off
             on
             off
             on
             on
             []
             off
             off
             off
             off
             1000000
             0
             ext_comm
             
             Level1
             off
             off
             off
             off
             off
             Error
          
        
      
       
         []
         Simulink Coverage Configuration Component
         Simulink Coverage
         off
         EntireSystem
         on
         off
         /
         covdata
         
         dw
         
         
         off
         on
         on
         on
         on
         on
         covCumulativeData
         off
         on
         slcov_output/$ModelName$
         $ModelName$_cvdata
         on
         on
         off
         
         off
         on
         1e-05
         0.01
         off
         0
         0
      
       
         []
         HDL Coder custom configuration component
         HDL Coder
         
           
        
         0
      
    
     Configuration
     
     Solver
      [ 146, 71, 1229, 971 ] 
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   Configuration










simulink/graphicalInterface.xml


 
   0
   0
   
   0
   0
   0
   0
   0
   0
   0
   0










simulink/plugins/DiagnosticSuppressor.xml


 
   on
   22 serialization::archive 11 0 3 0 0 0 8 0
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   on
   










simulink/stateflow.xml


 
   
     13-Nov-2013 22:02:42
     0
     80000010
     
       
         Default Simulink S-Function Target.
      
       
         Sensorless
Vector control/PI 
Speed Control/MATLAB Function
         [422 539.941 189 413]
         [0 156.75 0 153.75]
         [1 1 3600 1200 1.180555555555556]
         11
         9
         CLUSTER_CHART
         EML_CHART
         1
         1
         
           fcn
        
         
           
             eML_blk_kernel()
             [18 64.5 118 66]
             12
             SUBCHART
             11
             FUNC_STATE
             CLUSTER_STATE
             
               1
               function id = fcn(open_loop, iq_r)
%#codegen

id_bias = 1;

inv_limit = 20;

iq_r = abs(iq_r);

id = inv_limit;

so = 0.5;

if open_loop>so
    open_loop2 = 1/(1-so)*(open_loop - so);
    id = (inv_limit - iq_r*open_loop2)*(1-open_loop2);
end


id = id + id_bias;
%id = 20;
               Matrix(4,1)
[10.0, 5.0, 700.0, 500.0]
            
          
           
             INPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
              
               SF_COMPLEX_INHERITED
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             OUTPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
              
               SF_COMPLEX_INHERITED
               SF_FRAME_NO
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             INPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
                 1
                 16
              
               SF_COMPLEX_INHERITED
               SF_FRAME_INHERITED
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             {eML_blk_kernel();}
             [28.125 13.875 102.544 14.964]
             12
             
               [0 0 1 0 23.5747 14.625 0 0]
            
             
               3
               [1 0 -1 0 23.5747 42.5747 0 0]
            
             [23.5747 24.9468]
             [21.175 25.975 14.625 42.575]
             11
             SMART
             
               BOTH_STICK
            
             1
          
           
             [23.5747 49.5747 7]
             11
             CONNECTIVE_JUNCTION
          
        
      
       
         Speed reference
generator/Discrete Integrator
         [595.862 161.034 257 428]
         [0 156.75 0 153.75]
         [1 1 1280 1024 1.611111111111111]
         19
         8
         CLUSTER_CHART
         EML_CHART
         2
         1
         
           DI
        
         0
         
           
             eML_blk_kernel()
             [18 64.5 118 66]
             12
             SUBCHART
             19
             FUNC_STATE
             CLUSTER_STATE
             
               1
               function u_ref = DI(Rate_up, U_ref, Rate_dn, u_ref_old)

Ts = 1/10e3;
Du = Rate_up*Ts;
Dd = Rate_dn*Ts;

%Difference between desired speed and present speed:
u_error = U_ref - u_ref_old;   

%Calculate speed step according to rate limit:
    if u_error>Du
        dy = Rate_up;
    elseif u_error<Dd
        dy = Rate_dn; 
    else
%Final speed adjustment has a smaller step to yield zero 
%and therefore non-oscillating error:
        dy = u_error/Ts; 
    end

u_ref = u_ref_old + Ts*dy; %Forward Euler

end
               Matrix(4,1)
[435.0, 472.0, 780.0, 453.0]
               fimath(...
'RoundMode', 'floor',...
'OverflowMode', 'wrap',...
'ProductMode', 'KeepLSB', 'ProductWordLength', 32,...
'SumMode', 'KeepLSB', 'SumWordLength', 32,...
'CastBeforeSum', true)
               FimathMatlabFactoryDefault
               FimathUserSpecified
            
          
           
             INPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
              
               SF_COMPLEX_INHERITED
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             INPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
                 1
                 16
              
               SF_COMPLEX_INHERITED
               SF_FRAME_INHERITED
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             INPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
                 1
                 16
              
               SF_COMPLEX_INHERITED
               SF_FRAME_INHERITED
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             OUTPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
              
               SF_COMPLEX_INHERITED
               SF_FRAME_NO
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             INPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
                 1
                 16
              
               SF_COMPLEX_INHERITED
               SF_FRAME_INHERITED
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             {eML_blk_kernel();}
             [32.125 19.875 102.544 14.964]
             12
             
               [0 0 1 0 23.5747 14.625 0 0]
            
             
               3
               [1 0 -1 0 23.5747 42.5747 0 0]
            
             [23.5747 24.9468]
             [21.175 25.975 14.625 42.575]
             19
             SMART
             
               BOTH_STICK
            
             1
          
           
             [23.5747 49.5747 7]
             19
             CONNECTIVE_JUNCTION
          
        
      
    
  
   
     10
     Sensorless
Vector control/PI 
Speed Control/MATLAB Function
     11
  
   
     10
     Speed reference
generator/Discrete Integrator
     19
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simulink/blockdiagram.xml


 
   
     windows-1252
     
       
         HDLSubsystem
         $bdroot
      
    
     0.035000
     on
     off
     UseLocalSettings
     AllNumericTypes
     UseLocalSettings
     Overwrite
     Run 1
     120
     win64
     
       
         1
         [-8.0, -8.0, 1936.0, 1056.0]
         
           1
           Left
           50
           50
           11
        
         
           0
        
         
           
             1
             SimulinkTopLevel
             0
             [1693.0, 905.0]
             1.8126791784803591
             [222.46090109874604, 58.462385082968353]
          
           
             0
             SimulinkSubsys
             113
             [1693.0, 905.0]
             1.75
             [-81.782119991289221, -113.42585256968641]
          
           
             0
             SimulinkSubsys
             418
             [1693.0, 905.0]
             1.2593172207060557
             [88.3259764494968, 143.88286464299227]
          
           
             0
             SimulinkSubsys
             3622
             [1693.0, 905.0]
             1.4629317230654606
             [128.23848454919289, 27.117851865357409]
          
           
             0
             SimulinkSubsys
             5
             [1693.0, 905.0]
             1.7470119521912351
             [-106.41772555072305, -154.01368301026224]
          
        
         
           GLUE2:PropertyInspector
           Property Inspector
           0
           
           
           0
           Right
           640
           480
        
         
      
    
     
       UpdateHistoryNever
       %<Auto>
       %<Auto>
       462709090
       1.%<AutoIncrement:1263>
    
     
       off
       off
       none
       off
       off
       off
       on
       off
       off
       off
       off
       on
       off
       off
       on
       on
       on
       off
       off
       off
       on
       on
       on
       off
       off
       off
       on
       on
       off
       off
       on
    
     
       normal
       5
       1
       10
       10
       0
       none
       off
       MATLABWorkspace
       accel.tlc
       accel_default_tmf
       make_rtw
       off
       
         $bdroot
         
           $bdroot
        
         
           
        
      
    
     
       off
       on
       manual
       normal
       1
       any
       1000
       auto
       0
       0
       rising
       0
       off
       off
       off
       off
       off
       on
       off
       on
       on
    
     
       off
       off
    
     
       
         Ensure deterministic transfer (maximum delay)
         Ensure data integrity only
         Ensure deterministic transfer (minimum delay)
         None
         0
      
       off
    
     
       landscape
       auto
       usletter
       inches
       [0.500000, 0.500000, 0.500000, 0.500000]
       1
       off
       on
       200
       white
       181
    
     
       black
       white
       off
       normal
       Arial
       10
       normal
       normal
       on
       0
       off
    
     
       center
       middle
       black
       white
       off
       Arial
       10
       normal
       normal
       off
    
     
       Arial
       9
       normal
       normal
    
     
       off
       on
       opaque
       off
       none
       default
       autoscale
    
     
       on
       on
       off
       off
       off
       on
       on
       on
    
     
       
         on
         -1
         []
         []
         Inherit: Same as input
         off
         Floor
         on
      
       
         0
         on
      
       
         2
         Vector
         1
      
       
         1
         on
         Sample based
         []
         []
         Inherit: Inherit from 'Constant value'
         off
         inf
         inf
         off
      
       
         -0.5
         0.5
         on
         on
         on
         -1
      
       
         4
         none
         off
      
       
         Integration: Forward Euler
         1.0
         none
         internal
         0
         Output
         1
         []
         []
         Inherit: Inherit via internal rule
         off
         Floor
         off
         off
         inf
         -inf
         off
         off
         off
         off
         Auto
      
       
         held
         Only when enabling
         off
         on
         off
         1
         -1
         []
         []
         double
         on
      
       
         sin(u[1])
         -1
      
       
         1
         Element-wise(K.*u)
         []
         []
         Inherit: Same as input
         []
         []
         Inherit: Same as input
         off
         Floor
         on
         -1
      
       
         1
         off
         []
         []
         Inherit: auto
         off
         off
         inherit
         -1
         Inherit
         -1
         auto
         auto
         off
         off
         on
      
       
         none
         internal
         0
         off
         inf
         -inf
         off
         pi
         -pi
         off
         off
         auto
         off
         on
         ''
      
       
         4
         none
         off
         BusObject
         off
      
       
         1
         []
         []
         Inherit: auto
         off
         off
         inherit
         -1
         Inherit
         -1
         auto
         auto
         off
         Dialog
         held
         []
      
       
         2
         Element-wise(.*)
         All dimensions
         1
         on
         []
         []
         Inherit: Same as first input
         off
         Zero
         on
         -1
      
       
         system
         ''
         []
      
       
         Dialog
         0.5
         Dialog
         -0.5
         on
         on
         -1
         []
         []
         Inherit: Same as input
         off
         Floor
      
       
         Simulink.scopes.TimeScopeBlockCfg
         off
      
       
         1
         One-based
         -1
         -1
      
       
         on
         -1
      
       
         1
         0
         1
         -1
         on
         on
      
       
         FromPortIcon
         ReadWrite
         All
         off
         off
         off
         -1
         Auto
         Auto
         Auto
         void_void
         off
         Inherit from model
         Inherit from model
         Inherit from model
         Inherit from model
         Inherit from model
         off
         UseLocalSettings
         AllNumericTypes
         UseLocalSettings
         off
         off
         NONE
         off
         off
         on
         off
         off
      
       
         rectangular
         ++
         All dimensions
         1
         on
         Inherit: Inherit via internal rule
         []
         []
         Inherit: Same as first input
         off
         Floor
         on
         -1
      
       
      
       
         [1]
         [1 2 1]
         auto
         ''
         auto
      
       
         sin
         None
         11
         auto
         -1
      
       
         0
         Inherited
         1
         off
         Auto
         on
      
       
         1
      
    
     
       [-8, -8, 1928, 1048]
       on
       simulink-default.rpt
       4108
       
         [480, 430, 510, 460]
         393
         Inherit: Inherit via internal rule
         Inherit: Inherit via internal rule
         off
      
       
         [3, 1]
         [910, 303, 915, 357]
         -5
         off
         3
         bar
      
       
         [3, 1]
         [955, 229, 960, 271]
         -6
         off
         3
         bar
      
       
         [2, 1]
         [955, 101, 960, 139]
         374
         off
         2
         bar
      
       
         [2, 7]
         [660, 98, 740, 262]
         303
         alternate
         off
         off
         
           This dialog gives access to the PMSM model parameters for input.
           Tsd = Lsd/Rs;
Tsq = Lsq/Rs;
w_s = 2*pi*f_s;
lambda_p = sqrt(2)*E_s/w_s;
tf = Lf/Rlf;
           
             
               edit
               zp
               Pole pairs
               1
            
             
               edit
               Lsd
               d-axis stator inductance [H]
               500e-6
            
             
               edit
               Lsq
               q-axis stator inductance [H]
               500e-6
            
             
               edit
               Rs
               Stator resistance [Ohm]
               0.172
            
             
               edit
               E_s
               Rated no-load voltage [V] @ Rated frequency
               103
            
             
               edit
               f_s
               Rated frequency [Hz]
               500
            
             
               edit
               B
               B [N.m/(rad/sec)]: Friction Coefficient 
               5e-6
            
             
               edit
               J
               J [kg.m^2]: Moment of Inertia 
               0.10669
            
             
               edit
               C
               Coloumb friction
               1e-5
            
             
               edit
               theta_init
               Initial angle (rad)
               0
            
             
               checkbox
               Coulomb_friction_check
               Coloumb friction
               off
            
             
               edit
               Lf
               3ph Filter inductance [H]
               300e-6
            
             
               edit
               Cf
               3ph Filter capacitance [F]
               3e-6
            
             
               edit
               Rlf
               3ph Filter inductance resistance [ohm]
               50e-3
            
             
               edit
               Rcf
               3ph Filter capacitance resistance [ohm]
               1
            
          
           
             
               %<MaskType>
               
                 %<MaskDescription>
                 DescTextVar
              
               DescGroupVar
            
             
               
                 
                   Motor Electrical
                   
                     
                       zp
                    
                     
                       Lsd
                    
                     
                       Lsq
                    
                     
                       Rs
                    
                     
                       E_s
                    
                     
                       f_s
                    
                  
                   ParameterTabVar0
                
                 
                   Mechanical
                   
                     
                       B
                    
                     
                       J
                    
                     
                       C
                    
                     
                       theta_init
                    
                     
                       Coulomb_friction_check
                    
                  
                   ParameterTabVar01
                
                 
                   LC filter
                   
                     
                       Lf
                    
                     
                       Cf
                    
                     
                       Rlf
                    
                     
                       Rcf
                    
                  
                   Container13
                
              
               ParameterTabContainerVar
            
          
        
         
           1
           vdq
           u_a
           Auto
           SignalName
        
         
           2
           vdq
           u_a
           Auto
           SignalName
        
         
           3
           iabc
           Auto
           SignalName
        
         
           4
           idq
           i_s
           Auto
           SignalName
        
         
           6
           wr
           w_r
           Auto
           SignalName
        
         
           7
           theta_r
           Auto
           SignalName
        
         
           [-8, -8, 1928, 1048]
           off
           158
           
             [1220, 78, 1250, 92]
             -2
             Port number
          
           
             [555, 33, 585, 47]
             -1
             alternate
             2
             Port number
          
           
             [2, 2]
             [1190, -43, 1280, 53]
             -3
             off
             off
             
               port_label('input',1,'v_{dq}','texmode','on');
port_label('input',2,'\omega_{r}','texmode','on');
port_label('output',1,'i_{dq}','texmode','on');
port_label('output',2,'T_{e}','texmode','on');
            
             
               1
               i_s
               Auto
               SignalName
            
             
               [-8, -8, 1928, 1048]
               off
               146
               
                 [125, 268, 155, 282]
                 -1
                 Port number
              
               
                 [25, 193, 55, 207]
                 -2
                 2
                 Port number
              
               
                 [75, 52, 200, 88]
                 -3
                 [-1/Tsd; -1/Tsq]
                 off
              
               
                 [150, 216, 255, 254]
                 -4
                 [1/Lsd; 1/Lsq]
                 off
              
               
                 [190, 289, 255, 321]
                 -5
                 [0; -1/Lsq]
                 off
              
               
                 [1, 1]
                 [470, 225, 500, 255]
                 -7
                 alternate
                 off
              
               
                 [2, 1]
                 [365, 341, 370, 379]
                 -9
                 off
                 2
                 bar
              
               
                 [1, 1]
                 [290, 141, 320, 169]
                 1
                 2
                 Index vector (dialog)
                 [2 1]
                 1
              
               
                 [0, 1]
                 [40, 341, 65, 369]
                 -11
                 off
                 off
                 off
                 
                   port_label('output',1,'\lambda_{p} ','texmode','on');
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   100
                   
                     [25, 29, 75, 61]
                     -1
                     off
                     lambda_p
                  
                   
                     [100, 38, 130, 52]
                     -2
                     Port number
                  
                   
                     1
                     2698#out:1
                     2699#in:1
                  
                
              
               
                 [4, 1]
                 [415, 216, 440, 264]
                 -12
                 off
                 ++++
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [390, 347, 580, 373]
                 -13
                 3/2*zp*( u(3)*u(2) + u(1)*u(2)*(Lsd-Lsq)  )
              
               
                 [70, 126, 200, 164]
                 -14
                 [-Lsd/Lsq; Lsq/Lsd ]
                 off
              
               
                 [2, 1]
                 [230, 58, 280, 102]
                 -15
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [2, 1]
                 [280, 223, 330, 267]
                 -16
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [2, 1]
                 [220, 133, 270, 177]
                 -17
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [2, 1]
                 [350, 147, 380, 178]
                 -18
                 alternate
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [135, 332, 165, 363]
                 -19
                 alternate
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [280, 293, 330, 337]
                 -20
                 Matrix(*)
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [580, 233, 610, 247]
                 -21
                 Port number
              
               
                 [600, 353, 630, 367]
                 -22
                 2
                 Port number
              
               
                 1
                 2692#out:1
                 2703#in:1
              
               
                 34
                 2705#out:1
                 2893#in:1
              
               
                 3
                 2691#out:1
                 [45, 0]
                 
                   4
                   [230, 0]
                   2706#in:2
                
                 
                   5
                   [0, 140]
                   2707#in:1
                
              
               
                 6
                 2693#out:1
                 2704#in:1
              
               
                 7
                 2690#out:1
                 [105, 0]
                 2704#in:2
              
               
                 8
                 2702#out:1
                 2705#in:1
              
               
                 9
                 2697#out:1
                 [45, 0]
                 
                   10
                   2707#in:2
                
                 
                   11
                   [0, 15]
                   2696#in:2
                
              
               
                 12
                 2694#out:1
                 2708#in:1
              
               
                 13
                 2707#out:1
                 [95, 0]
                 2708#in:2
              
               
                 14
                 2703#out:1
                 [115, 0]
                 2700#in:1
              
               
                 15
                 2706#out:1
                 [5, 0; 0, 70]
                 2700#in:2
              
               
                 16
                 2704#out:1
                 2700#in:3
              
               
                 17
                 2708#out:1
                 [65, 0]
                 2700#in:4
              
               
                 18
                 2700#out:1
                 2695#in:1
              
               
                 19
                 2695#out:1
                 [5, 0]
                 
                   20
                   2709#in:1
                
                 
                   21
                   [0, 95; -160, 0]
                   2696#in:1
                
                 
                   22
                   [0, -205; -449, 0; 0, 80]
                   
                     29
                     [153, 0; 0, -25]
                     2703#in:2
                  
                   
                     27
                     [0, 75; 144, 0]
                     2705#in:2
                  
                
              
               
                 25
                 2696#out:1
                 2701#in:1
              
               
                 26
                 2701#out:1
                 2710#in:1
              
               
                 35
                 2893#out:1
                 2706#in:1
              
            
          
           
             [2, 2]
             [1310, 19, 1405, 61]
             -4
             off
             off
             
               port_label('input',1,'T_{e}','texmode','on');
port_label('input',2,'T_{l}','texmode','on');
port_label('output',1,'\theta_{r}','texmode','on');
port_label('output',2,'\omega_{r}','texmode','on');
            
             
               [-8, -8, 1928, 1048]
               off
               250
               
                 [20, 103, 50, 117]
                 -1
                 alternate
                 Port number
              
               
                 [20, 138, 50, 152]
                 -2
                 2
                 Port number
              
               
                 [100, -40, 130, -10]
                 45
                 Coulomb_friction_check
              
               
                 [1, 1, 1]
                 [170, 25, 240, 75]
                 -13
                 on
                 off
                 off
                 
                   [1912, -8, 3208, 1032]
                   off
                   187
                   
                     [340, 153, 370, 167]
                     46
                     on
                     alternate
                     Port number
                  
                   
                     []
                     [187, 70, 207, 90]
                     47
                  
                   
                     [95, 145, 125, 175]
                     1
                     on
                     alternate
                     C
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [275, 145, 305, 175]
                     37
                     on
                     alternate
                     -eps
                     eps
                  
                   
                     [210, 145, 240, 175]
                     43
                     on
                     alternate
                     10
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [1, 1]
                     [150, 145, 180, 175]
                     38
                     on
                     alternate
                     u0
                     1
                     -1
                  
                   
                     [40, 153, 70, 167]
                     45
                     on
                     alternate
                     Port number
                  
                   
                     1
                     2720#out:1
                     2721#in:1
                  
                   
                     2
                     2718#out:1
                     2722#in:1
                  
                   
                     3
                     2721#out:1
                     2718#in:1
                  
                   
                     4
                     2719#out:1
                     2720#in:1
                  
                   
                     5
                     2716#out:1
                     2719#in:1
                  
                
              
               
                 [215, 195, 245, 225]
                 -3
                 on
                 off
                 B
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [190, 130, 220, 160]
                 -4
                 off
                 1/J
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
                 
                   1
                   w_dot
                   Auto
                   SignalName
                
              
               
                 [355, 130, 390, 160]
                 -5
                 off
                 zp
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
                 
                   1
                   w_r
                   Auto
                   SignalName
                
              
               
                 [1, 1]
                 [260, 129, 290, 161]
                 -6
                 off
                 
                   1
                   w_m
                   Auto
                   SignalName
                
              
               
                 [1, 1]
                 [430, 85, 460, 115]
                 -7
                 off
                 theta_init
              
               
                 [2, 1]
                 [120, 135, 140, 155]
                 32
                 off
                 round
                 -+|
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [3, 1]
                 [70, 135, 90, 155]
                 -9
                 off
                 round
                 +--
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [495, 93, 525, 107]
                 -10
                 Port number
              
               
                 [495, 138, 525, 152]
                 -11
                 2
                 Port number
              
               
                 w_r
                 1
                 2725#out:1
                 [9, 0]
                 
                   2
                   [-1, 1]
                   2731#in:1
                
                 
                   3
                   [0, -45]
                   2727#in:1
                
              
               
                 w_dot
                 4
                 [1, 0]
                 2724#out:1
                 2726#in:1
              
               
                 w_m
                 5
                 2726#out:1
                 [8, 0]
                 
                   6
                   [0, -95]
                   2715#in:1
                
                 
                   7
                   [0, 65]
                   2723#in:1
                
                 
                   8
                   [1, 0]
                   2725#in:1
                
              
               
                 9
                 2727#out:1
                 2730#in:1
              
               
                 10
                 2713#out:1
                 2729#in:2
              
               
                 11
                 2712#out:1
                 [25, 0]
                 2729#in:1
              
               
                 12
                 2729#out:1
                 2728#in:2
              
               
                 13
                 2728#out:1
                 2724#in:1
              
               
                 14
                 2723#out:1
                 [-130, 0]
                 2729#in:3
              
               
                 15
                 2715#out:1
                 [-35, 0]
                 2728#in:1
              
               
                 16
                 2714#out:1
                 [70, 0]
                 2715#enable
              
            
          
           
             [1, 1]
             [655, 22, 710, 58]
             370
             through
             off
             off
             
               [100, 100, 600, 900]
               off
               100
               
                 [20, 33, 50, 47]
                 392
                 Port number
              
               
                 [1, 3]
                 [70, 21, 75, 59]
                 390
                 off
                 3
                 bar
              
               
                 [3, 1]
                 [130, 21, 135, 59]
                 391
                 off
                 3
                 bar
              
               
                 [155, 33, 185, 47]
                 393
                 Port number
              
               
                 1
                 4018#out:2
                 [9, 0; 0, 5; 26, 0]
                 4019#in:3
              
               
                 2
                 4021#out:1
                 4018#in:1
              
               
                 3
                 4019#out:1
                 4022#in:1
              
               
                 4
                 4018#out:3
                 [23, 0; 0, -10]
                 4019#in:2
              
               
                 5
                 4018#out:1
                 4019#in:1
              
            
          
           
             [1, 1]
             [1475, -108, 1530, -72]
             372
             through
             off
             off
             
               [100, 100, 600, 900]
               off
               100
               
                 [20, 33, 50, 47]
                 392
                 Port number
              
               
                 [1, 3]
                 [70, 21, 75, 59]
                 390
                 off
                 3
                 bar
              
               
                 [3, 1]
                 [130, 21, 135, 59]
                 391
                 off
                 3
                 bar
              
               
                 [155, 33, 185, 47]
                 393
                 Port number
              
               
                 1
                 4042#out:2
                 [9, 0; 0, 5; 26, 0]
                 4043#in:3
              
               
                 2
                 4041#out:1
                 4042#in:1
              
               
                 3
                 4043#out:1
                 4044#in:1
              
               
                 4
                 4042#out:3
                 [23, 0; 0, -10]
                 4043#in:2
              
               
                 5
                 4042#out:1
                 4043#in:1
              
            
          
           
             [2, 1]
             [820, 25, 875, 80]
             301
             alternate
             off
             off
             
               port_label('input',1,'X_{abc}','texmode','on');
port_label('input',2,'K_{r}','texmode','on');
port_label('output',1,'X_{dq}','texmode','on');
            
             
               1
               u_a
               Auto
               SignalName
            
             
               [-8, -8, 1928, 1048]
               off
               234
               
                 [200, 220, 220, 240]
                 -1
                 Port number
              
               
                 [200, 150, 220, 170]
                 -2
                 2
                 Port number
              
               
                 [2, 1]
                 [280, 152, 330, 188]
                 -3
                 Matrix(*)
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [350, 160, 370, 180]
                 -7
                 Port number
                 0
              
               
                 1
                 2788#out:1
                 2789#in:1
              
               
                 2
                 2787#out:1
                 [40, 0]
                 2789#in:2
              
               
                 3
                 2789#out:1
                 2790#in:1
              
            
          
           
             [1, 2]
             [815, 188, 885, 232]
             363
             on
             alternate
             off
             off
             
               port_label('input', 1,'\theta_{r}','texmode','on');
port_label('output', 1,'K^{r}','texmode','on');
port_label('output', 2,'K^{r}^{-1}','texmode','on');



            
             
               [-8, -8, 1928, 1048]
               off
               163
               
                 [95, 48, 125, 62]
                 -1
                 Port number
              
               
                 [435, 55, 465, 85]
                 -3
                 -1
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
                 
                   1
                   -sin(wt)
                   Auto
                   SignalName
                
              
               
                 [785, 125, 815, 155]
                 -4
                 off
                 2/3
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [190, 100, 215, 120]
                 -5
                 off
                 0.5
              
               
                 [165, 139, 215, 161]
                 -6
                 off
                 sqrt(3)/2
              
               
                 [2, 1]
                 [675, 112, 680, 163]
                 -7
                 off
                 2
                 bar
              
               
                 [2, 1]
                 [675, 32, 680, 83]
                 -8
                 off
                 2
                 bar
              
               
                 [2, 1]
                 [675, 192, 680, 243]
                 -9
                 off
                 2
                 bar
              
               
                 [3, 1]
                 [675, 284, 680, 336]
                 11
                 off
                 3
                 bar
              
               
                 [3, 1]
                 [675, 354, 680, 406]
                 12
                 off
                 3
                 bar
              
               
                 [2, 1]
                 [315, 93, 345, 117]
                 -10
                 off
                 Floor
              
               
                 [2, 1]
                 [315, 133, 345, 157]
                 -11
                 off
                 Floor
              
               
                 [2, 1]
                 [310, 238, 340, 262]
                 -12
                 off
                 Floor
              
               
                 [2, 1]
                 [310, 198, 340, 222]
                 -13
                 off
                 Floor
              
               
                 [2, 1]
                 [360, 189, 380, 271]
                 -14
                 off
                 
                   1
                   -sin(wt-2pi/3)
                   Auto
                   SignalName
                
              
               
                 [2, 1]
                 [360, 84, 380, 166]
                 -15
                 off
                 -+
                 
                   1
                   cos(wt-2pi/3)
                   Auto
                   SignalName
                
              
               
                 [2, 1]
                 [445, 186, 465, 219]
                 -16
                 off
                 --
                 
                   1
                   cos(wt+2pi/3)
                   Auto
                   SignalName
                
              
               
                 [2, 1]
                 [445, 292, 465, 323]
                 -17
                 off
                 -+
                 
                   1
                   -sin(wt+2pi/3)
                   Auto
                   SignalName
                
              
               
                 [2, 1]
                 [725, 318, 750, 387]
                 4
                 alternate
                 Multidimensional array
                 2
              
               
                 [3, 1]
                 [725, 106, 750, 174]
                 -19
                 alternate
                 3
                 Multidimensional array
                 2
              
               
                 [1, 2]
                 [150, 36, 220, 74]
                 13
                 off
                 off
                 
                   1
                   cos(wt)
                   Auto
                   SignalName
                
                 
                   2
                   sin(wt)
                   Auto
                   SignalName
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   175
                   
                     [90, 73, 120, 87]
                     25
                     Port number
                  
                   
                     [1, 2]
                     [235, 62, 265, 93]
                     19
                     sincos
                  
                   
                     [355, 123, 385, 137]
                     26
                     Port number
                  
                   
                     [355, 63, 385, 77]
                     27
                     2
                     Port number
                  
                   
                     4
                     3557#out:1
                     3559#in:1
                  
                   
                     7
                     3559#out:1
                     3659#in:1
                  
                   
                     8
                     3559#out:2
                     [46, 0; 0, 45]
                     3561#in:1
                  
                
              
               
                 [845, 133, 875, 147]
                 -21
                 Port number
              
               
                 [845, 348, 875, 362]
                 5
                 2
                 Port number
              
               
                 1
                 3545#out:1
                 [18, 0; 0, -10]
                 3554#in:2
              
               
                 2
                 3544#out:1
                 [12, 0; 0, 25]
                 3554#in:1
              
               
                 -sin(wt)
                 10
                 3
                 3537#out:1
                 [162, 0]
                 
                   4
                   [-1, 0]
                   3542#in:2
                
                 
                   5
                   [0, 295]
                   3545#in:1
                
              
               
                 6
                 3543#out:1
                 [10, 0; 0, -60]
                 3555#in:3
              
               
                 7
                 3541#out:1
                 3555#in:2
              
               
                 8
                 3542#out:1
                 [10, 0; 0, 60]
                 3555#in:1
              
               
                 9
                 3538#out:1
                 3562#in:1
              
               
                 10
                 3555#out:1
                 3538#in:1
              
               
                 11
                 3535#out:1
                 3556#in:1
              
               
                 sin(wt)
                 10
                 57
                 3556#out:2
                 [45, 0; 0, 5]
                 
                   13
                   [1, 0]
                   3537#in:1
                
                 
                   14
                   [0, 70]
                   
                     15
                     [0, 65]
                     
                       16
                       [0, 110]
                       3553#in:2
                    
                     
                       17
                       3549#in:1
                    
                  
                   
                     18
                     3547#in:1
                  
                
              
               
                 cos(wt)
                 10
                 58
                 3556#out:1
                 [65, 0]
                 
                   20
                   [370, 0]
                   
                     21
                     [-1, 1]
                     3542#in:1
                  
                   
                     22
                     3544#in:1
                  
                
                 
                   23
                   [0, 55]
                   
                     24
                     3546#in:1
                  
                   
                     25
                     [0, 145]
                     
                       26
                       3548#in:1
                    
                     
                       27
                       [0, 40; 140, 0]
                       3552#in:2
                    
                  
                
              
               
                 28
                 3546#out:1
                 3551#in:1
              
               
                 29
                 3547#out:1
                 3551#in:2
              
               
                 30
                 3549#out:1
                 3550#in:1
              
               
                 31
                 3548#out:1
                 3550#in:2
              
               
                 -sin(wt+2pi/3)
                 10
                 32
                 3553#out:1
                 [15, 0; 0, -80; 123, 0]
                 
                   33
                   [1, 0]
                   3543#in:2
                
                 
                   34
                   [0, 165]
                   3545#in:3
                
              
               
                 cos(wt+2pi/3)
                 10
                 35
                 3552#out:1
                 [172, 0]
                 
                   36
                   [-1, 1]
                   3543#in:1
                
                 
                   37
                   [0, 120]
                   3544#in:3
                
              
               
                 38
                 3539#out:1
                 [35, 0]
                 
                   39
                   3546#in:2
                
                 
                   40
                   [0, 105]
                   3549#in:2
                
              
               
                 41
                 3540#out:1
                 [20, 0]
                 
                   42
                   3547#in:2
                
                 
                   43
                   [0, 105]
                   3548#in:2
                
              
               
                 cos(wt-2pi/3)
                 10
                 44
                 3551#out:1
                 [45, 0]
                 
                   45
                   [217, 0]
                   
                     46
                     [-1, 1]
                     3541#in:1
                  
                   
                     47
                     [0, 185]
                     3544#in:2
                  
                
                 
                   48
                   3552#in:1
                
              
               
                 -sin(wt-2pi/3)
                 10
                 49
                 3550#out:1
                 [20, 0]
                 
                   50
                   [0, -80; 215, 0]
                   
                     51
                     [1, 0]
                     3541#in:2
                  
                   
                     52
                     [0, 230]
                     3545#in:2
                  
                
                 
                   53
                   [0, 70]
                   3553#in:1
                
              
               
                 54
                 3554#out:1
                 3563#in:1
              
            
          
           
             [2, 1]
             [1350, -116, 1420, -69]
             -6
             off
             off
             
               port_label('input',1,'K_{r}^{-1}','texmode','on');
port_label('input',2,'X_{dq}','texmode','on');
port_label('output',1,'X_{abc}','texmode','on');
            
             
               [-8, -8, 1928, 1048]
               off
               100
               
                 [165, 35, 185, 55]
                 -1
                 Port number
              
               
                 [165, 90, 185, 110]
                 -2
                 2
                 Port number
              
               
                 [2, 1]
                 [240, 37, 290, 73]
                 -3
                 Matrix(*)
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [310, 45, 330, 65]
                 -7
                 Port number
                 0
              
               
                 1
                 2792#out:1
                 2794#in:1
              
               
                 2
                 2794#out:1
                 2795#in:1
              
               
                 3
                 2793#out:1
                 [35, 0]
                 2794#in:2
              
            
          
           
             [1025, 153, 1055, 167]
             365
             Port number
             [2 1]
          
           
             [1130, 58, 1160, 72]
             -7
             2
             Port number
          
           
             [1580, -97, 1610, -83]
             -8
             3
             Port number
          
           
             [1580, -27, 1610, -13]
             -9
             alternate
             4
             Port number
          
           
             [1475, -12, 1505, 2]
             -10
             5
             Port number
          
           
             [1475, 43, 1505, 57]
             -11
             6
             Port number
          
           
             [1580, 23, 1610, 37]
             -12
             7
             Port number
          
           
             i_s
             1
             2689#out:1
             [33, 0]
             
               139
               2803#in:1
            
             
               3
               [0, 0]
               [0, -60]
               2791#in:2
            
          
           
             u_a
             95
             [2, 0]
             2786#out:1
             [39, 0; 0, 10]
             
               215
               [196, 0]
               
                 159
                 [0, -85]
                 2689#in:1
              
               
                 158
                 2801#in:1
              
            
             
               137
               [0, 95]
               3658#in:1
            
          
           
             7
             2791#out:1
             4040#in:1
          
           
             8
             2689#out:2
             [5, 0]
             
               9
               2711#in:1
            
             
               10
               [0, -35]
               2804#in:1
            
          
           
             11
             2671#out:1
             [40, 0]
             2711#in:2
          
           
             12
             2711#out:2
             [37, 0]
             
               13
               [0, 78; -267, 0; 0, -98]
               2689#in:2
            
             
               18
               2805#in:1
            
          
           
             20
             2670#out:1
             4020#in:1
          
           
             126
             3534#out:2
             [-70, 0; 0, -325]
             2791#in:1
          
           
             125
             3534#out:1
             [-18, 0; 0, -135]
             2786#in:2
          
           
             19
             2711#out:1
             [144, 0]
             
               133
               [0, 180]
               3534#in:1
            
             
               131
               2806#in:1
            
          
           
             208
             4020#out:1
             2786#in:1
          
           
             210
             4040#out:1
             2802#in:1
          
        
      
       
         [290, 463, 315, 487]
         8
         0
      
       
         [2, 1]
         [340, 429, 365, 456]
         7
         off
         off
         Inherit: Inherit via internal rule
         off
      
       
         [945, 315, 975, 345]
         -3
         alternate
         60/(2*pi)
         Inherit: Inherit via internal rule
         Inherit: Inherit via internal rule
         off
      
       
         [870, 430, 900, 460]
         17
         60/(2*pi)
         Inherit: Inherit via internal rule
         Inherit: Inherit via internal rule
         off
      
       
         [870, 490, 900, 520]
         394
         60/(2*pi)
         Inherit: Inherit via internal rule
         Inherit: Inherit via internal rule
         off
      
       
         [5]
         [1065, 105, 1095, 275]
         -9
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true,'FigureColor',[1 1 1]),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','Startup_data','DataLoggingSaveFormat','StructureWithTime','DataLoggingDecimation','1','DataLoggingDecimateData',true,'DataLogging',true),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-9.64394','MaxYLimReal','28.69287','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','28.69287','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[1 1 1],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0 0.447058823529412 0.741176470588235;0.850980392156863 0.325490196078431 0.0980392156862745;0.929411764705882 0.694117647058824 0.125490196078431;0.494117647058824 0.184313725490196 0.556862745098039;0.466666666666667 0.674509803921569 0.188235294117647;0.301960784313725 0.745098039215686 0.933333333333333;0.635294117647059 0.0784313725490196 0.184313725490196],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',4,'LineNames',{{'idq','Sensorless Vector control/6'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-33.33902','MaxYLimReal','32.44794','YLabelReal','','MinYLimMag','0','MaxYLimMag','10','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[1 1 1],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0 0.447058823529412 0.741176470588235;0.850980392156863 0.325490196078431 0.0980392156862745;0.929411764705882 0.694117647058824 0.125490196078431;0.494117647058824 0.184313725490196 0.556862745098039;0.466666666666667 0.674509803921569 0.188235294117647;0.301960784313725 0.745098039215686 0.933333333333333;0.635294117647059 0.0784313725490196 0.184313725490196],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',3,'LineNames',{{'iabc:1','iabc:2','iabc:3'}},'ShowContent',true,'Placement',2),struct('MinYLimReal','-76.28941','MaxYLimReal','39.60858','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','74.58016','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[1 1 1],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0 0.447058823529412 0.741176470588235;0.850980392156863 0.325490196078431 0.0980392156862745;0.929411764705882 0.694117647058824 0.125490196078431;0.494117647058824 0.184313725490196 0.556862745098039;0.466666666666667 0.674509803921569 0.188235294117647;0.301960784313725 0.745098039215686 0.933333333333333;0.635294117647059 0.0784313725490196 0.184313725490196],'Title','%<SignalLabel>','LinePropertiesCache',{{struct('Color',[1 1 0],'LineStyle','-','LineWidth',0.5,'Marker','none','Visible','on')}},'UserDefinedChannelNames',{{}},'NumLines',3,'LineNames',{{'mod','mod1','mod2'}},'ShowContent',true,'Placement',3),struct('MinYLimReal','-151.55085','MaxYLimReal','1363.95763','YLabelReal','','MinYLimMag','0','MaxYLimMag','10','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[1 1 1],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0 0.447058823529412 0.741176470588235;0.850980392156863 0.325490196078431 0.0980392156862745;0.929411764705882 0.694117647058824 0.125490196078431;0.494117647058824 0.184313725490196 0.556862745098039;0.466666666666667 0.674509803921569 0.188235294117647;0.301960784313725 0.745098039215686 0.933333333333333;0.635294117647059 0.0784313725490196 0.184313725490196],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',4,'LineNames',{{'Rad2 rpm:1','Rad2 rpm:2','Rad2 rpm:3','Rad2 rpm2'}},'ShowContent',true,'Placement',4)},'DisplayPropertyDefaults',struct('YLabelReal','','ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',0,'LineNames',{{[]}},'ShowContent',true,'Placement',1),'DisplayLayoutDimensions',[4 1],'TimeRangeSamples','0.1061309030654516','TimeRangeFrames','0.1061309030654516'),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Location',[-1279 75 1 1023])
         5
      
       
         [1]
         [925, 429, 955, 461]
         15
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData9','DataLoggingSaveFormat','StructureWithTime','DataLoggingDecimation','1','DataLoggingDecimateData',true),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-12.66869','MaxYLimReal','19.01156','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','19.01156','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Rad2 rpm1'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-12.66869','MaxYLimReal','19.01156','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','19.01156','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',0,'LineNames',{{[]}},'ShowContent',true,'Placement',1)),extmgr.Configuration('Tools','Plot Navigation',true,'PreviousAutoscale','XY','OnceAtStop',false),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Location',[1 75 1921 1039])
         1
      
       
         [2]
         [1010, 320, 1040, 355]
         295
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData11'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-187.85698','MaxYLimReal','1690.71282','YLabelReal','','MinYLimMag',' 0.00000','MaxYLimMag','1690.71282','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',3,'LineNames',{{'Rad2 rpm:1','Rad2 rpm:2','Rad2 rpm:3'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-1.36897','MaxYLimReal','2.0571','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','20.42168','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Sensorless Vector control/5'}},'ShowContent',true,'Placement',2)},'DisplayPropertyDefaults',struct('YLabelReal','','AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[2 1],'DisplayContentCache',[]),extmgr.Configuration('Tools','Plot Navigation',true,'PreviousAutoscale','XY','OnceAtStop',false),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[1 41 1920 964])
         2
      
       
         [2, 6]
         [550, 274, 620, 406]
         4
         off
         off
         
           Speed ranges:

0<wr1<wr2<wr3

Pure open-loop:  0->wr1: Pure open-loop start-up, control current is only d-axis current, q-axis current results from lagging motor.
Observer init:  wr1->wr2:  Observer starts to engage, d-axis current is partially reduced up onto wr2, where it is limited to 50% of surplus current.
Observer on: wr2-wr3:       Observer is fully engaged, and d-axis current is further reduced to 0.

