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ABSTRACT

Deep level mining is widely practised throughout South Africa, particularly in the gold sector, where
the extraordinary depths of vertical hoisting present an array of challenges. The accurate and secure
positioning of a conveyance next to a station has been and continues to be one of the unresolved
challenges that have led to many serious injuries and equipment damage. The literature study
presented in this dissertation highlights some of the complexities associated with properly docking a
conveyance and investigates some current, proposed and similar systems to address the issue. From
the study it was found that no satisfactory device existed prompting a systematic design of a
conveyance arresting device capable of securing a conveyance in a vertical shaft at any level.

Proper definition of the system requirements was obtained and summarised into 16 groups. The
system requirements play an important role in the design process by setting the direction but also
featuring in concept screening and evaluation. In order to generate concepts a variety of creativity
inspiring techniques were employed facilitating a systematic search for a solution. Application of the
techniques, Brainstorming, Synectics, TRIZ, 2500 Engineering Principles, Sourcebooks and a
Morphological chart resulted in the synthesis of 9 concepts. Screening and evaluation was performed
on these concepts and the most suitable concept identified.

The proposed concept is a simple system where two sets of beams are extended into the shaft in
order to have the conveyance settle onto the supporting shaft steelwork. Once the conveyance came
to a rest on the steelwork a second set of beams are extended beneath the steelwork to positively
lock the conveyance in position. This required the geometric design of the system to ensure adequate
strength to satisfy a factor of safety of ten. Design decisions were made on the section properties of
the clamp beam by comparing a solid section and a box section. A supporting frame is used to guide
the beams, with consideration given to the most appropriate method of attaching this support frame to
the conveyance. The first choice was to have the beams extend from the rear of the conveyance but
due to the moments and forces involved the conveyance roof structure could not support this
configuration. The support frame was instead affixed directly to the conveyance Transom.

In order to support the findings of the conventional calculations performed on the system components
the system was subjected to finite element analysis. The results obtained from the simulation
corresponded well for the simple components and varied somewhat in the more complex shapes
attributed to the assumptions made to ease the conventional calculations. Weight and reliability in a
harsh shaft environment was identified as critical design parameters and motivated the use of exotic
high strength materials. The high strength of the materials made is possible to design a system with
practical dimensions of adequate strength supported by the conventional and modelled calculations.

Even though high strength materials were used in the design the overall system weigh is dissatisfying.
A potentially successful and practical device was designed but certain factors such as weight, cost,
conveyance structure and infrastructure modifications threaten the implementation of the design. This
dissertation sets a sound foundation for future development and the continued search for a practical
simple solution to this age old challenge.
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CHAPTER 1. INTRODUCTION

1.1. PREFACE

Deep level gold mines require men and material to be transported to the underground workings down
a vertical shaft, in a multi deck conveyance, through the process of hoisting. The position and speed
of the conveyance is controlled from the hoist, operated by a certificated winding engine driver
(WED), through the manipulation of the hoist's brakes and power [1].The WED is tasked to properly
position the conveyance next to a level in order to load and unload men and material.

The accurate positioning and the stable suspension of the conveyance is a complex task influenced
by multiple factors, such as rope stretch, conveyance load, reaction times, multi-layer coiling and

conveyance arresting device efficiency. The conveyance is therefore frequently misaligned with the
level. Without a proper docking system the conveyance is also likely to oscillate relative to the level.

Misaligned cages, failed arresting devices and rope stretch related accidents are therefore an
unfortunate reality. Information from the Department of Mineral Resources (DMR) [2] disclosed that
there have been 19 serious accidents between 2004 and 2012 directly related to conveyance position
and stability. Failed arresting devices also led to the loss of life of three mineworkers [3], [4] at
AngloGold Ashanti's Tau Tona mine.

The conveyance can be aligned higher or lower than the level each presenting its own risks. A
conveyance positioned too high creates a step from which the workers must step down, when
disembarking, creating the potential to fall and step up, when embarking, creating the potential to trip.
The higher conveyance position imparts potential energy to the material cars loaded in the
conveyance, when unloading these fall down to the level and exit with excessive speed posing a
hazard to the workers unloading the conveyance. This fall further causes damage to the rails, car
wheels and bearings, car content and greatly increases the chance of a derailment. When loading the
cars need to be ramped into the cage requiring excessive energy to be expended.

Alternatively the conveyance can be positioned too low in which case workers disembarking need to
step up, creating a tripping hazard, onto the level while at the same time the exit opening has
decreased due to the upper deck being closer to the level. Hand injuries are common as the onsetter
needs to lock and unlock the latches in the confined space between the level and the conveyance
door. Difficulty is further experienced when attempting to unload material cars and the cars are again
caused to fall into the cage when loading.