           L_s = Lsd; %=Lq for SPMSM
w_s = 2*pi*f_s;
lambda_p = sqrt(2)*E_s/w_s;
Kt = 3/2*lambda_p*zp;

wr_init = 2*pi*fr_init;

%Set duty cycle limit, 
%depending on modulation type
if THI_en
    d_lim = 2/sqrt(3); %THI limit
else
    d_lim = 1;   %Sine-triangle limit
end

Vs_lim = d_lim*V_dc/2; %Voltage limit

if AVcheck
%Large step size of Average value inverter
    evalin('base', 'hmax = 5e-3;');
else
%Smaller step size of PWM inverter
   evalin('base', 'hmax = 5e-6;');
end

           port_label('input',1,'i_{abc_f}','texmode','on');
port_label('input',2,'i_{abc}','texmode','on');
port_label('input',3,'\omega_{r}^{*}','texmode','on');


port_label('output',1,'v_{abc}','texmode','on');
port_label('output',2,'\theta_{r\_con}','texmode','on');
port_label('output',3,'\omega_{r\_con}','texmode','on');
port_label('output',4,'vdq*','texmode','on');
port_label('output',5,'we','texmode','on');
           
             
               edit
               zp
               Zp: # Pole pairs
               1
            
             
               edit
               Lsd
               Ld [H]: d-axis inductance
               500e-6
            
             
               edit
               Lsq
               Lq [H]: q-axis inductance
               500e-6
            
             
               edit
               E_s
               Rated no-load voltage [Vrms] @ Rated frequency
               103
            
             
               edit
               f_s
               f_s [Hz]: Rated Frequency
               500
            
             
               edit
               V_dc
               Vdc [V] - dc link voltage
               150
            
             
               edit
               f_c
               f_c [Hz]: Inverter carrier frequency
               40e3
            
             
               edit
               Hw
               Inverter triangle crossing accuracy
               0.001
            
             
               checkbox
               THI_en
               Third harmonic Injection (unchecked => Sine-Triangle Modulation)
               off
            
             
               checkbox
               AVcheck
               Average Value Inverter 
               on
            
             
               edit
               Kp_current
               Kp: current proportional controller gain
               0.1257
            
             
               edit
               Ki_current
               Ki: current integral controller gain
               34.87
            
             
               edit
               Kp_speed
               Kp: speed proportional controller gain
               6.82
            
             
               edit
               Ki_speed
               Ki: speed integral controller gain
               15.14
            
             
               edit
               T_max
               T_max [Nm]: maximum torque
               10*inf
            
             
               edit
               Is_max
               Is_max [A]: Maximum inverter current
               30
            
             
               edit
               Ts
               Controller sampling period: Ts
               1/10e3
            
             
               edit
               w_o
               Observer bandwidth: w_o
               2*pi*100
            
             
               edit
               z
               Observer damping: z
               1/sqrt(2)
            
             
               edit
               Rs
               Commanded Resistance: Rs*
               0.172
            
             
               edit
               Ls
               Commanded Inductance: Ls*
               500e-6
            
             
               edit
               Kp_t
               Speed estimator: Kp_t
               88.8577*0+44
            
             
               edit
               Ki_t
               Speed estimator: Ki_t
               3.9478e+03*0+950
            
             
               edit
               fr_init
               Open-loop switch-off [Hz]
               12/4
            
             
               edit
               J
               J [kg.m^2]: Moment of Inertia
               0.10669
            
             
               edit
               Lf
               Filter inductance [H]
               300e-6*1*0
            
             
               edit
               Rcf
               Filter capacitor resistance [ohm]
               1*0
            
             
               edit
               Rlf
               Filter inductor resistance [ohm]
               50e-3*1*0
            
             
               edit
               Cf
               Filter capacitance
               3e-6*0
            
          
           
             
               %<MaskType>
               
                 %<MaskDescription>
                 DescTextVar
              
               DescGroupVar
            
             
               
                 
                   PMSM
                   
                     
                       zp
                    
                     
                       Lsd
                    
                     
                       Lsq
                    
                     
                       E_s
                    
                     
                       f_s
                    
                  
                   ParameterTabVar0
                
                 
                   Inverter
                   
                     
                       V_dc
                    
                     
                       f_c
                    
                     
                       Hw
                    
                     
                       THI_en
                    
                     
                       AVcheck
                    
                  
                   ParameterTabVar01
                
                 
                   Control 
                   
                     
                       Kp_current
                    
                     
                       Ki_current
                    
                     
                       Kp_speed
                    
                     
                       Ki_speed
                    
                     
                       T_max
                    
                     
                       Is_max
                    
                     
                       Ts
                    
                  
                   ParameterTabVar012
                
                 
                   Observer
                   
                     
                       w_o
                    
                     
                       z
                    
                     
                       Rs
                    
                     
                       Ls
                    
                     
                       Kp_t
                    
                     
                       Ki_t
                    
                     
                       fr_init
                    
                     
                       J
                    
                  
                   ParameterTabVar0123
                
                 
                   3-phase filter
                   
                     
                       Lf
                    
                     
                       Rcf
                    
                     
                       Rlf
                    
                     
                       Cf
                    
                  
                   Container7
                
              
               ParameterTabContainerVar
            
          
        
         
           1
           v_abc
           Auto
           SignalName
        
         
           [-8, -8, 1928, 1048]
           on
           A4
           centimeters
           [1.270000, 1.270000, 1.270000, 1.270000]
           126
           
             [210, 358, 240, 372]
             -2
             Port number
          
           
             [210, 263, 240, 277]
             -1
             alternate
             2
             Port number
          
           
             [365, 348, 400, 382]
             373
             100e-6
          
           
             [1, 1]
             [270, 350, 325, 380]
             372
             alternate
             off
             off
             
               wc = 2*pi*fc;
               port_label('input',1,'i_{abc}','texmode','on');
port_label('output',1,'i_{abc}^{LPF}','texmode','on');
               
                 edit
                 fc
                 LPF bandwidth [Hz]:
                 5e3
              
            
             
               [16, 52, 2008, 1292]
               off
               100
               
                 [320, 443, 350, 457]
                 -1
                 alternate
                 Port number
              
               
                 [1, 1]
                 [440, 435, 470, 465]
                 -2
              
               
                 [515, 435, 545, 465]
                 -3
                 wc
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [380, 440, 400, 460]
                 -4
                 off
                 round
                 |+-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [630, 443, 660, 457]
                 -5
                 alternate
                 Port number
              
               
                 1
                 4008#out:1
                 4006#in:1
              
               
                 2
                 4006#out:1
                 4007#in:1
              
               
                 3
                 4007#out:1
                 [48, 0]
                 
                   4
                   4009#in:1
                
                 
                   5
                   [0, 42; -208, 0]
                   4008#in:2
                
              
               
                 6
                 4005#out:1
                 4008#in:1
              
            
          
           
             [4, 7]
             [685, 564, 810, 776]
             2
             off
             off
             
               [-8, -8, 1928, 1048]
               on
               A4
               centimeters
               [1.270000, 1.270000, 1.270000, 1.270000]
               175
               
                 [135, -107, 165, -93]
                 315
                 alternate
                 Port number
              
               
                 [255, 28, 285, 42]
                 -2
                 2
                 Port number
              
               
                 [135, -2, 165, 12]
                 375
                 3
                 Port number
              
               
                 [135, -72, 165, -58]
                 309
                 4
                 Port number
              
               
                 [4, 2]
                 [230, -116, 310, 21]
                 367
                 alternate
                 off
                 off
                 
                   
                     
                       edit
                       Ls
                       Inductance
                       Ls+Lf*1
                    
                     
                       edit
                       Rs
                       Resistance
                       Rs+Rlf*1
                    
                  
                
                 
                   [-8, -8, 1928, 1048]
                   on
                   146
                   
                     [220, 508, 250, 522]
                     6
                     alternate
                     Port number
                  
                   
                     [540, 73, 570, 87]
                     7
                     alternate
                     2
                     Port number
                     
                       1
                       B*u
                       Auto
                       SignalName
                    
                  
                   
                     [295, 173, 325, 187]
                     8
                     3
                     Port number
                  
                   
                     [600, 498, 630, 512]
                     374
                     4
                     Port number
                  
                   
                     [2, 1]
                     [590, 183, 625, 212]
                     45
                     off
                     Inherit: Inherit via internal rule
                     Floor
                     off
                  
                   
                     [590, 105, 630, 135]
                     36
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [715, 85, 755, 115]
                     375
                     1/Ls
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [1, 2]
                     [460, 541, 465, 579]
                     31
                     off
                     2
                     bar
                  
                   
                     [1, 2]
                     [410, 101, 415, 139]
                     40
                     off
                     2
                     bar
                  
                   
                     [1, 1]
                     [945, 402, 980, 438]
                     48
                     State (most efficient)
                     Ts
                     DiscIntNeverNeededParam
                     DiscIntNeverNeededParam
                     
                       1
                       x = [id^_r^ 
       iq^_r^ 
        ed^_r^ 
        eq^_r^]
                       Auto
                       SignalName
                    
                  
                   
                     [360, 185, 390, 215]
                     26
                     -1
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [485, 555, 515, 585]
                     29
                     -1
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [470, 115, 500, 145]
                     38
                     -1
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [480, 455, 520, 485]
                     22
                     2*z*w_o
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [2, 1]
                     [610, 388, 645, 417]
                     25
                     off
                     Inherit: Inherit via internal rule
                     Floor
                     off
                  
                   
                     [600, 545, 640, 575]
                     24
                     w_o^2
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [2, 1]
                     [410, 171, 415, 209]
                     27
                     off
                     2
                     bar
                  
                   
                     [2, 1]
                     [535, 541, 540, 579]
                     30
                     off
                     2
                     bar
                  
                   
                     [2, 1]
                     [535, 101, 540, 139]
                     39
                     off
                     2
                     bar
                  
                   
                     [2, 1]
                     [905, 381, 910, 459]
                     73
                     off
                     2
                     bar
                  
                   
                     [1, 1]
                     [220, 558, 250, 582]
                     21
                     4
                     Index vector (dialog)
                     [1 2]
                     1
                     
                       1
                       y^ = C*x
                       Auto
                       SignalName
                    
                  
                   
                     [1, 1]
                     [1060, 401, 1100, 439]
                     3
                     4
                     Index vector (dialog)
                     [3 4]
                     1
                  
                   
                     [1, 1]
                     [485, 398, 515, 422]
                     23
                     2
                     Index vector (dialog)
                     [2 1]
                     1
                  
                   
                     [1, 1]
                     [215, 225, 250, 265]
                     33
                     4
                     Index vector (dialog)
                     [1 2]
                     1
                  
                   
                     [1, 1]
                     [215, 100, 250, 140]
                     37
                     4
                     Index vector (dialog)
                     [3 4]
                     1
                  
                   
                     [1, 1]
                     [470, 233, 500, 257]
                     44
                     2
                     Index vector (dialog)
                     [2 1]
                     1
                  
                   
                     [1, 1]
                     [1060, 336, 1100, 374]
                     47
                     4
                     Index vector (dialog)
                     [1 2]
                     1
                  
                   
                     [4, 1]
                     [815, 369, 835, 426]
                     28
                     off
                     ++++
                     off
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [2, 1]
                     [300, 531, 320, 584]
                     -17
                     off
                     +-
                     off
                     Inherit: Inherit via internal rule
                     off
                     
                       1
                       i_dq^_e
                       Auto
                       SignalName
                    
                  
                   
                     [2, 1]
                     [670, 59, 685, 141]
                     -18
                     off
                     off
                     Inherit: Inherit via internal rule
                     off
                     
                       1
                       dx/dt
                       Auto
                       SignalName
                    
                  
                   
                     [2, 1]
                     [690, 523, 725, 572]
                     373
                     off
                     Inherit: Inherit via internal rule
                     Floor
                     off
                  
                   
                     [1135, 348, 1165, 362]
                     46
                     Port number
                  
                   
                     [1135, 413, 1165, 427]
                     9
                     2
                     Port number
                  
                   
                     x = [id^_r^ 
       iq^_r^ 
        ed^_r^ 
        eq^_r^]
                     60
                     3683#out:1
                     [15, 0]
                     
                       207
                       [0, 200; -830, 0; 0, -50]
                       
                         281
                         [0, -325]
                         
                           347
                           3647#in:1
                        
                         
                           169
                           [0, -125]
                           3648#in:1
                        
                      
                       
                         205
                         3644#in:1
                      
                    
                     
                       201
                       [1, 0]
                       
                         189
                         [-1, 0]
                         3645#in:1
                      
                       
                         4
                         [0, -65]
                         3650#in:1
                      
                    
                  
                   
                     y^ = C*x
                     11
                     [1, 1]
                     3644#out:1
                     3653#in:2
                  
                   
                     B*u
                     171
                     [1, 0]
                     3624#out:1
                     3654#in:1
                  
                   
                     21
                     3625#out:1
                     [4, 0]
                     
                       22
                       [0, 20]
                       3632#in:1
                    
                     
                       23
                       3639#in:1
                    
                  
                   
                     24
                     3632#out:1
                     3639#in:2
                  
                   
                     25
                     3646#out:1
                     3637#in:2
                  
                   
                     278
                     3639#out:1
                     [18, 0]
                     
                       350
                       3627#in:1
                    
                     
                       348
                       [0, 194; 157, 0]
                       3637#in:1
                    
                  
                   
                     337
                     3636#out:1
                     [150, 0; 0, -50]
                     3651#in:4
                  
                   
                     338
                     3637#out:1
                     3651#in:3
                  
                   
                     31
                     3630#out:2
                     3633#in:1
                  
                   
                     32
                     3633#out:1
                     3640#in:2
                  
                   
                     33
                     3630#out:1
                     3640#in:1
                  
                   
                     34
                     3640#out:1
                     3638#in:1
                  
                   
                     37
                     3647#out:1
                     3649#in:1
                  
                   
                     40
                     3631#out:2
                     3634#in:1
                  
                   
                     41
                     3634#out:1
                     3642#in:2
                  
                   
                     42
                     3631#out:1
                     3642#in:1
                  
                   
                     43
                     3642#out:1
                     3628#in:1
                  
                   
                     44
                     3648#out:1
                     3631#in:1
                  
                   
                     dx/dt
                     173
                     [0, 0]
                     3654#out:1
                     4077#in:1
                  
                   
                     342
                     3628#out:1
                     3654#in:2
                  
                   
                     50
                     3649#out:1
                     [37, 0; 0, -40]
                     3627#in:2
                  
                   
                     i_dq^_e
                     197
                     [0, 0]
                     3653#out:1
                     [113, 0]
                     
                       17
                       [0, -90]
                       
                         351
                         [-1, 1]
                         [0, -60]
                         3646#in:1
                      
                       
                         19
                         3636#in:1
                      
                    
                     
                       20
                       3630#in:1
                    
                  
                   
                     339
                     3627#out:1
                     [45, 0; 0, 190]
                     3651#in:2
                  
                   
                     194
                     3623#out:1
                     [4, 0; 0, 30]
                     3653#in:1
                  
                   
                     243
                     3645#out:1
                     3657#in:1
                  
                   
                     244
                     3650#out:1
                     3656#in:1
                  
                   
                     341
                     4080#out:1
                     3683#in:1
                  
                   
                     346
                     4089#out:1
                     [13, 0; 0, 30]
                     4088#in:1
                  
                   
                     300
                     3638#out:1
                     4088#in:2
                  
                   
                     301
                     4088#out:1
                     [138, 0; 0, -110]
                     4080#in:2
                  
                   
                     324
                     3651#out:1
                     4080#in:1
                  
                   
                     340
                     4077#out:1
                     [9, 0; 0, 275]
                     3651#in:1
                  
                
              
               
                 [2, 3]
                 [350, 141, 490, 339]
                 330
                 on
                 off
                 off
                 
                   [-8, -8, 1928, 1048]
                   off
                   382
                   
                     [205, -72, 235, -58]
                     337
                     alternate
                     Port number
                  
                   
                     [205, -42, 235, -28]
                     369
                     2
                     Port number
                  
                   
                     [1, 2]
                     [500, -92, 570, -48]
                     362
                     off
                     off
                     
                       port_label('input', 1,'\theta_{r}','texmode','on');
port_label('output', 1,'K^{r}','texmode','on');
port_label('output', 2,'K^{r}^{-1}','texmode','on');



                    
                     
                       [-8, -8, 1928, 1048]
                       off
                       163
                       
                         [50, 48, 80, 62]
                         -1
                         Port number
                      
                       
                         [1, 2]
                         [220, 36, 225, 74]
                         1
                         off
                         2
                         bar
                         
                           1
                           cos(wt)
                           Auto
                           SignalName
                        
                         
                           2
                           sin(wt)
                           Auto
                           SignalName
                        
                      
                       
                         [435, 55, 465, 85]
                         -3
                         -1
                         Inherit: Inherit via internal rule
                         Inherit: Inherit via internal rule
                         off
                         
                           1
                           -sin(wt)
                           Auto
                           SignalName
                        
                      
                       
                         [785, 125, 815, 155]
                         -4
                         off
                         2/3
                         Inherit: Inherit via internal rule
                         Inherit: Inherit via internal rule
                         off
                      
                       
                         [190, 100, 215, 120]
                         -5
                         off
                         0.5
                      
                       
                         [165, 139, 215, 161]
                         -6
                         off
                         sqrt(3)/2
                      
                       
                         [2, 1]
                         [675, 112, 680, 163]
                         -7
                         off
                         2
                         bar
                      
                       
                         [2, 1]
                         [675, 32, 680, 83]
                         -8
                         off
                         2
                         bar
                      
                       
                         [2, 1]
                         [675, 192, 680, 243]
                         -9
                         off
                         2
                         bar
                      
                       
                         [3, 1]
                         [675, 284, 680, 336]
                         11
                         off
                         3
                         bar
                      
                       
                         [3, 1]
                         [675, 354, 680, 406]
                         12
                         off
                         3
                         bar
                      
                       
                         [2, 1]
                         [315, 93, 345, 117]
                         -10
                         off
                         Floor
                      
                       
                         [2, 1]
                         [315, 133, 345, 157]
                         -11
                         off
                         Floor
                      
                       
                         [2, 1]
                         [310, 238, 340, 262]
                         -12
                         off
                         Floor
                      
                       
                         [2, 1]
                         [310, 198, 340, 222]
                         -13
                         off
                         Floor
                      
                       
                         [2, 1]
                         [360, 189, 380, 271]
                         -14
                         off
                         
                           1
                           -sin(wt-2pi/3)
                           Auto
                           SignalName
                        
                      
                       
                         [2, 1]
                         [360, 84, 380, 166]
                         -15
                         off
                         -+
                         
                           1
                           cos(wt-2pi/3)
                           Auto
                           SignalName
                        
                      
                       
                         [2, 1]
                         [445, 186, 465, 219]
                         -16
                         off
                         --
                         
                           1
                           cos(wt+2pi/3)
                           Auto
                           SignalName
                        
                      
                       
                         [2, 1]
                         [445, 292, 465, 323]
                         -17
                         off
                         -+
                         
                           1
                           -sin(wt+2pi/3)
                           Auto
                           SignalName
                        
                      
                       
                         [2, 1]
                         [725, 328, 750, 397]
                         4
                         alternate
                         Multidimensional array
                         2
                      
                       
                         [3, 1]
                         [725, 106, 750, 174]
                         -19
                         alternate
                         3
                         Multidimensional array
                         2
                      
                       
                         [1, 1]
                         [105, 42, 175, 68]
                         13
                         off
                         off
                         
                           [-8, -8, 1928, 1048]
                           off
                           175
                           
                             [20, 73, 50, 87]
                             25
                             Port number
                          
                           
                             [2, 1]
                             [370, 61, 375, 99]
                             24
                             off
                             2
                             bar
                          
                           
                             [1, 1]
                             [235, 20, 265, 50]
                             19
                             cos
                          
                           
                             [1, 1]
                             [235, 110, 265, 140]
                             20
                          
                           
                             [455, 73, 485, 87]
                             26
                             Port number
                          
                           
                             1
                             3477#out:1
                             [47, 0; 0, 35]
                             3476#in:1
                          
                           
                             2
                             3478#out:1
                             [48, 0; 0, -35]
                             3476#in:2
                          
                           
                             3
                             3476#out:1
                             3479#in:1
                          
                           
                             4
                             3475#out:1
                             [125, 0]
                             
                               5
                               [0, 45]
                               3478#in:1
                            
                             
                               6
                               [0, -45]
                               3477#in:1
                            
                          
                        
                      
                       
                         [845, 133, 875, 147]
                         -21
                         Port number
                      
                       
                         [845, 358, 875, 372]
                         5
                         2
                         Port number
                      
                       
                         1
                         3463#out:1
                         3472#in:2
                      
                       
                         2
                         3462#out:1
                         [12, 0; 0, 35]
                         3472#in:1
                      
                       
                         -sin(wt)
                         10
                         3
                         3455#out:1
                         [162, 0]
                         
                           4
                           [-1, 0]
                           3460#in:2
                        
                         
                           5
                           [0, 295]
                           3463#in:1
                        
                      
                       
                         6
                         3461#out:1
                         [10, 0; 0, -60]
                         3473#in:3
                      
                       
                         7
                         3459#out:1
                         3473#in:2
                      
                       
                         8
                         3460#out:1
                         [10, 0; 0, 60]
                         3473#in:1
                      
                       
                         9
                         3456#out:1
                         3480#in:1
                      
                       
                         10
                         3473#out:1
                         3456#in:1
                      
                       
                         11
                         3453#out:1
                         3474#in:1
                      
                       
                         sin(wt)
                         10
                         12
                         3454#out:2
                         [40, 0; 0, 5]
                         
                           13
                           [1, 0]
                           3455#in:1
                        
                         
                           14
                           [0, 70]
                           
                             15
                             [0, 65]
                             
                               16
                               [0, 110]
                               3471#in:2
                            
                             
                               17
                               3467#in:1
                            
                          
                           
                             18
                             3465#in:1
                          
                        
                      
                       
                         cos(wt)
                         10
                         19
                         3454#out:1
                         [60, 0]
                         
                           20
                           [370, 0]
                           
                             21
                             [-1, 1]
                             3460#in:1
                          
                           
                             22
                             3462#in:1
                          
                        
                         
                           23
                           [0, 55]
                           
                             24
                             3464#in:1
                          
                           
                             25
                             [0, 145]
                             
                               26
                               3466#in:1
                            
                             
                               27
                               [0, 40; 140, 0]
                               3470#in:2
                            
                          
                        
                      
                       
                         28
                         3464#out:1
                         3469#in:1
                      
                       
                         29
                         3465#out:1
                         3469#in:2
                      
                       
                         30
                         3467#out:1
                         3468#in:1
                      
                       
                         31
                         3466#out:1
                         3468#in:2
                      
                       
                         -sin(wt+2pi/3)
                         10
                         32
                         3471#out:1
                         [15, 0; 0, -80; 123, 0]
                         
                           33
                           [1, 0]
                           3461#in:2
                        
                         
                           34
                           [0, 165]
                           3463#in:3
                        
                      
                       
                         cos(wt+2pi/3)
                         10
                         35
                         3470#out:1
                         [172, 0]
                         
                           36
                           [-1, 1]
                           3461#in:1
                        
                         
                           37
                           [0, 120]
                           3462#in:3
                        
                      
                       
                         38
                         3457#out:1
                         [35, 0]
                         
                           39
                           3464#in:2
                        
                         
                           40
                           [0, 105]
                           3467#in:2
                        
                      
                       
                         41
                         3458#out:1
                         [20, 0]
                         
                           42
                           3465#in:2
                        
                         
                           43
                           [0, 105]
                           3466#in:2
                        
                      
                       
                         cos(wt-2pi/3)
                         10
                         44
                         3469#out:1
                         [45, 0]
                         
                           45
                           [217, 0]
                           
                             46
                             [-1, 1]
                             3459#in:1
                          
                           
                             47
                             [0, 185]
                             3462#in:2
                          
                        
                         
                           48
                           3470#in:1
                        
                      
                       
                         -sin(wt-2pi/3)
                         10
                         49
                         3468#out:1
                         [20, 0]
                         
                           50
                           [0, -80; 215, 0]
                           
                             51
                             [1, 0]
                             3459#in:2
                          
                           
                             52
                             [0, 230]
                             3463#in:2
                          
                        
                         
                           53
                           [0, 70]
                           3471#in:1
                        
                      
                       
                         54
                         3472#out:1
                         3481#in:1
                      
                       
                         55
                         3474#out:1
                         3454#in:1
                      
                    
                  
                   
                     [1, 2]
                     [500, -8, 570, 28]
                     368
                     off
                     off
                     
                       port_label('input', 1,'\theta_{r}','texmode','on');
port_label('output', 1,'K^{r}','texmode','on');
port_label('output', 2,'K^{r}^{-1}','texmode','on');



                    
                     
                       [-8, -8, 1928, 1048]
                       off
                       163
                       
                         [50, 48, 80, 62]
                         -1
                         Port number
                      
                       
                         [1, 2]
                         [220, 36, 225, 74]
                         1
                         off
                         2
                         bar
                         
                           1
                           cos(wt)
                           Auto
                           SignalName
                        
                         
                           2
                           sin(wt)
                           Auto
                           SignalName
                        
                      
                       
                         [435, 55, 465, 85]
                         -3
                         -1
                         Inherit: Inherit via internal rule
                         Inherit: Inherit via internal rule
                         off
                         
                           1
                           -sin(wt)
                           Auto
                           SignalName
                        
                      
                       
                         [785, 125, 815, 155]
                         -4
                         off
                         2/3
                         Inherit: Inherit via internal rule
                         Inherit: Inherit via internal rule
                         off
                      
                       
                         [190, 100, 215, 120]
                         -5
                         off
                         0.5
                      
                       
                         [165, 139, 215, 161]
                         -6
                         off
                         sqrt(3)/2
                      
                       
                         [2, 1]
                         [675, 112, 680, 163]
                         -7
                         off
                         2
                         bar
                      
                       
                         [2, 1]
                         [675, 32, 680, 83]
                         -8
                         off
                         2
                         bar
                      
                       
                         [2, 1]
                         [675, 192, 680, 243]
                         -9
                         off
                         2
                         bar
                      
                       
                         [3, 1]
                         [675, 284, 680, 336]
                         11
                         off
                         3
                         bar
                      
                       
                         [3, 1]
                         [675, 354, 680, 406]
                         12
                         off
                         3
                         bar
                      
                       
                         [2, 1]
                         [315, 93, 345, 117]
                         -10
                         off
                         Floor
                      
                       
                         [2, 1]
                         [315, 133, 345, 157]
                         -11
                         off
                         Floor
                      
                       
                         [2, 1]
                         [310, 238, 340, 262]
                         -12
                         off
                         Floor
                      
                       
                         [2, 1]
                         [310, 198, 340, 222]
                         -13
                         off
                         Floor
                      
                       
                         [2, 1]
                         [360, 189, 380, 271]
                         -14
                         off
                         
                           1
                           -sin(wt-2pi/3)
                           Auto
                           SignalName
                        
                      
                       
                         [2, 1]
                         [360, 84, 380, 166]
                         -15
                         off
                         -+
                         
                           1
                           cos(wt-2pi/3)
                           Auto
                           SignalName
                        
                      
                       
                         [2, 1]
                         [445, 186, 465, 219]
                         -16
                         off
                         --
                         
                           1
                           cos(wt+2pi/3)
                           Auto
                           SignalName
                        
                      
                       
                         [2, 1]
                         [445, 292, 465, 323]
                         -17
                         off
                         -+
                         
                           1
                           -sin(wt+2pi/3)
                           Auto
                           SignalName
                        
                      
                       
                         [2, 1]
                         [725, 328, 750, 397]
                         4
                         alternate
                         Multidimensional array
                         2
                      
                       
                         [3, 1]
                         [725, 106, 750, 174]
                         -19
                         alternate
                         3
                         Multidimensional array
                         2
                      
                       
                         [1, 1]
                         [105, 42, 175, 68]
                         13
                         off
                         off
                         
                           [-8, -8, 1928, 1048]
                           off
                           175
                           
                             [20, 73, 50, 87]
                             25
                             Port number
                          
                           
                             [2, 1]
                             [370, 61, 375, 99]
                             24
                             off
                             2
                             bar
                          
                           
                             [1, 1]
                             [235, 20, 265, 50]
                             19
                             cos
                          
                           
                             [1, 1]
                             [235, 110, 265, 140]
                             20
                          
                           
                             [455, 73, 485, 87]
                             26
                             Port number
                          
                           
                             1
                             3749#out:1
                             [47, 0; 0, 35]
                             3748#in:1
                          
                           
                             2
                             3750#out:1
                             [48, 0; 0, -35]
                             3748#in:2
                          
                           
                             3
                             3748#out:1
                             3751#in:1
                          
                           
                             4
                             3747#out:1
                             [125, 0]
                             
                               5
                               [0, 45]
                               3750#in:1
                            
                             
                               6
                               [0, -45]
                               3749#in:1
                            
                          
                        
                      
                       
                         [845, 133, 875, 147]
                         -21
                         Port number
                      
                       
                         [845, 358, 875, 372]
                         5
                         2
                         Port number
                      
                       
                         1
                         3735#out:1
                         3744#in:2
                      
                       
                         2
                         3734#out:1
                         [12, 0; 0, 35]
                         3744#in:1
                      
                       
                         -sin(wt)
                         10
                         3
                         3727#out:1
                         [162, 0]
                         
                           4
                           [-1, 0]
                           3732#in:2
                        
                         
                           5
                           [0, 295]
                           3735#in:1
                        
                      
                       
                         6
                         3733#out:1
                         [10, 0; 0, -60]
                         3745#in:3
                      
                       
                         7
                         3731#out:1
                         3745#in:2
                      
                       
                         8
                         3732#out:1
                         [10, 0; 0, 60]
                         3745#in:1
                      
                       
                         9
                         3728#out:1
                         3752#in:1
                      
                       
                         10
                         3745#out:1
                         3728#in:1
                      
                       
                         11
                         3725#out:1
                         3746#in:1
                      
                       
                         sin(wt)
                         10
                         12
                         3726#out:2
                         [40, 0; 0, 5]
                         
                           13
                           [1, 0]
                           3727#in:1
                        
                         
                           14
                           [0, 70]
                           
                             15
                             [0, 65]
                             
                               16
                               [0, 110]
                               3743#in:2
                            
                             
                               17
                               3739#in:1
                            
                          
                           
                             18
                             3737#in:1
                          
                        
                      
                       
                         cos(wt)
                         10
                         19
                         3726#out:1
                         [60, 0]
                         
                           20
                           [370, 0]
                           
                             21
                             [-1, 1]
                             3732#in:1
                          
                           
                             22
                             3734#in:1
                          
                        
                         
                           23
                           [0, 55]
                           
                             24
                             3736#in:1
                          
                           
                             25
                             [0, 145]
                             
                               26
                               3738#in:1
                            
                             
                               27
                               [0, 40; 140, 0]
                               3742#in:2
                            
                          
                        
                      
                       
                         28
                         3736#out:1
                         3741#in:1
                      
                       
                         29
                         3737#out:1
                         3741#in:2
                      
                       
                         30
                         3739#out:1
                         3740#in:1
                      
                       
                         31
                         3738#out:1
                         3740#in:2
                      
                       
                         -sin(wt+2pi/3)
                         10
                         32
                         3743#out:1
                         [15, 0; 0, -80; 123, 0]
                         
                           33
                           [1, 0]
                           3733#in:2
                        
                         
                           34
                           [0, 165]
                           3735#in:3
                        
                      
                       
                         cos(wt+2pi/3)
                         10
                         35
                         3742#out:1
                         [172, 0]
                         
                           36
                           [-1, 1]
                           3733#in:1
                        
                         
                           37
                           [0, 120]
                           3734#in:3
                        
                      
                       
                         38
                         3729#out:1
                         [35, 0]
                         
                           39
                           3736#in:2
                        
                         
                           40
                           [0, 105]
                           3739#in:2
                        
                      
                       
                         41
                         3730#out:1
                         [20, 0]
                         
                           42
                           3737#in:2
                        
                         
                           43
                           [0, 105]
                           3738#in:2
                        
                      
                       
                         cos(wt-2pi/3)
                         10
                         44
                         3741#out:1
                         [45, 0]
                         
                           45
                           [217, 0]
                           
                             46
                             [-1, 1]
                             3731#in:1
                          
                           
                             47
                             [0, 185]
                             3734#in:2
                          
                        
                         
                           48
                           3742#in:1
                        
                      
                       
                         -sin(wt-2pi/3)
                         10
                         49
                         3740#out:1
                         [20, 0]
                         
                           50
                           [0, -80; 215, 0]
                           
                             51
                             [1, 0]
                             3731#in:2
                          
                           
                             52
                             [0, 230]
                             3735#in:2
                          
                        
                         
                           53
                           [0, 70]
                           3743#in:1
                        
                      
                       
                         54
                         3744#out:1
                         3753#in:1
                      
                       
                         55
                         3746#out:1
                         3726#in:1
                      
                    
                  
                   
                     [2, 3]
                     [275, -82, 390, -18]
                     352
                     off
                     off
                     
                       wc = 2*pi*fc;

                       
                         
                           edit
                           fc
                           Anti-aliasing low pass filter cut off frequency
                           5e3
                        
                         
                           edit
                           Ts
                           Sampling time
                           100e-6
                        
                      
                    
                     
                       [-8, -8, 1928, 1048]
                       off
                       367
                       
                         [525, 533, 555, 547]
                         18
                         Port number
                      
                       
                         [525, 613, 555, 627]
                         329
                         2
                         Port number
                      
                       
                         [1, 1]
                         [670, 522, 705, 558]
                         38
                         State (most efficient)
                         Ts
                         DiscIntNeverNeededParam
                         DiscIntNeverNeededParam
                      
                       
                         [1, 1]
                         [600, 525, 630, 555]
                         28
                         through
                      
                       
                         [2, 1]
                         [795, 530, 815, 550]
                         30
                         off
                         round
                         |+-
                         off
                         Inherit: Inherit via internal rule
                         off
                      
                       
                         [2, 1]
                         [845, 570, 865, 590]
                         35
                         off
                         round
                         |++
                         off
                         Inherit: Inherit via internal rule
                         off
                      
                       
                         [665, 602, 705, 638]
                         31
                         Ts*1+1/wc*1
                         Inherit: Inherit via internal rule
                         Inherit: Inherit via internal rule
                         off
                      
                       
                         [665, 675, 705, 715]
                         36
                         Ts*1.25
                         Inherit: Inherit via internal rule
                         Inherit: Inherit via internal rule
                         off
                      
                       
                         [890, 533, 920, 547]
                         25
                         Port number
                      
                       
                         [890, 573, 920, 587]
                         34
                         2
                         Port number
                      
                       
                         [890, 493, 920, 507]
                         27
                         3
                         Port number
                      
                       
                         6
                         3514#out:1
                         3662#in:1
                      
                       
                         10
                         3515#out:1
                         3519#in:1
                      
                       
                         60
                         3517#out:1
                         [95, 0]
                         3515#in:2
                      
                       
                         45
                         3516#out:1
                         3520#in:1
                      
                       
                         59
                         3518#out:1
                         [145, 0]
                         3516#in:2
                      
                       
                         28
                         3662#out:1
                         [39, 0]
                         
                           40
                           [0, -40]
                           3521#in:1
                        
                         
                           8
                           [0, 40]
                           3516#in:1
                        
                         
                           9
                           3515#in:1
                        
                      
                       
                         1
                         3513#out:1
                         3514#in:1
                      
                       
                         73
                         3975#out:1
                         [86, 0]
                         
                           71
                           [0, 75]
                           3518#in:1
                        
                         
                           70
                           3517#in:1
                        
                      
                    
                  
                   
                     [595, -87, 625, -73]
                     339
                     alternate
                     Port number
                  
                   
                     [420, -37, 450, -23]
                     359
                     2
                     Port number
                  
                   
                     [595, 13, 625, 27]
                     367
                     3
                     Port number
                  
                   
                     3
                     3452#out:1
                     3524#in:1
                  
                   
                     11
                     3512#out:3
                     3523#in:1
                  
                   
                     16
                     3724#out:2
                     3754#in:1
                  
                   
                     29
                     3976#out:1
                     3512#in:2
                  
                   
                     34
                     3451#out:1
                     3512#in:1
                  
                   
                     37
                     3512#out:1
                     3452#in:1
                  
                   
                     38
                     3512#out:2
                     [78, 0; 0, 60]
                     3724#in:1
                  
                
              
               
                 [2, 3]
                 [370, -51, 470, 61]
                 20
                 off
                 off
                 
                   [-8, -8, 1928, 1048]
                   off
                   A4
                   centimeters
                   [1.270000, 1.270000, 1.270000, 1.270000]
                   144
                   
                     [35, 303, 65, 317]
                     -1
                     Port number
                  
                   
                     [100, 138, 130, 152]
                     2
                     alternate
                     2
                     Port number
                  
                   
                     [3, 1]
                     [250, 194, 280, 226]
                     -3
                     **/
                     off
                     Inherit: Inherit via internal rule
                     Floor
                     off
                  
                   
                     [155, 295, 215, 325]
                     -4
                     sqrt(u(1)^2 + u(2)^2 + 1e-2)
                  
                   
                     [470, 190, 500, 220]
                     422
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [1, 1]
                     [385, 132, 430, 158]
                     419
                     alternate
                     through
                     off
                     off
                     
                       wc = 2*pi*fc;
                       
                         edit
                         fc
                         LPF bandwidth [Hz]:
                         100
                      
                    
                     
                       [-1288, -8, 8, 1032]
                       off
                       353
                       
                         [320, 443, 350, 457]
                         -1
                         alternate
                         Port number
                      
                       
                         [1, 1]
                         [440, 435, 470, 465]
                         16
                      
                       
                         [515, 435, 545, 465]
                         21
                         wc
                         Inherit: Inherit via internal rule
                         Inherit: Inherit via internal rule
                         off
                      
                       
                         [2, 1]
                         [380, 440, 400, 460]
                         17
                         off
                         round
                         |+-
                         off
                         Inherit: Inherit via internal rule
                         off
                      
                       
                         [575, 443, 605, 457]
                         -7
                         alternate
                         Port number
                      
                       
                         1
                         4001#out:1
                         3999#in:1
                      
                       
                         2
                         3999#out:1
                         4000#in:1
                      
                       
                         3
                         4000#out:1
                         [7, 0]
                         
                           14
                           4002#in:1
                        
                         
                           5
                           [0, 42; -167, 0]
                           4001#in:2
                        
                      
                       
                         6
                         3998#out:1
                         4001#in:1
                      
                    
                  
                   
                     [1, 2]
                     [220, 6, 305, 59]
                     384
                     alternate
                     off
                     off
                     
                       


                    
                     
                       [-1288, -8, 8, 1032]
                       off
                       178
                       
                         [-75, 93, -45, 107]
                         -1
                         Port number
                      
                       
                         [-5, 85, 25, 115]
                         133
                         off
                      
                       
                         [165, 88, 200, 112]
                         93
                         off
                         off
                      
                       
                         [385, 165, 420, 195]
                         135
                         1-u
                      
                       
                         [60, 85, 90, 115]
                         -5
                         1/wr_init
                         Inherit: Inherit via internal rule
                         Inherit: Inherit via internal rule
                         off
                      
                       
                         [1, 1]
                         [285, 87, 315, 113]
                         125
                         off
                         u0
                         1
                         0
                      
                       
                         [2, 1]
                         [110, 90, 130, 110]
                         -9
                         off
                         round
                         |+-
                         off
                         Inherit: Inherit via internal rule
                         off
                      
                       
                         [230, 85, 260, 115]
                         119
                         0.25
                         Inherit: Inherit via internal rule
                         Inherit: Inherit via internal rule
                         off
                      
                       
                         [60, 169, 90, 191]
                         -10
                      
                       
                         [460, 93, 490, 107]
                         132
                         Port number
                      
                       
                         [460, 173, 490, 187]
                         134
                         2
                         Port number
                      
                       
                         1
                         3123#out:1
                         3127#in:1
                      
                       
                         42
                         3129#out:1
                         [25, 0]
                         3127#in:2
                      
                       
                         6
                         3120#out:1
                         3121#in:1
                      
                       
                         7
                         3122#out:1
                         3128#in:1
                      
                       
                         Helvetica
                         8
                         3128#out:1
                         3124#in:1
                      
                       
                         35
                         3124#out:1
                         [23, 0]
                         
                           20
                           3130#in:1
                        
                         
                           18
                           [0, 80]
                           3132#in:1
                        
                      
                       
                         12
                         3121#out:1
                         3123#in:1
                      
                       
                         15
                         3132#out:1
                         3131#in:1
                      
                       
                         30
                         3127#out:1
                         3122#in:1
                      
                    
                  
                   
                     [1, 2]
                     [590, 184, 640, 231]
                     -6
                     none
                     off
                     off
                     
                       PI controller
                       Pi controller
                       Input: Error;\nOutput: PI output;\nParamemetrs: PI gain (Ki),\n   Time constant (Ti),\n   Limits (LimitH, LimitL)
                       disp('PI\ncontroller')
                    
                     
                       [-8, -8, 1928, 1048]
                       on
                       A4
                       centimeters
                       [1.270000, 1.270000, 1.270000, 1.270000]
                       175
                       
                         [15, 80, 35, 100]
                         -1
                         Port number
                      
                       
                         [180, 9, 220, 51]
                         -2
                         off
                         Kp_t %54 %
                      
                       
                         [1, 1]
                         [100, 72, 135, 108]
                         52
                         State (most efficient)
                         Ts
                         DiscIntNeverNeededParam
                         DiscIntNeverNeededParam
                      
                       
                         [180, 71, 220, 109]
                         -3
                         Ki_t %2.1e3 %
                      
                       
                         [2, 1]
                         [285, 62, 305, 98]
                         -5
                         2
                      
                       
                         [2, 1]
                         [285, -38, 305, -2]
                         57
                         alternate
                         2
                      
                       
                         [360, -35, 395, -5]
                         60
                         Ts
                      
                       
                         [450, -30, 470, -10]
                         58
                         Port number
                         0
                      
                       
                         [370, 70, 390, 90]
                         -6
                         2
                         Port number
                         0
                      
                       
                         4
                         115#out:1
                         [20, 0]
                         
                           98
                           [0, -60]
                           3972#in:1
                        
                         
                           97
                           [22, 0; 0, 40]
                           135#in:1
                        
                      
                       
                         5
                         135#out:1
                         136#in:1
                      
                       
                         9
                         116#out:1
                         [31, 0]
                         
                           94
                           [0, -100]
                           3972#in:2
                        
                         
                           22
                           135#in:2
                        
                      
                       
                         11
                         3684#out:1
                         116#in:1
                      
                       
                         58
                         3972#out:1
                         4060#in:1
                      
                       
                         1
                         114#out:1
                         [31, 0]
                         
                           65
                           [0, -60]
                           115#in:1
                        
                         
                           30
                           3684#in:1
                        
                      
                       
                         99
                         4060#out:1
                         3973#in:1
                      
                    
                  
                   
                     [2, 1]
                     [390, 187, 420, 218]
                     10
                     **
                     off
                     Inherit: Inherit via internal rule
                     Floor
                     off
                  
                   
                     [2, 1]
                     [470, 122, 500, 153]
                     61
                     **
                     off
                     Inherit: Inherit via internal rule
                     Floor
                     off
                  
                   
                     [3]
                     [600, 114, 630, 146]
                     65
                     Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.125','MaxYLimReal','1.125','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','1.125','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',3,'LineNames',{{'Loop Enable Logic/1','Loop Enable Logic/2','Product1'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.125','MaxYLimReal','1.125','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','1.125','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[341 23 1280 948])
                     3
                  
                   
                     [3]
                     [320, 261, 360, 319]
                     431
                     Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData2'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-2.88518','MaxYLimReal','8.40769','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','8.40769','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',3,'LineNames',{{'Divide','Sum','Fcn'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-2.88518','MaxYLimReal','8.40769','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','8.40769','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b')
                     3
                  
                   
                     [1, 1]
                     [107, 245, 133, 285]
                     -7
                     270
                     2
                     Index vector (dialog)
                     [1]
                     1
                  
                   
                     [170, 155, 200, 185]
                     421
                  
                   
                     [2, 1]
                     [110, 200, 130, 220]
                     -8
                     off
                     round
                     |++
                     off
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [2, 1]
                     [535, 195, 555, 215]
                     59
                     off
                     round
                     ++|
                     off
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [2, 1]
                     [330, 135, 350, 155]
                     60
                     off
                     round
                     -+|
                     off
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [35, 195, 65, 225]
                     -9
                     0
                  
                   
                     [695, 13, 725, 27]
                     42
                     alternate
                     Port number
                  
                   
                     [695, 38, 725, 52]
                     63
                     2
                     Port number
                  
                   
                     [695, 208, 725, 222]
                     53
                     alternate
                     3
                     Port number
                  
                   
                     555
                     111#out:1
                     [9, 0]
                     
                       609
                       [0, -90]
                       110#in:3
                    
                     
                       603
                       4057#in:3
                    
                  
                   
                     127
                     108#out:1
                     [50, 0]
                     
                       492
                       111#in:1
                    
                     
                       122
                       137#in:1
                    
                  
                   
                     5
                     139#out:1
                     138#in:1
                  
                   
                     556
                     138#out:1
                     [82, 0]
                     
                       601
                       [0, 80]
                       4057#in:2
                    
                     
                       600
                       110#in:2
                    
                  
                   
                     11
                     137#out:1
                     138#in:2
                  
                   
                     220
                     3119#out:1
                     [50, 0]
                     
                       523
                       [216, 0]
                       
                         667
                         826#in:1
                      
                       
                         182
                         [0, 100]
                         2889#in:1
                      
                    
                     
                       171
                       [0, 175]
                       819#in:1
                    
                  
                   
                     80
                     2136#out:1
                     3997#in:1
                  
                   
                     81
                     2137#out:1
                     [40, 0]
                     
                       494
                       2889#in:3
                    
                     
                       178
                       2135#in:1
                    
                  
                   
                     221
                     3119#out:2
                     [145, 0]
                     
                       483
                       [107, 0]
                       
                         666
                         2841#in:1
                      
                       
                         206
                         [0, 85]
                         2889#in:2
                      
                    
                     
                       158
                       2137#in:1
                    
                  
                   
                     8
                     113#out:2
                     898#in:1
                  
                   
                     317
                     110#out:1
                     [7, 0]
                     
                       670
                       819#in:2
                    
                     
                       599
                       [0, 60]
                       4057#in:1
                    
                  
                   
                     402
                     819#out:1
                     4054#in:1
                  
                   
                     524
                     2135#out:1
                     113#in:1
                  
                   
                     525
                     3997#out:1
                     2137#in:2
                  
                   
                     12
                     655#out:1
                     [16, 0]
                     
                       593
                       [0, -110]
                       3119#in:1
                    
                     
                       554
                       [0, 25]
                       4052#in:1
                    
                     
                       531
                       2136#in:2
                    
                  
                   
                     557
                     4052#out:1
                     [24, 0; 0, 30]
                     110#in:1
                  
                   
                     594
                     4054#out:1
                     2135#in:2
                  
                   
                     723
                     113#out:1
                     [9, 0; 0, -95; -314, 0]
                     2136#in:1
                  
                
              
               
                 [1]
                 [460, -146, 490, -114]
                 369
                 Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-1.89201','MaxYLimReal','4.77425','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','4.77425','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Gain:1','Gain:2'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-1.89201','MaxYLimReal','4.77425','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','4.77425','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[1 41 1920 964])
                 1
              
               
                 [255, 168, 285, 182]
                 302
                 on
                 alternate
                 Port number
              
               
                 [605, 33, 635, 47]
                 329
                 2
                 Port number
              
               
                 [255, 233, 285, 247]
                 21
                 on
                 3
                 Port number
              
               
                 [605, -37, 635, -23]
                 61
                 alternate
                 4
                 Port number
              
               
                 [605, -2, 635, 12]
                 322
                 alternate
                 5
                 Port number
              
               
                 [605, -88, 640, -72]
                 59
                 alternate
                 6
                 Port number
              
               
                 [255, 298, 285, 312]
                 368
                 on
                 7
                 Port number
              
               
                 19
                 7#out:1
                 107#in:2
              
               
                 29
                 107#out:1
                 929#in:1
              
               
                 23
                 107#out:3
                 [44, 0]
                 
                   854
                   [0, 87]
                   
                     853
                     [-405, 0; 0, -157]
                     3622#in:3
                  
                   
                     852
                     [0, 63]
                     
                       851
                       [0, 100]
                       3450#in:2
                    
                     
                       850
                       3450#in:1
                    
                  
                
                 
                   836
                   3396#in:1
                
              
               
                 742
                 3622#out:1
                 911#in:1
              
               
                 625
                 107#out:2
                 2842#in:1
              
               
                 733
                 3450#out:2
                 897#in:1
              
               
                 731
                 3450#out:1
                 2001#in:1
              
               
                 753
                 3450#out:3
                 3755#in:1
              
               
                 820
                 2187#out:1
                 3622#in:1
              
               
                 819
                 2160#out:1
                 3622#in:2
              
               
                 744
                 3622#out:2
                 [23, 0; 0, -10]
                 
                   890
                   [0, -110]
                   4065#in:1
                
                 
                   867
                   107#in:1
                
              
               
                 889
                 4090#out:1
                 3622#in:4
              
            
          
           
             [1, 1]
             [1160, 291, 1255, 329]
             305
             off
             off
             
               port_label('input', 1,' i_{abc}','texmode','on');
port_label('input', 2,' d_{abc}^{*}','texmode','on');
port_label('input', 3,' i_{dq}^{*}','texmode','on');
port_label('input', 4,' K_{r}^{-1}','texmode','on');
port_label('output', 1,'v_{abc} ','texmode','on');
            
             
               [-8, -8, 1928, 1048]
               off
               100
               
                 [465, 233, 495, 247]
                 -2
                 Port number
              
               
                 [545, 223, 580, 257]
                 343
                 Elements as channels (sample based)
                 Ts
              
               
                 [2, 1]
                 [685, 217, 715, 248]
                 -7
                 off
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [545, 156, 585, 184]
                 -10
                 alternate
                 off
                 V_dc/2
              
               
                 [780, 228, 810, 242]
                 -11
                 Port number
              
               
                 149
                 3525#out:1
                 1824#in:2
              
               
                 7
                 1824#out:1
                 1828#in:1
              
               
                 8
                 1827#out:1
                 [65, 0; 0, 55]
                 1824#in:1
              
               
                 148
                 1806#out:1
                 3525#in:1
              
            
          
           
             [3, 3]
             [915, 215, 985, 365]
             -6
             none
             off
             off
             
               PI controller
               Pi controller
               Input: Error;\nOutput: PI output;\nParamemetrs: PI gain (Ki),\n   Time constant (Ti),\n   Limits (LimitH, LimitL)
               Kaw = Ki/Kp; %Anti-windup gain
               port_label('input',1,'i_{dq}^{*}','texmode','on');
port_label('input',2,'i_{dq\_e}^{*}','texmode','on');
port_label('input',3,'\omega_r^*','texmode','on');

port_label('output',1,'v_{dq}^{*}','texmode','on');
port_label('output',2,'L_s','texmode','on');
port_label('output',3,'v_{dq}^{''}','texmode','on');
               
                 
                   edit
                   Kp
                   Proportional Gain
                   Kp_current
                
                 
                   edit
                   Ki
                   Integral Gain
                   Ki_current
                
                 
                   edit
                   Limit
                   Output limit
                   Vs_lim
                
              
            
             
               [-8, -8, 1928, 1048]
               off
               A4
               centimeters
               [1.270000, 1.270000, 1.270000, 1.270000]
               200
               
                 [195, -87, 225, -73]
                 43
                 alternate
                 Port number
              
               
                 [195, 148, 225, 162]
                 -1
                 2
                 Port number
              
               
                 [205, -2, 235, 12]
                 -2
                 3
                 Port number
              
               
                 [330, 218, 370, 252]
                 -4
                 on
                 alternate
                 off
                 Kaw
              
               
                 [330, 69, 365, 101]
                 46
                 off
                 Kp
              
               
                 [1, 1]
                 [465, 137, 500, 173]
                 47
                 State (most efficient)
                 Ts
                 DiscIntNeverNeededParam
                 DiscIntNeverNeededParam
              
               
                 [715, -50, 745, -20]
                 380
                 270
                 on
                 alternate
                 0.5
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [330, 138, 365, 172]
                 -6
                 off
                 Ki
              
               
                 [1, 1]
                 [805, 98, 835, 122]
                 -7
                 u0
                 Limit
                 -Limit
              
               
                 [245, 41, 280, 69]
                 377
                 alternate
                 Ls+Lf
                 off
              
               
                 [2, 1]
                 [550, -88, 580, -57]
                 379
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [425, -70, 475, -40]
                 378
                 Rs+Rlf
              
               
                 [2, 1]
                 [550, 90, 565, 125]
                 -8
                 off
                 2
              
               
                 [2, 1]
                 [770, 225, 790, 245]
                 -9
                 on
                 alternate
                 off
                 round
                 +-|
              
               
                 [2, 1]
                 [280, 145, 300, 165]
                 -10
                 off
                 round
                 |+-
              
               
                 [2, 1]
                 [640, 100, 660, 120]
                 -11
                 off
                 round
                 -+|
              
               
                 [2, 1]
                 [720, 100, 740, 120]
                 42
                 off
                 round
                 ++|
              
               
                 [3, 1]
                 [330, -16, 390, 26]
                 50
                 alternate
                 off
                 off
                 
                   port_label('input',1,'i_{dq}','texmode','on');
port_label('input',2,'\omega_{r}','texmode','on');
port_label('output',1,'v_{dq}^{DN}','texmode','on');
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   250
                   
                     [70, 173, 100, 187]
                     -2
                     Port number
                  
                   
                     [50, 78, 80, 92]
                     -1
                     2
                     Port number
                  
                   
                     [50, 33, 80, 47]
                     9
                     3
                     Port number
                  
                   
                     [1, 2]
                     [140, 161, 145, 199]
                     3
                     off
                     2
                     bar
                  
                   
                     [190, 140, 220, 170]
                     4
                     -1
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [2, 1]
                     [360, 156, 365, 194]
                     2
                     off
                     2
                     bar
                  
                   
                     [1, 1]
                     [415, 156, 455, 194]
                     6
                     2
                     Index vector (dialog)
                     [2 1]
                     1
                  
                   
                     [2, 1]
                     [285, 192, 315, 223]
                     5
                     off
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [2, 1]
                     [285, 132, 315, 163]
                     -8
                     off
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [2, 1]
                     [120, 32, 150, 63]
                     7
                     off
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [490, 168, 520, 182]
                     -10
                     Port number
                  
                   
                     36
                     4101#out:1
                     4099#in:1
                  
                   
                     30
                     4099#out:1
                     [101, 0; 0, 90]
                     
                       27
                       [0, 60]
                       4097#in:1
                    
                     
                       26
                       468#in:1
                    
                  
                   
                     31
                     459#out:1
                     [20, 0]
                     4099#in:2
                  
                   
                     18
                     460#out:1
                     4095#in:1
                  
                   
                     24
                     468#out:1
                     [19, 0; 0, 15]
                     4094#in:1
                  
                   
                     22
                     4095#out:2
                     [20, 0; 0, 25]
                     4097#in:2
                  
                   
                     20
                     4095#out:1
                     [18, 0; 0, -15]
                     4096#in:1
                  
                   
                     21
                     4096#out:1
                     468#in:2
                  
                   
                     25
                     4094#out:1
                     4098#in:1
                  
                   
                     28
                     4097#out:1
                     [18, 0; 0, -25]
                     4094#in:2
                  
                   
                     29
                     4098#out:1
                     470#in:1
                  
                   
                     Sul2012 eq 21 & 22
                     [160, 280, 249, 295]
                     [0, 0, 0, 0]
                     off
                     off
                     left
                     top
                     -1
                  
                
              
               
                 [885, 103, 915, 117]
                 -12
                 Port number
              
               
                 [345, 48, 375, 62]
                 376
                 2
                 Port number
              
               
                 [710, 148, 740, 162]
                 51
                 3
                 Port number
              
               
                 9
                 517#out:1
                 520#in:2
              
               
                 14
                 519#out:1
                 515#in:1
              
               
                 91
                 1890#out:1
                 [35, 0]
                 
                   60
                   516#in:1
                
                 
                   22
                   518#in:1
                
              
               
                 23
                 513#out:1
                 [-35, 0]
                 519#in:2
              
               
                 24
                 518#out:1
                 513#in:1
              
               
                 411
                 520#out:1
                 [21, 0]
                 
                   437
                   [0, 45]
                   4087#in:1
                
                 
                   436
                   1890#in:2
                
              
               
                 92
                 1891#out:1
                 [19, 0]
                 
                   450
                   4103#in:1
                
                 
                   443
                   [0, 70]
                   458#in:1
                
              
               
                 451
                 4103#out:1
                 [145, 0]
                 4108#in:1
              
               
                 119
                 2313#out:1
                 [155, 0; 0, 15]
                 517#in:1
              
               
                 374
                 3526#out:1
                 [20, 0; 0, -40]
                 517#in:2
              
               
                 1
                 510#out:1
                 [30, 0]
                 
                   124
                   [0, -70]
                   2313#in:1
                
                 
                   123
                   519#in:1
                
              
               
                 11
                 516#out:1
                 [5, 0]
                 
                   348
                   521#in:1
                
                 
                   12
                   [0, 125]
                   518#in:2
                
              
               
                 406
                 515#out:1
                 3526#in:1
              
               
                 410
                 458#out:1
                 [255, 0]
                 520#in:1
              
               
                 445
                 511#out:1
                 458#in:2
              
               
                 447
                 466#out:1
                 [22, 0]
                 
                   449
                   4092#in:1
                
                 
                   448
                   [0, -35]
                   458#in:3
                
              
               
                 452
                 4102#out:1
                 [30, 0; 0, -10]
                 4103#in:2
              
               
                 468
                 4108#out:1
                 1890#in:1
              
            
          
           
             [2, 1]
             [630, 257, 710, 313]
             318
             none
             off
             off
             
               PI controller
               Pi controller
               Input: Error;\nOutput: PI output;\nParamemetrs: PI gain (Ki),\n   Time constant (Ti),\n   Limits (LimitH, LimitL)
               Kaw = Ki/Kp; %Anti-windup gain
               port_label('input',1,'\omega_{e}','texmode','on');
port_label('input',2,'Obs_{en}','texmode','on');

port_label('output',1,'i_{dq}^{*}','texmode','on');
               
                 
                   edit
                   Kp
                   Proportional Gain
                   Kp_speed
                
                 
                   edit
                   Ki
                   Integral Gain
                   Ki_speed
                
                 
                   edit
                   Limit
                   Output limit
                   Is_max
                
              
            
             
               [-8, -8, 1928, 1048]
               off
               188
               
                 [-435, 67, -400, 83]
                 -1
                 alternate
                 Port number
              
               
                 [-105, -98, -70, -82]
                 367
                 alternate
                 2
                 Port number
              
               
                 [-300, -6, -265, 26]
                 -3
                 off
                 Kp/1.5
              
               
                 [1, 1]
                 [-100, 125, -70, 155]
                 385
                 on
                 1.388
                 simulink/Logic and Bit
Operations/Compare
To Constant
                 Compare To Constant
                 
                   off
                   >
                   0
                   boolean
                   on
                
              
               
                 [2, 1]
                 [-190, 67, -155, 103]
                 387
                 rising
                 State (most efficient)
                 Ts
                 DiscIntNeverNeededParam
                 DiscIntNeverNeededParam
              
               
                 [-230, 179, -195, 211]
                 -5
                 on
                 off
                 Kaw
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [-300, 58, -265, 92]
                 -6
                 off
                 Ki
              
               
                 [2, 2]
                 [150, -114, 215, -21]
                 93
                 1.32
                 Stateflow.Translate.translate
                 ExplicitOnly
                 on
                 off
                 MATLAB Function
                 off
                 
                   [223, 338, 826, 833]
                   off
                   100
                   26
                   
                     [20, 101, 40, 119]
                     -1
                     Port number
                  
                   
                     [20, 136, 40, 154]
                     12
                     2
                     Port number
                  
                   
                     [1, 1]
                     [270, 230, 320, 270]
                     14
                     1
                  
                   
                     Stateflow S-Function Sensorless_vector_control_bumpless_startup_salient_observer 1
                     [2, 3]
                     [180, 100, 230, 180]
                     13
                     sf_sfun
                     [2 3]
                     off
                     on
                     off
                     
                       2
                       Wcc
                       Auto
                       SignalName
                    
                     
                       3
                       id
                       Auto
                       SignalName
                    
                  
                   
                     [460, 241, 480, 259]
                     15
                  
                   
                     [460, 101, 480, 119]
                     16
                     Port number
                  
                   
                     [460, 136, 480, 154]
                     -5
                     2
                     Port number
                  
                   
                     60
                     3021::1#out:1
                     3021::23#in:1
                  
                   
                     61
                     3021::21#out:1
                     3021::23#in:2
                  
                   
                     Wcc
                     62
                     [0, 0]
                     3021::23#out:2
                     3021::26#in:1
                  
                   
                     id
                     63
                     [0, 0]
                     3021::23#out:3
                     3021::5#in:1
                  
                   
                     64
                     3021::24#out:1
                     3021::25#in:1
                  
                   
                     65
                     3021::23#out:1
                     3021::24#in:1
                  
                
              
               
                 [2, 1]
                 [285, -51, 290, 36]
                 36
                 off
                 2
                 bar
              
               
                 [2, 1]
                 [285, -236, 290, -189]
                 388
                 off
                 2
                 bar
              
               
                 [2, 1]
                 [30, -3, 60, 28]
                 384
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [3]
                 [350, -161, 395, -89]
                 95
                 Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData3'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.125','MaxYLimReal','1.125','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','1.125','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Obs_en','MATLAB Function/Wcc'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-2.86044','MaxYLimReal','25.74393','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','32.09123','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Product1'}},'ShowContent',true,'Placement',2),struct('MinYLimReal','-1.38865','MaxYLimReal','22.37652','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','32.09123','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'MATLAB Function/id'}},'ShowContent',true,'Placement',3)},'DisplayPropertyDefaults',struct('YLabelReal','','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[3 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[-1279 57 1280 948])
                 3
              
               
                 [1]
                 [355, -226, 385, -194]
                 389
                 Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','loop_enable','DataLogging',true,'DataLoggingSaveFormat','StructureWithTime'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.125','MaxYLimReal','1.125','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','1.125','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Obs_en','MATLAB Function/Wcc'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.125','MaxYLimReal','1.125','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','1.125','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b')
                 1
              
               
                 [2, 1]
                 [-95, 0, -80, 35]
                 -8
                 off
                 2
              
               
                 [2, 1]
                 [90, 185, 110, 205]
                 -9
                 on
                 alternate
                 off
                 round
                 +-|
              
               
                 [2, 1]
                 [-350, 65, -330, 85]
                 -10
                 off
                 round
                 |+-
              
               
                 [1, 1]
                 [170, 3, 200, 27]
                 -14
                 u0
                 Limit
                 -Limit
              
               
                 [360, -12, 390, 2]
                 -15
                 Port number
              
               
                 1
                 2209#out:1
                 [-105, 0]
                 2225#in:2
              
               
                 2
                 2225#out:1
                 2210#in:1
              
               
                 3
                 2224#out:1
                 2209#in:1
              
               
                 4
                 2210#out:1
                 3686#in:1
              
               
                 7
                 2197#out:1
                 2223#in:1
              
               
                 10
                 2230#out:1
                 [23, 0]
                 
                   535
                   2218#in:2
                
                 
                   11
                   [0, 180]
                   2224#in:2
                
              
               
                 31
                 2218#out:1
                 2231#in:1
              
               
                 396
                 2193#out:1
                 [21, 0]
                 
                   379
                   [0, -65]
                   2197#in:1
                
                 
                   378
                   2225#in:1
                
              
               
                 383
                 2223#out:1
                 3133#in:2
              
               
                 391
                 3134#out:1
                 [-110, 0; 0, -45]
                 3686#in:2
              
               
                 387
                 3133#out:1
                 [34, 0]
                 
                   534
                   [1, 0]
                   
                     453
                     2230#in:1
                  
                   
                     452
                     2224#in:1
                  
                
                 
                   418
                   [0, -60]
                   
                     395
                     [0, -80]
                     3023#in:2
                  
                   
                     352
                     3021#in:2
                  
                
              
               
                 459
                 3686#out:1
                 [39, 0; 0, -60]
                 2223#in:2
              
               
                 304
                 3021#out:2
                 [42, 0]
                 
                   543
                   [0, -55]
                   3023#in:3
                
                 
                   536
                   [0, 15]
                   2218#in:1
                
              
               
                 515
                 3068#out:1
                 [31, 0]
                 
                   541
                   [0, -135]
                   4061#in:1
                
                 
                   392
                   3021#in:1
                
                 
                   419
                   [0, 95]
                   
                     498
                     [0, 135]
                     3134#in:1
                  
                   
                     373
                     3133#in:1
                  
                
              
               
                 540
                 4061#out:1
                 [26, 0]
                 
                   565
                   [0, 60]
                   3023#in:1
                
                 
                   564
                   4063#in:1
                
              
               
                 542
                 3021#out:1
                 [14, 0; 0, -110]
                 4061#in:2
              
            
          
           
             [2]
             [935, 656, 970, 714]
             371
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.125','MaxYLimReal','1.125','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','1.125','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Current and Back-EMF Observer/4','Current and Back-EMF Observer/5'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.125','MaxYLimReal','1.125','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','1.125','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[606 219 560 420])
             2
          
           
             [690, 155, 720, 185]
             376
             18
             [10 0]
             0
          
           
             [2, 1]
             [745, 275, 765, 295]
             375
             off
             round
             ++|
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [780, 275, 800, 295]
             317
             off
             round
             |+-
          
           
             [2, 1]
             [540, 260, 560, 280]
             -11
             off
             round
             |+-
          
           
             [2, 1]
             [435, 323, 495, 492]
             -4
             alternate
             off
             off
             
               port_label('input',1,'i_{abc}','texmode','on');
port_label('input',2,'K_{r}','texmode','on');


port_label('output',1,'i_{dq}','texmode','on');




            
             
               [-8, -8, 1928, 1048]
               off
               A4
               centimeters
               [1.270000, 1.270000, 1.270000, 1.270000]
               900
               
                 [320, 198, 350, 212]
                 -1
                 alternate
                 Port number
              
               
                 [320, 223, 350, 237]
                 290
                 2
                 Port number
              
               
                 [2, 1]
                 [385, 190, 440, 245]
                 292
                 alternate
                 off
                 off
                 
                   port_label('input',1,'X_{abc}','texmode','on');
port_label('input',2,'K_{r}','texmode','on');
port_label('output',1,'X_{dq}','texmode','on');
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   234
                   
                     [200, 220, 220, 240]
                     -1
                     Port number
                  
                   
                     [200, 150, 220, 170]
                     -2
                     2
                     Port number
                  
                   
                     [2, 1]
                     [280, 152, 330, 188]
                     -3
                     Matrix(*)
                     off
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [350, 160, 370, 180]
                     -7
                     Port number
                     0
                  
                   
                     1
                     2015#out:1
                     2016#in:1
                  
                   
                     2
                     2014#out:1
                     [40, 0]
                     2016#in:2
                  
                   
                     3
                     2016#out:1
                     2017#in:1
                  
                
              
               
                 [475, 213, 505, 227]
                 -11
                 alternate
                 Port number
              
               
                 53
                 2012#out:1
                 2013#in:2
              
               
                 56
                 423#out:1
                 2013#in:1
              
               
                 190
                 2013#out:1
                 490#in:1
              
            
          
           
             [2, 1]
             [1085, 271, 1135, 344]
             -14
             off
             off
             
               port_label('input',1,'v_{dq}^{*}','texmode','on');
port_label('input',2,'K^{r-1}','texmode','on');

port_label('output',1,'d_{abc}^{*}','texmode','on');
%port_label('output',2,'v_{abc}^{*}','texmode','on');
            
             
               [-8, -8, 1928, 1048]
               off
               A4
               centimeters
               [1.270000, 1.270000, 1.270000, 1.270000]
               364
               
                 [35, 18, 65, 32]
                 -1
                 alternate
                 Port number
              
               
                 [35, 43, 65, 57]
                 1
                 2
                 Port number
              
               
                 [2, 1]
                 [110, 10, 165, 65]
                 293
                 off
                 off
                 
                   port_label('input',1,'X_{dq}','texmode','on');
port_label('input',2,'K_{r}^{-1}','texmode','on');
port_label('output',1,'X_{abc}','texmode','on');
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   234
                   
                     [200, 220, 220, 240]
                     -1
                     Port number
                  
                   
                     [200, 150, 220, 170]
                     -2
                     2
                     Port number
                  
                   
                     [2, 1]
                     [280, 152, 330, 188]
                     -3
                     Matrix(*)
                     off
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [350, 160, 370, 180]
                     -7
                     Port number
                     0
                  
                   
                     1
                     2095#out:1
                     2096#in:1
                  
                   
                     2
                     2094#out:1
                     [40, 0]
                     2096#in:2
                  
                   
                     3
                     2096#out:1
                     2097#in:1
                  
                
              
               
                 [200, 27, 225, 53]
                 -6
                 1/(V_dc/2)
              
               
                 [285, 33, 315, 47]
                 -7
                 Port number
              
               
                 1
                 545#out:1
                 2093#in:1
              
               
                 12
                 2076#out:1
                 2093#in:2
              
               
                 19
                 2093#out:1
                 574#in:1
              
               
                 21
                 574#out:1
                 575#in:1
              
            
          
           
             [1285, 303, 1315, 317]
             -15
             Port number
          
           
             [855, 633, 885, 647]
             3
             alternate
             2
             Port number
          
           
             [855, 513, 885, 527]
             -16
             3
             Port number
          
           
             [1095, 228, 1125, 242]
             300
             alternate
             4
             Port number
          
           
             [655, 213, 685, 227]
             302
             5
             Port number
          
           
             [855, 723, 885, 737]
             365
             alternate
             6
             Port number
          
           
             8
             5#out:3
             609#in:1
          
           
             1683
             420#out:1
             4004#in:1
          
           
             799
             509#out:1
             [70, 0]
             
               1787
               [0, -5]
               1166#in:1
            
             
               1784
               [0, 50]
               544#in:1
            
          
           
             26
             544#out:1
             1804#in:1
          
           
             1822
             2192#out:1
             4106#in:2
          
           
             666
             541#out:1
             [43, 0]
             
               1690
               2192#in:1
            
             
               1453
               [0, -50]
               1179#in:1
            
          
           
             1646
             1942#out:1
             [70, 0; 0, 5]
             509#in:2
          
           
             354
             422#out:1
             [155, 0]
             
               1716
               [135, 0; 0, -87]
               
                 1826
                 [48, 0; 0, -83]
                 509#in:1
              
               
                 1825
                 1942#in:2
              
            
             
               1711
               [0, 180]
               5#in:1
            
          
           
             1476
             5#out:7
             [241, 0; 0, -435]
             544#in:2
          
           
             1516
             5#out:6
             3858#in:1
          
           
             1326
             5#out:2
             [20, 0; 0, -90]
             
               1717
               [0, -180]
               509#in:3
            
             
               1696
               577#in:1
            
             
               1682
               [-285, 0]
               541#in:2
            
          
           
             1687
             5#out:5
             3992#in:2
          
           
             1686
             5#out:4
             [90, 0]
             
               1732
               3992#in:1
            
             
               1695
               [0, -185; -299, 0; 0, -185]
               2192#in:2
            
          
           
             1730
             5#out:1
             [8, 0; 0, -30; -412, 0; 0, -100]
             422#in:2
          
           
             1763
             4003#out:1
             422#in:1
          
           
             1777
             1804#out:1
             576#in:1
          
           
             1776
             4004#out:1
             4003#in:1
          
           
             1779
             419#out:1
             [101, 0]
             
               1765
               541#in:1
            
             
               1708
               [0, 375]
               5#in:2
            
          
           
             1782
             509#out:3
             [7, 0; 0, 476; -335, 0; 0, -61]
             5#in:4
          
           
             1785
             509#out:2
             [33, 0; 0, 561; -391, 0; 0, -151]
             5#in:3
          
           
             1823
             4106#out:1
             1942#in:1
          
           
             1824
             4107#out:1
             [30, 0]
             4106#in:1
          
        
      
       
         [1, 1]
         [385, 431, 430, 459]
         6
         off
         off
         
           1
           w_m^ref
           Auto
           SignalName
        
         
           [-8, -8, 1928, 1048]
           off
           A4
           centimeters
           [1.270000, 1.270000, 1.270000, 1.270000]
           311
           
             [15, 48, 45, 62]
             -1
             Port number
          
           
             [90, 31, 120, 49]
             -2
             alternate
             10
          
           
             [90, 61, 120, 79]
             -3
             -10
             off
          
           
             [4, 1]
             [165, 28, 295, 97]
             -4
             Stateflow.Translate.translate
             ExplicitOnly
             on
             off
             MATLAB Function
             off
             
               [227, 345, 838, 789]
               off
               A4
               centimeters
               [1.270000, 1.270000, 1.270000, 1.270000]
               100
               18
               
                 [20, 101, 40, 119]
                 -1
                 Port number
              
               
                 [20, 136, 40, 154]
                 -2
                 2
                 Port number
              
               
                 [20, 171, 40, 189]
                 -3
                 3
                 Port number
              
               
                 [20, 206, 40, 224]
                 -4
                 4
                 Port number
              
               
                 [1, 1]
                 [270, 230, 320, 270]
                 9
                 1
              
               
                 Stateflow S-Function Sensorless_vector_control_bumpless_startup_salient_observer 2
                 [4, 2]
                 [180, 102, 230, 203]
                 8
                 sf_sfun
                 [4 2]
                 off
                 on
                 off
                 
                   2
                   u_ref
                   Auto
                   SignalName
                
              
               
                 [460, 241, 480, 259]
                 10
              
               
                 [460, 101, 480, 119]
                 -8
                 Port number
              
               
                 15
                 621::1#out:1
                 621::16#in:1
              
               
                 16
                 621::2#out:1
                 621::16#in:2
              
               
                 17
                 621::3#out:1
                 621::16#in:3
              
               
                 18
                 621::4#out:1
                 621::16#in:4
              
               
                 u_ref
                 19
                 [0, 0]
                 621::16#out:2
                 621::8#in:1
              
               
                 20
                 621::17#out:1
                 621::18#in:1
              
               
                 21
                 621::16#out:1
                 621::17#in:1
              
            
          
           
             [80, 113, 130, 157]
             -5
             on
             off
             on
             -0.046
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [375, 47, 425, 83]
             -6
             [2*pi*0.2]
             [1 2*pi*0.2]
          
           
             [315, 54, 350, 76]
             -7
             1/10e3
          
           
             [450, 58, 480, 72]
             -8
             Port number
          
           
             1
             621#out:1
             624#in:1
          
           
             2
             624#out:1
             [5, 0]
             
               3
               [0, 70; -215, 0]
               
                 4
                 622#in:1
              
               
                 5
                 [0, -50]
                 621#in:4
              
            
             
               6
               623#in:1
            
          
           
             7
             618#out:1
             621#in:2
          
           
             8
             619#out:1
             621#in:1
          
           
             9
             620#out:1
             621#in:3
          
           
             10
             622#out:1
             [-10, 0; 0, -65]
             620#in:1
          
           
             13
             623#out:1
             625#in:1
          
        
      
       
         [570, 125, 600, 155]
         -10
         alternate
         9
         0
         0
         
           1
           u_2b
           Auto
           SignalName
        
      
       
         [2, 1]
         [815, 435, 835, 455]
         16
         off
         round
         |+-
         off
         Inherit: Inherit via internal rule
         off
      
       
         [2, 1]
         [845, 255, 865, 275]
         361
         off
         round
         +-
         off
         Inherit: Inherit via internal rule
         off
      
       
         [0, 1]
         [290, 423, 315, 447]
         5
         off
         off
         off
         
           port_label('output',1,'\Omega_{r}^* ','texmode','on');
           
             edit
             w_r
             Reference Speed [rpm]:
             10e3*0+1200
          
        
         
           [-8, -8, 1928, 1048]
           off
           A4
           centimeters
           [1.270000, 1.270000, 1.270000, 1.270000]
           670
           
             [80, 17, 135, 63]
             -1
             (2*pi)/60
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [25, 28, 50, 52]
             -2
             w_r
          
           
             [155, 33, 185, 47]
             -3
             Port number
          
           
             1
             628#out:1
             627#in:1
          
           
             2
             627#out:1
             629#in:1
          
        
      
       
         [1, 1]
         [805, 224, 845, 246]
         -11
         alternate
         off
         off
         
           [-8, -8, 1928, 1048]
           off
           296
           
             [25, 103, 55, 117]
             -1
             Port number
          
           
             [1, 1]
             [115, 45, 145, 75]
             -2
          
           
             [1, 1]
             [115, 130, 145, 160]
             -3
             cos
          
           
             [2, 1]
             [230, 87, 260, 118]
             -4
             atan2
          
           
             [305, 98, 335, 112]
             -5
             Port number
          
           
             1
             254#out:1
             [20, 0]
             
               2
               [0, -50]
               255#in:1
            
             
               3
               [0, 35]
               256#in:1
            
          
           
             4
             255#out:1
             [30, 0; 0, 35]
             257#in:1
          
           
             5
             256#out:1
             [30, 0; 0, -35]
             257#in:2
          
           
             6
             257#out:1
             258#in:1
          
        
      
       
         [1, 1]
         [805, 291, 845, 309]
         -12
         alternate
         off
         off
         
           [16, 52, 1340, 1132]
           off
           296
           
             [25, 103, 55, 117]
             -1
             Port number
          
           
             [1, 1]
             [115, 45, 145, 75]
             -2
          
           
             [1, 1]
             [115, 130, 145, 160]
             -3
             cos
          
           
             [2, 1]
             [230, 87, 260, 118]
             -4
             atan2
          
           
             [360, 33, 390, 47]
             -5
             Port number
          
           
             1
             263#out:1
             [40, 0; 0, -65]
             264#in:1
          
           
             2
             262#out:1
             [30, 0; 0, -35]
             263#in:2
          
           
             3
             261#out:1
             [30, 0; 0, 35]
             263#in:1
          
           
             4
             260#out:1
             [20, 0]
             
               5
               [0, 35]
               262#in:1
            
             
               6
               [0, -50]
               261#in:1
            
          
        
      
       
         [1, 1]
         [890, 253, 935, 277]
         376
         alternate
         off
         off
         
           [-8, -8, 1928, 1048]
           off
           296
           
             [25, 103, 55, 117]
             -1
             Port number
          
           
             [335, 90, 365, 120]
             1
             180/pi
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [1, 1]
             [115, 45, 145, 75]
             -2
          
           
             [1, 1]
             [115, 130, 145, 160]
             -3
             cos
          
           
             [2, 1]
             [230, 87, 260, 118]
             -4
             atan2
          
           
             [480, 98, 510, 112]
             -5
             Port number
          
           
             1
             3674#out:1
             [20, 0]
             
               2
               [0, -50]
               3675#in:1
            
             
               3
               [0, 35]
               3676#in:1
            
          
           
             4
             3675#out:1
             [30, 0; 0, 35]
             3677#in:1
          
           
             5
             3676#out:1
             [30, 0; 0, -35]
             3677#in:2
          
           
             6
             3677#out:1
             3679#in:1
          
           
             7
             3679#out:1
             3678#in:1
          
        
      
       
         u_2b
         236
         [0, 1]
         252#out:1
         2669#in:1
      
       
         v_abc
         1025
         [2, 0]
         418#out:1
         [15, 0; 0, -70]
         2669#in:2
      
       
         w_m^ref
         5
         [0, 0]
         617#out:1
         4053#in:1
      
       
         iabc
         231
         2669#out:3
         [31, 0]
         
           1098
           [-1, 0]
           251#in:2
        
         
           1063
           [0, -89; -250, 0; 0, 244]
           418#in:1
        
      
       