The rope suspending the conveyance is an elastic member which complicates the process further.
With an abrupt stop next to the level the conveyance will oscillate excessively. As the mass in the
conveyance increase the rope will stretch and as it decreases the rope shortens. The position of the
conveyance, therefore constantly varies as the load changes and the conveyance oscillates. The
change in position from too high to too low magnify the hazards listed in the previous paragraph.
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A case study involving the capture and analysis of 9 hours of video material over 3 days at Mponeng
mine [5] provided insight into the magnitude and frequency of conveyance misalignment. A total of
110 trips were done of which 4 were properly aligned and 4 misaligned to such an extent that it had to
be realigned, a timely process. The graph provided below summarises the number of misalignments
between set elevation difference brackets. The conveyances were misaligned higher than the level on
88 instances with a maximum misalignment exceeding 350 mm and lower than the landing on 18
instances.

Distribution profile of conveyance misalignment
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FIGURE 1 GRAPH SUMMARISING THE EXTEND AND FREQUENCY OF CONVEYANCE MISALIGNMENT
FROM A CASE STUDY AT MPONENG MINE.

A misaligned and moving conveyance is a serious problem in deep level mines as it introduces risks
to safety, time and equipment condition. These risks can escalate into severe financial losses and
impaired quality of life of workers.

1.2. PROBLEM STATEMENT

The problem is that a conveyance in a vertical shaft is frequently misaligned with the station as a
result of the multitude of factors that influence the ability to align the conveyance properly. The
problem is further that the conveyance is able to move relative to the station during loading and
unloading operations.

1.3. SCOPE

The scope of the project is to systematically search for and identify a means of ensuring that a
conveyance is aligned properly with a level to such an extent that the floor of the conveyance line up
with the rails on the station and remain stationary in that position. The literature study covers factors
affecting the alignment, present cage arresting systems and proposed and patented ideas. The
remainder of the dissertation covers the systematic design of a conveyance arresting device.
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CHAPTER 2. LITERATURE REVIEW

2.1. GOLD MINING BACKGROUND

Gold mines require infrastructure and processes to reach the reef from where gold bearing ore is
extracted. Vertical shafts are sunk to raise and lower men and material to the necessary levels from
which mining takes place. Horizontal excavations known as haulages are developed parallel to the
reef extending from the shaft. Cross cuts are tunnels breaking away from the haulages to develop
towards the reef. At the reef intersection raise lines are developed, following the reef inclination, out of
the cross cuts. Stoping the term used for the cyclic mining process of breaking and cleaning ore is
then done from the raise lines. Gullies are left to allow access to the panel being mined. Figure 2
below gives an illustration of the underground excavations required for mining.

Raiselines

FIGURE 2 BASIC 3D ILLUSTRATION OF A MINE DESIGN

2.2, HOISTING DYNAMICS

Hoisting is the process where a conveyance is raised or lowered, in a vertical shaft, through the action
of a hoist for the purpose of transporting men, material or rock. The position of the multi-deck
conveyance suspended from a rope is dependent upon the amount of rope spooled out or reeled in
by the hoist, under the control of the WED. A winding cycle as shown below illustrates the process of
moving from one level to another [6].
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FIGURE 3 DIAGRAMATIC ILLUSTRATION OF A WINDING CYCLE [6]

At position A the conveyance is stationed at the bank with the brakes locked and the full number of
layers of rope coiled on the underlay drum. The conveyance is called to position E, by the onsetter,
through the exchange of the necessary bells on the lock bell system. The signal from the onsetter
unlocks the hoist's brakes and allows the WED to lift his brakes. By applying power to the hoist the
rope is spooled off the underlay drum and the conveyance in the underlay compartment accelerates
down the shaft. Simultaneously rope is coiled onto the overlay drum and the conveyance in the
overlay compartment is raised. The conveyance is accelerated at position B to full travelling speed at
position C on the figure above. The conveyance is run at full speed at position C from where it is
decelerated at position D to come to a stop at the desired position E.

The WED makes use of his depth indicator which is simply an indexed dial and pointer to judge his
position in the shaft and commence braking; decreasing the conveyance speed until it nears the level.
The indexed dial depth indicator is too crude to allow accurate alignment so the WED makes use of
his second indication. To more accurately align the conveyance the WED allows the hoist to undergo
more revolutions referencing numbers painted on the drum. The drum is thus indexed to allow the
WED to only rotate it in discrete fractions of a revolution. Because the number of layers of rope on the
drum changes, causing a difference in the effective drum diameter, as the conveyance moves through
the shaft the discrete fractions on the drum will correspond to different linear movements at different
positions in the shaft. This hinders the accurate alignment of the conveyance at different positions. To
overcome this the WED often depend on the onsetter giving him a signal to stop at the level. Reaction
time of the onsetter and WED therefore influences the final positioning.
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2.3. ROPE CONSIDERATIONS

With the hoist stationary the position of the conveyance can only change if the rope length changes.
There are two ways in which a rope can affect the position of the conveyance. A rope is an elastic
member with a noticeable spring effect which is magnified when the conveyance is brought to an
abrupt stop.