         15
         170#out:1
         168#in:1
      
       
         theta_r
         229
         [3, 1]
         2669#out:7
         [5, 0; 0, -20]
         253#in:1
      
       
         wr
         228
         [0, 1]
         2669#out:6
         [32, 0; 0, 80]
         
           1066
           [0, 160]
           1135#in:2
        
         
           112
           170#in:1
        
      
       
         20
         253#out:1
         [5, 0]
         
           694
           2896#in:1
        
         
           352
           171#in:1
        
      
       
         21
         418#out:2
         [74, 0; 0, -10]
         259#in:1
      
       
         22
         418#out:3
         170#in:2
      
       
         621
         171#out:1
         [7, 0; 0, -60]
         251#in:3
      
       
         24
         168#out:1
         [8, 0]
         
           1099
           1180#in:1
        
         
           678
           [0, -105]
           251#in:4
        
      
       
         26
         626#out:1
         616#in:1
      
       
         27
         615#out:1
         [5, 0]
         616#in:2
      
       
         33
         1135#out:1
         1136#in:1
      
       
         34
         1136#out:1
         1134#in:1
      
       
         45
         418#out:5
         [369, 0; 0, -25]
         1180#in:2
      
       
         238
         259#out:1
         [5, 0; 0, -10]
         
           417
           2896#in:2
        
         
           416
           [86, 0; 0, -40]
           171#in:2
        
      
       
         1013
         616#out:1
         617#in:1
      
       
         940
         3445#out:1
         251#in:1
      
       
         697
         2896#out:1
         3673#in:1
      
       
         698
         3673#out:1
         171#in:3
      
       
         1003
         4053#out:1
         [13, 0]
         
           1104
           [210, 0]
           
             1106
             [0, 60]
             4064#in:1
          
           
             1100
             [59, 0]
             
               811
               [0, -95]
               170#in:3
            
             
               113
               1135#in:1
            
          
        
         
           817
           [-1, 1]
           [0, -70]
           418#in:2
        
      
       
         idq
         1011
         [0, 0]
         2669#out:4
         [75, 0; 0, -70]
         3445#in:1
      
       
         1012
         418#out:6
         [250, 0; 0, -260]
         3445#in:2
      
       
         1107
         4064#out:1
         [145, 0]
         251#in:5
      
    
  










simulink/configSet0.xml


 
   
     []
     
     
       
         []
         
         0.0
         20
         auto
         auto
         auto
         -1
         5
         auto
         10*128*eps
         1000
         4
         1
         100e-6
         auto
         2
         1e-3
         on
         off
         off
         ode23tb
         ode23tb
         auto
         DisableAll
         UseLocalSettings
         Nonadaptive
         TrustRegion
         on
         off
         Fast
         off
         off
         Unconstrained
         Whenever possible
         []
      
       
         []
         
         1
         [t, u]
         xFinal
         xInitial
         on
         1000
         off
         off
         off
         off
         Array
         ModelDataLogs
         on
         off
         on
         on
         off
         on
         off
         streamout
         on
         off
         xout
         tout
         yout
         logsout
         dsmout
         RefineOutputTimes
         []
         out
         1
         off
         out.mat
         [-inf, inf]
      
       
         
           ZeroExternalMemoryAtStartup
           ZeroInternalMemoryAtStartup
           NoFixptDivByZeroProtection
           OptimizeModelRefInitCode
           BooleansAsBitfields
           PassReuseOutputArgsAs
           PassReuseOutputArgsThreshold
           UseSpecifiedMinMax
        
         
         on
         on
         on
         Tunable
         off
         off
         double
         off
         off
         on
         on
         off
         off
         on
         off
         
         on
         off
         uint_T
         on
         64
         Structure reference
         12
         2147483647
         on
         5
         off
         off
         Native Integer
         on
         on
         on
         off
         off
         on
         inf
         Inherit from target
         on
         off
         off
      
       
         
           UseOnlyExistingSharedCode
        
         
         error
         none
         none
         none
         none
         UseLocalSettings
         UseLocalSettings
         UseLocalSettings
         warning
         warning
         warning
         warning
         on
         Classic
         none
         off
         off
         UseLocalSettings
         warning
         warning
         none
         error
         warning
         warning
         warning
         warning
         error
         error
         error
         none
         warning
         warning
         none
         warning
         warning
         error
         error
         none
         warning
         warning
         none
         none
         none
         none
         none
         none
         error
         warning
         none
         warning
         warning
         warning
         error
         none
         error
         none
         warning
         warning
         UseLocalSettings
         on
         off
         none
         error
         none
         none
         warning
         warning
         warning
         error
         warning
         warning
         error
         warning
         ErrorLevel1
         WarnAndRepair
         none
         warning
         warning
         error
         none
         warning
         warning
         warning
         warning
         warning
         warning
         warning
         warning
         error
         warning
         warning
         none
         warning
         warning
         all
         warning
         on
      
       
         []
         
         8
         16
         32
         32
         64
         32
         64
         32
         32
         32
         Char
         None
         Undefined
         Unspecified
         32
         on
         off
         32-bit Generic
         8
         16
         32
         32
         64
         32
         64
         32
         32
         32
         Char
         None
         on
         off
         Undefined
         Unspecified
         32
         32
         32
         Specified
         off
         on
         on
         on
      
       
         []
         
         IfOutOfDateOrStructuralChange
         on
         error
         off
         on
         None
         Multi
         Infer from blocks in model
         
         on
         off
         off
         off
      
       
         []
         
         
         
         
         
         []
         
         
         
         
         
         
         on
         on
         on
         off
         on
         sf_incremental_build
         off
         on
         50
         on
      
       
         
           IncludeHyperlinkInReport
           GenerateTraceInfo
           GenerateTraceReport
           GenerateTraceReportSl
           GenerateTraceReportSf
           GenerateTraceReportEml
           PortableWordSizes
           GenerateWebview
           GenerateCodeMetricsReport
           GenerateCodeReplacementReport
           GenerateMissedCodeReplacementReport
           GenerateErtSFunction
           CreateSILPILBlock
        
         grt.tlc
         None
         
         off
         make_rtw
         on
         off
         
         grt_default_tmf
         
         
         off
         off
         on
         off
         []
         off
         off
         off
         off
         off
         off
         
         
         
         
         
         
         
         
         
         Automatically locate an installed toolchain
         Faster Builds
         []
         off
         off
         off
         None
         off
         executionProfile
         SummaryOnly
         off
         off
         C
         off
         off
         off
         off
         off
         off
         off
         off
         off
         off
         off
         []
         
         Off
         1024
         
           
             
               IgnoreCustomStorageClasses
               InsertBlockDesc
               SFDataObjDesc
               SimulinkDataObjDesc
               DefineNamingRule
               SignalNamingRule
               ParamNamingRule
               InlinedPrmAccess
               CustomSymbolStr
               CustomSymbolStrGlobalVar
               CustomSymbolStrType
               CustomSymbolStrField
               CustomSymbolStrFcn
               CustomSymbolStrBlkIO
               CustomSymbolStrTmpVar
               CustomSymbolStrMacro
               IgnoreTestpoints
               InsertPolySpaceComments
               MATLABFcnDesc
               InternalIdentifier
               CustomSymbolStrModelFcn
               CustomSymbolStrFcnArg
               CustomSymbolStrUtil
               CustomUserTokenString
               ReqsInCode
            
             
             
             off
             on
             Auto
             on
             off
             off
             31
             off
             off
             off
             off
             off
             off
             off
             off
             off
             1
             $R$N$M
             $N$R$M_T
             $N$M
             $R$N$M$F
             $R$N
             rt$I$N$M
             rtb_$N$M
             $N$M
             $R$N$M
             $N$C
             
             
             None
             
             None
             
             None
             
             off
             off
             on
             off
             off
             
             Shortened
             Literals
             off
             off
             []
          
           
             
               IncludeMdlTerminateFcn
               GenerateAllocFcn
               SuppressErrorStatus
               ERTCustomFileBanners
               GenerateSampleERTMain
               GenerateTestInterfaces
               ModelStepFunctionPrototypeControlCompliant
               SupportNonInlinedSFcns
               PurelyIntegerCode
               PortableWordSizes
               SupportComplex
               SupportAbsoluteTime
               SupportContinuousTime
               RemoveResetFunc
               ExistingSharedCode
               RemoveDisableFunc
            
             
             ansi_tfl_table_tmw.mat
             
             
             NOT IN USE
             C89/C90 (ANSI)
             None
             Auto
             System defined
             256
             2048
             on
             off
             
             off
             off
             on
             on
             on
             on
             on
             Disable all
             off
             off
             off
             off
             Auto
             off
             on
             rt_
             on
             off
             Nonreusable function
             on
             on
             off
             on
             on
             off
             off
             off
             Nominal
             Nominal
             Simulink.SoftwareTarget.GRTCustomization
             off
             on
             off
             off
             on
             off
             on
             on
             []
             off
             off
             off
             off
             1000000
             0
             ext_comm
             
             Level1
             off
             off
             off
             off
             off
             Error
          
        
      
       
         []
         Simulink Coverage Configuration Component
         Simulink Coverage
         off
         EntireSystem
         on
         off
         /
         covdata
         
         dw
         
         
         off
         on
         on
         on
         on
         on
         covCumulativeData
         off
         on
         slcov_output/$ModelName$
         $ModelName$_cvdata
         on
         on
         off
         
         off
         on
         1e-05
         0.01
         off
         0
         0
      
       
         []
         HDL Coder custom configuration component
         HDL Coder
         
           
        
         0
      
    
     Configuration
     
     Solver
      [ 146, 71, 1229, 971 ] 
  










simulink/configSetInfo.xml


 
   Configuration










simulink/graphicalInterface.xml


 
   0
   0
   
   0
   0
   0
   0
   0
   0
   0
   0










simulink/plugins/DiagnosticSuppressor.xml


 
   on
   22 serialization::archive 11 0 3 0 0 0 8 0










simulink/plugins/LogicAnalyzerPlugin.xml


 
   
   on
   










simulink/stateflow.xml


 
   
     13-Nov-2013 22:02:42
     0
     80000010
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         10
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             12
             FUNC_STATE
             CLUSTER_STATE
             
               1
               function [Wcc, id] = fcn(Wobs, iq_r)
%#codegen

id_bias = 1;

id_init = 20;

iq_r = abs(iq_r);

id = id_init;

cc_th = 0.5;

Wcc = 0;
if Wobs>cc_th
    Wcc = 1/(1-cc_th)*(Wobs - cc_th);
    id = (id_init - iq_r*Wcc)*(1-Wcc);
end
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                 -1
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                 inherit
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                 -1
              
               
                 SF_INHERITED_TYPE
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             [35, 0; 0, 20]
             2505#in:2
          
           
             11
             2486#out:1
             [35, 0; 0, -20]
             2505#in:3
          
           
             12
             2510#out:1
             2498#in:1
          
           
             13
             2498#out:1
             [35, 0; 0, -55]
             2505#in:4
          
           
             14
             2478#out:1
             2506#in:1
          
           
             15
             2479#out:1
             2506#in:2
          
           
             16
             2509#out:1
             2486#in:1
          
           
             [ic1, ic2, x]
             17
             [0, 1]
             2507#out:1
             2480#in:1
          
           
             18
             2505#out:1
             2504#in:1
          
           
             19
             2504#out:1
             2511#in:1
          
           
             f_{b,AMB} = [F_{x1b}
		F_{y1b}
		F_{x2b}
		  F_{y2b}]
             [490, 169, 679, 230]
             [0, 0, 0, 0]
             off
             off
             tex
             on
             -1
          
        
      
       
         [1470, 335, 1500, 365]
         817
         alternate
         -1e-6*[-62.83 -38.17 -16.65 -16.33]*0
      
       
         [3, 3]
         [1570, 330, 1645, 440]
         784
         alternate
         off
         off
         
           g = 9.81; %Gravitational acceleration constant [N/kg]

mu_0 = 4*pi*1e-7;
K_L = 2/(N^2*mu_0*A_g);
theta = pi/180*theta;
K_F = 1/2*K_L*cos(theta);
L_0 = 1/(K_L*g1)
           

           
             
               edit
               M
               M: Rotor mass [kg]
               17.6
            
             
               edit
               Jp
               Jp: Rotor polar mass moment of inertia [kg.m^2]
               0.10669
            
             
               edit
               Jt
               Jt: Rotor transverse mass moment of inertia [kg.m^2]
               0.11575
            
             
               edit
               a
               a: Bearing distance to c.o.g. (Left) [m]
               166.04e-3
            
             
               edit
               b
               b: Bearing distance to c.o.g. (Right)  [m]
               73.98e-3
            
             
               edit
               c
               c: Sensor distance to c.o.g. (Left)  [m]
               193.7e-3
            
             
               edit
               d
               d: Sensor distance to c.o.g. (Right)  [m]
               97.48e-3
            
             
               edit
               N
               Number of AMB turns
               80*2
            
             
               edit
               g1
               Air gap (AMB side1) [m]
               500e-6
            
             
               edit
               g2
               Air gap (AMB side2) [m]
               500e-6
            
             
               edit
               A_g
               AMB cross-sectional area [m^2]
               204e-6
            
             
               edit
               theta
               AMB pole angle (deg)
               22.5
            
             
               edit
               I_max
               Maximum current limit [A]
               4
            
          
           
             
               %<MaskType>
               
                 %<MaskDescription>
                 DescTextVar
              
               DescGroupVar
            
             
               
                 
                   Rotor properties
                   
                     
                       M
                    
                     
                       Jp
                    
                     
                       Jt
                    
                  
                   ParameterTabVar0
                
                 
                   Dimensions
                   
                     
                       a
                    
                     
                       b
                    
                     
                       c
                    
                     
                       d
                    
                  
                   ParameterTabVar01
                
                 
                   AMB properties
                   
                     
                       N
                    
                     
                       g1
                    
                     
                       g2
                    
                     
                       A_g
                    
                     
                       theta
                    
                     
                       I_max
                    
                  
                   ParameterTabVar02
                
              
               ParameterTabContainerVar
            
          
        
         
           [-8, -8, 1928, 1048]
           on
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           120
           
             [195, 648, 225, 662]
             345
             alternate
             Port number
          
           
             [195, 698, 225, 712]
             350
             2
             Port number
          
           
             [735, 948, 765, 962]
             758
             on
             3
             Port number
          
           
             [1335, 1005, 1365, 1035]
             378
             1/K_F
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [1, 1]
             [1095, 715, 1130, 735]
             382
             8
             Index vector (dialog)
             [1 5 2 6 3 7 4 8]
             1
             
               1
               [Fx1+
Fx1-
Fy1+
Fy1-
Fx2+
Fx2-
Fy2+
Fy2-]
               Auto
               SignalName
            
          
           
             [1, 2]
             [535, 646, 540, 679]
             893
             off
             2
             bar
          
           
             [1, 2]
             [535, 726, 540, 759]
             892
             off
             2
             bar
          
           
             [1]
             [800, 824, 830, 856]
             760
             alternate
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData3'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-2.2955','MaxYLimReal','2.42303','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','2.42303','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',4,'LineNames',{{'Rigid rotor dynamics Observer/1:1','Rigid rotor dynamics Observer/1:2','Rigid rotor dynamics Observer/1:3','Rigid rotor dynamics Observer/1:4'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-2.2955','MaxYLimReal','2.42303','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','2.42303','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[320 47 1280 948])
             1
          
           
             [960, 710, 990, 740]
             409
             1/2
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [880, 720, 910, 750]
             380
             -1
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [960, 885, 990, 915]
             386
             K_F
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
             
               1
               F_0
               Auto
               SignalName
            
          
           
             [1, 2]
             [1025, 1000, 1205, 1075]
             721
             off
             off
             
               mu_0 = 4*pi*1e-7;
K_L = 2/(N^2*mu_0*A_g);
               port_label('output', 1, '[R_{b, AMB}]^T','texmode','on');
port_label('output', 2, '[L_{b, AMB}]^T','texmode','on');
port_label('input', 1, '[x_{1b} y_{1b} x_{2b} y_{2b}]^{T}','texmode','on');

               
                 
                   edit
                   N
                   Number of AMB turns
                   80*2
                
                 
                   edit
                   g1
                   Air gap (AMB side1) [m]
                   ge
                
                 
                   edit
                   g2
                   Air gap (AMB side2) [m]
                   ge
                
                 
                   edit
                   A_g
                   AMB cross-sectional area [mm^2]
                   A_ge
                
              
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               152
               
                 [65, 238, 95, 252]
                 52
                 Port number
              
               
                 [255, 390, 285, 420]
                 122
              
               
                 [400, 230, 430, 260]
                 125
                 K_L
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [4, 1]
                 [365, 182, 370, 308]
                 50
                 off
                 bar
              
               
                 [2, 1]
                 [480, 322, 510, 353]
                 124
                 /*
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [1, 1]
                 [240, 144, 305, 176]
                 72
                 off
                 off
                 
                   port_label('output', 1, 'R_{x1b}','texmode','on');
port_label('input', 1, 'x_{1b}','texmode','on');
                
                 
                   [-8, 0, 1928, 1056]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   380
                   
                     [55, 108, 85, 122]
                     59
                     Port number
                  
                   
                     [2, 1]
                     [265, 86, 270, 124]
                     62
                     off
                     2
                     bar
                  
                   
                     [120, 55, 230, 85]
                     45
                     g1-u
                  
                   
                     [125, 135, 235, 165]
                     61
                     g1+u
                  
                   
                     [295, 98, 325, 112]
                     60
                     Port number
                  
                   
                     1
                     2205#out:1
                     2208#in:1
                  
                   
                     2
                     2207#out:1
                     [10, 0]
                     2205#in:2
                  
                   
                     3
                     2206#out:1
                     [12, 0; 0, 25]
                     2205#in:1
                  
                   
                     4
                     2204#out:1
                     [6, 0]
                     
                       5
                       [0, 35]
                       2207#in:1
                    
                     
                       6
                       [0, -45]
                       2206#in:1
                    
                  
                
              
               
                 [1, 1]
                 [240, 259, 305, 291]
                 117
                 off
                 off
                 
                   port_label('output', 1, 'R_{x2b}','texmode','on');
port_label('input', 1, 'x_{2b}','texmode','on');
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   378
                   
                     [55, 108, 85, 122]
                     59
                     Port number
                  
                   
                     [2, 1]
                     [265, 86, 270, 124]
                     62
                     off
                     2
                     bar
                  
                   
                     [120, 55, 230, 85]
                     45
                     g2-u
                  
                   
                     [125, 135, 235, 165]
                     61
                     g2+u
                  
                   
                     [295, 98, 325, 112]
                     60
                     Port number
                  
                   
                     1
                     2210#out:1
                     [6, 0]
                     
                       2
                       [0, -45]
                       2212#in:1
                    
                     
                       3
                       [0, 35]
                       2213#in:1
                    
                  
                   
                     4
                     2212#out:1
                     [12, 0; 0, 25]
                     2211#in:1
                  
                   
                     5
                     2213#out:1
                     [10, 0]
                     2211#in:2
                  
                   
                     6
                     2211#out:1
                     2214#in:1
                  
                
              
               
                 [1, 1]
                 [240, 199, 305, 231]
                 112
                 off
                 off
                 
                   port_label('output', 1, 'R_{y1b}','texmode','on');
port_label('input', 1, 'y_{1b}','texmode','on');
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   378
                   
                     [55, 108, 85, 122]
                     59
                     Port number
                  
                   
                     [2, 1]
                     [265, 86, 270, 124]
                     62
                     off
                     2
                     bar
                  
                   
                     [120, 55, 230, 85]
                     45
                     g1-u
                  
                   
                     [125, 135, 235, 165]
                     61
                     g1+u
                  
                   
                     [295, 98, 325, 112]
                     60
                     Port number
                  
                   
                     1
                     2216#out:1
                     [6, 0]
                     
                       2
                       [0, -45]
                       2218#in:1
                    
                     
                       3
                       [0, 35]
                       2219#in:1
                    
                  
                   
                     4
                     2218#out:1
                     [12, 0; 0, 25]
                     2217#in:1
                  
                   
                     5
                     2219#out:1
                     [10, 0]
                     2217#in:2
                  
                   
                     6
                     2217#out:1
                     2220#in:1
                  
                
              
               
                 [1, 1]
                 [240, 314, 305, 346]
                 118
                 off
                 off
                 
                   port_label('output', 1, 'R_{y2b}','texmode','on');
port_label('input', 1, 'y_{2b}','texmode','on');
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   378
                   
                     [55, 108, 85, 122]
                     59
                     Port number
                  
                   
                     [2, 1]
                     [265, 86, 270, 124]
                     62
                     off
                     2
                     bar
                  
                   
                     [120, 55, 230, 85]
                     45
                     g2-u
                  
                   
                     [125, 135, 235, 165]
                     61
                     g2+u
                  
                   
                     [295, 98, 325, 112]
                     60
                     Port number
                  
                   
                     1
                     2223#out:1
                     2226#in:1
                  
                   
                     2
                     2225#out:1
                     [10, 0]
                     2223#in:2
                  
                   
                     3
                     2224#out:1
                     [12, 0; 0, 25]
                     2223#in:1
                  
                   
                     4
                     2222#out:1
                     [6, 0]
                     
                       5
                       [0, 35]
                       2225#in:1
                    
                     
                       6
                       [0, -45]
                       2224#in:1
                    
                  
                
              
               
                 [1, 1]
                 [155, 145, 190, 175]
                 113
                 4
                 Index vector (dialog)
                 1
                 1
              
               
                 [1, 1]
                 [155, 260, 190, 290]
                 115
                 4
                 Index vector (dialog)
                 3
                 1
              
               
                 [1, 1]
                 [155, 200, 190, 230]
                 114
                 4
                 Index vector (dialog)
                 2
                 1
              
               
                 [1, 1]
                 [155, 315, 190, 345]
                 116
                 4
                 Index vector (dialog)
                 4
                 1
              
               
                 [535, 238, 565, 252]
                 53
                 Port number
              
               
                 [535, 333, 565, 347]
                 123
                 2
                 Port number
              
               
                 1
                 2201#out:1
                 2200#in:1
              
               
                 2
                 2202#out:1
                 2232#in:1
              
               
                 3
                 2199#out:1
                 [178, 0; 0, -60]
                 2202#in:2
              
               
                 4
                 2221#out:1
                 [40, 0]
                 2201#in:4
              
               
                 5
                 2209#out:1
                 [25, 0; 0, -15]
                 2201#in:3
              
               
                 6
                 2230#out:1
                 2221#in:1
              
               
                 7
                 2228#out:1
                 2209#in:1
              
               
                 8
                 2215#out:1
                 [26, 0; 0, 15]
                 2201#in:2
              
               
                 9
                 2229#out:1
                 2215#in:1
              
               
                 10
                 2227#out:1
                 2203#in:1
              
               
                 11
                 2198#out:1
                 [17, 0]
                 
                   12
                   [0, -30]
                   
                     13
                     2229#in:1
                  
                   
                     14
                     [0, -55]
                     2227#in:1
                  
                
                 
                   15
                   [0, 30]
                   
                     16
                     2228#in:1
                  
                   
                     17
                     [0, 55]
                     2230#in:1
                  
                
              
               
                 18
                 2203#out:1
                 [40, 0]
                 2201#in:1
              
               
                 19
                 2200#out:1
                 [32, 0]
                 
                   20
                   [0, 85]
                   2202#in:1
                
                 
                   21
                   2231#in:1
                
              
            
          
           
             [860, 885, 890, 915]
             387
             L_0
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [1, 1]
             [1260, 1005, 1290, 1035]
             369
             alternate
             magnitude^2
          
           
             [1, 1]
             [910, 885, 940, 915]
             385
             magnitude^2
          
           
             [2, 1]
             [670, 629, 675, 776]
             891
             off
             2
             bar
             
               1
               [FT]*
               Auto
               SignalName
            
          
           
             [2, 1]
             [935, 698, 940, 747]
             381
             off
             2
             bar
          
           
             [2, 1]
             [585, 719, 640, 761]
             890
             off
             off
             
               
                 
                   edit
                   Kp
                   Kp
                   Kp_r
                
                 
                   edit
                   Ki
                   Ki
                   Ki_r
                
                 
                   edit
                   Kd
                   Kd
                   Kd_r
                
              
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               219
               
                 [220, 193, 250, 207]
                 -1
                 alternate
                 Port number
              
               
                 [220, 223, 250, 237]
                 -2
                 2
                 Port number
              
               
                 [3, 1]
                 [305, 182, 350, 278]
                 -4
                 powerlib_extras/Discrete 
Control Blocks/Discrete
PID Controller
                 *1.665
                 POWERSYS.PowerSysDialog
                 off
                 off
                 
                   Discrete PID Controller
                   This block implements a discrete PID controller.
                   This block is part of a subset of blocks in the Extras library that does not have documentation associated with it, other than the block mask description.
                   UpperLimit=Par_Limits(1);
LowerLimit=Par_Limits(2);
power_initmask();
                   on
                   disp('PID');
                   
                     
                       edit
                       Kp
                       Proportional gain (Kp):
                       Kp
                    
                     
                       edit
                       Ki
                       Integral gain (Ki):
                       Ki
                    
                     
                       edit
                       Kd
                       Derivative gain (Kd):
                       Kd
                    
                     
                       edit
                       Par_Limits
                       Output limits: [ Upper   Lower ]
                       [1e6 -1e6]
                    
                     
                       edit
                       Init
                       Output initial value:
                       0
                    
                     
                       edit
                       Ts
                       Sample time:
                       1/10e3
                    
                  
                
                 
                   1
                   [Ta Tb]
                   Auto
                   SignalName
                
                 
                   [79, 52, 1843, 1210]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   100
                   50
                   
                     [395, 458, 425, 472]
                     -1
                     bold
                     Port number
                     Ts
                  
                   
                     [395, 548, 425, 562]
                     -2
                     bold
                     2
                     Port number
                     Ts
                  
                   
                     [525, 493, 555, 507]
                     -3
                     bold
                     3
                     Port number
                     Ts
                  
                   
                     [2, 1]
                     [605, 456, 665, 494]
                     -4
                     off
                     Integration: Backward Euler
                     rising
                     Init
                     Ts
                     UpperLimit
                     LowerLimit
                     DiscIntNeverNeededParam
                     DiscIntNeverNeededParam
                  
                   
                     [525, 409, 560, 441]
                     -5
                     off
                     Kp
                     Ts
                  
                   
                     [525, 449, 560, 481]
                     -6
                     off
                     Ki
                     Ts
                  
                   
                     [525, 539, 560, 571]
                     -7
                     off
                     Kd
                     Ts
                  
                   
                     [3, 1]
                     [815, 400, 845, 550]
                     -8
                     off
                     +++
                     Ts
                  
                   
                     [900, 468, 930, 482]
                     -9
                     bold
                     Port number
                     Ts
                     0
                  
                   
                     1
                     3017:38#out:1
                     [15, 0; 0, -15]
                     3017:39#in:2
                  
                   
                     2
                     3017:37#out:1
                     3017:42#in:1
                  
                   
                     3
                     3017:42#out:1
                     [235, 0]
                     3017:44#in:3
                  
                   
                     4
                     3017:39#out:1
                     3017:44#in:2
                  
                   
                     5
                     3017:40#out:1
                     3017:44#in:1
                  
                   
                     6
                     3017:41#out:1
                     3017:39#in:1
                  
                   
                     7
                     3017:44#out:1
                     3017:46#in:1
                  
                   
                     8
                     3017:36#out:1
                     [65, 0]
                     
                       9
                       3017:41#in:1
                    
                     
                       10
                       [0, -40]
                       3017:40#in:1
                    
                  
                   
                     [456, 329, 458, 344]
                     [0, 0, 0, 0]
                     off
                     off
                     -1
                  
                   
                     [456, 303, 458, 318]
                     [0, 0, 0, 0]
                     off
                     off
                     -2
                     bold
                  
                   
                     Discrete PID Controller
                     [417, 305, 529, 320]
                     [0, 0, 0, 0]
                     off
                     off
                     -3
                     bold
                  
                   
                     Pierre Giroux, Gilbert Sybille
Power System Simulation Laboratory
IREQ, Hydro-Quebc
                     [389, 326, 555, 367]
                     [0, 0, 0, 0]
                     off
                     off
                     -4
                  
                
              
               
                 [425, 223, 455, 237]
                 -5
                 Port number
              
               
                 2
                 3015#out:1
                 3017#in:2
              
               
                 [Ta Tb]
                 3
                 [1, 1]
                 3017#out:1
                 3018#in:1
              
               
                 4
                 3014#out:1
                 3017#in:1
              
            
          
           
             [2, 1]
             [585, 644, 640, 686]
             889
             alternate
             off
             off
             
               
                 
                   edit
                   Kp
                   Kp
                   Kp_t
                
                 
                   edit
                   Ki
                   Ki
                   Ki_t
                
                 
                   edit
                   Kd
                   Kd
                   Kd_t
                
              
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               246
               
                 [165, 138, 195, 152]
                 -1
                 alternate
                 Port number
              
               
                 [165, 173, 195, 187]
                 -2
                 2
                 Port number
              
               
                 [3, 1]
                 [250, 124, 300, 236]
                 -4
                 powerlib_extras/Discrete 
Control Blocks/Discrete
PID Controller
                 *1.665
                 POWERSYS.PowerSysDialog
                 off
                 off
                 
                   Discrete PID Controller
                   This block implements a discrete PID controller.
                   This block is part of a subset of blocks in the Extras library that does not have documentation associated with it, other than the block mask description.
                   UpperLimit=Par_Limits(1);
LowerLimit=Par_Limits(2);
power_initmask();
                   on
                   disp('PID');
                   
                     
                       edit
                       Kp
                       Proportional gain (Kp):
                       Kp
                    
                     
                       edit
                       Ki
                       Integral gain (Ki):
                       Ki
                    
                     
                       edit
                       Kd
                       Derivative gain (Kd):
                       Kd
                    
                     
                       edit
                       Par_Limits
                       Output limits: [ Upper   Lower ]
                       [1e6 -1e6]
                    
                     
                       edit
                       Init
                       Output initial value:
                       0
                    
                     
                       edit
                       Ts
                       Sample time:
                       1/10e3
                    
                  
                
                 
                   1
                   [Fx Fy]
                   Auto
                   SignalName
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   100
                   41
                   
                     [15, 163, 45, 177]
                     -1
                     bold
                     Port number
                     Ts
                  
                   
                     [15, 253, 45, 267]
                     -2
                     bold
                     2
                     Port number
                     Ts
                  
                   
                     [145, 198, 175, 212]
                     -3
                     bold
                     3
                     Port number
                     Ts
                  
                   
                     [2, 1]
                     [225, 161, 285, 199]
                     -4
                     off
                     Integration: Backward Euler
                     rising
                     Init
                     Ts
                     UpperLimit
                     LowerLimit
                     DiscIntNeverNeededParam
                     DiscIntNeverNeededParam
                  
                   
                     [145, 114, 180, 146]
                     -5
                     off
                     Kp
                     Ts
                  
                   
                     [145, 154, 180, 186]
                     -6
                     off
                     Ki
                     Ts
                  
                   
                     [145, 244, 180, 276]
                     -7
                     off
                     Kd
                     Ts
                  
                   
                     [3, 1]
                     [435, 105, 465, 255]
                     -8
                     off
                     +++
                     Ts
                  
                   
                     [515, 173, 545, 187]
                     -9
                     bold
                     Port number
                     Ts
                     0
                  
                   
                     1
                     3023:37#out:1
                     [15, 0; 0, -15]
                     3023:3#in:2
                  
                   
                     2
                     3023:35#out:1
                     3023:6#in:1
                  
                   
                     3
                     3023:6#out:1
                     [235, 0]
                     3023:8#in:3
                  
                   
                     4
                     3023:3#out:1
                     3023:8#in:2
                  
                   
                     5
                     3023:4#out:1
                     3023:8#in:1
                  
                   
                     6
                     3023:5#out:1
                     3023:3#in:1
                  
                   
                     7
                     3023:8#out:1
                     3023:10#in:1
                  
                   
                     8
                     3023:1#out:1
                     [65, 0]
                     
                       9
                       3023:5#in:1
                    
                     
                       10
                       [0, -40]
                       3023:4#in:1
                    
                  
                   
                     Discrete PID Controller
                     [37, 10, 149, 25]
                     [0, 0, 0, 0]
                     off
                     off
                     -3
                     bold
                  
                   
                     Pierre Giroux, Gilbert Sybille
Power System Simulation Laboratory
IREQ, Hydro-Quebc
                     [9, 31, 175, 72]
                     [0, 0, 0, 0]
                     off
                     off
                     -4
                  
                
              
               
                 [370, 173, 400, 187]
                 -5
                 Port number
              
               
                 2
                 3021#out:1
                 3023#in:2
              
               
                 [Fx Fy]
                 3
                 [1, 1]
                 3023#out:1
                 3024#in:1
              
               
                 4
                 3020#out:1
                 3023#in:1
              
            
          
           
             [2, 1]
             [1415, 989, 1445, 1031]
             368
             **
             off
             Inherit: Inherit via internal rule
             Floor
             off
             
               1
               a
               Auto
               SignalName
            
          
           
             [385, 1019, 440, 1061]
             722
             alternate
             [1 0 0 -a; 0 1 a 0; 1 0 0 b; 0 1 -b 0]
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [790, 689, 845, 731]
             354
             1/(a+b)*[b 0 a 0; 0 b 0 a; 0 1 0 -1; -1 0 1 0]'
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [1, 1]
             [285, 695, 320, 715]
             888
             off
             off
             
               %Transform bearing or sensor coordinates to COG coordinates
% For bearing to COG set t1=a, t2=b
% For sensor to COG set t1=c, t2=d

t1pt2r = 1/(t1+t2); %term1 + term2 reciprocal
t1 = t1*t1pt2r;     %Redefine t1
t2 = t2*t1pt2r;     %Redefine t2


               
                 
                   edit
                   t1
                   Term 1
                   c
                
                 
                   edit
                   t2
                   Term 2
                   d
                
              
            
             
               [445, 52, 1470, 1085]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               100
               
                 [85, 173, 115, 187]
                 -1
                 Port number
              
               
                 [220, 115, 295, 145]
                 -2
                 off
                 t2*u(1)+t1*u(3)
              
               
                 [220, 152, 295, 178]
                 -3
                 off
                 t2*u(2)+t1*u(4)
              
               
                 [210, 185, 295, 215]
                 -4
                 off
                 (u(2)-u(4))*t1pt2r
              
               
                 [210, 220, 295, 250]
                 -5
                 off
                 (-u(1)+u(3))*t1pt2r
              
               
                 [4, 1]
                 [345, 107, 350, 258]
                 -6
                 off
                 bar
              
               
                 [410, 178, 440, 192]
                 -7
                 Port number
              
               
                 1
                 3006#out:1
                 3007#in:4
              
               
                 2
                 3004#out:1
                 3007#in:2
              
               
                 3
                 3005#out:1
                 3007#in:3
              
               
                 4
                 3003#out:1
                 3007#in:1
              
               
                 5
                 3007#out:1
                 3008#in:1
              
               
                 6
                 3002#out:1
                 [55, 0]
                 
                   7
                   [0, -15]
                   
                     8
                     3004#in:1
                  
                   
                     9
                     [0, -35]
                     3003#in:1
                  
                
                 
                   10
                   [0, 20]
                   
                     11
                     3005#in:1
                  
                   
                     12
                     [0, 35]
                     3006#in:1
                  
                
              
               
                 Fast COG inverse transform: minimize zero calculation
                 [178, 48, 421, 63]
                 [0, 0, 0, 0]
                 off
                 off
                 left
                 top
                 -1
              
            
          
           
             [1, 1]
             [285, 645, 320, 665]
             887
             alternate
             off
             off
             
               %Transform bearing or sensor coordinates to COG coordinates
% For bearing to COG set t1=a, t2=b
% For sensor to COG set t1=c, t2=d

t1pt2r = 1/(t1+t2); %term1 + term2 reciprocal
t1 = t1*t1pt2r;     %Redefine t1
t2 = t2*t1pt2r;     %Redefine t2


               
                 
                   edit
                   t1
                   Term 1
                   a*1+c*0
                
                 
                   edit
                   t2
                   Term 2
                   b*1+d*0
                
              
            
             
               [445, 52, 1470, 1085]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               100
               
                 [85, 173, 115, 187]
                 -1
                 Port number
              
               
                 [220, 115, 295, 145]
                 -2
                 off
                 t2*u(1)+t1*u(3)
              
               
                 [220, 152, 295, 178]
                 -3
                 off
                 t2*u(2)+t1*u(4)
              
               
                 [210, 185, 295, 215]
                 -4
                 off
                 (u(2)-u(4))*t1pt2r
              
               
                 [210, 220, 295, 250]
                 -5
                 off
                 (-u(1)+u(3))*t1pt2r
              
               
                 [4, 1]
                 [345, 107, 350, 258]
                 -6
                 off
                 bar
              
               
                 [410, 178, 440, 192]
                 -7
                 Port number
              
               
                 1
                 2993#out:1
                 [55, 0]
                 
                   2
                   [0, 20]
                   
                     3
                     [0, 35]
                     2997#in:1
                  
                   
                     4
                     2996#in:1
                  
                
                 
                   5
                   [0, -15]
                   
                     6
                     [0, -35]
                     2994#in:1
                  
                   
                     7
                     2995#in:1
                  
                
              
               
                 8
                 2998#out:1
                 2999#in:1
              
               
                 9
                 2994#out:1
                 2998#in:1
              
               
                 10
                 2996#out:1
                 2998#in:3
              
               
                 11
                 2995#out:1
                 2998#in:2
              
               
                 12
                 2997#out:1
                 2998#in:4
              
               
                 Fast COG inverse transform: minimize zero calculation
                 [178, 48, 421, 63]
                 [0, 0, 0, 0]
                 off
                 off
                 left
                 top
                 -1
              
            
          
           
             [4, 5]
             [570, 880, 675, 1000]
             895
             on
             off
             off
             
               g = 9.81; %Gravitational acceleration constant [N/kg]
               
                 
                   edit
                   M
                   M: Rotor mass [kg]
                   M
                   Rotor properties
                
                 
                   edit
                   Jp
                   Jp: Rotor polar mass moment of inertia [kg.m^2]
                   Jp
                   Rotor properties
                
                 
                   edit
                   Jt
                   Jt: Rotor transverse mass moment of inertia [kg.m^2]
                   Jt
                   Rotor properties
                
                 
                   edit
                   a
                   a: Bearing distance to c.o.g. (Left) [m]
                   a
                   Dimensions
                
                 
                   edit
                   b
                   b: Bearing distance to c.o.g. (Right)  [m]
                   b
                   Dimensions
                
                 
                   edit
                   c
                   c: Sensor distance to c.o.g. (Left)  [m]
                   c
                   Dimensions
                
                 
                   edit
                   d
                   d: Sensor distance to c.o.g. (Right)  [m]
                   d
                   Dimensions
                
                 
                   edit
                   Lpt
                   Position gain for translation mode
                   Lp_t
                   Observer gains
                
                 
                   edit
                   Lpr
                   Position gain for rotation mode
                   Lp_r
                   Observer gains
                
                 
                   edit
                   Lvt
                   Velocity gain for translation mode
                   Lv_t
                   Observer gains
                
                 
                   edit
                   Lvr
                   Velocity gain for rotation mode
                   Lv_r
                   Observer gains
                
                 
                   edit
                   Lat
                   Acceleration gain for translation mode
                   La_t
                   Observer gains
                
                 
                   edit
                   Lar
                   Acceleration gain for rotation mode
                   La_r
                   Observer gains
                
              
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               181
               
                 [105, 103, 135, 117]
                 -1
                 Port number
              
               
                 [105, 273, 135, 287]
                 -2
                 2
                 Port number
              
               
                 [425, 423, 455, 437]
                 -3
                 3
                 Port number
              
               
                 [105, 448, 135, 462]
                 -4
                 4
                 Port number
              
               
                 [2, 1]
                 [725, 277, 760, 313]
                 -5
                 alternate
                 rising
                 [0 0 0 0]
                 1/10e3
                 DiscIntNeverNeededParam
                 DiscIntNeverNeededParam
                 
                   1
                   u_g^
                   Auto
                   SignalName
                
              
               
                 [2, 1]
                 [585, 267, 620, 303]
                 -6
                 alternate
                 rising
                 [0 0 0 0]
                 1/10e3
                 DiscIntNeverNeededParam
                 DiscIntNeverNeededParam
                 
                   1
                   du_g^
                   Auto
                   SignalName
                
              
               
                 [2, 1]
                 [290, 142, 325, 178]
                 -7
                 rising
                 [0 0 0 0]
                 1/10e3
                 DiscIntNeverNeededParam
                 DiscIntNeverNeededParam
              
               
                 [2, 1]
                 [485, 344, 560, 386]
                 -8
                 on
                 alternate
                 off
                 off
                 
                   [16, 52, 1780, 1210]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   125
                   
                     [280, 443, 310, 457]
                     -1
                     Port number
                  
                   
                     [355, 353, 385, 367]
                     -2
                     2
                     Port number
                  
                   
                     [560, 385, 585, 405]
                     -3
                     alternate
                     0
                  
                   
                     [1, 4]
                     [330, 421, 335, 474]
                     -4
                     off
                     bar
                  
                   
                     [505, 500, 535, 530]
                     -5
                     alternate
                     -1
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [360, 290, 385, 310]
                     -6
                     alternate
                     Jp
                  
                   
                     [4, 1]
                     [640, 383, 645, 482]
                     -7
                     off
                     bar
                  
                   
                     [2, 1]
                     [420, 337, 450, 368]
                     -8
                     off
                     Inherit: Inherit via internal rule
                     Floor
                     off
                  
                   
                     [2, 1]
                     [555, 447, 585, 478]
                     -9
                     off
                     Inherit: Inherit via internal rule
                     Floor
                     off
                  
                   
                     [2, 1]
                     [555, 507, 585, 538]
                     -10
                     off
                     Inherit: Inherit via internal rule
                     Floor
                     off
                  
                   
                     [380, 395, 400, 415]
                     -11
                     off
                  
                   
                     [380, 430, 400, 450]
                     -12
                     off
                  
                   
                     [665, 428, 695, 442]
                     -13
                     Port number
                  
                   
                     1
                     3082#out:1
                     3087#in:1
                  
                   
                     2
                     3081#out:3
                     [26, 0; 0, 75]
                     3087#in:2
                  
                   
                     3
                     3085#out:1
                     [21, 0; 0, 100]
                     
                       4
                       [0, 60]
                       3082#in:1
                    
                     
                       5
                       3086#in:1
                    
                  
                   
                     6
                     3079#out:1
                     3085#in:2
                  
                   
                     7
                     3083#out:1
                     [15, 0]
                     3085#in:1
                  
                   
                     8
                     3081#out:2
                     3089#in:1
                  
                   
                     9
                     3081#out:1
                     [18, 0; 0, -20]
                     3088#in:1
                  
                   
                     10
                     3080#out:1
                     [26, 0]
                     
                       11
                       3084#in:1
                    
                     
                       12
                       [0, 25]
                       3084#in:2
                    
                  
                   
                     13
                     3081#out:4
                     3086#in:2
                  
                   
                     14
                     3084#out:1
                     3090#in:1
                  
                   
                     15
                     3078#out:1
                     3081#in:1
                  
                   
                     16
                     3087#out:1
                     [35, 0]
                     3084#in:4
                  
                   
                     17
                     3086#out:1
                     [23, 0; 0, -20]
                     3084#in:3
                  
                
              
               
                 [200, 127, 255, 173]
                 -9
                 [Lat Lat Lar Lar]
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [575, 87, 630, 133]
                 -10
                 [Lpt Lpt Lpr Lpr]
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [400, 182, 455, 228]
                 -11
                 [Lvt Lvt Lvr Lvr]
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [0, 1]
                 [405, 35, 455, 55]
                 7
                 alternate
                 off
                 off
                 
                   [-8, -8, 1928, 1048]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   383
                   
                     [155, 100, 180, 120]
                     -1
                     alternate
                     M
                  
                   
                     [155, 125, 180, 145]
                     -2
                     Jt
                  
                   
                     [4, 1]
                     [245, 88, 250, 147]
                     -3
                     off
                     bar
                  
                   
                     [285, 113, 315, 127]
                     -4
                     Port number
                  
                   
                     1
                     3380#out:1
                     [20, 0]
                     
                       2
                       3382#in:2
                    
                     
                       3
                       [0, -15]
                       3382#in:1
                    
                  
                   
                     4
                     3382#out:1
                     3383#in:1
                  
                   
                     5
                     3381#out:1
                     [20, 0]
                     
                       6
                       [0, 5]
                       3382#in:4
                    
                     
                       7
                       [0, -10]
                       3382#in:3
                    
                  
                
              
               
                 [0, 1]
                 [280, 225, 330, 245]
                 -12
                 off
                 off
                 
                   [176, 52, 1940, 1180]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   125
                   
                     [265, 105, 290, 125]
                     -1
                     alternate
                     1/M
                  
                   
                     [265, 135, 290, 155]
                     -2
                     1/Jt
                  
                   
                     [4, 1]
                     [370, 111, 375, 149]
                     -3
                     off
                     bar
                  
                   
                     [410, 123, 440, 137]
                     -4
                     Port number
                  
                   
                     1
                     3096#out:1
                     [38, 0; 0, -10; 16, 0]
                     
                       2
                       3097#in:3
                    
                     
                       3
                       [0, 10]
                       3097#in:4
                    
                  
                   
                     4
                     3097#out:1
                     3098#in:1
                  
                   
                     5
                     3095#out:1
                     [55, 0]
                     
                       6
                       3097#in:1
                    
                     
                       7
                       [0, 10]
                       3097#in:2
                    
                  
                
              
               
                 [2, 1]
                 [410, 257, 440, 288]
                 -13
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [2, 1]
                 [585, 37, 615, 68]
                 6
                 alternate
                 **
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [1, 1]
                 [725, 45, 760, 65]
                 5
                 off
                 off
                 
                   %Transform bearing or sensor coordinates to COG coordinates
% For bearing to COG set t1=a, t2=b
% For sensor to COG set t1=c, t2=d

t1pt2r = 1/(t1+t2); %term1 + term2 reciprocal
t1 = t1*t1pt2r;     %Redefine t1
t2 = t2*t1pt2r;     %Redefine t2


                   
                     
                       edit
                       t1
                       Term 1
                       a
                    
                     
                       edit
                       t2
                       Term 2
                       b
                    
                  
                
                 
                   [16, 52, 1780, 1210]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   250
                   
                     [20, 188, 50, 202]
                     -1
                     Port number
                  
                   
                     [340, 120, 425, 150]
                     -2
                     off
                     t2*u(1) -u(6)
                  
                   
                     [340, 157, 425, 183]
                     -3
                     off
                     t2*u(2) +u(5)
                  
                   
                     [340, 190, 425, 220]
                     -4
                     off
                     t1*u(1)+u(6)
                  
                   
                     [340, 225, 425, 255]
                     -5
                     off
                     t1*u(2)-u(5)
                  
                   
                     [4, 1]
                     [455, 112, 460, 263]
                     -6
                     off
                     bar
                  
                   
                     [3, 1]
                     [300, 186, 305, 224]
                     -7
                     off
                     3
                     bar
                  
                   
                     [1, 1]
                     [125, 206, 165, 244]
                     -8
                     4
                     Index vector (dialog)
                     3
                     1
                  
                   
                     [1, 1]
                     [125, 266, 165, 304]
                     -9
                     4
                     Index vector (dialog)
                     4
                     1
                  
                   
                     [190, 204, 245, 246]
                     -10
                     t1pt2r
                     Matrix(K*u) (u vector)
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [190, 264, 245, 306]
                     -11
                     t1pt2r
                     Matrix(K*u) (u vector)
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [490, 183, 520, 197]
                     -12
                     Port number
                  
                   
                     1
                     3386#out:1
                     [11, 0]
                     
                       2
                       3392#in:1
                    
                     
                       3
                       [0, 30]
                       
                         4
                         [0, 60]
                         3394#in:1
                      
                       
                         5
                         3393#in:1
                      
                    
                  
                   
                     6
                     3391#out:1
                     3397#in:1
                  
                   
                     7
                     3387#out:1
                     3391#in:1
                  
                   
                     8
                     3389#out:1
                     3391#in:3
                  
                   
                     9
                     3388#out:1
                     3391#in:2
                  
                   
                     10
                     3390#out:1
                     3391#in:4
                  
                   
                     11
                     3393#out:1
                     3395#in:1
                  
                   
                     12
                     3394#out:1
                     3396#in:1
                  
                   
                     13
                     3395#out:1
                     [18, 0; 0, -20]
                     3392#in:2
                  
                   
                     14
                     3396#out:1
                     [34, 0; 0, -70]
                     3392#in:3
                  
                   
                     15
                     3392#out:1
                     [13, 0]
                     
                       16
                       [0, -35]
                       
                         17
                         3388#in:1
                      
                       
                         18
                         [0, -35]
                         3387#in:1
                      
                    
                     
                       19
                       [0, 35]
                       3390#in:1
                    
                     
                       20
                       3389#in:1
                    
                  
                   
                     Fast COG inverse transform: minimize zero calculation
                     [48, 83, 291, 98]
                     [0, 0, 0, 0]
                     off
                     off
                     left
                     top
                     -1
                  
                
              
               
                 [2, 1]
                 [215, 270, 235, 290]
                 -14
                 off
                 round
                 |+-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [510, 265, 530, 285]
                 -15
                 off
                 round
                 ++|
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [675, 275, 695, 295]
                 -16
                 off
                 round
                 ++|
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [480, 195, 500, 215]
                 -17
                 off
                 round
                 ++|
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [500, 407, 555, 453]
                 -18
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [180, 388, 210, 402]
                 -19
                 on
                 alternate
                 Port number
              
               
                 [805, 288, 835, 302]
                 -20
                 2
                 Port number
              
               
                 [805, 348, 835, 362]
                 -21
                 3
                 Port number
              
               
                 [805, 163, 835, 177]
                 -22
                 alternate
                 4
                 Port number
              
               
                 [805, 48, 835, 62]
                 4
                 alternate
                 5
                 Port number
              
               
                 1
                 3104#out:1
                 [15, 0]
                 3077#in:2
              
               
                 2
                 3073#out:1
                 [125, 0; 0, -130]
                 
                   3
                   [305, 0]
                   
                     4
                     [140, 0]
                     3074#in:2
                  
                   
                     5
                     3075#in:2
                  
                
                 
                   6
                   [0, -155]
                   3076#in:2
                
              
               
                 7
                 3093#out:1
                 3103#in:2
              
               
                 8
                 3099#out:1
                 3101#in:2
              
               
                 9
                 3094#out:1
                 [25, 0; 0, 30]
                 3099#in:1
              
               
                 10
                 3072#out:1
                 3104#in:1
              
               
                 11
                 3071#out:1
                 3100#in:1
              
               
                 12
                 3077#out:1
                 [-255, 0]
                 
                   13
                   3100#in:2
                
                 
                   14
                   3105#in:1
                
              
               
                 16
                 3076#out:1
                 [160, 0]
                 3103#in:1
              
               
                 17
                 3070#out:1
                 [37, 0]
                 
                   18
                   [0, 40]
                   3091#in:1
                
                 
                   19
                   [199, 0]
                   
                     20
                     3092#in:1
                  
                   
                     21
                     [0, 95]
                     3093#in:1
                  
                
              
               
                 22
                 3091#out:1
                 3076#in:1
              
               
                 23
                 3092#out:1
                 [50, 0]
                 3102#in:1
              
               
                 24
                 3102#out:1
                 3074#in:1
              
               
                 25
                 3101#out:1
                 [15, 0]
                 
                   26
                   [0, -105]
                   3108#in:1
                
                 
                   27
                   3075#in:1
                
              
               
                 u_g^
                 28
                 [0, 1]
                 3074#out:1
                 3106#in:1
              
               
                 29
                 3100#out:1
                 3099#in:2
              
               
                 du_g^
                 30
                 [1, 1]
                 3075#out:1
                 [25, 0]
                 
                   31
                   [0, 70]
                   
                     32
                     3107#in:1
                  
                   
                     33
                     3077#in:1
                  
                
                 
                   34
                   3102#in:2
                
              
               
                 15
                 3103#out:1
                 [15, 0]
                 
                   46
                   3101#in:1
                
                 
                   45
                   [0, -145]
                   3384#in:2
                
              
               
                 41
                 3379#out:1
                 3384#in:1
              
               
                 42
                 3384#out:1
                 3385#in:1
              
               
                 43
                 3385#out:1
                 3399#in:1
              
               
                 u_{g} = [u_{xg}
         u_{yg}
        \theta_{xg}
         \theta_{yg}]
                 [888, 285, 934, 346]
                 [0, 0, 0, 0]
                 off
                 off
                 tex
                 on
                 -1
              
               
                 f_{g,AMB} = [F_{xg}
              F_{yg}
               M_{xg}
                M_{yg}]
                 [131, 361, 200, 422]
                 [0, 0, 0, 0]
                 off
                 off
                 tex
                 on
                 -2
              
            
          
           
             [1, 1]
             [1475, 995, 1505, 1025]
             410
             u0
             I_max^2
             0
          
           
             [2, 1]
             [375, 645, 395, 665]
             806
             off
             round
             ++|
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [1015, 715, 1035, 735]
             383
             off
             round
             |++
             off
             Inherit: Inherit via internal rule
             off
             
               1
               [Fx1+
Fy1+
Fx2+
Fy2+
Fx1-
Fx2-
Fy1-
Fy2-]
               Auto
               SignalName
            
          
           
             [2, 1]
             [470, 845, 490, 865]
             424
             off
             round
             |+-
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [720, 700, 740, 720]
             759
             off
             round
             |++
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [375, 695, 395, 715]
             789
             off
             round
             |+-
             off
             Inherit: Inherit via internal rule
             off
          
           
             [3, 2]
             [445, 626, 510, 784]
             886
             alternate
             off
             off
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               100
               
                 [225, 268, 255, 282]
                 -2
                 Port number
                 
                   1
                   
ug*
                   Auto
                   SignalName
                
              
               
                 [225, 343, 255, 357]
                 -3
                 2
                 Port number
                 
                   1
                   ug
                   Auto
                   SignalName
                
              
               
                 [405, 408, 435, 422]
                 -4
                 3
                 Port number
              
               
                 [1, 1]
                 [390, 317, 450, 353]
                 -5
                 1.388
                 simulink/Discrete/Discrete Derivative
                 Discrete Derivative
                 
                   off
                   1.0
                   0.0
                   Inherited
                   []
                   []
                   Inherit: Inherit via internal rule
                   Inherit via internal rule
                   fixdt(1, 16)
                   2^-10
                   off
                   Floor
                   off
                
              
               
                 [2, 1]
                 [325, 265, 345, 285]
                 -7
                 off
                 round
                 |+-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [515, 325, 535, 345]
                 -8
                 off
                 round
                 |+-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [595, 268, 625, 282]
                 -9
                 Port number
              
               
                 [595, 328, 625, 342]
                 -10
                 2
                 Port number
              
               
                 1
                 2989#out:1
                 2991#in:1
              
               
                 2
                 2986#out:1
                 2989#in:1
              
               
                 3
                 2985#out:1
                 [85, 0]
                 2989#in:2
              
               
                 11
                 2988#out:1
                 2990#in:1
              
               
                 ug
                 7
                 [0, 0]
                 2984#out:1
                 [75, 0]
                 2988#in:2
              
               
                 
ug*
                 8
                 [1, 0]
                 2983#out:1
                 [35, 0]
                 
                   9
                   [0, 60]
                   2986#in:1
                
                 
                   10
                   2988#in:1
                
              
            
          
           
             [800, 885, 830, 915]
             384
             i_0
          
           
             [280, 575, 310, 605]
             807
             alternate
             on
             0.5
             [0 0 0 0]
             [10e-6 0 0 0]*10
             0
          
           
             [880, 658, 910, 672]
             343
             Port number
          
           
             [1540, 1003, 1570, 1017]
             366
             2
             Port number
          
           
             [495, 983, 525, 997]
             896
             on
             3
             Port number
          
           
             849
             3001#out:1
             [26, 0]
             
               645
               [0, 335]
               2272#in:1
            
             
               644
               2322#in:1
            
          
           
             871
             3069#out:1
             [-34, 0; 0, -50; 199, 0]
             
               746
               2321#in:2
            
             
               142
               2183#in:1
            
          
           
             56
             2321#out:1
             [7, 0]
             
               872
               [0, 215]
               3069#in:2
            
             
               57
               2274#in:1
            
          
           
             26
             2272#out:1
             2197#in:1
          
           
             869
             2318#out:1
             [204, 0; 0, 40]
             3069#in:1
          
           
             870
             3069#out:2
             [-85, 0]
             2318#in:2
          
           
             90
             2308#out:1
             2361#in:1
          
           
             91
             2253#out:1
             2184#in:1
          
           
             [Fx1+
Fy1+
Fx2+
Fy2+
Fx1-
Fx2-
Fy1-
Fy2-]
             92
             [0, 0]
             2317#out:1
             2165#in:1
          
           
             93
             2233#out:1
             2249#in:1
          
           
             94
             2335#out:1
             2233#in:1
          
           
             95
             2249#out:1
             2196#in:1
          
           
             96
             2187#out:1
             2253#in:2
          
           
             97
             2164#out:1
             2266#in:2
          
           
             98
             2197#out:1
             2248#in:1
          
           
             [Fx1+
Fx1-
Fy1+
Fy1-
Fx2+
Fx2-
Fy2+
Fy2-]
             104
             [0, 0]
             2165#out:1
             [252, 0; 0, 275]
             2266#in:1
          
           
             a
             107
             [0, 0]
             2266#out:1
             2308#in:1
          
           
             108
             2248#out:1
             2164#in:1
          
           
             109
             2274#out:1
             [12, 0]
             
               110
               [0, 25]
               2187#in:1
            
             
               111
               [0, -45]
               2360#in:1
            
             
               112
               2253#in:1
            
          
           
             139
             2184#out:1
             2317#in:1
          
           
             F_0
             140
             [0, 0]
             2196#out:1
             [30, 0]
             2317#in:2
          
           
             846
             2160#out:1
             2992#in:1
          
           
             847
             2992#out:1
             2645#in:2
          
           
             344
             2646#out:1
             [70, 0]
             2645#in:1
          
           
             873
             2163#out:1
             3069#in:3
          
           
             17
             2322#out:1
             [5, 0]
             
               875
               2981#in:2
            
             
               851
               [0, 150]
               2318#in:1
            
          
           
             848
             2161#out:1
             3001#in:1
          
           
             850
             2645#out:1
             2981#in:1
          
           
             [FT]*
             868
             [0, 1]
             3012#out:1
             [15, 0; 0, 5]
             2321#in:1
          
           
             854
             3019#out:1
             3012#in:1
          
           
             855
             3013#out:1
             3012#in:2
          
           
             857
             3010#out:1
             3019#in:1
          
           
             858
             3010#out:2
             [0, 60]
             3013#in:1
          
           
             859
             3011#out:1
             [14, 0; 0, -60]
             3019#in:2
          
           
             860
             3011#out:2
             3013#in:2
          
           
             866
             2981#out:1
             3010#in:1
          
           
             867
             2981#out:2
             3011#in:1
          
           
             874
             3069#out:3
             [-141, 0; 0, -185]
             2981#in:3
          
           
             876
             3069#out:5
             3400#in:1
          
           
             %Gains for medium stiffness ***
Kp_t = 160e3;
Kd_t = 2.35e3;
Ki_t = 20e3;

%Kp_r = 4.22e3;
Kp_r = 1.22e3;
Kd_r = 31;
Ki_r = 20e3;

La_t = 867e6;
Lv_t = 1955e3;
Lp_t = 1.67e3;

La_r = 6.93e9;
Lv_r = 7.82e6;
Lp_r = 3.34e3;

i_0 = 1.5;
             [1444, 720, 1587, 969]
             [0, 0, 0, 0]
             off
             off
             [0.000000, 0.000000, 0.500000]
             -1
             %Gains for medium stiffness ***
Kp_t = 160e3;
Kd_t = 2.35e3;
Ki_t = 20e3;

%Kp_r = 4.22e3;
Kp_r = 1.22e3;
Kd_r = 31;
Ki_r = 20e3;

La_t = 867e6;
Lv_t = 1955e3;
Lp_t = 1.67e3;

La_r = 6.93e9;
Lv_r = 7.82e6;
Lp_r = 3.34e3;

i_0 = 1.5;
             on
          
           
             %Gains for high stiffness ***
Kp_t = 448e3;
Kd_t = 3.93e3;
Ki_t = 100e3;

Kp_r = 2.95e3;
Kd_r = 25.9;
Ki_r = 100e3;

La_t = 4.06e9;
Lv_t = 5.47e6;
Lp_t = 2.79e3;

La_r = La_t;
Lv_r = Lv_t;
Lp_r = Lp_t;

i_0 = 1.5;
             [1453, 461, 1579, 697]
             [0, 0, 0, 0]
             off
             off
             [0.000000, 0.000000, 0.500000]
             1
             %Gains for high stiffness ***
Kp_t = 448e3;
Kd_t = 3.93e3;
Ki_t = 100e3;

Kp_r = 2.95e3;
Kd_r = 25.9;
Ki_r = 100e3;

La_t = 4.06e9;
Lv_t = 5.47e6;
Lp_t = 2.79e3;

La_r = La_t;
Lv_r = Lv_t;
Lp_r = Lp_t;

i_0 = 1.5;
             on
          
        
      
       
         [1, 4]
         [2440, 553, 2445, 622]
         811
         off
         bar
      
       
         [1, 2]
         [2420, 421, 2425, 459]
         816
         off
         2
         bar
      
       
         [2130, 605, 2160, 635]
         97
         60/(2*pi)
         Inherit: Inherit via internal rule
         Inherit: Inherit via internal rule
         off
      
       
         [1, 1]
         [1925, 505, 1955, 535]
         103
      
       
         [1, 1]
         [1720, 657, 1870, 703]
         787
         on
         alternate
         on
         off
         off
         
           mu_0 = 4*pi*1e-7;
K_L = 2/(N^2*mu_0*A_g);
           port_label('output', 1, '[L_{b, AMB}]^T','texmode','on');
port_label('input', 1, '[x_{1b} y_{1b} x_{2b} y_{2b}]^{T}','texmode','on');

           
             
               edit
               N
               Number of AMB turns
               80*2
            
             
               edit
               g1
               Air gap (AMB side1) [m]
               500e-6
            
             
               edit
               g2
               Air gap (AMB side2) [m]
               500e-6
            
             
               edit
               A_g
               AMB cross-sectional area [mm^2]
               204e-6
            
          
        
         
           [-8, -8, 1928, 1048]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           389
           
             [65, 238, 95, 252]
             52
             Port number
          
           
             [1, 1]
             [240, 144, 305, 176]
             72
             off
             off
             
               port_label('output', 1, 'L_{x1b}','texmode','on');
port_label('input', 1, 'x_{1b}','texmode','on');
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               380
               
                 [55, 108, 85, 122]
                 59
                 Port number
              
               
                 [120, 55, 230, 85]
                 45
                 1/(K_L*(g1-u))
              
               
                 [125, 135, 235, 165]
                 61
                 1/(K_L*(g1+u))
              
               
                 [2, 1]
                 [265, 86, 270, 124]
                 62
                 off
                 2
                 bar
              
               
                 [295, 98, 325, 112]
                 60
                 Port number
              
               
                 1
                 2451#out:1
                 2452#in:1
              
               
                 2
                 2450#out:1
                 [10, 0]
                 2451#in:2
              
               
                 3
                 2449#out:1
                 [12, 0; 0, 25]
                 2451#in:1
              
               
                 4
                 2448#out:1
                 [6, 0]
                 
                   5
                   [0, 35]
                   2450#in:1
                
                 
                   6
                   [0, -45]
                   2449#in:1
                
              
            
          
           
             [1, 1]
             [240, 259, 305, 291]
             117
             off
             off
             
               port_label('output', 1, 'L_{x2b}','texmode','on');
port_label('input', 1, 'x_{2b}','texmode','on');
            
             
               [-9, -9, 1289, 985]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               378
               
                 [55, 108, 85, 122]
                 59
                 Port number
              
               
                 [120, 55, 230, 85]
                 45
                 1/(K_L*(g2-u))
              
               
                 [125, 135, 235, 165]
                 61
                 1/(K_L*(g2+u))
              
               
                 [2, 1]
                 [265, 86, 270, 124]
                 62
                 off
                 2
                 bar
              
               
                 [295, 98, 325, 112]
                 60
                 Port number
              
               
                 1
                 2454#out:1
                 [6, 0]
                 
                   2
                   [0, -45]
                   2455#in:1
                
                 
                   3
                   [0, 35]
                   2456#in:1
                
              
               
                 4
                 2455#out:1
                 [12, 0; 0, 25]
                 2457#in:1
              
               
                 5
                 2456#out:1
                 [10, 0]
                 2457#in:2
              
               
                 6
                 2457#out:1
                 2458#in:1
              
            
          
           
             [1, 1]
             [240, 199, 305, 231]
             112
             off
             off
             
               port_label('output', 1, 'L_{y1b}','texmode','on');
port_label('input', 1, 'y_{1b}','texmode','on');
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               378
               
                 [55, 108, 85, 122]
                 59
                 Port number
              
               
                 [120, 55, 230, 85]
                 45
                 1/(K_L*(g1-u))
              
               
                 [125, 135, 235, 165]
                 61
                 1/(K_L*(g1+u))
              
               
                 [2, 1]
                 [265, 86, 270, 124]
                 62
                 off
                 2
                 bar
              
               
                 [295, 98, 325, 112]
                 60
                 Port number
              
               
                 1
                 2460#out:1
                 [6, 0]
                 
                   2
                   [0, -45]
                   2461#in:1
                
                 
                   3
                   [0, 35]
                   2462#in:1
                
              
               
                 4
                 2461#out:1
                 [12, 0; 0, 25]
                 2463#in:1
              
               
                 5
                 2462#out:1
                 [10, 0]
                 2463#in:2
              
               
                 6
                 2463#out:1
                 2464#in:1
              
            
          
           
             [1, 1]
             [240, 314, 305, 346]
             118
             off
             off
             
               port_label('output', 1, 'L_{y2b}','texmode','on');
port_label('input', 1, 'y_{2b}','texmode','on');
            
             
               [1271, -9, 2569, 1033]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               378
               
                 [55, 108, 85, 122]
                 59
                 Port number
              
               
                 [120, 55, 230, 85]
                 45
                 1/(K_L*(g2-u))
              
               
                 [125, 135, 235, 165]
                 61
                 1/(K_L*(g2+u))
              
               
                 [2, 1]
                 [265, 86, 270, 124]
                 62
                 off
                 2
                 bar
              
               
                 [295, 98, 325, 112]
                 60
                 Port number
              
               
                 1
                 2469#out:1
                 2470#in:1
              
               
                 2
                 2468#out:1
                 [10, 0]
                 2469#in:2
              
               
                 3
                 2467#out:1
                 [12, 0; 0, 25]
                 2469#in:1
              
               
                 4
                 2466#out:1
                 [6, 0]
                 
                   5
                   [0, 35]
                   2468#in:1
                
                 
                   6
                   [0, -45]
                   2467#in:1
                
              
            
          
           
             [4, 1]
             [365, 182, 370, 308]
             50
             off
             bar
          
           
             [1, 1]
             [155, 145, 190, 175]
             113
             4
             Index vector (dialog)
             1
             1
          
           
             [1, 1]
             [155, 260, 190, 290]
             115
             4
             Index vector (dialog)
             3
             1
          
           
             [1, 1]
             [155, 200, 190, 230]
             114
             4
             Index vector (dialog)
             2
             1
          
           
             [1, 1]
             [155, 315, 190, 345]
             116
             4
             Index vector (dialog)
             4
             1
          
           
             [395, 238, 425, 252]
             53
             Port number
          
           
             1
             2465#out:1
             [40, 0]
             2471#in:4
          
           
             2
             2453#out:1
             [25, 0; 0, -15]
             2471#in:3
          
           
             3
             2475#out:1
             2465#in:1
          
           
             4
             2473#out:1
             2453#in:1
          
           
             5
             2459#out:1
             [26, 0; 0, 15]
             2471#in:2
          
           
             6
             2474#out:1
             2459#in:1
          
           
             7
             2472#out:1
             2447#in:1
          
           
             8
             2446#out:1
             [17, 0]
             
               9
               [0, -30]
               
                 10
                 2474#in:1
              
               
                 11
                 [0, -55]
                 2472#in:1
              
            
             
               12
               [0, 30]
               
                 13
                 2473#in:1
              
               
                 14
                 [0, 55]
                 2475#in:1
              
            
          
           
             15
             2447#out:1
             [40, 0]
             2471#in:1
          
           
             16
             2471#out:1
             2476#in:1
          
        
      
       
         [1, 1]
         [1735, 727, 1850, 773]
         791
         on
         off
         off
         
           
             edit
             fc
             Cut-off frequency [Hz]
             5e3
          
        
         
           [-1288, -8, 8, 1032]
           on
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           236
           
             [195, 73, 225, 87]
             11
             Port number
          
           
             [1, 1]
             [320, 65, 350, 95]
             1
          
           
             [380, 65, 410, 95]
             14
             2*pi
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [435, 65, 465, 95]
             15
             fc
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [260, 70, 280, 90]
             6
             off
             round
             |+-
             off
             Inherit: Inherit via internal rule
             off
          
           
             [510, 73, 540, 87]
             12
             Port number
          
           
             1
             2557#out:1
             2554#in:1
          
           
             2
             2553#out:1
             2557#in:1
          
           
             3
             2554#out:1
             2555#in:1
          
           
             4
             2555#out:1
             2556#in:1
          
           
             5
             2556#out:1
             [8, 0]
             
               6
               [0, 42; -208, 0]
               2557#in:2
            
             
               7
               2558#in:1
            
          
        
      
       
         [1, 1]
         [2040, 469, 2080, 491]
         803
         alternate
         off
         off
         
           
             edit
             fc
             Cut-off frequency [Hz]
             1
          
        
         
           [1912, 0, 3208, 1040]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           236
           
             [195, 73, 225, 87]
             11
             Port number
          
           
             [1, 1]
             [320, 65, 350, 95]
             1
          
           
             [380, 65, 410, 95]
             14
             2*pi
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [435, 65, 465, 95]
             15
             fc
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [260, 70, 280, 90]
             6
             off
             round
             |+-
             off
             Inherit: Inherit via internal rule
             off
          
           
             [510, 73, 540, 87]
             12
             Port number
          
           
             1
             2602#out:1
             2599#in:1
          
           
             2
             2598#out:1
             2602#in:1
          
           
             3
             2599#out:1
             2600#in:1
          
           
             4
             2600#out:1
             2601#in:1
          
           
             5
             2601#out:1
             [8, 0]
             
               6
               [0, 42; -208, 0]
               2602#in:2
            
             
               7
               2603#in:1
            
          
        
      
       
         [2, 1]
         [1740, 371, 1850, 424]
         789
         alternate
         on
         off
         off
         
           port_label('output', 1, '[i_{b, AMB}]^T','texmode','on');
port_label('input', 1, '[i^{*2}_{b, AMB}]^T','texmode','on');
port_label('input', 2, '[L_{b, AMB}]^{T}','texmode','on');

           
             
               edit
               PA_L
               AMB inductance
               6.494e-3
            
             
               edit
               PA_R
               AMB resistance
               0.152
            
             
               edit
               PA_Kp
               PA Kp
               PA_Kp
            
             
               edit
               PA_Ki
               PA Ki
               PA_Ki
            
             
               edit
               I_max
               Current limit
               5
            
             
               edit
               Vbus
               Bus voltage
               60
            
          
        
         
           [-8, -8, 1928, 1048]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           265
           
             [395, 158, 425, 172]
             -1
             Port number
          
           
             [605, 223, 635, 237]
             224
             2
             Port number
          
           
             [2, 1]
             [785, 164, 940, 206]
             -7
             off
             off
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               252
               
                 [20, 103, 50, 117]
                 -2
                 Port number
              
               
                 [130, 148, 160, 162]
                 5
                 2
                 Port number
              
               
                 [2, 1]
                 [210, 102, 240, 133]
                 3
                 */
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [1, 1]
                 [130, 95, 160, 125]
                 6
                 alternate
              
               
                 [195, 190, 225, 220]
                 -4
                 on
                 PA_R
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [75, 100, 95, 120]
                 4
                 off
                 round
                 |+-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [360, 113, 390, 127]
                 -9
                 Port number
              
               
                 1
                 2520#out:1
                 2519#in:1
              
               
                 2
                 2521#out:1
                 [-105, 0]
                 2522#in:2
              
               
                 3
                 2522#out:1
                 2520#in:1
              
               
                 4
                 2517#out:1
                 2522#in:1
              
               
                 5
                 2518#out:1
                 [12, 0; 0, -30]
                 2519#in:2
              
               
                 6
                 2519#out:1
                 [72, 0]
                 
                   7
                   [0, 85]
                   2521#in:1
                
                 
                   8
                   2523#in:1
                
              
            
          
           
             [1, 1]
             [585, 154, 655, 196]
             7
             off
             off
             
               1
               v*
               d*
               Auto
               SignalName
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               150
               
                 [20, 63, 50, 77]
                 7
                 Port number
              
               
                 [1, 1]
                 [165, 20, 195, 50]
                 3
              
               
                 [120, 20, 150, 50]
                 4
                 PA_Ki
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [145, 90, 175, 120]
                 5
                 PA_Kp
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [255, 50, 285, 90]
                 6
                 off
                 off
                 Inherit: Inherit via internal rule
                 
                   1
                   v*
                   Auto
                   SignalName
                
              
               
                 [375, 63, 405, 77]
                 8
                 Port number
              
               
                 v*
                 1
                 [-1, 0]
                 2529#out:1
                 2530#in:1
              
               
                 2
                 2528#out:1
                 [22, 0; 0, -25]
                 2529#in:2
              
               
                 3
                 2526#out:1
                 [26, 0; 0, 25]
                 2529#in:1
              
               
                 4
                 2527#out:1
                 2526#in:1
              
               
                 5
                 2525#out:1
                 [29, 0]
                 
                   6
                   [0, -35]
                   2527#in:1
                
                 
                   7
                   [0, 35]
                   2528#in:1
                
              
            
          
           
             [1, 1]
             [710, 160, 740, 190]
             220
             u0
             Vbus
             -Vbus
          
           
             [455, 150, 485, 180]
             225
             signedSqrt
          
           
             [2, 1]
             [530, 155, 560, 195]
             -8
             off
             +-
             off
             Inherit: Inherit via internal rule
          
           
             [985, 178, 1015, 192]
             -9
             Port number
          
           
             1
             2514#out:1
             2533#in:1
          
           
             2
             2533#out:1
             2534#in:1
          
           
             5
             2515#out:1
             [124, 0; 0, -35]
             2516#in:2
          
           
             6
             2531#out:1
             2516#in:1
          
           
             9
             2516#out:1
             [20, 0]
             
               31
               2536#in:1
            
             
               11
               [0, 188; -453, 0; 0, -188]
               2534#in:2
            
          
           
             v*
             12
             [-1, 1]
             2524#out:1
             2531#in:1
          
           
             15
             2534#out:1
             2524#in:1
          
        
      
       
         [0, 1]
         [1880, 505, 1910, 535]
         95
         1.388
         simulink/Sources/Ramp
         Ramp
         
           off
           2*pi
           1
           0
           on
        
      
       
         [3, 3]
         [2185, 419, 2325, 581]
         758
         alternate
         off
         off
         
           g = 9.81; %Gravitational acceleration constant [N/kg]
           
port_label('input', 1, 'f_{b, AMB}','texmode','on');
port_label('input', 2, '\omega','texmode','on');

% port_label('output', 1, 'u_{g}','texmode','on');
port_label('output', 1, 'u_{cog}','texmode','on');
port_label('output', 2, 'u_{s}','texmode','on');
port_label('output', 3, 'u_{b}','texmode','on');


           
             
               edit
               M
               M: Rotor mass [kg]
               17.6
            
             
               edit
               Jp
               Jp: Rotor polar mass moment of inertia [kg.m^2]
               0.10669
            
             
               edit
               Jt
               Jt: Rotor transverse mass moment of inertia [kg.m^2]
               0.11575
            
             
               edit
               a
               a: Bearing distance to c.o.g. (Left) [m]
               166e-3
            
             
               edit
               b
               b: Bearing distance to c.o.g. (Right)  [m]
               74e-3
            
             
               edit
               c
               c: Sensor distance to c.o.g. (Left)  [m]
               194e-3
            
             
               edit
               d
               d: Sensor distance to c.o.g. (Right)  [m]
               97.5e-3
            
             
               edit
               m1
               m1
               103.7e-3
            
             
               edit
               m2
               m2
               187.5e-3
            
          
           
             
               %<MaskType>
               
                 %<MaskDescription>
                 DescTextVar
              
               DescGroupVar
            
             
               
                 
                   Rotor properties
                   
                     
                       M
                    
                     
                       Jp
                    
                     
                       Jt
                    
                  
                   ParameterTabVar0
                
                 
                   Dimensions
                   
                     
                       a
                    
                     
                       b
                    
                     
                       c
                    
                     
                       d
                    
                     
                       m1
                    
                     
                       m2
                    
                  
                   ParameterTabVar01
                
              
               ParameterTabContainerVar
            
          
        
         
           [-8, -8, 1928, 1048]
           on
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           86
           
             [430, 3, 460, 17]
             859
             Port number
          
           
             [1020, 273, 1050, 287]
             858
             2
             Port number
          
           
             [235, 728, 265, 742]
             900
             alternate
             3
             Port number
          
           
             [2, 1]
             [-145, 312, -115, 343]
             963
             on
             +-
             off
             Inherit: Inherit via internal rule
             off
          
           
             [0, 1]
             [335, 205, 365, 235]
             973
             1.388
             simulink/Sources/Band-Limited
White Noise
             Band-Limited White Noise.
             
               off
               [1e-6 1e-6]
               1e-4
               [1 2]
               on
            
          
           
             [0, 1]
             [1540, -125, 1570, -95]
             979
             1.388
             simulink/Sources/Band-Limited
White Noise
             Band-Limited White Noise.
             
               off
               [1e-6 1e-6 1e-6 1e-6]*1e-11
               1e-4
               [3 4 5 6]
               on
            
          
           
             [1, 2]
             [740, 246, 745, 284]
             872
             off
             2
             bar
          
           
             [1, 2]
             [740, 76, 745, 114]
             880
             off
             2
             bar
          
           
             [2, 1]
             [450, 715, 570, 795]
             970
             Stateflow.Translate.translate
             ExplicitOnly
             on
             off
             MATLAB Function
             off
             
               [193, 226, 852, 905]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               100
               31
               28
               
                 [20, 101, 40, 119]
                 -1
                 Port number
              
               
                 [20, 136, 40, 154]
                 -2
                 2
                 Port number
              
               
                 [1, 1]
                 [270, 230, 320, 270]
                 2
                 1
              
               
                 Stateflow S-Function UMP_based_angle_estimation_using_PLL 12
                 [2, 2]
                 [180, 100, 230, 160]
                 1
                 sf_sfun
                 [2 2]
                 off
                 on
                 off
                 
                   2
                   Fdq
                   Auto
                   SignalName
                
              
               
                 [460, 241, 480, 259]
                 3
              
               
                 [460, 101, 480, 119]
                 -6
                 Port number
              
               
                 1
                 4189::29#out:1
                 4189::30#in:1
              
               
                 2
                 4189::30#out:1
                 4189::31#in:1
              
               
                 Fdq
                 3
                 [0, 0]
                 4189::29#out:2
                 4189::5#in:1
              
               
                 4
                 4189::1#out:1
                 4189::29#in:2
              
               
                 5
                 4189::23#out:1
                 [120, 0]
                 4189::29#in:1
              
            
          
           
             [2, 1]
             [670, 740, 790, 800]
             911
             Stateflow.Translate.translate
             ExplicitOnly
             on
             off
             MATLAB Function
             off
             
               [193, 226, 852, 905]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               100
               31
               28
               
                 [20, 101, 40, 119]
                 -1
                 Port number
              
               
                 [20, 136, 40, 154]
                 -2
                 2
                 Port number
              
               
                 [1, 1]
                 [270, 230, 320, 270]
                 2
                 1
              
               
                 Stateflow S-Function UMP_based_angle_estimation_using_PLL 5
                 [2, 2]
                 [180, 100, 230, 160]
                 1
                 sf_sfun
                 [2 2]
                 off
                 on
                 off
                 
                   2
                   Fdq
                   Auto
                   SignalName
                
              
               
                 [460, 241, 480, 259]
                 3
              
               
                 [460, 101, 480, 119]
                 -6
                 Port number
              
               
                 1
                 3515::29#out:1
                 3515::30#in:1
              
               
                 2
                 3515::30#out:1
                 3515::31#in:1
              
               
                 Fdq
                 3
                 [0, 0]
                 3515::29#out:2
                 3515::5#in:1
              
               
                 4
                 3515::1#out:1
                 3515::29#in:2
              
               
                 5
                 3515::23#out:1
                 [120, 0]
                 3515::29#in:1
              
            
          
           
             [2, 1]
             [980, 751, 1100, 824]
             888
             on
             Stateflow.Translate.translate
             ExplicitOnly
             on
             off
             MATLAB Function
             off
             
               [193, 226, 852, 905]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               100
               33
               28
               
                 [20, 101, 40, 119]
                 -1
                 Port number
              
               
                 [20, 136, 40, 154]
                 -2
                 2
                 Port number
              