The rope also experiences stretch as described in the African wire ropes limited publication [7], Steel
wire ropes for cranes and general engineering [8] and Haggie steel wire ropes for mining technical
training manual [9]. A wire rope does not only experience elastic stretch but also a permanent stretch
after the removal of a load due to the "bedding down" of the rope. The "bedding down" of a rope is
dependent upon various parameters such as the quality of core, pre-forming and rope construction.
The rope characteristics are thus based on the behaviour of the strands from which it is constructed.
Common winding ropes such as 6 strand triangular ropes and non-spin ropes can stretch
permanently between 0.5% and 0.75 %. This stretch takes a time to settle in properly and as such a
newly installed rope continues to stretch for a couple of days.

The rope also undergoes elastic stretch which can be calculated from the equation below given in
manufacturer's documents.

AL_FL
T AE

Where AL = Elongation (Stretch) [Meter]
F = Tension in rope [Newton]
L = Length of member (Rope) [Meter]
A = Area of member (Metallic area of rope) [Meters squared]

E = Elastic modulus of rope [Pascal]

A change in any of the parameters on the right hand side of the equation results in a change of rope
length. The tension in the rope depends on the mass of the conveyance and the mass of the expelled
rope. The tension is therefore different at different positions in the shaft and as mass is added or
removed from the conveyance. The length of rope expelled is different for different levels and thus the
stretch differs. The metallic area of the rope is the only load carrying member and constitutes the area
of the member. Values for the area and elastic modulus are available in manufacturers' tables.

Complicating the matter further is that the elastic modulus for a rope is inconstant especially for ropes
loaded to less than a quarter of their breaking strength. The modulus of elasticity for a rope is roughly
linear when the rope is loaded between 25 % and 60 % of its breaking strength. The modulus of
elasticity decrease as the load in the rope decreases below 25 %. The modulus of elasticity is then
also linked to the permanent elongation. As the permanent elongation increases so does the modulus
of elasticity. Simply put the more the rope "beds down" the higher the modulus of elasticity become.
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The Minerals Act [10] requires that a winding rope used for the conveyance of men should have a
safety factor of 8, implicating that a rope is never loaded to more than 12.5 % of its breaking strength.
The load is therefore always below 25% of the breaking strength and all operation occurs in the load
range where the elastic modulus is very inconsistent.

2.4. CONVEYANCE ARRESTING DEVICES
241. LEVELOK

Levelok is a conveyance arresting system currently used by AngloGold Ashanti and explained in the
AngloGold Ashanti specifications AngloGold AG ENG 063[11] and Anglogold AG ENG 064[12]. The
system operates by having the WED position the conveyance next to the level. The onsetter connects
compressed air to the power pack which drives a hydraulic pump to engage the clamps. Clamps with
specially fitted friction shoes are pivoted to clamp onto the, 152 mm by 102 mm, steel top hat guides
through which the conveyance runs. The system is mounted above or beneath the conveyance and
can thus operate from any level. The conveyance is suspended in the shaft by clamping the guides
strong enough to have friction keep the conveyance in position. The figure below shows the basic
functionality of the system.
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FIGURE 4 ILLUSTRATION OF A LEVELOK CAGE ARRESTING SYSTEM. ANGLOGOLD AG ENG 063 [12]

The Levelok system has primarily three drawbacks which have resulted in the reduced usage thereof.
The system is time consuming to operate as the hydraulic pump must first build up sufficient pressure.
The system merely supports a conveyance and does not work in aligning it. When disengaging the
load must be transferred back to the rope and it often happens that the clamps release too quickly
resulting in the load being rapidly transferred to the rope and the rope experiencing a dramatic
amount of stretch.
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2.4.2. CONVEYACE ARRESTING HOOK KNOWN AS KEPS

Another conveyance arresting device known as the KEPS device is currently used by AngloGold
Ashanti and explained in AngloGold Ashanti specifications Anglogold AG ENG 218 [13] and
Anglogold AG ENG 350 [14].The KEPS device works by having the conveyance lowered into the
hook and then transferring the load to the kingpost, the main vertical support beam on the station. The
figure below aids in the description of the process.