               
                 [1, 1]
                 [270, 230, 320, 270]
                 2
                 1
              
               
                 Stateflow S-Function UMP_based_angle_estimation_using_PLL 13
                 [2, 2]
                 [180, 100, 230, 160]
                 1
                 sf_sfun
                 [2 2]
                 off
                 on
                 off
                 
                   2
                   Fab
                   Auto
                   SignalName
                
              
               
                 [460, 241, 480, 259]
                 3
              
               
                 [460, 101, 480, 119]
                 -6
                 Port number
              
               
                 1
                 3258::29#out:1
                 [120, 0]
                 3258::31#in:1
              
               
                 2
                 3258::1#out:1
                 3258::31#in:2
              
               
                 Fab
                 3
                 [0, 0]
                 3258::31#out:2
                 3258::30#in:1
              
               
                 4
                 3258::32#out:1
                 3258::33#in:1
              
               
                 5
                 3258::31#out:1
                 3258::32#in:1
              
            
          
           
             [1, 1]
             [875, 759, 925, 781]
             887
             alternate
             off
             off
             
               
                 edit
                 fc
                 Low pass cutoff frequency [Hz]
                 40
              
            
             
               [16, 52, 1780, 1210]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               236
               
                 [80, 68, 110, 82]
                 -1
                 Port number
              
               
                 [1, 1]
                 [330, 59, 360, 91]
                 -2
              
               
                 [2, 1]
                 [145, 65, 165, 85]
                 -3
                 off
                 round
                 |+-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [265, 60, 295, 90]
                 -4
                 2*pi
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [200, 60, 230, 90]
                 -5
                 fc
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [435, 68, 465, 82]
                 -6
                 Port number
              
               
                 1
                 3262#out:1
                 3264#in:1
              
               
                 2
                 3260#out:1
                 3262#in:1
              
               
                 3
                 3261#out:1
                 [30, 0]
                 
                   4
                   3265#in:1
                
                 
                   5
                   [0, 62; -240, 0]
                   3262#in:2
                
              
               
                 6
                 3263#out:1
                 3261#in:1
              
               
                 7
                 3264#out:1
                 3263#in:1
              
            
          
           
             [2, 1]
             [550, 144, 630, 186]
             951
             off
             off
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               100
               
                 [115, 242, 150, 258]
                 12
                 alternate
                 Port number
              
               
                 [275, 437, 310, 453]
                 23
                 alternate
                 2
                 Port number
              
               
                 [270, 227, 315, 273]
                 17
                 runout_offset
                 off
              
               
                 [1, 1]
                 [460, 158, 525, 192]
                 6
                 Column
                 [Fx1_lut; Fy1_lut; Fx2_lut; Fy2_lut]
              
               
                 [1, 1]
                 [460, 230, 525, 270]
                 10
                 Column
                 -[kx1d_lut; ky1d_lut; kx2d_lut; ky2d_lut]
              
               
                 [1, 1]
                 [460, 300, 525, 340]
                 11
                 Column
                 -[kx1q_lut; ky1q_lut; kx2q_lut; ky2q_lut]
              
               
                 [195, 235, 225, 265]
                 16
                 4096/(3*pi)
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [630, 242, 660, 273]
                 24
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [2, 1]
                 [630, 312, 660, 343]
                 25
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [2, 1]
                 [780, 165, 800, 185]
                 26
                 off
                 round
                 |++
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [715, 280, 735, 300]
                 27
                 off
                 round
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [1, 2]
                 [430, 416, 555, 474]
                 22
                 off
                 Stateflow.Translate.translate
                 ExplicitOnly
                 on
                 off
                 MATLAB Function
                 off
                 
                   [193, 226, 852, 905]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   100
                   32
                   29
                   
                     [20, 101, 40, 119]
                     -1
                     Port number
                  
                   
                     [1, 1]
                     [270, 230, 320, 270]
                     2
                     1
                  
                   
                     Stateflow S-Function UMP_based_angle_estimation_using_PLL 3
                     [1, 3]
                     [180, 100, 230, 180]
                     1
                     sf_sfun
                     [1 3]
                     off
                     on
                     off
                     
                       2
                       id_p
                       Auto
                       SignalName
                    
                     
                       3
                       iq_p
                       Auto
                       SignalName
                    
                  
                   
                     [460, 241, 480, 259]
                     3
                  
                   
                     [460, 101, 480, 119]
                     -5
                     Port number
                  
                   
                     [460, 136, 480, 154]
                     -6
                     2
                     Port number
                  
                   
                     1
                     3960::30#out:1
                     3960::31#in:1
                  
                   
                     2
                     3960::31#out:1
                     3960::32#in:1
                  
                   
                     iq_p
                     3
                     [0, 0]
                     3960::30#out:3
                     3960::29#in:1
                  
                   
                     id_p
                     4
                     [0, 0]
                     3960::30#out:2
                     3960::5#in:1
                  
                   
                     5
                     3960::23#out:1
                     3960::30#in:1
                  
                
              
               
                 [890, 168, 920, 182]
                 13
                 Port number
              
               
                 1
                 3958#out:1
                 3961#in:1
              
               
                 24
                 3959#out:1
                 [50, 0]
                 3958#in:2
              
               
                 27
                 3957#out:1
                 [60, 0]
                 3959#in:2
              
               
                 4
                 3956#out:1
                 [60, 0]
                 3959#in:1
              
               
                 5
                 3960#out:2
                 [44, 0; 0, -125]
                 3957#in:2
              
               
                 6
                 3960#out:1
                 [19, 0; 0, -165]
                 3956#in:2
              
               
                 7
                 3954#out:1
                 3957#in:1
              
               
                 8
                 3953#out:1
                 3956#in:1
              
               
                 10
                 3951#out:1
                 [50, 0]
                 
                   11
                   3953#in:1
                
                 
                   12
                   [0, 70]
                   3954#in:1
                
                 
                   13
                   [0, -75]
                   3952#in:1
                
              
               
                 14
                 3949#out:1
                 3955#in:1
              
               
                 15
                 3955#out:1
                 3951#in:1
              
               
                 16
                 3952#out:1
                 3958#in:1
              
               
                 25
                 3950#out:1
                 3960#in:1
              
            
          
           
             [1080, 132, 1135, 178]
             857
             on
             [0 0 0 0; 0 0 0 0; 0 0 0 Jp; 0 0 -Jp 0]
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [715, -78, 745, -52]
             856
             on
             [0 -M*g 0 0]'
          
           
             [1, 1]
             [1100, -5, 1130, 25]
             855
             off
             
               1
               du_g
               Auto
               SignalName
            
          
           
             [1, 1]
             [1175, -5, 1205, 25]
             854
             off
             
               1
               u_g
               Auto
               SignalName
            
          
           
             [1, 2]
             [760, 377, 910, 453]
             965
             on
             off
             off
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               132
               
                 [225, 233, 255, 247]
                 2
                 Port number
              
               
                 [630, 245, 660, 265]
                 889
                 2*pi
              
               
                 [1, 1]
                 [390, 225, 420, 255]
                 894
              
               
                 [2, 1]
                 [690, 232, 720, 263]
                 888
                 mod
              
               
                 [1, 1]
                 [835, 227, 895, 273]
                 899
                 off
                 off
                 
                   [-8, -8, 1928, 1048]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   117
                   
                     [-90, 248, -60, 262]
                     8
                     Port number
                  
                   
                     [125, 42, 210, 78]
                     11
                     cos_offset
                     off
                  
                   
                     [125, 107, 210, 143]
                     12
                     cos_mphi_offset
                     off
                  
                   
                     [130, 172, 215, 208]
                     13
                     cos_pphi_offset
                     off
                  
                   
                     [130, 237, 215, 273]
                     20
                     nsin_offset
                     off
                  
                   
                     [130, 302, 245, 338]
                     21
                     nsin_mphi_offset
                     off
                  
                   
                     [130, 367, 245, 403]
                     22
                     nsin_pphi_offset
                     off
                  
                   
                     [125, 432, 240, 468]
                     33
                     cos_nx_offset
                     off
                  
                   
                     [125, 497, 240, 533]
                     34
                     sin_nx_offset
                     off
                  
                   
                     [165, 615, 205, 645]
                     37
                     (4)*pi/180
                     off
                  
                   
                     [255, 690, 295, 720]
                     39
                     (-73.5)*pi/180
                     off
                  
                   
                     [-20, 240, 10, 270]
                     27
                     4096/(3*pi)
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [1, 1]
                     [305, 43, 370, 77]
                     7
                     1
                     trig_ident
                  
                   
                     [1, 1]
                     [305, 108, 370, 142]
                     28
                     1
                     trig_ident
                  
                   
                     [1, 1]
                     [310, 173, 375, 207]
                     29
                     1
                     trig_ident
                  
                   
                     [1, 1]
                     [310, 238, 375, 272]
                     30
                     1
                     trig_ident
                  
                   
                     [1, 1]
                     [310, 303, 375, 337]
                     31
                     1
                     trig_ident
                  
                   
                     [1, 1]
                     [305, 368, 375, 402]
                     32
                     1
                     trig_ident
                  
                   
                     [1, 1]
                     [305, 433, 370, 467]
                     35
                     1
                     trig_ident
                  
                   
                     [1, 1]
                     [305, 498, 370, 532]
                     36
                     1
                     trig_ident
                  
                   
                     [8, 1]
                     [445, 26, 450, 549]
                     26
                     off
                     8
                     bar
                  
                   
                     [2, 1]
                     [540, 281, 545, 319]
                     41
                     off
                     2
                     bar
                  
                   
                     [2, 1]
                     [445, 621, 450, 659]
                     42
                     off
                     2
                     bar
                  
                   
                     [1, 1]
                     [260, 615, 290, 645]
                     38
                     alternate
                     cos
                  
                   
                     [1, 1]
                     [315, 690, 345, 720]
                     40
                     alternate
                     cos
                  
                   
                     [610, 293, 640, 307]
                     9
                     Port number
                  
                   
                     1
                     4083#out:1
                     [35, 0]
                     
                       2
                       [0, -65]
                       
                         3
                         [0, -65]
                         
                           4
                           [0, -65]
                           4073#in:1
                        
                         
                           5
                           4074#in:1
                        
                      
                       
                         6
                         4075#in:1
                      
                    
                     
                       7
                       4076#in:1
                    
                     
                       8
                       [0, 65]
                       
                         9
                         [0, 65]
                         
                           10
                           [0, 65]
                           
                             11
                             [0, 65]
                             4080#in:1
                          
                           
                             12
                             4079#in:1
                          
                        
                         
                           13
                           4078#in:1
                        
                      
                       
                         14
                         4077#in:1
                      
                    
                  
                   
                     15
                     4091#out:1
                     4092#in:8
                  
                   
                     16
                     4090#out:1
                     4092#in:7
                  
                   
                     17
                     4080#out:1
                     4091#in:1
                  
                   
                     18
                     4079#out:1
                     4090#in:1
                  
                   
                     19
                     4092#out:1
                     4093#in:1
                  
                   
                     20
                     4084#out:1
                     4092#in:1
                  
                   
                     21
                     4085#out:1
                     4092#in:2
                  
                   
                     22
                     4089#out:1
                     4092#in:6
                  
                   
                     23
                     4086#out:1
                     4092#in:3
                  
                   
                     24
                     4088#out:1
                     4092#in:5
                  
                   
                     25
                     4087#out:1
                     4092#in:4
                  
                   
                     26
                     4078#out:1
                     4089#in:1
                  
                   
                     27
                     4077#out:1
                     4088#in:1
                  
                   
                     28
                     4076#out:1
                     4087#in:1
                  
                   
                     29
                     4075#out:1
                     4086#in:1
                  
                   
                     30
                     4074#out:1
                     4085#in:1
                  
                   
                     31
                     4073#out:1
                     4084#in:1
                  
                   
                     32
                     4072#out:1
                     [7, 0]
                     
                       33
                       [0, 375]
                       4081#in:1
                    
                     
                       34
                       4083#in:1
                    
                  
                   
                     35
                     4081#out:1
                     [23, 0]
                     
                       36
                       [0, 75]
                       4082#in:1
                    
                     
                       37
                       4095#in:1
                    
                  
                   
                     38
                     4082#out:1
                     4096#in:1
                  
                   
                     39
                     4093#out:1
                     4097#in:1
                  
                   
                     40
                     4095#out:1
                     4094#in:1
                  
                   
                     41
                     4096#out:1
                     [51, 0; 0, -55]
                     4094#in:2
                  
                   
                     42
                     4094#out:1
                     [40, 0; 0, -330]
                     4093#in:2
                  
                
              
               
                 [1]
                 [600, 454, 630, 486]
                 890
                 Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData6'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-45.00000','MaxYLimReal','405.00000','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','405.00000','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'theta_ramp'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-45.00000','MaxYLimReal','405.00000','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','405.00000','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b')
                 1
              
               
                 [225, 340, 255, 370]
                 893
                 8
                 30
                 0
              
               
                 [1, 1]
                 [835, 321, 900, 369]
                 903
                 on
                 off
                 off
                 
                   [-8, -8, 1928, 1048]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   175
                   
                     [440, 263, 470, 277]
                     1
                     Port number
                  
                   
                     [585, 255, 625, 285]
                     8
                     (4)*pi/180
                     off
                  
                   
                     [675, 295, 715, 325]
                     11
                     (-73.5)*pi/180
                     off
                  
                   
                     [795, 335, 825, 365]
                     7
                     alternate
                     0
                  
                   
                     [8, 1]
                     [960, 132, 965, 448]
                     -8
                     off
                     8
                     bar
                  
                   
                     [750, 175, 780, 205]
                     -12
                     -1
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [1, 1]
                     [630, 175, 660, 205]
                     -27
                  
                   
                     [1, 1]
                     [630, 135, 660, 165]
                     -28
                     alternate
                     cos
                  
                   
                     [1, 1]
                     [630, 415, 660, 445]
                     -29
                  
                   
                     [1, 1]
                     [630, 375, 660, 405]
                     -30
                     alternate
                     cos
                  
                   
                     [1, 1]
                     [680, 255, 710, 285]
                     10
                     alternate
                     cos
                  
                   
                     [1, 1]
                     [735, 295, 765, 325]
                     12
                     alternate
                     cos
                  
                   
                     [545, 392, 570, 418]
                     -32
                     2
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [1045, 282, 1080, 298]
                     6
                     Port number
                  
                   
                     1
                     4104#out:1
                     [114, 0]
                     
                       2
                       [0, -40]
                       4105#in:5
                    
                     
                       3
                       4105#in:6
                    
                  
                   
                     4
                     4101#out:1
                     [50, 0]
                     
                       5
                       4102#in:1
                    
                     
                       6
                       [0, 135]
                       4113#in:1
                    
                     
                       7
                       [0, -80]
                       
                         8
                         4107#in:1
                      
                       
                         9
                         [0, -40]
                         4108#in:1
                      
                    
                  
                   
                     10
                     4113#out:1
                     [20, 0]
                     
                       11
                       [0, 25]
                       4109#in:1
                    
                     
                       12
                       [0, -15]
                       4110#in:1
                    
                  
                   
                     13
                     4106#out:1
                     [98, 0; 0, 80]
                     4105#in:4
                  
                   
                     14
                     4107#out:1
                     4106#in:1
                  
                   
                     15
                     4108#out:1
                     4105#in:1
                  
                   
                     16
                     4105#out:1
                     4114#in:1
                  
                   
                     17
                     4109#out:1
                     4105#in:8
                  
                   
                     18
                     4110#out:1
                     4105#in:7
                  
                   
                     19
                     4102#out:1
                     [23, 0]
                     
                       20
                       [0, 40]
                       4103#in:1
                    
                     
                       21
                       4111#in:1
                    
                  
                   
                     22
                     4111#out:1
                     [1, 0; 0, -12; 206, 0; 0, -68]
                     4105#in:2
                  
                   
                     23
                     4103#out:1
                     4112#in:1
                  
                   
                     24
                     4112#out:1
                     [163, 0; 0, -80]
                     4105#in:3
                  
                
              
               
                 [2, 1]
                 [545, 230, 565, 250]
                 6
                 off
                 round
                 |++
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [545, 345, 565, 365]
                 892
                 270
                 off
                 round
                 ++|
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [540, 400, 570, 430]
                 7
                 270
                 pi/180
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [390, 340, 420, 370]
                 891
                 pi/180
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [0, 1]
                 [375, 448, 430, 492]
                 8
                 off
                 off
                 
                   [-1288, -8, 8, 1032]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   140
                   
                     [735, 245, 765, 275]
                     -1
                     270
                     on
                     alternate
                     off
                  
                   
                     [1, 1]
                     [615, 297, 680, 333]
                     -2
                     on
                     alternate
                     1.388
                     simulink/Logic and Bit
Operations/Compare
To Constant
                     Compare To Constant
                     
                       off
                       >
                       360
                       boolean
                       on
                    
                  
                   
                     [425, 308, 500, 342]
                     -3
                     on
                     alternate
                     Floor
                     off
                  
                   
                     [2, 1]
                     [635, 187, 665, 218]
                     -4
                     level
                  
                   
                     [2, 1]
                     [530, 307, 560, 338]
                     -5
                     on
                     alternate
                     XOR
                     off
                     boolean
                  
                   
                     [2, 1]
                     [530, 142, 560, 173]
                     -6
                     off
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [170, 65, 200, 95]
                     1
                     0
                     0
                  
                   
                     [460, 193, 490, 227]
                     -7
                     -1
                  
                   
                     [170, 150, 200, 180]
                     -8
                     1/5
                  
                   
                     [330, 150, 360, 180]
                     -9
                     360
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [170, 360, 200, 390]
                     -10
                     0
                  
                   
                     [860, 198, 890, 212]
                     -12
                     Port number
                  
                   
                     1
                     4128#out:1
                     4129#in:1
                  
                   
                     2
                     4123#out:1
                     [80, 0]
                     
                       3
                       4120#in:1
                    
                     
                       4
                       4131#in:1
                    
                  
                   
                     5
                     4121#out:1
                     4124#in:1
                  
                   
                     6
                     4129#out:1
                     4125#in:2
                  
                   
                     7
                     4126#out:1
                     [310, 0]
                     4125#in:1
                  
                   
                     8
                     4125#out:1
                     [25, 0; 0, 35]
                     4123#in:1
                  
                   
                     9
                     4120#out:1
                     [0, 35]
                     4121#in:1
                  
                   
                     10
                     4127#out:1
                     4123#in:2
                  
                   
                     11
                     4122#out:1
                     [-18, 0; 0, -115]
                     4127#in:1
                  
                   
                     12
                     4124#out:1
                     4122#in:1
                  
                   
                     13
                     4130#out:1
                     [370, 0]
                     4124#in:2
                  
                
              
               
                 [960, 243, 990, 257]
                 -11
                 alternate
                 Port number
              
               
                 [845, 148, 875, 162]
                 9
                 alternate
                 2
                 Port number
              
               
                 1
                 4069#out:1
                 4115#in:1
              
               
                 2
                 4119#out:1
                 [120, 0]
                 
                   3
                   4117#in:1
                
                 
                   4
                   4098#in:1
                
              
               
                 5
                 4068#out:1
                 4070#in:2
              
               
                 6
                 4115#out:1
                 4070#in:1
              
               
                 7
                 4070#out:1
                 [43, 0]
                 
                   8
                   [2, 0]
                   
                     9
                     [0, 95]
                     4100#in:1
                  
                   
                     10
                     4071#in:1
                  
                
                 
                   11
                   [0, -95]
                   4133#in:1
                
              
               
                 18
                 4117#out:1
                 [0, 5; 0, -22]
              
               
                 19
                 4118#out:1
                 4116#in:1
              
               
                 14
                 4116#out:1
                 4115#in:2
              
               
                 15
                 4099#out:1
                 4118#in:1
              
               
                 16
                 4067#out:1
                 4069#in:1
              
               
                 17
                 4071#out:1
                 4132#in:1
              
            
          
           
             [1, 2]
             [760, 477, 910, 553]
             966
             on
             off
             off
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               147
               
                 [310, 233, 340, 247]
                 2
                 Port number
              
               
                 [600, 245, 630, 265]
                 891
                 2*pi
              
               
                 [1, 1]
                 [385, 225, 415, 255]
                 10
              
               
                 [2, 1]
                 [660, 232, 690, 263]
                 890
                 mod
              
               
                 [1, 1]
                 [825, 227, 885, 273]
                 905
                 off
                 off
                 
                   [-8, -8, 1928, 1048]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   117
                   
                     [-90, 248, -60, 262]
                     8
                     Port number
                  
                   
                     [125, 42, 210, 78]
                     11
                     cos_offset
                     off
                  
                   
                     [125, 107, 210, 143]
                     12
                     cos_mphi_offset
                     off
                  
                   
                     [130, 172, 215, 208]
                     13
                     cos_pphi_offset
                     off
                  
                   
                     [130, 237, 215, 273]
                     20
                     nsin_offset
                     off
                  
                   
                     [130, 302, 245, 338]
                     21
                     nsin_mphi_offset
                     off
                  
                   
                     [130, 367, 245, 403]
                     22
                     nsin_pphi_offset
                     off
                  
                   
                     [125, 432, 240, 468]
                     33
                     cos_nx_offset
                     off
                  
                   
                     [125, 497, 240, 533]
                     34
                     sin_nx_offset
                     off
                  
                   
                     [165, 615, 205, 645]
                     37
                     (4)*pi/180
                     off
                  
                   
                     [255, 690, 295, 720]
                     39
                     (-73.5)*pi/180
                     off
                  
                   
                     [-20, 240, 10, 270]
                     27
                     4096/(3*pi)
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [1, 1]
                     [305, 43, 370, 77]
                     7
                     1
                     trig_ident
                  
                   
                     [1, 1]
                     [305, 108, 370, 142]
                     28
                     1
                     trig_ident
                  
                   
                     [1, 1]
                     [310, 173, 375, 207]
                     29
                     1
                     trig_ident
                  
                   
                     [1, 1]
                     [310, 238, 375, 272]
                     30
                     1
                     trig_ident
                  
                   
                     [1, 1]
                     [310, 303, 375, 337]
                     31
                     1
                     trig_ident
                  
                   
                     [1, 1]
                     [305, 368, 375, 402]
                     32
                     1
                     trig_ident
                  
                   
                     [1, 1]
                     [305, 433, 370, 467]
                     35
                     1
                     trig_ident
                  
                   
                     [1, 1]
                     [305, 498, 370, 532]
                     36
                     1
                     trig_ident
                  
                   
                     [8, 1]
                     [445, 26, 450, 549]
                     26
                     off
                     8
                     bar
                  
                   
                     [2, 1]
                     [540, 281, 545, 319]
                     41
                     off
                     2
                     bar
                  
                   
                     [2, 1]
                     [445, 621, 450, 659]
                     42
                     off
                     2
                     bar
                  
                   
                     [1, 1]
                     [260, 615, 290, 645]
                     38
                     alternate
                     cos
                  
                   
                     [1, 1]
                     [315, 690, 345, 720]
                     40
                     alternate
                     cos
                  
                   
                     [610, 293, 640, 307]
                     9
                     Port number
                  
                   
                     1
                     4151#out:1
                     [35, 0]
                     
                       2
                       [0, -65]
                       
                         3
                         [0, -65]
                         
                           4
                           [0, -65]
                           4141#in:1
                        
                         
                           5
                           4142#in:1
                        
                      
                       
                         6
                         4143#in:1
                      
                    
                     
                       7
                       4144#in:1
                    
                     
                       8
                       [0, 65]
                       
                         9
                         [0, 65]
                         
                           10
                           [0, 65]
                           
                             11
                             [0, 65]
                             4148#in:1
                          
                           
                             12
                             4147#in:1
                          
                        
                         
                           13
                           4146#in:1
                        
                      
                       
                         14
                         4145#in:1
                      
                    
                  
                   
                     15
                     4159#out:1
                     4160#in:8
                  
                   
                     16
                     4158#out:1
                     4160#in:7
                  
                   
                     17
                     4148#out:1
                     4159#in:1
                  
                   
                     18
                     4147#out:1
                     4158#in:1
                  
                   
                     19
                     4160#out:1
                     4161#in:1
                  
                   
                     20
                     4152#out:1
                     4160#in:1
                  
                   
                     21
                     4153#out:1
                     4160#in:2
                  
                   
                     22
                     4157#out:1
                     4160#in:6
                  
                   
                     23
                     4154#out:1
                     4160#in:3
                  
                   
                     24
                     4156#out:1
                     4160#in:5
                  
                   
                     25
                     4155#out:1
                     4160#in:4
                  
                   
                     26
                     4146#out:1
                     4157#in:1
                  
                   
                     27
                     4145#out:1
                     4156#in:1
                  
                   
                     28
                     4144#out:1
                     4155#in:1
                  
                   
                     29
                     4143#out:1
                     4154#in:1
                  
                   
                     30
                     4142#out:1
                     4153#in:1
                  
                   
                     31
                     4141#out:1
                     4152#in:1
                  
                   
                     32
                     4140#out:1
                     [7, 0]
                     
                       33
                       [0, 375]
                       4149#in:1
                    
                     
                       34
                       4151#in:1
                    
                  
                   
                     35
                     4149#out:1
                     [23, 0]
                     
                       36
                       [0, 75]
                       4150#in:1
                    
                     
                       37
                       4163#in:1
                    
                  
                   
                     38
                     4150#out:1
                     4164#in:1
                  
                   
                     39
                     4161#out:1
                     4165#in:1
                  
                   
                     40
                     4163#out:1
                     4162#in:1
                  
                   
                     41
                     4164#out:1
                     [51, 0; 0, -55]
                     4162#in:2
                  
                   
                     42
                     4162#out:1
                     [40, 0; 0, -330]
                     4161#in:2
                  
                
              
               
                 [1, 1]
                 [820, 331, 885, 379]
                 904
                 on
                 off
                 off
                 
                   [-1288, -8, 8, 1032]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   160
                   
                     [440, 263, 470, 277]
                     1
                     Port number
                  
                   
                     [585, 255, 625, 285]
                     8
                     (4)*pi/180
                     off
                  
                   
                     [675, 295, 715, 325]
                     11
                     (-73.5)*pi/180
                     off
                  
                   
                     [795, 335, 825, 365]
                     7
                     alternate
                     0
                  
                   
                     [8, 1]
                     [960, 132, 965, 448]
                     -8
                     off
                     8
                     bar
                  
                   
                     [750, 175, 780, 205]
                     -12
                     -1
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [1, 1]
                     [630, 175, 660, 205]
                     -27
                  
                   
                     [1, 1]
                     [630, 135, 660, 165]
                     -28
                     alternate
                     cos
                  
                   
                     [1, 1]
                     [630, 415, 660, 445]
                     -29
                  
                   
                     [1, 1]
                     [630, 375, 660, 405]
                     -30
                     alternate
                     cos
                  
                   
                     [1, 1]
                     [680, 255, 710, 285]
                     10
                     alternate
                     cos
                  
                   
                     [1, 1]
                     [735, 295, 765, 325]
                     12
                     alternate
                     cos
                  
                   
                     [545, 392, 570, 418]
                     -32
                     2
                     Inherit: Inherit via internal rule
                     Inherit: Inherit via internal rule
                     off
                  
                   
                     [1045, 282, 1080, 298]
                     6
                     Port number
                  
                   
                     1
                     4170#out:1
                     [89, 0]
                     
                       2
                       [0, -40]
                       4171#in:5
                    
                     
                       3
                       4171#in:6
                    
                  
                   
                     4
                     4167#out:1
                     [50, 0]
                     
                       5
                       4168#in:1
                    
                     
                       6
                       [0, 135]
                       4179#in:1
                    
                     
                       7
                       [0, -80]
                       
                         8
                         4173#in:1
                      
                       
                         9
                         [0, -40]
                         4174#in:1
                      
                    
                  
                   
                     10
                     4179#out:1
                     [20, 0]
                     
                       11
                       [0, 25]
                       4175#in:1
                    
                     
                       12
                       [0, -15]
                       4176#in:1
                    
                  
                   
                     13
                     4172#out:1
                     [98, 0; 0, 80]
                     4171#in:4
                  
                   
                     14
                     4173#out:1
                     4172#in:1
                  
                   
                     15
                     4174#out:1
                     4171#in:1
                  
                   
                     16
                     4171#out:1
                     4180#in:1
                  
                   
                     17
                     4175#out:1
                     4171#in:8
                  
                   
                     18
                     4176#out:1
                     4171#in:7
                  
                   
                     19
                     4168#out:1
                     [23, 0]
                     
                       20
                       [0, 40]
                       4169#in:1
                    
                     
                       21
                       4177#in:1
                    
                  
                   
                     22
                     4177#out:1
                     [1, 0; 0, -12; 206, 0; 0, -68]
                     4171#in:2
                  
                   
                     23
                     4169#out:1
                     4178#in:1
                  
                   
                     24
                     4178#out:1
                     [13, 0; 0, -80]
                     4171#in:3
                  
                
              
               
                 [2, 1]
                 [520, 230, 540, 250]
                 6
                 off
                 round
                 |++
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [475, 310, 505, 340]
                 7
                 pi/180
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [385, 316, 415, 334]
                 5
                 0
              
               
                 [940, 243, 970, 257]
                 -11
                 alternate
                 Port number
              
               
                 [835, 153, 865, 167]
                 8
                 alternate
                 2
                 Port number
              
               
                 1
                 4182#out:1
                 [20, 0]
                 4181#in:2
              
               
                 2
                 4138#out:1
                 [69, 0]
                 
                   3
                   4139#in:1
                
                 
                   4
                   [0, 105]
                   4166#in:1
                
                 
                   5
                   [0, -90]
                   4185#in:1
                
              
               
                 6
                 4183#out:1
                 4182#in:1
              
               
                 7
                 4135#out:1
                 4137#in:1
              
               
                 8
                 4137#out:1
                 4181#in:1
              
               
                 9
                 4136#out:1
                 4138#in:2
              
               
                 10
                 4181#out:1
                 4138#in:1
              
               
                 11
                 4139#out:1
                 4184#in:1
              
            
          
           
             [995, -13, 1050, 33]
             853
             [M 0 0 0; 0 M 0 0; 0 0 Jt 0; 0 0 0 Jt]^-1
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
             
               1
               ddu_g
               Auto
               SignalName
            
          
           
             [2, 1]
             [730, 581, 735, 619]
             968
             off
             2
             bar
          
           
             [2, 3]
             [1235, 472, 1370, 608]
             958
             off
             off
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               250
               
                 [485, 338, 515, 352]
                 -2
                 alternate
                 Port number
              
               
                 [180, 378, 210, 392]
                 -1
                 2
                 Port number
              
               
                 [175, 190, 205, 220]
                 -16
                 0
              
               
                 [375, 190, 405, 220]
                 8
                 0.1
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [1, 1]
                 [315, 260, 345, 290]
                 3
                 270
                 magnitude^2
              
               
                 [1, 1]
                 [260, 260, 290, 290]
                 5
                 270
                 magnitude^2
              
               
                 [2, 2]
                 [550, 195, 605, 270]
                 -9
                 none
                 off
                 off
                 
                   PI controller
                   Pi controller
                   Input: Error;\nOutput: PI output;\nParamemetrs: PI gain (Ki),\n   Time constant (Ti),\n   Limits (LimitH, LimitL)
                   disp('PI\ncontroller')
                
                 
                   [-8, -8, 1928, 1048]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   316
                   
                     [100, 145, 120, 165]
                     -1
                     Port number
                  
                   
                     [290, 220, 310, 240]
                     -2
                     2
                     Port number
                  
                   
                     [280, 79, 320, 121]
                     -3
                     off
                     Kp_PLL %54 %
                  
                   
                     [1, 1]
                     [185, 140, 215, 170]
                     1
                  
                   
                     [280, 136, 320, 174]
                     -5
                     Ki_PLL %2.1e3 %
                  
                   
                     [2, 1]
                     [410, 114, 430, 181]
                     5
                     2
                  
                   
                     [2, 1]
                     [350, 139, 370, 206]
                     6
                     2
                  
                   
                     [470, 140, 490, 160]
                     -7
                     Port number
                     0
                  
                   
                     [470, 210, 490, 230]
                     4
                     2
                     Port number
                     0
                  
                   
                     27
                     4027#out:1
                     [31, 0; 0, 30]
                     4204#in:1
                  
                   
                     3
                     4028#out:1
                     4029#in:1
                  
                   
                     4
                     4025#out:1
                     [31, 0]
                     
                       5
                       [0, -55]
                       4027#in:1
                    
                     
                       6
                       4028#in:1
                    
                  
                   
                     28
                     4204#out:1
                     4031#in:1
                  
                   
                     29
                     4029#out:1
                     4205#in:1
                  
                   
                     30
                     4205#out:1
                     [9, 0]
                     
                       33
                       [0, 45]
                       4203#in:1
                    
                     
                       32
                       [1, 0; 0, -10]
                       4204#in:2
                    
                  
                   
                     31
                     4026#out:1
                     [19, 0; 0, -40]
                     4205#in:2
                  
                
              
               
                 [2, 1]
                 [465, 197, 495, 228]
                 4
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [1, 1]
                 [317, 325, 343, 365]
                 -12
                 270
                 2
                 Index vector (dialog)
                 [2]
                 1
              
               
                 [1, 1]
                 [232, 325, 258, 365]
                 2
                 270
                 2
                 Index vector (dialog)
                 1
                 1
              
               
                 [2, 1]
                 [235, 195, 255, 215]
                 -13
                 off
                 round
                 |+-
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [320, 210, 340, 230]
                 6
                 off
                 round
                 |++
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [645, 208, 675, 222]
                 -18
                 alternate
                 Port number
              
               
                 [450, 268, 480, 282]
                 7
                 2
                 Port number
              
               
                 [645, 253, 675, 267]
                 9
                 alternate
                 3
                 Port number
              
               
                 1
                 4022#out:1
                 [30, 0]
                 
                   2
                   4033#in:1
                
                 
                   3
                   [85, 0]
                   4032#in:1
                
              
               
                 4
                 4023#out:1
                 4034#in:1
              
               
                 5
                 4024#out:1
                 4035#in:1
              
               
                 6
                 4021#out:1
                 [13, 0; 0, -95]
                 4024#in:2
              
               
                 10
                 4034#out:1
                 4202#in:1
              
               
                 8
                 4033#out:1
                 [0, -15]
                 
                   17
                   4057#in:1
                
                 
                   16
                   4034#in:2
                
              
               
                 9
                 4032#out:1
                 4055#in:1
              
               
                 18
                 4057#out:1
                 [0, -35]
                 4058#in:1
              
               
                 19
                 4055#out:1
                 4058#in:2
              
               
                 20
                 4058#out:1
                 [60, 0]
                 
                   36
                   [0, 55]
                   4059#in:1
                
                 
                   35
                   4056#in:2
                
              
               
                 45
                 4202#out:1
                 [35, 0]
                 
                   34
                   [0, -22; 69, 0; 0, 32]
                   4024#in:1
                
                 
                   33
                   4056#in:1
                
              
               
                 46
                 4024#out:2
                 [10, 0; 0, 10]
                 4206#in:1
              
            
          
           
             [2, 1]
             [550, 239, 630, 286]
             950
             off
             off
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               100
               
                 [115, 242, 150, 258]
                 12
                 alternate
                 Port number
              
               
                 [105, 437, 140, 453]
                 23
                 alternate
                 2
                 Port number
              
               
                 [270, 227, 315, 273]
                 17
                 runout_offset
                 off
              
               
                 [1, 1]
                 [460, 158, 525, 192]
                 6
                 Column
                 [Fx1_lut; Fy1_lut; Fx2_lut; Fy2_lut]
              
               
                 [1, 1]
                 [460, 230, 525, 270]
                 10
                 Column
                 -[kx1d_lut; ky1d_lut; kx2d_lut; ky2d_lut]
              
               
                 [1, 1]
                 [460, 300, 525, 340]
                 11
                 Column
                 -[kx1q_lut; ky1q_lut; kx2q_lut; ky2q_lut]
              
               
                 [195, 235, 225, 265]
                 16
                 4096/(3*pi)
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [630, 242, 660, 273]
                 24
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [2, 1]
                 [630, 312, 660, 343]
                 25
                 off
                 Inherit: Inherit via internal rule
                 Floor
                 off
              
               
                 [2, 1]
                 [780, 165, 800, 185]
                 26
                 off
                 round
                 |++
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [2, 1]
                 [715, 280, 735, 300]
                 27
                 off
                 round
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [1, 2]
                 [430, 416, 555, 474]
                 22
                 off
                 Stateflow.Translate.translate
                 ExplicitOnly
                 on
                 off
                 MATLAB Function
                 off
                 
                   [193, 226, 852, 905]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   100
                   32
                   29
                   
                     [20, 101, 40, 119]
                     -1
                     Port number
                  
                   
                     [1, 1]
                     [270, 230, 320, 270]
                     2
                     1
                  
                   
                     Stateflow S-Function UMP_based_angle_estimation_using_PLL 1
                     [1, 3]
                     [180, 100, 230, 180]
                     1
                     sf_sfun
                     [1 3]
                     off
                     on
                     off
                     
                       2
                       id_p
                       Auto
                       SignalName
                    
                     
                       3
                       iq_p
                       Auto
                       SignalName
                    
                  
                   
                     [460, 241, 480, 259]
                     3
                  
                   
                     [460, 101, 480, 119]
                     -5
                     Port number
                  
                   
                     [460, 136, 480, 154]
                     -6
                     2
                     Port number
                  
                   
                     1
                     3897::23#out:1
                     3897::30#in:1
                  
                   
                     id_p
                     2
                     [0, 0]
                     3897::30#out:2
                     3897::5#in:1
                  
                   
                     iq_p
                     3
                     [0, 0]
                     3897::30#out:3
                     3897::29#in:1
                  
                   
                     4
                     3897::31#out:1
                     3897::32#in:1
                  
                   
                     5
                     3897::30#out:1
                     3897::31#in:1
                  
                
              
               
                 [890, 168, 920, 182]
                 13
                 Port number
              
               
                 15
                 3891#out:1
                 3902#in:1
              
               
                 2
                 3894#out:1
                 3890#in:1
              
               
                 3
                 3888#out:1
                 3894#in:1
              
               
                 4
                 3890#out:1
                 [50, 0]
                 
                   5
                   [0, -75]
                   3891#in:1
                
                 
                   6
                   [0, 70]
                   3893#in:1
                
                 
                   7
                   3892#in:1
                
              
               
                 8
                 3889#out:1
                 3897#in:1
              
               
                 9
                 3892#out:1
                 3895#in:1
              
               
                 10
                 3893#out:1
                 3896#in:1
              
               
                 13
                 3897#out:1
                 [19, 0; 0, -165]
                 3895#in:2
              
               
                 14
                 3897#out:2
                 [44, 0; 0, -125]
                 3896#in:2
              
               
                 16
                 3895#out:1
                 [60, 0]
                 3903#in:1
              
               
                 17
                 3896#out:1
                 [60, 0]
                 3903#in:2
              
               
                 32
                 3903#out:1
                 [50, 0]
                 3902#in:2
              
               
                 19
                 3902#out:1
                 3898#in:1
              
            
          
           
             [2, 1]
             [-85, 202, -45, 258]
             959
             off
             Inherit: Inherit via internal rule
             Floor
             off
          
           
             [1350, -11, 1405, 31]
             852
             [1 0 0 -a; 0 1 a 0; 1 0 0 b; 0 1 -b 0]
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [715, -13, 770, 33]
             851
             [1 0 1 0; 0 1 0 1; 0 a 0 -b; -a 0 b 0]
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [1515, 134, 1570, 176]
             869
             inv([1 0 0 -a; 0 1 a 0; 1 0 0 b; 0 1 -b 0])
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [1350, -66, 1405, -24]
             850
             [1 0 0 -c; 0 1 c 0; 1 0 0 d; 0 1 -d 0]
             Matrix(K*u) (u vector)
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
             
               1
               idq_r^
               Auto
               SignalName
            
          
           
             [2]
             [820, 246, 850, 284]
             873
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData2'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-3.71806','MaxYLimReal','3.71932','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','3.71932','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Demux/1:1','Demux/1:2'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-1.76259','MaxYLimReal','1.3744','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','4.37625','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Demux/2:1','Demux/2:2'}},'ShowContent',true,'Placement',2)},'DisplayPropertyDefaults',struct('YLabelReal','','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[2 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[1 41 1920 964])
             2
          
           
             [4]
             [860, 616, 885, 709]
             969
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.78539','MaxYLimReal','7.0685','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','7.0685','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Kr matrices1/2','Kr matrices2/2'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-2.53681','MaxYLimReal','2.07451','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','7.1977','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Selector:1','Selector:2'}},'ShowContent',true,'Placement',2),struct('MinYLimReal','-2.35777','MaxYLimReal','2.20961','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','7.1977','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Dist force in rot coord:1','Dist force in rot coord:2'}},'ShowContent',true,'Placement',3),struct('MinYLimReal','-2.28955','MaxYLimReal','2.4947','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','7.1977','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Dist force in rot coord1:1','Dist force in rot coord1:2'}},'ShowContent',true,'Placement',4)},'DisplayPropertyDefaults',struct('YLabelReal','','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[4 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[-1279 57 1280 948])
             4
          
           
             [2]
             [820, 76, 850, 114]
             881
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','Force_error_xy','DataLogging',true,'DataLoggingSaveFormat','StructureWithTime'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-1.14716','MaxYLimReal','0.74555','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','1.14716','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Demux2/1:1','Demux2/1:2'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-0.34262','MaxYLimReal','0.32246','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','4.37625','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Demux2/2:1','Demux2/2:2'}},'ShowContent',true,'Placement',2)},'DisplayPropertyDefaults',struct('YLabelReal','','AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[2 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[-1279 57 1280 948])
             2
          
           
             [2]
             [450, 452, 490, 563]
             883
             on
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','theta','DataLogging',true,'DataLoggingSaveFormat','StructureWithTime'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.08081','MaxYLimReal','6.39348','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','6.39348','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Kr matrices1/2','Kr matrices2/2'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.08081','MaxYLimReal','6.39348','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','6.39348','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[-1279 57 1280 948])
             2
          
           
             [2]
             [455, 286, 485, 319]
             974
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.15995','MaxYLimReal','0.17083','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.17083','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',4,'LineNames',{{'Sum6:1','Sum6:2','idq_r^:1','idq_r^:2'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.15995','MaxYLimReal','0.17083','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.17083','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[-625 461 560 420])
             2
          
           
             [1]
             [1155, 774, 1185, 806]
             891
             on
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData8'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-2.54331','MaxYLimReal','2.49372','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','2.54331','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Dist force in stat coord:1','Dist force in stat coord:2'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-2.54331','MaxYLimReal','2.49372','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','2.54331','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b')
             1
          
           
             [3]
             [1520, 406, 1565, 464]
             905
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','Speed','DataLogging',true,'DataLoggingSaveFormat','StructureWithTime'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-11.29583','MaxYLimReal','81.21542','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','81.21542','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',3,'LineNames',{{'PI-based PLL  for speed^ &  angular position^ /1','omega','PI-based PLL  for speed^ &  angular position^ /3'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-11.29583','MaxYLimReal','81.21542','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','81.21542','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[1 41 1920 964])
             3
          
           
             [1]
             [1155, 689, 1185, 721]
             977
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','Fdq','DataLogging',true,'DataLoggingSaveFormat','StructureWithTime'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-1.5431','MaxYLimReal','2.03997','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','2.03997','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Fdq LPF:1','Fdq LPF:2'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-1.5431','MaxYLimReal','2.03997','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','2.03997','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b')
             1
          
           
             [2]
             [1690, 11, 1720, 44]
             981
             Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.0000007','MaxYLimReal','0.0000006','YLabelReal','','MinYLimMag','0.0000000','MaxYLimMag','0.0000007','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',8,'LineNames',{{'Sum7:1','Sum7:2','Sum7:3','Sum7:4','idq_r^:1','idq_r^:2','idq_r^:3','idq_r^:4'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.0000007','MaxYLimReal','0.0000006','YLabelReal','','MinYLimMag','0.0000000','MaxYLimMag','0.0000007','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[-625 461 560 420])
             2
          
           
             [1, 1]
             [305, 725, 350, 745]
             886
             4
             Index vector (dialog)
             [1 2]
             1
          
           
             [-205, 305, -175, 335]
             961
             on
             7
             0
          
           
             [-205, 365, -175, 395]
             964
             on
             8
             0
          
           
             [2, 1]
             [945, 0, 965, 20]
             849
             off
             round
             |+-
             off
             Inherit: Inherit via internal rule
             off
          
           
             [3, 1]
             [825, 0, 845, 20]
             848
             off
             round
             +++
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [1290, 0, 1310, 20]
             847
             off
             round
             |++
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [665, 0, 685, 20]
             861
             off
             round
             |++
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [1450, 220, 1470, 240]
             868
             off
             round
             |++
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [665, 155, 685, 175]
             877
             270
             off
             round
             -+|
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [390, 260, 410, 280]
             972
             off
             round
             ++|
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [1630, -55, 1650, -35]
             980
             off
             round
             ++|
             off
             Inherit: Inherit via internal rule
             off
          
           
             [1, 1]
             [1175, 261, 1275, 299]
             846
             on
             off
             off
             
               port_label('input', 1, '\omega','texmode','on');
port_label('output', 1, 'r[cos(\omegat) sin(\omegat)]','texmode','on');

               
                 edit
                 r
                 Radius of eccentricity  [m]
                 10e-6
              
            
             
               [-8, -8, 1928, 1048]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               227
               
                 [65, 113, 95, 127]
                 -1
                 Port number
              
               
                 [180, 128, 220, 162]
                 -2
                 on
                 alternate
                 -1
              
               
                 [325, 130, 355, 160]
                 -3
                 [0 0]'
              
               
                 [2, 1]
                 [145, 166, 170, 199]
                 -4
                 none
                 off
                 off
                 
                   Dot Product
                   Inner (dot) product.
y=sum(u1.*u2)
                   Computes the inner (dot) product of the inputs: sum(u1.*u2).  The inputs are vectors of the same length. Output is a scalar.
                   disp('.\n')
                
                 
                   [1222, 52, 2610, 1282]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   646
                   
                     [15, 25, 35, 45]
                     -1
                     Port number
                  
                   
                     [15, 90, 35, 110]
                     -2
                     2
                     Port number
                  
                   
                     [2, 1]
                     [65, 55, 90, 75]
                     -3
                  
                   
                     [1, 1]
                     [125, 55, 145, 75]
                     -4
                     +
                  
                   
                     [185, 55, 205, 75]
                     -5
                     Port number
                     0
                  
                   
                     1
                     2713#out:1
                     2714#in:1
                  
                   
                     2
                     2712#out:1
                     2713#in:1
                  
                   
                     3
                     2710#out:1
                     2712#in:1
                  
                   
                     4
                     2711#out:1
                     2712#in:2
                  
                
              
               
                 [2, 1]
                 [180, 55, 205, 90]
                 -5
                 alternate
                 none
                 off
                 off
                 
                   Dot Product
                   Inner (dot) product.
y=sum(u1.*u2)
                   Computes the inner (dot) product of the inputs: sum(u1.*u2).  The inputs are vectors of the same length. Output is a scalar.
                   disp('.\n')
                
                 
                   [1222, 52, 2610, 1282]
                   off
                   usletter
                   inches
                   [0.500000, 0.500000, 0.500000, 0.500000]
                   646
                   
                     [15, 25, 35, 45]
                     -1
                     Port number
                  
                   
                     [15, 90, 35, 110]
                     -2
                     2
                     Port number
                  
                   
                     [2, 1]
                     [65, 55, 90, 75]
                     -3
                  
                   
                     [1, 1]
                     [125, 55, 145, 75]
                     -4
                     +
                  
                   
                     [185, 55, 205, 75]
                     -5
                     Port number
                     0
                  
                   
                     1
                     2719#out:1
                     2720#in:1
                  
                   
                     2
                     2718#out:1
                     2719#in:1
                  
                   
                     3
                     2716#out:1
                     2718#in:1
                  
                   
                     4
                     2717#out:1
                     2718#in:2
                  
                
              
               
                 [3, 1]
                 [380, 91, 385, 129]
                 -6
                 off
                 3
                 bar
              
               
                 [1, 1]
                 [435, 91, 475, 129]
                 7
                 through
                 4
                 Index vector (dialog)
                 [2 1 3 4]
                 1
              
               
                 [1, 1]
                 [245, 55, 280, 95]
                 -7
                 1
              
               
                 [525, 93, 565, 127]
                 -8
                 r
              
               
                 [1, 1]
                 [245, 166, 280, 204]
                 -9
              
               
                 [595, 103, 625, 117]
                 -10
                 Port number
              
               
                 1
                 2706#out:1
                 [24, 0]
                 
                   2
                   [0, 55]
                   2709#in:1
                
                 
                   3
                   [0, -55]
                   2715#in:1
                
              
               
                 4
                 2724#out:1
                 [20, 0; 0, -40]
                 
                   5
                   [0, -35]
                   2721#in:2
                
                 
                   6
                   2707#in:1
                
              
               
                 7
                 2722#out:1
                 [19, 0]
                 
                   8
                   [0, 25]
                   2721#in:1
                
                 
                   9
                   [0, -53; -196, 0; 0, 168]
                   2709#in:2
                
              
               
                 10
                 2715#out:1
                 2722#in:1
              
               
                 11
                 2709#out:1
                 2724#in:1
              
               
                 12
                 2707#out:1
                 [-20, 0; 0, -65]
                 2715#in:2
              
               
                 13
                 2721#out:1
                 2738#in:1
              
               
                 14
                 2723#out:1
                 2725#in:1
              
               
                 15
                 2708#out:1
                 [5, 0]
                 2721#in:3
              
               
                 16
                 2738#out:1
                 2723#in:1
              
               
                 sin_wt
                 [282, 130, 312, 145]
                 [0, 0, 0, 0]
                 off
                 off
                 top
                 -1
              
               
                 cos_wt
                 [327, 53, 360, 68]
                 [0, 0, 0, 0]
                 off
                 off
                 top
                 -2
              
            
          
           
             [2, 1]
             [155, 233, 250, 302]
             954
             off
             Stateflow.Translate.translate
             ExplicitOnly
             on
             off
             MATLAB Function
             off
             
               1
               idq_r^
               dq
               Auto
               SignalName
            
             
               [193, 226, 852, 905]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               100
               31
               
                 [20, 101, 40, 119]
                 -1
                 Port number
              
               
                 [20, 136, 40, 154]
                 -2
                 2
                 Port number
              
               
                 [1, 1]
                 [270, 230, 320, 270]
                 2
                 1
              
               
                 Stateflow S-Function UMP_based_angle_estimation_using_PLL 6
                 [2, 2]
                 [180, 100, 230, 160]
                 1
                 sf_sfun
                 [2 2]
                 off
                 on
                 off
                 
                   2
                   dq
                   Auto
                   SignalName
                
              
               
                 [460, 241, 480, 259]
                 3
              
               
                 [460, 101, 480, 119]
                 -6
                 Port number
              
               
                 1
                 3987::29#out:1
                 3987::30#in:1
              
               
                 2
                 3987::30#out:1
                 3987::31#in:1
              
               
                 dq
                 3
                 [0, 0]
                 3987::29#out:2
                 3987::5#in:1
              
               
                 4
                 3987::1#out:1
                 3987::29#in:2
              
               
                 5
                 3987::23#out:1
                 [120, 0]
                 3987::29#in:1
              
            
          
           
             [2, 1]
             [25, 212, 115, 283]
             952
             off
             Stateflow.Translate.translate
             ExplicitOnly
             on
             off
             MATLAB Function
             off
             
               [193, 226, 852, 905]
               off
               usletter
               inches
               [0.500000, 0.500000, 0.500000, 0.500000]
               100
               33
               
                 [20, 101, 40, 119]
                 -1
                 Port number
              
               
                 [20, 136, 40, 154]
                 -2
                 2
                 Port number
              
               
                 [1, 1]
                 [270, 230, 320, 270]
                 2
                 1
              
               
                 Stateflow S-Function UMP_based_angle_estimation_using_PLL 4
                 [2, 2]
                 [180, 100, 230, 160]
                 1
                 sf_sfun
                 [2 2]
                 off
                 on
                 off
                 
                   2
                   abc
                   Auto
                   SignalName
                
              
               
                 [460, 241, 480, 259]
                 3
              
               
                 [460, 101, 480, 119]
                 -6
                 Port number
              
               
                 1
                 3985::31#out:1
                 3985::32#in:1
              
               
                 2
                 3985::32#out:1
                 3985::33#in:1
              
               
                 abc
                 3
                 [0, 0]
                 3985::31#out:2
                 3985::30#in:1
              
               
                 4
                 3985::1#out:1
                 3985::31#in:2
              
               
                 5
                 3985::29#out:1
                 [120, 0]
                 3985::31#in:1
              
            
          
           
             [-220, 200, -115, 230]
             955
             [5 5]
          
           
             [600, 770, 630, 800]
             912
             70*pi/180
          
           
             [2, 1]
             [1020, 147, 1050, 178]
             845
             on
             off
             Inherit: Inherit via internal rule
             off
          
           
             [1365, -117, 1395, -103]
             844
             Port number
          
           
             [1690, -52, 1720, -38]
             843
             2
             Port number
          
           
             [1530, 223, 1560, 237]
             842
             3
             Port number
          
           
             186
             2728#out:1
             [-60, 0]
             2702#in:2
          
           
             187
             2694#out:1
             2728#in:1
          
           
             du_g
             190
             [1, 0]
             2696#out:1
             [14, 0]
             
               189
               [0, 145]
               2694#in:1
            
             
               188
               2697#in:1
            
          
           
             191
             2702#out:1
             2698#in:1
          
           
             ddu_g
             192
             [-1, 1]
             2698#out:1
             2696#in:1
          
           
             195
             2693#out:1
             [10, 0]
             
               1593
               [0, 235]
               4134#in:1
            
             
               221
               [39, 0]
               
                 444
                 [0, 155]
                 
                   1832
                   [0, 70]
                   4020#in:1
                
                 
                   454
                   3473#in:2
                
              
               
                 443
                 2705#in:1
              
            
             
               194
               2728#in:2
            
          
           
             196
             2699#out:1
             [5, 0; 0, 220]
             3114#in:1
          
           
             198
             2700#out:1
             2703#in:2
          
           
             199
             2703#out:1
             2702#in:1
          
           
             200
             2695#out:1
             [85, 0]
             2703#in:1
          
           
             u_g
             203
             2697#out:1
             [11, 0]
             
               202
               [0, -55]
               
                 272
                 [0, -65]
                 2729#in:1
              
               
                 267
                 2701#in:1
              
            
             
               201
               [1, 0]
               2704#in:1
            
          
           
             206
             2704#out:1
             2699#in:1
          
           
             207
             2705#out:1
             [20, 0]
             2704#in:2
          
           
             215
             2917#out:1
             2700#in:1
          
           
             1567
             2980#out:1
             4043#in:1
          
           
             231
             3114#out:1
             [18, 0]
             
               237
               [0, -75]
               3116#in:1
            
             
               236
               2731#in:1
            
          
           
             264
             3116#out:1
             [-5, 0; 14, 0]
          
           
             251
             3135#out:1
             3136#in:1
          
           
             252
             3135#out:2
             3136#in:2
          
           
             1455
             3887#out:1
             [40, 0]
             
               1457
               3155#in:2
            
             
               1456
               3135#in:1
            
          
           
             282
             3155#out:1
             [0, -55]
             
               1763
               [-69, 0]
            
             
               1683
               2917#in:2
            
             
               294
               3201#in:1
            
          
           
             291
             3201#out:1
             3202#in:1
          
           
             292
             3201#out:2
             3202#in:2
          
           
             1591
             4066#out:2
             [-35, 0]
             
               1459
               [-38, 0]
               
                 1595
                 [0, 155]
                 4187#in:1
              
               
                 1594
                 [-372, 0; 0, -280]
                 3948#in:1
              
            
             
               1458
               [0, 45]
               3230#in:1
            
          
           
             1588
             4134#out:2
             [-96, 0]
             
               1597
               [0, 75]
               4187#in:2
            
             
               1596
               [-145, 0]
               
                 1449
                 [0, -285]
                 3887#in:1
              
               
                 1447
                 3230#in:2
              
            
          
           
             1592
             4134#out:1
             [-758, 0]
             
               1492
               [0, -230]
               3985#in:2
            
             
               1491
               [0, 347; 963, 0; 0, -37]
               3258#in:2
            
          
           
             569
             3515#out:1
             [29, 0]
             
               1599
               [0, -70]
               4188#in:4
            
             
               1194
               3259#in:1
            
          
           
             316
             3259#out:1
             [27, 0]
             
               1584
               [0, -65]
               
                 1742
                 4196#in:1
              
               
                 1741
                 [0, -130]
                 4020#in:2
              
            
             
               1583
               3258#in:1
            
          
           
             332
             3258#out:1
             3268#in:1
          
           
             1603
             4189#out:1
             [45, 0]
             
               1598
               [0, -80]
               4188#in:3
            
             
               1178
               3515#in:1
            
          
           
             571
             3516#out:1
             3515#in:2
          
           
             1685
             3371#out:1
             3266#in:1
          
           
             1454
             3948#out:1
             3155#in:1
          
           
             1490
             3985#out:1
             3987#in:1
          
           
             idq_r^
             1678
             [1, 1]
             3987#out:1
             [109, 0]
             
               1682
               [0, 40]
               4193#in:2
            
             
               1681
               4192#in:2
            
          
           
             317
             3266#out:1
             [8, 0]
             
               1604
               4189#in:1
            
             
               1600
               [0, -85]
               4188#in:2
            
          
           
             1564
             4043#out:1
             [18, 0]
             
               1574
               [0, 112; 520, 0; 0, -67]
               3887#in:2
            
             
               1571
               3985#in:1
            
          
           
             1589
             4066#out:1
             [-615, 0]
             
               1688
               3987#in:2
            
             
               1687
               [0, 380]
               4189#in:2
            
          
           
             1585
             4045#out:1
             4064#in:1
          
           
             1586
             4065#out:1
             [9, 0; 0, -45]
             4064#in:2
          
           
             1587
             4064#out:1
             [10, 0]
             4043#in:2
          
           
             1601
             4187#out:1
             [58, 0; 0, 25]
             4188#in:1
          
           
             1677
             4192#out:1
             [24, 0]
             
               1680
               [0, 25]
               4193#in:1
            
             
               1679
               [1, 0; 0, -95]
               3948#in:2
            
          
           
             1745
             4191#out:1
             [30, 0]
             4192#in:1
          
           
             1560
             4020#out:1
             [29, 0; 0, -80]
             
               1768
               4066#in:1
            
             
               1766
               3473#in:1
            
          
           
             1750
             2692#out:1
             2917#in:1
          
           
             1753
             4199#out:1
             [9, 0]
             
               1762
               [0, 65]
               4200#in:1
            
             
               1761
               2730#in:1
            
          
           
             idq_r^
             1752
             2701#out:1
             [189, 0]
             
               1760
               [1, 1]
               [0, 80]
               4200#in:2
            
             
               1759
               4199#in:2
            
          
           
             1754
             4197#out:1
             [65, 0]
             4199#in:1
          
           
             1767
             4020#out:3
             [87, 0; 0, -130]
             3473#in:3
          
           
             f_{b,AMB} = [F_{x1b}
                F_{y1b}
                F_{x2b}
                 F_{y2b}]
             [558, -78, 632, -17]
             [0, 0, 0, 0]
             off
             off
             tex
             on
             -1
          
           
             Input is force at bearing locations and angular speed.
Output is position of centre of gravity
             [703, -174, 939, -146]
             [0, 0, 0, 0]
             off
             off
             left
             -2
          
           
             f_{g,AMB} = [F_{xg}
                F_{yg}
                M_{xg}
                 M_{yg}]
             [893, -85, 965, -24]
             [0, 0, 0, 0]
             off
             off
             tex
             on
             -3
          
           
             u_{g} = [u_{xg}
                u_{yg}
                \theta_{xg}
                \theta_{yg}]
             [1122, -85, 1189, -24]
             [0, 0, 0, 0]
             off
             off
             tex
             on
             -4
          
           
             wr_init = 1;
Kp_PLL = 0.1;
Ki_PLL = 1e3;
             [1599, 652, 1664, 693]
             [0, 0, 0, 0]
             off
             off
             left
             top
             [0.000000, 0.000000, 0.500000]
             -4
             wr_init = 1;
Kp_PLL = 0.1;
Ki_PLL = 1e3;
             on
          
           
             wr_init = 1;
Kp_PLL = 54;
Ki_PLL = 2.1e3;
             [1595, 730, 1668, 771]
             [0, 0, 0, 0]
             off
             off
             left
             top
             [0.000000, 0.000000, 0.500000]
             1
             wr_init = 1;
Kp_PLL = 54;
Ki_PLL = 2.1e3;
             on
          
           
             addpath('C:\GK\PhD\Simulation\Cooperative Control');
load Fx0_LUT.mat;
load FxyKid_LUT.mat;
load FxyKiq_LUT.mat;
load trigident.mat
             [173, -23, 414, 44]
             [0, 0, 0, 0]
             off
             off
             left
             top
             [0.000000, 0.000000, 0.500000]
             -3
             addpath('C:\GK\PhD\Simulation\Cooperative Control');
load Fx0_LUT.mat;
load FxyKid_LUT.mat;
load FxyKiq_LUT.mat;
load trigident.mat
             on
          
        
      
       
         [1, 1]
         [1970, 505, 2000, 535]
         818
         u0
         2*pi*10
         0
      
       
         [2]
         [2495, 246, 2525, 279]
         795
         alternate
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.52359','MaxYLimReal','0.84429','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.84429','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Selector','Selector1'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.52359','MaxYLimReal','0.84429','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.84429','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863])),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[1 41 1920 964])
         2
      
       
         [1, 1]
         [2235, 236, 2275, 274]
         792
         alternate
         4
         Index vector (dialog)
         1
         1
      
       
         [1, 1]
         [2235, 286, 2275, 324]
         793
         4
         Index vector (dialog)
         1
         1
      
       
         [1, 2]
         [2400, 650, 2445, 705]
         414
         off
         off
         
           [100, 100, 600, 900]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           125
           
             [25, 38, 55, 52]
             95
             Port number
          
           
             [1, 4]
             [85, 27, 90, 63]
             90
             off
             bar
          
           
             [2, 1]
             [135, 21, 140, 59]
             91
             off
             2
             bar
          
           
             [2, 1]
             [135, 81, 140, 119]
             94
             off
             2
             bar
          
           
             [185, 33, 215, 47]
             96
             Port number
          
           
             [185, 93, 215, 107]
             97
             2
             Port number
          
           
             1
             1640#out:1
             1641#in:1
          
           
             2
             1640#out:3
             1641#in:2
          
           
             3
             1641#out:1
             1643#in:1
          
           
             4
             1640#out:2
             [17, 0; 0, 50]
             1642#in:1
          
           
             5
             1640#out:4
             [6, 0; 0, 50]
             1642#in:2
          
           
             6
             1642#out:1
             1644#in:1
          
           
             7
             1639#out:1
             1640#in:1
          
        
      
       
         [1, 2]
         [2400, 474, 2445, 521]
         416
         off
         off
         
           [-8, -8, 1928, 1048]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           125
           
             [25, 38, 55, 52]
             95
             Port number
          
           
             [1, 4]
             [85, 27, 90, 63]
             90
             off
             bar
          
           
             [2, 1]
             [135, 21, 140, 59]
             91
             off
             2
             bar
          
           
             [2, 1]
             [135, 81, 140, 119]
             94
             off
             2
             bar
          
           
             [185, 33, 215, 47]
             96
             Port number
          
           
             [185, 93, 215, 107]
             97
             2
             Port number
          
           
             1
             1647#out:1
             1648#in:1
          
           
             2
             1650#out:1
             1652#in:1
          
           
             3
             1648#out:4
             [6, 0; 0, 50]
             1650#in:2
          
           
             4
             1648#out:2
             [17, 0; 0, 50]
             1650#in:1
          
           
             5
             1649#out:1
             1651#in:1
          
           
             6
             1648#out:3
             1649#in:2
          
           
             7
             1648#out:1
             1649#in:1
          
        
      
       
         [1, 2]
         [2400, 314, 2445, 361]
         804
         alternate
         off
         off
         
           [-8, -8, 1928, 1048]
           off
           usletter
           inches
           [0.500000, 0.500000, 0.500000, 0.500000]
           125
           
             [25, 38, 55, 52]
             95
             Port number
          
           
             [1, 4]
             [85, 27, 90, 63]
             90
             off
             bar
          
           
             [2, 1]
             [135, 21, 140, 59]
             91
             off
             2
             bar
          
           
             [2, 1]
             [135, 81, 140, 119]
             94
             off
             2
             bar
          
           
             [185, 33, 215, 47]
             96
             Port number
          
           
             [185, 93, 215, 107]
             97
             2
             Port number
          
           
             1
             2608#out:1
             2609#in:1
          
           
             2
             2608#out:3
             2609#in:2
          
           
             3
             2609#out:1
             2611#in:1
          
           
             4
             2608#out:2
             [17, 0; 0, 50]
             2610#in:1
          
           
             5
             2608#out:4
             [6, 0; 0, 50]
             2610#in:2
          
           
             6
             2610#out:1
             2612#in:1
          
           
             7
             2607#out:1
             2608#in:1
          
        
      
       
         [1925, 465, 1955, 495]
         102
         alternate
         2*pi*10/2
         0
      
       
         [2, 1]
         [2000, 470, 2020, 490]
         98
         off
         round
         |++
         off
         Inherit: Inherit via internal rule
         off
      
       
         [2]
         [2495, 555, 2525, 590]
         810
         alternate
         on
         1.388
         simulink/Sinks/XY Graph
         XY scope.
         
           off
           -20e-6
           20e-6
           -20e-6
           20e-6
           -1
        
      
       
         [2]
         [2495, 600, 2525, 635]
         813
         on
         1.388
         simulink/Sinks/XY Graph
         XY scope.
         
           off
           -20e-6
           20e-6
           -20e-6
           20E-6
           -1
        
      
       
         [1]
         [2240, 604, 2270, 636]
         96
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData4','DataLoggingSaveFormat','StructureWithTime','DataLoggingDecimation','1','DataLoggingDecimateData',true),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.000002','MaxYLimReal','0.000016','YLabelReal','','MinYLimMag','0.000000','MaxYLimMag','0.000016','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Gain1'}},'ShowContent',true,'Placement',1)},'DisplayPropertyDefaults',struct('MinYLimReal','-0.000002','MaxYLimReal','0.000016','YLabelReal','','MinYLimMag','0.000000','MaxYLimMag','0.000016','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',0,'LineNames',{{[]}},'ShowContent',true,'Placement',1)),extmgr.Configuration('Tools','Plot Navigation',true,'PreviousAutoscale','XY','OnceAtStop',false),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Location',[1 140 1921 1079],'WindowStyle','docked')
         1
      
       
         [2]
         [2495, 650, 2525, 705]
         415
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData8'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.0002','MaxYLimReal','0.00002','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.0002','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Split1/1:1','Split1/1:2'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-0.00011','MaxYLimReal','0.00000','YLabelReal','','MinYLimMag','0.000000','MaxYLimMag','0.000058','LegendVisibility','off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Split1/2:1','Split1/2:2'}},'ShowContent',true,'Placement',2)},'DisplayPropertyDefaults',struct('YLabelReal','','AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[2 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b','Measurements',struct('traceselector',struct('Line',1),'tcursors',struct('XCoordinates',[9.4286457204683 9.43068325312951],'YCoordinates',[NaN NaN],'CursorChannels',[1 1],'WaveformCursors',true,'ShowHorizontal',false,'ShowVertical',true,'LockCursorSpacing',false,'SnapToData',false,'SettingsPanelOpen',0,'MeasurementsPanelOpen',1)))),'Version','2016b','Position',[1 1 1280 923],'WindowStyle','docked')
         2
      
       
         [2]
         [2495, 314, 2525, 361]
         805
         alternate
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ucog','DataLogging',true,'DataLoggingSaveFormat','StructureWithTime'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.00025','MaxYLimReal','0.00026','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.00026','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Split3/1:1','Split3/1:2'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-0.00035','MaxYLimReal','0.00034','YLabelReal','','MinYLimMag','0.000000','MaxYLimMag','0.000016','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Split3/2:1','Split3/2:2'}},'ShowContent',true,'Placement',2)},'DisplayPropertyDefaults',struct('YLabelReal','','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[2 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b','Measurements',struct('traceselector',struct('Line',1),'tcursors',struct('XCoordinates',[8.75782881002088 9.80492796362849],'YCoordinates',[NaN NaN],'CursorChannels',[1 1],'WaveformCursors',true,'ShowHorizontal',false,'ShowVertical',true,'LockCursorSpacing',false,'SnapToData',false,'SettingsPanelOpen',0,'MeasurementsPanelOpen',1)))),'Version','2016b','Position',[1 1 1280 923],'WindowStyle','docked')
         2
      
       
         [2]
         [2495, 474, 2525, 521]
         417
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','us','DataLogging',true,'DataLoggingSaveFormat','StructureWithTime'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.00017','MaxYLimReal','0.00015','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.00017','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Split2/1:1','Split2/1:2'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-0.000034','MaxYLimReal','0.000034','YLabelReal','','MinYLimMag','0.000000','MaxYLimMag','0.000027','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Split2/2:1','Split2/2:2'}},'ShowContent',true,'Placement',2)},'DisplayPropertyDefaults',struct('YLabelReal','','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[2 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b','Measurements',struct('traceselector',struct('Line',1),'tcursors',struct('XCoordinates',[9.96558123837039 9.97405981062985],'YCoordinates',[NaN NaN],'CursorChannels',[1 1],'WaveformCursors',true,'ShowHorizontal',false,'ShowVertical',true,'LockCursorSpacing',false,'SnapToData',false,'SettingsPanelOpen',0,'MeasurementsPanelOpen',1)))),'Version','2016b','Position',[1 1 1280 923],'WindowStyle','docked')
         2
      
       
         [2]
         [2495, 418, 2525, 462]
         815
         alternate
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1','DataLogging',true,'DataLoggingSaveFormat','StructureWithTime'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.0000021','MaxYLimReal','0.000002','YLabelReal','','MinYLimMag','0.0000000','MaxYLimMag','0.0000021','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Demux1/1:1','Demux1/1:2'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-0.00000041','MaxYLimReal','0.00000052','YLabelReal','','MinYLimMag','0.000000','MaxYLimMag','0.000027','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'Demux1/2:1','Demux1/2:2'}},'ShowContent',true,'Placement',2)},'DisplayPropertyDefaults',struct('YLabelReal','','LegendVisibility','Off','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;1 1 0.0666666666666667;0.717647058823529 0.274509803921569 1;0.392156862745098 0.831372549019608 0.0745098039215686;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863]),'DisplayLayoutDimensions',[2 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b','Measurements',struct('traceselector',struct('Line',1),'tcursors',struct('XCoordinates',[9.96558123837039 9.97405981062985],'YCoordinates',[NaN NaN],'CursorChannels',[1 1],'WaveformCursors',true,'ShowHorizontal',false,'ShowVertical',true,'LockCursorSpacing',false,'SnapToData',false,'SettingsPanelOpen',0,'MeasurementsPanelOpen',1)))),'Version','2016b','Position',[1 1 1280 923],'WindowStyle','docked')
         2
      
       
         12
         453#out:1
         514#in:1
      
       
         13
         455#out:1
         454#in:1
      
       
         909
         496#out:1
         [25, 0]
      
       
         958
         3736#out:1
         [5, 0]
         456#in:2
      
       
         855
         514#out:1
         3736#in:1
      
       
         218
         1638#out:1
         1645#in:1
      
       
         219
         1638#out:2
         1645#in:2
      
       
         223
         1646#out:1
         1653#in:1
      
       
         224
         1646#out:2
         1653#in:2
      
       
         668
         20#out:3
         [10, 0; 0, 125]
         
           806
           2445#in:1
        
         
           635
           1638#in:1
        
      
       
         908
         456#out:1
         2597#in:1
      
       
         667
         20#out:2
         [37, 0]
         
           805
           [0, -60]
           3112#in:1
        
         
           743
           1646#in:1
        
         
           606
           [0, 90]
           
             708
             2896#in:1
          
           
             707
             [0, 160]
             2552#in:1
          
        
      
       
         561
         2477#out:1
         [72, 0]
         
           799
           [35, 0]
        
         
           793
           [0, -110]
           2560#in:1
        
      
       
         543
         2445#out:1
         [-23, 0; 0, -180]
         
           683
           [165, 0; 0, -75]
           2477#in:2
        
         
           552
           [0, -90]
           2513#in:2
        
      
       
         548
         2158#out:2
         2513#in:1
      
       
         550
         2513#out:1
         2477#in:1
      
       
         554
         2552#out:1
         [-210, 0; 0, -365]
         2158#in:2
      
       
         557
         2158#out:1
         [30, 0; 0, -95; 480, 0]
         
           797
           [0, 190]
           20#in:1
        
         
           776
           2559#in:1
        
      
       
         562
         2559#out:1
         2562#in:1
      
       
         563
         2560#out:1
         [19, 0; 0, -35]
         2562#in:2
      
       
         604
         2597#out:1
         [10, 0; 0, 20]
         
           740
           [0, 120]
           
             680
             [-546, 0; 0, -200]
             2158#in:3
          
           
             532
             455#in:1
          
        
         
           665
           20#in:2
        
      
       
         607
         2606#out:1
         2613#in:1
      
       
         608
         2606#out:2
         2613#in:2
      
       
         666
         20#out:1
         [12, 0; 0, -105]
         2606#in:1
      
       
         709
         2896#out:1
         2895#in:1
      
       
         710
         2896#out:2
         2895#in:2
      
       
         713
         2896#out:3
         [30, 0]
         2898#in:1
      
       
         714
         2896#out:4
         [25, 0; 0, 15]
         2898#in:2
      
       
         787
         3112#out:1
         3111#in:1
      
       
         788
         3112#out:2
         3111#in:2
      
       
         794
         3115#out:1
         2158#in:1
      
       
         803
         2158#out:3
         [19, 0; 0, 135]
         20#in:3
      
       
         load Workspace_vars_for_UMP_sim.mat
         [1740, 197, 1923, 212]
         [0, 0, 0, 0]
         off
         off
         left
         top
         [0.000000, 0.000000, 0.500000]
         -1
         load Workspace_vars_for_UMP_sim.mat
         on
      
    
  










simulink/configSet0.xml


 
   
     []
     
     
       
         []
         
         0.0
         10
         auto
         1e-9
         auto
         -1
         5
         auto
         10*128*eps
         1000
         4
         1
         1e-3
         auto
         1
         1e-5
         on
         off
         off
         ode45
         ode45
         auto
         DisableAll
         EnableAll
         Nonadaptive
         TrustRegion
         on
         off
         Fast
         off
         off
         Unconstrained
         Whenever possible
         []
      
       
         []
         
         1
         [t, u]
         xFinal
         xInitial
         off
         1000
         off
         off
         off
         off
         Array
         Dataset
         off
         off
         on
         on
         off
         on
         off
         streamout
         off
         off
         xout
         tout
         yout
         logsout
         dsmout
         RefineOutputTimes
         []
         out
         1
         off
         out.mat
         [-inf, inf]
      
       
         
           BooleansAsBitfields
           PassReuseOutputArgsAs
           PassReuseOutputArgsThreshold
           ZeroExternalMemoryAtStartup
           ZeroInternalMemoryAtStartup
           OptimizeModelRefInitCode
           NoFixptDivByZeroProtection
           UseSpecifiedMinMax
        
         
         on
         on
         on
         Tunable
         off
         off
         double
         off
         off
         on
         on
         off
         off
         on
         off
         
         on
         off
         uint_T
         on
         64
         Structure reference
         12
         2147483647
         on
         5
         off
         off
         Native Integer
         on
         on
         off
         off
         off
         on
         inf
         Inherit from target
         on
         off
         off
      
       
         
           UseOnlyExistingSharedCode
        
         
         error
         none
         none
         none
         none
         UseLocalSettings
         UseLocalSettings
         UseLocalSettings
         warning
         warning
         warning
         warning
         on
         Classic
         none
         off
         off
         UseLocalSettings
         warning
         warning
         none
         error
         warning
         warning
         warning
         warning
         error
         error
         error
         none
         warning
         warning
         none
         warning
         warning
         error
         error
         none
         warning
         warning
         none
         none
         none
         none
         none
         none
         error
         error
         none
         warning
         warning
         warning
         error
         none
         error
         none
         warning
         warning
         UseLocalSettings
         on
         off
         none
         error
         none
         none
         warning
         warning
         warning
         error
         warning
         warning
         error
         warning
         ErrorLevel1
         WarnAndRepair
         none
         warning
         warning
         error
         none
         warning
         warning
         warning
         warning
         warning
         warning
         warning
         warning
         error
         warning
         warning
         none
         warning
         warning
         all
         warning
         on
      
       
         []
         
         8
         16
         32
         32
         64
         32
         64
         32
         32
         32
         Char
         None
         Undefined
         Unspecified
         32
         on
         off
         32-bit Generic
         8
         16
         32
         32
         64
         32
         64
         32
         32
         32
         Char
         None
         on
         off
         Undefined
         Unspecified
         32
         32
         32
         Specified
         off
         on
         on
         on
      
       
         []
         
         IfOutOfDateOrStructuralChange
         on
         error
         off
         on
         None
         Multi
         Infer from blocks in model
         
         on
         off
         off
         off
      
       
         []
         
         
         
         
         
         []
         
         
         
         
         
         
         on
         on
         on
         off
         on
         sf_incremental_build
         off
         on
         50
         on
      
       
         
           IncludeHyperlinkInReport
           GenerateTraceInfo
           GenerateTraceReport
           GenerateTraceReportSl
           GenerateTraceReportSf
           GenerateTraceReportEml
           PortableWordSizes
           GenerateWebview
           GenerateCodeMetricsReport
           GenerateCodeReplacementReport
           GenerateErtSFunction
           CreateSILPILBlock
           CodeExecutionProfiling
           CodeProfilingSaveOptions
           CodeProfilingInstrumentation
           GenerateMissedCodeReplacementReport
        
         grt.tlc
         None
         
         off
         make_rtw
         on
         off
         
         grt_default_tmf
         
         
         off
         off
         on
         off
         []
         off
         off
         off
         off
         off
         off
         
         
         
         
         
         
         
         
         
         Automatically locate an installed toolchain
         Faster Builds
         []
         off
         off
         off
         None
         off
         executionProfile
         SummaryOnly
         off
         off
         C
         off
         off
         off
         off
         off
         off
         off
         off
         off
         off
         off
         []
         
         Off
         1024
         
           
             
               IgnoreCustomStorageClasses
               IgnoreTestpoints
               InsertBlockDesc
               InsertPolySpaceComments
               SFDataObjDesc
               MATLABFcnDesc
               SimulinkDataObjDesc
               DefineNamingRule
               SignalNamingRule
               ParamNamingRule
               InternalIdentifier
               InlinedPrmAccess
               CustomSymbolStr
               CustomSymbolStrGlobalVar
               CustomSymbolStrType
               CustomSymbolStrField
               CustomSymbolStrFcn
               CustomSymbolStrFcnArg
               CustomSymbolStrBlkIO
               CustomSymbolStrTmpVar
               CustomSymbolStrMacro
               ReqsInCode
               CustomSymbolStrModelFcn
               CustomSymbolStrUtil
               CustomUserTokenString
            
             
             
             off
             on
             Auto
             on
             off
             off
             31
             off
             off
             off
             off
             off
             off
             off
             off
             off
             1
             $R$N$M
             $N$R$M_T
             $N$M
             $R$N$M$F
             $R$N
             rt$I$N$M
             rtb_$N$M
             $N$M
             $R$N$M
             $N$C
             
             
             None
             
             None
             
             None
             
             off
             off
             on
             off
             off
             
             Shortened
             Literals
             off
             off
             []
          
           
             
               GeneratePreprocessorConditionals
               IncludeMdlTerminateFcn
               GenerateAllocFcn
               SuppressErrorStatus
               ERTCustomFileBanners
               GenerateSampleERTMain
               GenerateTestInterfaces
               ModelStepFunctionPrototypeControlCompliant
               CPPClassGenCompliant
               SupportNonInlinedSFcns
               PurelyIntegerCode
               SupportComplex
               SupportAbsoluteTime
               SupportContinuousTime
               ExistingSharedCode
               RemoveDisableFunc
               RemoveResetFunc
            
             
             ansi_tfl_table_tmw.mat
             
             
             NOT IN USE
             C89/C90 (ANSI)
             None
             Auto
             System defined
             256
             2048
             on
             off
             
             off
             off
             on
             on
             on
             on
             on
             Disable all
             on
             off
             off
             off
             Auto
             off
             on
             rt_
             on
             off
             Nonreusable function
             on
             on
             off
             on
             on
             off
             off
             off
             Nominal
             Nominal
             Simulink.SoftwareTarget.GRTCustomization
             off
             on
             off
             off
             off
             off
             on
             on
             []
             off
             off
             off
             off
             1000000
             0
             ext_comm
             
             Level1
             off
             off
             off
             off
             off
             Error
          
        
      
       
         []
         Simulink Coverage Configuration Component
         Simulink Coverage
         off
         EntireSystem
         on
         off
         /
         covdata
         
         dw
         
         
         off
         on
         on
         on
         on
         on
         covCumulativeData
         off
         on
         slcov_output/$ModelName$
         $ModelName$_cvdata
         on
         on
         off
         
         off
         on
         1e-05
         0.01
         off
         0
         0
      
       
         []
         HDL Coder custom configuration component
         HDL Coder
         
           
        
         0
      
       
         
           Name
        
         
         
           
             []
             
             on
             off
             off
             off
             off
             on
             0
             off
             on
             on
             off
             on
             0
             3
             off
             on
             
             off
             on
             [-1 -1 -1 -1]
             [0 0 0]
             [0 0 -1]
             [0 1 0]
             -1
             0
             [0.9 0.9 0.95]
             [1 0 0]
             Convex hull from body CS locations
             NONE
             SimscapeMultibody1G
             
          
           
             []
             SimMechanics 2G
             
               
                 []
                 Diagnostics
                 DiagnosticsConfigSet
                 warning
                 warning
                 warning
                 warning
                 warning
                 warning
                 error
                 warning
                 error
              
               
                 []
                 Explorer
                 ExplorerConfigSet
                 on
                 
              
            
             SimscapeMultibody
          
        
         Simscape
         Full
         warning
         warning
         none
         off
         off
         simlog
         1
         on
         5000
         
      
    
     Configuration
     
     Solver
      [ 303, 90, 1617, 893 ] 
  










simulink/configSetInfo.xml


 
   Configuration










simulink/graphicalInterface.xml


 
   0
   0
   
   0
   0
   0
   0
   0
   0
   0
   0










simulink/plugins/DiagnosticSuppressor.xml


 
   on
   22 serialization::archive 11 0 3 0 0 0 8 0










simulink/plugins/LogicAnalyzerPlugin.xml


 
   
   on
   










simulink/stateflow.xml


 
   
     30-Jul-2013 15:32:49
     0
     80000010
     
       
         Default Simulink S-Function Target.
      
       
         Rigid body model/Plant force dist/abc2dq
         [475 180 198 683]
         [0 156.75 0 153.75]
         [1 1 1920 1080 1.333333333333333]
         12
         10
         CLUSTER_CHART
         EML_CHART
         1
         1
         
           f_idq
        
         
           
             eML_blk_kernel()
             [18 64.5 118 66]
             12
             SUBCHART
             12
             FUNC_STATE
             CLUSTER_STATE
             
               1
               function [id_p,iq_p] = f_idq(idq)

eml.inline('always');       %Generate inlined code


id_p = 0.8028*idq(1) + 0.3083;
iq_p = 0.7789*idq(2) + 0.3441;


end















               Matrix(4,1)
[10.0, 5.0, 700.0, 500.0]
            
          
           
             INPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
                 1
                 16
              
               SF_COMPLEX_INHERITED
               SF_FRAME_INHERITED
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             OUTPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
              
               SF_COMPLEX_INHERITED
               SF_FRAME_NO
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             OUTPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
                 1
                 16
              
               SF_COMPLEX_INHERITED
               SF_FRAME_NO
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             {eML_blk_kernel();}
             [28.125 13.875 102.544 14.964]
             12
             
               [0 0 1 0 23.5747 14.625 0 0]
            
             
               3
               [1 0 -1 0 23.5747 42.5747 0 0]
            
             [23.5747 24.9468]
             [21.175 25.975 14.625 42.575]
             12
             SMART
             
               BOTH_STICK
            
             1
          
           
             [23.5747 49.5747 7]
             12
             CONNECTIVE_JUNCTION
          
        
      
       
         Rigid body model/Force comp FF/abc2dq
         [475 180 198 683]
         [0 156.75 0 153.75]
         [1 1 1920 1080 1.333333333333333]
         20
         10
         CLUSTER_CHART
         EML_CHART
         3
         1
         
           f_idq
        
         
           
             eML_blk_kernel()
             [18 64.5 118 66]
             12
             SUBCHART
             20
             FUNC_STATE
             CLUSTER_STATE
             
               1
               function [id_p,iq_p] = f_idq(idq)

eml.inline('always');       %Generate inlined code


id_p = 0.8028*idq(1) + 0.3083;
iq_p = 0.7789*idq(2) + 0.3441;


end















               Matrix(4,1)
[10.0, 5.0, 700.0, 500.0]
            
          
           
             INPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
                 1
                 16
              
               SF_COMPLEX_INHERITED
               SF_FRAME_INHERITED
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             OUTPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
              
               SF_COMPLEX_INHERITED
               SF_FRAME_NO
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             OUTPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
                 1
                 16
              
               SF_COMPLEX_INHERITED
               SF_FRAME_NO
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             {eML_blk_kernel();}
             [28.125 13.875 102.544 14.964]
             12
             
               [0 0 1 0 23.5747 14.625 0 0]
            
             
               3
               [1 0 -1 0 23.5747 42.5747 0 0]
            
             [23.5747 24.9468]
             [21.175 25.975 14.625 42.575]
             20
             SMART
             
               BOTH_STICK
            
             1
          
           
             [23.5747 49.5747 7]
             20
             CONNECTIVE_JUNCTION
          
        
      
       
         Rigid body model/dq2abc 1
         [515 220 198 683]
         [0 156.75 0 153.75]
         [1 1 1920 1080 1.333333333333333]
         28
         9
         CLUSTER_CHART
         EML_CHART
         4
         1
         
           dq2abc
        
         
           
             eML_blk_kernel()
             [18 64.5 118 66]
             12
             SUBCHART
             28
             FUNC_STATE
             CLUSTER_STATE
             
               1
               function abc = dq2abc(dq, Kinv)

eml.inline('always');       %Generate inlined code

abc = eml.nullcopy(zeros(3,1)); %Faster than abc = [0 0 0]';

abc(1) = Kinv(1)*dq(1) + Kinv(4)*dq(2);
abc(2) = Kinv(2)*dq(1) + Kinv(5)*dq(2);
abc(3) = Kinv(3)*dq(1) + Kinv(6)*dq(2);


end















               Matrix(4,1)
[10.0, 296.0, 1928.0, 1058.0]
            
          
           
             INPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
              
               SF_COMPLEX_INHERITED
               SF_FRAME_NO
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             INPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
              
               SF_COMPLEX_INHERITED
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             OUTPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
                 1
                 16
              
               SF_COMPLEX_INHERITED
               SF_FRAME_NO
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             {eML_blk_kernel();}
             [28.125 13.875 102.544 14.964]
             12
             
               [0 0 1 0 23.5747 14.625 0 0]
            
             
               3
               [1 0 -1 0 23.5747 42.5747 0 0]
            
             [23.5747 24.9468]
             [21.175 25.975 14.625 42.575]
             28
             SMART
             
               BOTH_STICK
            
             1
          
           
             [23.5747 49.5747 7]
             28
             CONNECTIVE_JUNCTION
          
        
      
       
         Rigid body model/Dist force in rot coord1
         [415 120 198 683]
         [0 156.75 0 153.75]
         [1 1 1920 1080 1.333333333333333]
         36
         9
         CLUSTER_CHART
         EML_CHART
         5
         1
         
           Fab_to_Fdq
        
         
           
             eML_blk_kernel()
             [18 64.5 118 66]
             12
             SUBCHART
             36
             FUNC_STATE
             CLUSTER_STATE
             
               1
               function Fdq = Fab_to_Fdq(Fab, theta)



eml.inline('always');       %Generate inlined code

Fdq = eml.nullcopy(zeros(2,1)); %Faster than dq = [0 0]';

ct = cos(theta);
st = sin(theta);

Fdq(1) = Fab(1)*ct - Fab(2)*st;
Fdq(2) = Fab(1)*st + Fab(2)*ct;


end















               Matrix(4,1)
[10.0, 5.0, 700.0, 500.0]
            
          
           
             INPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
                 1
                 16
              
               SF_COMPLEX_INHERITED
               SF_FRAME_INHERITED
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             INPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
              
               SF_COMPLEX_INHERITED
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             OUTPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
              
               SF_COMPLEX_INHERITED
               SF_FRAME_NO
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             {eML_blk_kernel();}
             [28.125 13.875 102.544 14.964]
             12
             
               [0 0 1 0 23.5747 14.625 0 0]
            
             
               3
               [1 0 -1 0 23.5747 42.5747 0 0]
            
             [23.5747 24.9468]
             [21.175 25.975 14.625 42.575]
             36
             SMART
             
               BOTH_STICK
            
             1
          
           
             [23.5747 49.5747 7]
             36
             CONNECTIVE_JUNCTION
          
        
      
       
         Rigid body model/abc2dq
         [435 140 198 683]
         [0 156.75 0 153.75]
         [1 1 1920 1080 1.333333333333333]
         44
         9
         CLUSTER_CHART
         EML_CHART
         6
         1
         
           abc2dq
        
         
           
             eML_blk_kernel()
             [18 64.5 118 66]
             12
             SUBCHART
             44
             FUNC_STATE
             CLUSTER_STATE
             
               1
               function dq = abc2dq(abc, K)

eml.inline('always');       %Generate inlined code

dq = eml.nullcopy(zeros(2,1)); %Faster than dq = [0 0]';

% dq(1) = K(1)*abc(1) + K(2)*abc(2) + K(3)*abc(3);
% dq(2) = K(4)*abc(1) + K(5)*abc(2) + K(6)*abc(3);

dq(1) = 2/3*(K(1)*abc(1) + K(2)*abc(2) + K(3)*abc(3));
dq(2) = 2/3*(K(4)*abc(1) + K(5)*abc(2) + K(6)*abc(3));


end















               Matrix(4,1)
[894.0, 210.0, 905.0, 784.0]
            
          
           
             INPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
                 1
                 16
              
               SF_COMPLEX_INHERITED
               SF_FRAME_INHERITED
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             INPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
              
               SF_COMPLEX_INHERITED
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             OUTPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
              
               SF_COMPLEX_INHERITED
               SF_FRAME_NO
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             {eML_blk_kernel();}
             [28.125 13.875 102.544 14.964]
             12
             
               [0 0 1 0 23.5747 14.625 0 0]
            
             
               3
               [1 0 -1 0 23.5747 42.5747 0 0]
            
             [23.5747 24.9468]
             [21.175 25.975 14.625 42.575]
             44
             SMART
             
               BOTH_STICK
            
             1
          
           
             [23.5747 49.5747 7]
             44
             CONNECTIVE_JUNCTION
          
        
      
       
         Rigid body model/Dist force in rot coord
         [415 120 198 683]
         [0 156.75 0 153.75]
         [1 1 1920 1080 1.333333333333333]
         52
         9
         CLUSTER_CHART
         EML_CHART
         12
         1
         
           Fab_to_Fdq
        
         
           
             eML_blk_kernel()
             [18 64.5 118 66]
             12
             SUBCHART
             52
             FUNC_STATE
             CLUSTER_STATE
             
               1
               function Fdq = Fab_to_Fdq(Fab, K)

eml.inline('always');       %Generate inlined code

Fdq = eml.nullcopy(zeros(2,1)); %Faster than dq = [0 0]';

reverse = 1;
rect = 1;

if (rect == 1)
    ct = K(1);
    st = K(4)*reverse;
    Fa = Fab(1);
    Fb = Fab(2);
    
else  %use non-rect basis pairs
    ct = K(10);
    st = K(9)*reverse;
    Fa = 3.7/4.779*Fab(1);
    Fb = Fab(2);
end

% ct = K(7);
% st = -K(8);

% Fdq(1) = 0.75*Fab(1)*ct - Fab(2)*st;
% Fdq(2) = 0.75*Fab(1)*st + Fab(2)*ct;

Fdq(1) = Fa*ct - Fb*st;
Fdq(2) = Fa*st + Fb*ct;


end















               Matrix(4,1)
[10.0, 5.0, 700.0, 500.0]
            
          
           
             INPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
                 1
                 16
              
               SF_COMPLEX_INHERITED
               SF_FRAME_INHERITED
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             INPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
              
               SF_COMPLEX_INHERITED
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             OUTPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
              
               SF_COMPLEX_INHERITED
               SF_FRAME_NO
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             {eML_blk_kernel();}
             [28.125 13.875 102.544 14.964]
             12
             
               [0 0 1 0 23.5747 14.625 0 0]
            
             
               3
               [1 0 -1 0 23.5747 42.5747 0 0]
            
             [23.5747 24.9468]
             [21.175 25.975 14.625 42.575]
             52
             SMART
             
               BOTH_STICK
            
             1
          
           
             [23.5747 49.5747 7]
             52
             CONNECTIVE_JUNCTION
          
        
      
       
         Rigid body model/Dist force in stat coord
         [435 140 198 683]
         [0 156.75 0 153.75]
         [1 1 1920 1080 1.333333333333333]
         60
         9
         CLUSTER_CHART
         EML_CHART
         13
         1
         
           Fab_to_Fdq
        
         
           
             eML_blk_kernel()
             [18 64.5 118 66]
             12
             SUBCHART
             60
             FUNC_STATE
             CLUSTER_STATE
             
               1
               function Fab = Fab_to_Fdq(Fdq, K)

eml.inline('always');       %Generate inlined code

Fab = eml.nullcopy(zeros(2,1)); %Faster than dq = [0 0]';


Fab(1) = K(1)*Fdq(1) - K(4)*Fdq(2);
Fab(2) = K(4)*Fdq(1) + K(1)*Fdq(2);


end















               Matrix(4,1)
[444.0, 125.0, 1928.0, 1058.0]
            
          
           
             INPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
              
               SF_COMPLEX_INHERITED
               SF_FRAME_NO
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             OUTPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
                 1
                 16
              
               SF_COMPLEX_INHERITED
               SF_FRAME_NO
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             INPUT_DATA
             
               
                 -1
              
               
                 SF_INHERITED_TYPE
                 SF_DOUBLE_TYPE
              
               SF_COMPLEX_INHERITED
               
                 inherit
              
            
             Inherit: Same as Simulink
          
           
             {eML_blk_kernel();}
             [28.125 13.875 102.544 14.964]
             12
             
               [0 0 1 0 23.5747 14.625 0 0]
            
             
               3
               [1 0 -1 0 23.5747 42.5747 0 0]
            
             [23.5747 24.9468]
             [21.175 25.975 14.625 42.575]
             60
             SMART
             
               BOTH_STICK
            
             1
          
           
             [23.5747 49.5747 7]
             60
             CONNECTIVE_JUNCTION
          
        
      
    
  
   
     11
     Rigid body model/Plant force dist/abc2dq
     12
  
   
     11
     Rigid body model/Force comp FF/abc2dq
     20
  
   
     11
     Rigid body model/dq2abc 1
     28
  
   
     11
     Rigid body model/Dist force in rot coord1
     36
  
   
     11
     Rigid body model/abc2dq
     44
  
   
     11
     Rigid body model/Dist force in rot coord
     52
  
   
     11
     Rigid body model/Dist force in stat coord
     60
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Workspace_vars_for_UMP_sim.mat

A_ge:[1x1  double array]


F_p:[1x1  double array]


Fx1_lut:[1x4096  double array]


Fx2_lut:[1x4096  double array]


Fy1_lut:[1x4096  double array]


Fy2_lut:[1x4096  double array]


I:[3x3  double array]


J:[1x1  double array]


K:[1x1  double array]


K_i_r:[1x1  double array]


K_i_t:[1x1  double array]


K_p_r:[1x1  double array]


K_p_t:[1x1  double array]


K_p_z:[1x1  double array]


K_v_r:[1x1  double array]


K_v_t:[1x1  double array]


K_v_z:[1x1  double array]


Kd_r:[1x1  double array]


Kd_t:[1x1  double array]


Ki_PLL:[1x1  double array]


Ki_r:[1x1  double array]


Ki_t:[1x1  double array]


Kp_PLL:[1x1  double array]


Kp_r:[1x1  double array]


Kp_t:[1x1  double array]


Kv_r:[1x1  double array]


Kv_t:[1x1  double array]


Kz:[1x1  double array]


La_r:[1x1  double array]


La_t:[1x1  double array]


Lar:[1x1  double array]


Lat:[1x1  double array]


Lp_r:[1x1  double array]


Lp_t:[1x1  double array]


Lpr:[1x1  double array]


Lpt:[1x1  double array]


Lv_r:[1x1  double array]


Lv_t:[1x1  double array]


Lvr:[1x1  double array]


Lvt:[1x1  double array]


M:[1x1  double array]


PA_Ki:[1x1  double array]


PA_Kp:[1x1  double array]


cos_mphi_offset:[1x1  double array]


cos_nx_offset:[1x1  double array]


cos_offset:[1x1  double array]


cos_pphi_offset:[1x1  double array]


g0:[1x1  double array]


ge:[1x1  double array]


hmax:[1x1  double array]


i_0:[1x1  double array]


kx1d_lut:[1x4096  double array]


kx1q_lut:[1x4096  double array]


kx2d_lut:[1x4096  double array]


kx2q_lut:[1x4096  double array]


ky1d_lut:[1x4096  double array]


ky1q_lut:[1x4096  double array]


ky2d_lut:[1x4096  double array]


ky2q_lut:[1x4096  double array]


nsin_mphi_offset:[1x1  double array]


nsin_offset:[1x1  double array]


nsin_pphi_offset:[1x1  double array]


runout_offset:[1x1  double array]


sin_nx_offset:[1x1  double array]


tout:[1000x1  double array]


trig_ident:[1x8192  double array]


w_z:[1x1  double array]


wc_r:[1x1  double array]


wc_t:[1x1  double array]


wo_r:[1x1  double array]


wo_t:[1x1  double array]


wr_init:[1x1  double array]


x1_lut:[1x4097  double array]


x2_lut:[1x4097  double array]


y1_lut:[1x4097  double array]


y2_lut:[1x4097  double array]


@:[1x28208  uint8 array]





Version 4
SHEET 1 3676 1536
WIRE 1344 -1536 1280 -1536
WIRE 1456 -1536 1344 -1536
WIRE 1632 -1536 1536 -1536
WIRE -320 -1504 -400 -1504
WIRE -176 -1504 -240 -1504
WIRE -656 -1488 -688 -1488
WIRE -528 -1488 -560 -1488
WIRE 560 -1488 480 -1488
WIRE 704 -1488 640 -1488
WIRE 1232 -1488 1232 -1504
WIRE 1344 -1488 1344 -1536
WIRE 208 -1472 176 -1472
WIRE 352 -1472 304 -1472
WIRE 1280 -1472 1280 -1536
WIRE -656 -1440 -720 -1440
WIRE -400 -1440 -400 -1504
WIRE 208 -1424 144 -1424
WIRE 480 -1424 480 -1488
WIRE 1280 -1392 1280 -1424
WIRE 1344 -1392 1344 -1408
WIRE 1344 -1392 1280 -1392
WIRE 1344 -1376 1344 -1392
WIRE 1344 -1328 1280 -1328
WIRE 1456 -1328 1344 -1328
WIRE 1632 -1328 1536 -1328
WIRE 1232 -1296 1232 -1312
WIRE 1280 -1280 1280 -1328
WIRE 1344 -1280 1344 -1328
WIRE -320 -1216 -400 -1216
WIRE -176 -1216 -240 -1216
WIRE 560 -1216 480 -1216
WIRE 704 -1216 640 -1216
WIRE 208 -1200 176 -1200
WIRE 352 -1200 304 -1200
WIRE 1280 -1200 1280 -1232
WIRE 1344 -1200 1280 -1200
WIRE -656 -1184 -672 -1184
WIRE -528 -1184 -560 -1184
WIRE 928 -1184 928 -1248
WIRE -400 -1152 -400 -1216
WIRE 208 -1152 144 -1152
WIRE 480 -1152 480 -1216
WIRE -656 -1136 -704 -1136
WIRE 928 -1072 928 -1104
WIRE 1344 -1072 1280 -1072
WIRE 1456 -1072 1344 -1072
WIRE 1632 -1072 1536 -1072
WIRE 1232 -1024 1232 -1040
WIRE 1344 -1024 1344 -1072
WIRE 1280 -1008 1280 -1072
WIRE -752 -976 -816 -976
WIRE -592 -976 -672 -976
WIRE -432 -976 -592 -976
WIRE -240 -976 -432 -976
WIRE 0 -976 -240 -976
WIRE 144 -976 0 -976
WIRE 432 -976 144 -976
WIRE 608 -976 432 -976
WIRE 864 -976 608 -976
WIRE 1040 -976 864 -976
WIRE 1280 -928 1280 -960
WIRE 1344 -928 1344 -944
WIRE 1344 -928 1280 -928
WIRE 1344 -912 1344 -928
WIRE -240 -832 -240 -976
WIRE 0 -832 0 -976
WIRE 144 -832 144 -976
WIRE 432 -832 432 -976
WIRE 608 -832 608 -976
WIRE 864 -832 864 -976
WIRE 1344 -832 1280 -832
WIRE 1456 -832 1344 -832
WIRE 1600 -832 1536 -832
WIRE -432 -816 -432 -976
WIRE 1040 -800 1040 -976
WIRE 1216 -800 1216 -816
WIRE 1344 -800 1344 -832
WIRE 1280 -784 1280 -832
WIRE 1280 -784 1264 -784
WIRE -288 -752 -304 -752
WIRE -48 -752 -64 -752
WIRE 816 -752 784 -752
WIRE 1280 -736 1264 -736
WIRE 1280 -720 1280 -736
WIRE 1344 -720 1280 -720
WIRE 1344 -704 1344 -720
WIRE -816 -608 -816 -976
WIRE -592 -592 -592 -976
WIRE -240 -592 -240 -736
WIRE -192 -592 -240 -592
WIRE 0 -592 0 -736
WIRE 0 -592 -112 -592
WIRE 144 -592 144 -768
WIRE 144 -592 0 -592
WIRE 176 -592 144 -592
WIRE 304 -592 256 -592
WIRE 432 -592 432 -768
WIRE 432 -592 384 -592
WIRE 608 -592 608 -736
WIRE 608 -592 432 -592
WIRE 720 -592 608 -592
WIRE 864 -592 864 -736
WIRE 864 -592 800 -592
WIRE -432 -496 -432 -752
WIRE -192 -496 -432 -496
WIRE 0 -496 0 -592
WIRE 0 -496 -112 -496
WIRE 608 -496 608 -592
WIRE 720 -496 608 -496
WIRE 1040 -496 1040 -736
WIRE 1040 -496 800 -496
WIRE 144 -448 144 -592
WIRE 432 -448 432 -592
WIRE -432 -416 -432 -496
WIRE 0 -416 0 -496
WIRE 608 -416 608 -496
WIRE 1040 -400 1040 -496
WIRE 864 -384 864 -592
WIRE -240 -368 -240 -592
WIRE 992 -320 960 -320
WIRE -816 -208 -816 -528
WIRE -592 -208 -592 -528
WIRE -592 -208 -816 -208
WIRE -432 -208 -432 -320
WIRE -432 -208 -592 -208
WIRE -240 -208 -240 -304
WIRE -240 -208 -432 -208
WIRE 0 -208 0 -320
WIRE 0 -208 -240 -208
WIRE 144 -208 144 -384
WIRE 144 -208 0 -208
WIRE 432 -208 432 -384
WIRE 432 -208 144 -208
WIRE 608 -208 608 -320
WIRE 608 -208 432 -208
WIRE 864 -208 864 -320
WIRE 864 -208 608 -208
WIRE 1040 -208 1040 -304
WIRE 1040 -208 864 -208
FLAG 1632 -1072 M3G
FLAG 560 -336 M2G
FLAG 1600 -832 M2G
FLAG -64 -752 M3G
FLAG 1344 -704 0
FLAG 1344 -912 M3S
FLAG 0 -592 M3S
FLAG 608 -592 M1S
FLAG 560 -752 M1G
FLAG 1632 -1328 M1G
FLAG 1344 -1200 M1S
FLAG 1632 -1536 M4G
FLAG 1344 -1376 0
FLAG -48 -336 M4G
FLAG -816 -208 0
FLAG -176 -1504 M5G
FLAG -240 -592 M5S
FLAG 1232 -944 0
FLAG 1232 -1040 M3
FLAG 1232 -1408 0
FLAG 1232 -1504 M4
FLAG -400 -1360 M5S
FLAG -304 -752 M5G
FLAG -528 -1488 CL5
FLAG -656 -1408 0
FLAG -752 -1488 M4
FLAG -720 -1440 M3
FLAG 1232 -1216 0
FLAG 1216 -720 0
FLAG 1216 -816 M2
FLAG 1232 -1312 M1
FLAG 704 -1488 M7G
FLAG 352 -1472 CL7
FLAG 208 -1392 0
FLAG 112 -1472 M2
FLAG 144 -1424 M1
FLAG 960 -320 M8G
FLAG -176 -1216 M6G
FLAG -528 -1184 CL6
FLAG -656 -1104 0
FLAG -736 -1184 M3
FLAG -704 -1136 M4
FLAG -400 -1072 0
FLAG -480 -336 M6G
FLAG -816 -976 Vdc
FLAG 784 -752 M7G
FLAG 480 -1344 M7S
FLAG 864 -592 M7S
FLAG 704 -1216 M8G
FLAG 352 -1200 CL8
FLAG 208 -1120 0
FLAG 112 -1200 M1
FLAG 144 -1152 M2
FLAG 480 -1072 0
FLAG 928 -1072 0
SYMBOL voltage -816 -624 R0
WINDOW 123 0 0 Left 2
WINDOW 39 0 0 Left 2
SYMATTR InstName V_dc
SYMATTR Value 60
SYMBOL voltage 1344 -816 R0
WINDOW 3 40 50 Left 2
WINDOW 123 0 0 Left 2
WINDOW 39 0 0 Left 2
SYMATTR Value PULSE({vgn} {vgp} 0 1e-9 1e-9 13.725e-6 25e-6)
SYMATTR InstName V2
SYMBOL res 160 -576 R270
WINDOW 0 32 56 VTop 2
WINDOW 3 0 56 VBottom 2
SYMATTR InstName RL
SYMATTR Value 1.15
SYMBOL res 1552 -848 R90
WINDOW 0 0 56 VBottom 2
WINDOW 3 32 56 VTop 2
SYMATTR InstName R2
SYMATTR Value {Rg2}
SYMBOL res 1552 -1088 R90
WINDOW 0 0 56 VBottom 2
WINDOW 3 32 56 VTop 2
SYMATTR InstName R3
SYMATTR Value {Rg2}
SYMBOL ind2 288 -576 R270
WINDOW 0 32 56 VTop 2
WINDOW 3 4 56 VBottom 2
SYMATTR InstName Lamb
SYMATTR Value 5m
SYMATTR Type ind
SYMBOL res 1552 -1344 R90
WINDOW 0 0 56 VBottom 2
WINDOW 3 32 56 VTop 2
SYMATTR InstName R1
SYMATTR Value {Rg2}
SYMBOL voltage 1344 -1296 R0
WINDOW 3 49 58 Left 2
WINDOW 123 0 0 Left 2
WINDOW 39 0 0 Left 2
SYMATTR Value PULSE({vgn} {vgp} 14.25e-6 1e-9 1e-9 10.225e-6 25e-6)
SYMATTR InstName V1
SYMBOL voltage 1344 -1040 R0
WINDOW 3 40 50 Left 2
WINDOW 123 0 0 Left 2
WINDOW 39 0 0 Left 2
SYMATTR Value PULSE({vgn} {vgp} 0 1e-9 1e-9 13.725e-6 25e-6)
SYMATTR InstName V3
SYMBOL res 1552 -1552 R90
WINDOW 0 0 56 VBottom 2
WINDOW 3 32 56 VTop 2
SYMATTR InstName R4
SYMATTR Value {Rg2}
SYMBOL voltage 1344 -1504 R0
WINDOW 3 49 58 Left 2
WINDOW 123 0 0 Left 2
WINDOW 39 0 0 Left 2
SYMATTR Value PULSE({vgn} {vgp} 14.25e-6 1e-9 1e-9 10.225e-6 25e-6)
SYMATTR InstName V4
SYMBOL ind2 -208 -576 R270
WINDOW 0 32 56 VTop 2
WINDOW 3 4 56 VBottom 2
SYMATTR InstName L5
SYMATTR Value 3.3µ
SYMATTR Type ind
SYMBOL schottky -224 -304 R180
WINDOW 0 24 72 Left 2
WINDOW 3 -26 102 VLeft 2
SYMATTR InstName D5
SYMATTR Value STPS2H100
SYMATTR Description Diode
SYMATTR Type diode
SYMBOL bv -400 -1456 R0
SYMATTR InstName B1
SYMATTR Value V= 12*V(CL5)
SYMBOL e 1232 -1040 M0
SYMATTR InstName E3
SYMATTR Value 1
SYMBOL e 1232 -1504 M0
SYMATTR InstName E4
SYMATTR Value 1
SYMBOL res -224 -1520 R90
WINDOW 0 0 56 VBottom 2
WINDOW 3 32 56 VTop 2
SYMATTR InstName R5
SYMATTR Value {Rg1}
SYMBOL Digital\\srflop -608 -1536 R0
WINDOW 3 -40 28 Left 2
SYMATTR Value Td={Td}
SYMATTR InstName A1
SYMBOL LTspiceControlLibrary\\PulseModulations\\FallingEdgeDetector -736 -1456 R0
WINDOW 3 -74 -70 Left 2
SYMATTR Value Tedge=20n
SYMATTR InstName U3
SYMBOL ind2 704 -576 R270
WINDOW 0 32 56 VTop 2
WINDOW 3 4 56 VBottom 2
SYMATTR InstName L7
SYMATTR Value 2.2µ
SYMATTR Type ind
SYMBOL schottky 1056 -736 R180
WINDOW 0 24 72 Left 2
WINDOW 3 78 93 VLeft 2
SYMATTR InstName D8
SYMATTR Value mbrs2h100t3g
SYMATTR Description Diode
SYMATTR Type diode
SYMBOL e 1232 -1312 M0
SYMATTR InstName E1
SYMATTR Value 1
SYMBOL e 1216 -816 M0
SYMATTR InstName E2
SYMATTR Value 1
SYMBOL bv 480 -1440 R0
SYMATTR InstName B2
SYMATTR Value V= 12*V(CL7)
SYMBOL res 656 -1504 R90
WINDOW 0 0 56 VBottom 2
WINDOW 3 32 56 VTop 2
SYMATTR InstName R7
SYMATTR Value {Rg1}
SYMBOL LTspiceControlLibrary\\PulseModulations\\FallingEdgeDetector 128 -1440 R0
WINDOW 3 -82 -70 Left 2
SYMATTR Value Tedge=20n
SYMATTR InstName U1
SYMBOL ind2 -208 -480 R270
WINDOW 0 32 56 VTop 2
WINDOW 3 4 56 VBottom 2
SYMATTR InstName L6
SYMATTR Value 3.3µ
SYMATTR Type ind
SYMBOL schottky -416 -752 R180
WINDOW 0 24 72 Left 2
WINDOW 3 67 117 VLeft 2
SYMATTR InstName D6
SYMATTR Value STPS2H100
SYMATTR Description Diode
SYMATTR Type diode
SYMBOL bv -400 -1168 R0
SYMATTR InstName B3
SYMATTR Value V= 12*V(CL6)
SYMBOL res -224 -1232 R90
WINDOW 0 0 56 VBottom 2
WINDOW 3 32 56 VTop 2
SYMATTR InstName R6
SYMATTR Value {Rg1}
SYMBOL LTspiceControlLibrary\\PulseModulations\\FallingEdgeDetector -720 -1152 R0
WINDOW 3 -78 -71 Left 2
SYMATTR Value Tedge=20n
SYMATTR InstName U2
SYMBOL cap 128 -448 R0
SYMATTR InstName C4
SYMATTR Value 1n
SYMBOL nmos -288 -832 R0
WINDOW 0 -44 51 Left 2
WINDOW 3 -97 106 Left 2
SYMATTR InstName M5
SYMATTR Value FDMS86104
SYMATTR Prefix X
SYMBOL cap 416 -832 R0
SYMATTR InstName C1
SYMATTR Value 4.7n
SYMBOL ind2 704 -480 R270
WINDOW 0 32 56 VTop 2
WINDOW 3 4 56 VBottom 2
SYMATTR InstName L8
SYMATTR Value 2.2µ
SYMATTR Type ind
SYMBOL schottky 880 -320 R180
WINDOW 0 24 72 Left 2
WINDOW 3 63 92 VLeft 2
SYMATTR InstName D7
SYMATTR Value mbrs2h100t3g
SYMATTR Description Diode
SYMATTR Type diode
SYMBOL bv 480 -1168 R0
SYMATTR InstName B4
SYMATTR Value V= 12*V(CL8)
SYMBOL res 656 -1232 R90
WINDOW 0 0 56 VBottom 2
WINDOW 3 32 56 VTop 2
SYMATTR InstName R8
SYMATTR Value {Rg1}
SYMBOL LTspiceControlLibrary\\PulseModulations\\FallingEdgeDetector 128 -1168 R0
WINDOW 3 -82 -70 Left 2
SYMATTR Value Tedge=20n
SYMATTR InstName U4
SYMBOL cap 128 -832 R0
SYMATTR InstName C3
SYMATTR Value 1n
SYMBOL cap 416 -448 R0
SYMATTR InstName C2
SYMATTR Value 4.7n
SYMBOL nmos -48 -832 R0
WINDOW 0 -44 51 Left 2
WINDOW 3 -97 106 Left 2
SYMATTR InstName M3
SYMATTR Value BSC057N08NS3
SYMBOL Digital\\srflop -608 -1232 R0
WINDOW 3 -40 28 Left 2
SYMATTR Value Td={Td}
SYMATTR InstName A2
SYMBOL Digital\\srflop 256 -1520 R0
WINDOW 3 -40 28 Left 2
SYMATTR Value Td={Td}
SYMATTR InstName A3
SYMBOL Digital\\srflop 256 -1248 R0
WINDOW 3 -40 28 Left 2
SYMATTR Value Td={Td}
SYMATTR InstName A4
SYMBOL nmos -48 -416 R0
WINDOW 0 -44 51 Left 2
WINDOW 3 -107 125 Left 2
SYMATTR InstName M4
SYMATTR Value BSC057N08NS3
SYMBOL nmos -480 -416 R0
WINDOW 0 -44 51 Left 2
WINDOW 3 -97 106 Left 2
SYMATTR InstName M6
SYMATTR Value FDMS86104
SYMATTR Prefix X
SYMBOL nmos 560 -832 R0
WINDOW 0 -44 51 Left 2
WINDOW 3 -97 106 Left 2
SYMATTR InstName M1
SYMATTR Value BSC057N08NS3
SYMBOL nmos 560 -416 R0
WINDOW 0 -44 51 Left 2
WINDOW 3 -97 106 Left 2
SYMATTR InstName M2
SYMATTR Value BSC057N08NS3
SYMBOL nmos 816 -832 R0
WINDOW 0 -44 51 Left 2
WINDOW 3 -97 106 Left 2
SYMATTR InstName M7
SYMATTR Value FDMS86104
SYMATTR Prefix X
SYMBOL nmos 992 -400 R0
WINDOW 0 -44 51 Left 2
WINDOW 3 -97 106 Left 2
SYMATTR InstName M8
SYMATTR Value FDMS86104
SYMATTR Prefix X
SYMBOL bv 928 -1200 R0
SYMATTR InstName B5
SYMATTR Value V=idt(I(R3))
SYMBOL cap -608 -592 R0
SYMATTR InstName C5
SYMATTR Value 94µ
SYMBOL ind -768 -960 R270
WINDOW 0 32 56 VTop 2
WINDOW 3 5 56 VBottom 2
SYMATTR InstName L1
SYMATTR Value 2µ
TEXT 1184 -608 Left 2 !.tran 0 130u 0 1e-8
TEXT 1184 -576 Left 2 !.ic I(Lamb)=5\n.ic V(c5)=60
TEXT 1184 -640 Left 2 !.param Rg1=1.5 Rg2=1.1 vgn=0 vgp=12 Td=20n
TEXT 1176 -488 Left 2 !.MODEL mbrs2h100t3g d\n+IS=2.1341e-05 RS=0.01 N=2 EG=0.811555\n+XTI=4 BV=100 IBV=0.0001 CJO=5.83204e-10\n+VJ=0.436412 M=0.524984 FC=0.5 TT=0\n+KF=0 AF=1
TEXT 1184 -272 Left 2 ;.MODEL FDMS86101D VDMOS(KP=37.37 RS=0.0049 RD=0.0001 RG=1.7 VTO=2.7\n+LAMBDA=0.001 CGDMAX=536p CGDMIN=1p CGS=2000p TT=35.2n \n+IS=4.17E-09 N=1.138 RB=0.002219 m=0.797 Vj=0.8 Cjo=2050pF\n+a=0.11)
TEXT -528 -160 Left 2 ;Duty cycle must have a limit, regardless of whether unipolar or bipolar switching is used, in \norder for the bootstrap capacitor of the auxiliary switch to charge.\n \nStart-up sequencing may also be required to ensure that the auxiliary switches do actually \nswitch the first time, since if the top switch is not ZVS and the bottom diode is not commutated \noff, even for a single pulse, the parasitic inductance combined with the diode reverse recovery \ncurrent may cause voltage overshoot on the bottom switch when the top switch turns on, \ndestroying the bottom switch. The snubber capacitance will protect the device from overshoot, but if ZVS fails,\nthe snubber capacitance will cause increased turn-on switching loss, which may also destroy the MOSFET.\n \nIf the duty cycle gets too close to 100%, then the bootstrap capacitor may not fully recharge,\nespecially now that the auxiliary charging inductor is added. Actually, when the auxiliary inductor resets \nthe freewheeling diode conducts and gives the bootstrap capacitor a path to charge. The bootstrap capacitor needs to \nbe protected from overcharing on the first pulse via the auxiliary inductor (boost effect).
TEXT 1704 -632 Left 2 ;Driver resistance of 0.9Ohm included with gate resistance
TEXT 1184 -112 Left 2 !.MODEL STPS2H100 D IS=3.0000E-9 N=1.0052 RS=30.287E-3 IKF=27.936E-3\n+ EG=.69 XTI=2 CJO=264.50E-12 M=.49985 VJ=.55005 ISR=1.4525E-9\n+ FC=0.5 NR=4.9769 TT=0\n*$
TEXT 2576 -1480 Left 2 !.SUBCKT FDMS86104 2 1 3\n******************************************************************\n**      Fairchild Discrete Modeling Group                                               **\n******************************************************************\n**      Website         www.fairchildsemi.com\\models            **\n******************************************************************\n**      (C) Copyright 2009 Fairchild Semiconductor Corporation  **\n**                      All rights reserved                             **\n**                                                              **\n**                      FDMC86104 Spice model                   **\n**                    Revision RevA, 4 Oct 2011                 **\n******************************************************************\n*Nom Temp 25 deg C\nDbody 7 5 DbodyMOD \nDbreak 5 11 DbreakMOD \nLgate 1 9 2.817e-9\nLdrain 2 5 0.004e-9\nLsource 3 7 0.752e-9\nRLgate 1 9 28.17\nRLdrain 2 5 0.04\nRLsource 3 7 7.52\nRgate 9 6 0.39\nD_D1 100 5 D_SG_cap\nD_D2 100 101 D_SG_cap\nR_R1 101 7 0.06\nC_C1 6 101 59e-12\n.MODEL D_SG_cap D (IS=1e-9 n=1 RS=5e-3 CJO=0.955e-9 M=0.54 t_abs=25) \nIt 7 17 1\nEbreak 11 7 17 7 109.8\nRbreak 17 7 RbreakMOD 1 \n.MODEL RbreakMOD RES (TC1=0.7e-3 TC2=-0.6e-6)\n.MODEL DbodyMOD D (IS=0.5e-12 n=1 RS=5.5e-3 TRS1=3.5e-3 TRS2=1e-6 \n+ CJO=0.25e-9 M=0.4 TT=1e-9 XTI=5)\n.MODEL DbreakMOD D (RS=8e-3 TRS1=1e-3 TRS2=1e-6 )\nRsource 7a 7 3.324e-3\nRdrain 5 16 RdrainMOD 11.5e-3\n.MODEL RdrainMOD RES (TC1=7.7e-3 TC2=21e-6)\nM_BSIM3 16 6 7a 7a Bsim3 W=1.71261142857143 L=1.15e-6 NRS=0 NRD=0\n.MODEL Bsim3 NMOS (LEVEL=7 VERSION=3.1 MOBMOD=3 CAPMOD=2 paramchk=1 NQSMOD=0\n+ TOX=1000e-10\n+ XJ=0.62e-6\n+ NCH=0.96e17\n+ U0=680 VSAT=500000 DROUT=1.8\n+ DELTA=0.05 PSCBE2=0 RSH=3.324e-3\n+ VTH0=3.45\n+ VOFF=-0.13 NFACTOR=1.6\n+ LINT=0.175e-6 DLC=0.175e-6 \n+ CGSO=136e-12 CGSL=0 CGDO=0.25e-12 CGDL=165e-12 \n+ CJ=0 CF=0 CKAPPA=0.82\n+ KT1=-2.1 KT2=0 UA1=5.5e-9\n+ NJ=10)\n.ENDS   \n*
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