BOTTOM CHAIN PIN __

_ LIMIT SWITCH

LIMIT SWITCH
ADJUSTING BRACKET

CONVEYOR PADS
& ‘ —— BUFFER COVER

: ]\ BUFFER BLOCK

| CHAIN

CIRCLIP

> /KEPS LOCKING BRACKETS
KEPS LOCKING DEVICE
J \.~\ 3 % P 1
\BOTTOM BUFFER HOUSING ™

it , KING POST BRACKET PIN YA
N 71 13 BOTTOM CHAINPIN (= {/7—Hook
U KING POST BRAGKET

FIGURE 5 ILLUSTRATION OF THE COMPONENTS OF A KEPS CAGE ARRESTING SYSTEM. ANGLOGOLD
AG ENG 218 [13].

As the conveyance approaches a level the onsetter signals the WED to reduce the speed. The
onsetter’s assistants hold the hook (1) into the path of the conveyance which engages with the hook
on a strengthened slotted plate known as the perimeter plate. The system is used in duplicate to
handle the weight and balance the load requiring the onsetter assistants to engage both hooks. The
weight of the conveyance pulls the bottom buffer housing (3) down which is connected with a chain
(2) to the hook (1). The bottom buffer housing (3) is thus pulled towards the top buffer housing (4)
which is connected to the Kingpost through the Kingpost bracket (12). As the two buffer housings are
pulled towards each other the buffer assembly components (5 to 10) are compressed damping the
impact of the engagement. The conveyance rests in the hook and the load is transferred through all
the components to the Kingpost.
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The system further indicates when the conveyance is placed in the hook. A limit switch (15) is
connected to the bottom buffer housing (3) through a limit switch adjusting bracket (14). The wheel of
the limit switch (15) runs in the guide on the top buffer housing (4). If there is no weight on the hook
the spring (10) will force the top and bottom buffer housings (3, 4) apart and the limit switch (15)
contacts the guide on the A side. This gives an indication that there is no weight on the hook (1) and
that there is thus no conveyance in the hook (1). When the buffer housings (3,4) are pulled together
under the weight of the conveyance the limit switch makes contact with the B side of the guide
indicating that there is a conveyance in the hook. The limit switch activates lights in a display panel on
the station and at the WED cabin to indicate whether the conveyance is engaged or not. Newer
systems use a laser in the throat of the hook to give an indication of the conveyance engagement
following a fatal accident [3], [4]. With the conveyance engaged the WED spools out slack necessary
to prevent the conveyance lifting out of the hooks when the rope stretch reduces as the conveyance is
unloaded.

The KEPS device has a few drawbacks. In order to function properly both hooks must be engaged
simultaneously and into the slots, a challenge with inexperienced or insuficient labour. The device
requires that slack rope be spooled out where excessive slack can cause damage to the rope.
Insufficient slack will cause the conveyance to rise out of the device when the conveyance is
unloaded. The device also requires the conveyance to approach from above.

2.4.3. RACK AND PINION CAGE ARRESTING DEVICE

A rack and pinion cage arresting device is presented in the thesis by R. Austin [15] and a subsequent
interview [16] with the engineer details the concept illustrated below.

FIGURE 6 PHOTOGRAPH OF A MODEL OF APROPOSED FIGURE 7 PHOTOGRAPH DETAILING THE

RACK AND PINION OPERATED CAGE ARRESTING DRIVE COMPONENTS OF A PROPOSED

DEVICE. R.AUSTIN [15]. RACK AND PINION OPERATED CAGE
ARRESTING DEVICE. R.AUSTIN [15].
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The concept requires a rack to be placed on the conveyance which interacts with the pinion of the
device (1). The conveyance is decelerated and secured by slowing the relative speed between the
rack and pinion (1).

The concept uses a pinion (1) on a sliding shaft allowing it to be disengaged from the rack. In the
disengaged position the conveyance is free to pass when the system, placed on the station, isn't in
use. The system works by moving the shaft with the pinions (1) axially until it engages with the racks
and then braking the shaft. The gear (2) seen in figure 7 is driven by a motor inducing axial movement
on the threaded boss (3).

Axial movement of the threaded boss (3) moves both the discs (4) connected together and placed on
guides (5). In-between the two discs (4) a third smaller disc (6) is mounted on the same shaft as the
pinions (1). As the discs (4) are moved by the boss (3), it pushes against the middle disc (6)
displacing it axially. This continues until the shaft is pushed against a stopper (7) at which stage the
pinions (1) should be in the engagement position. The stopper (7) prevents any further movement of
the shaft and a continued rotation of the gear (2) on the right only serves to increase the pressure
between the discs (4) and the middle disc (6) connected to the shaft. This interference between the
discs (4, 5) works like a clutch generating the braking action. More braking force is obtained by
rotating the gear (2) further as it results in a greater pressure between the discs (4, 5) and therefore
more friction.

The prototype was tested in a replica model of a shaft where it managed to decelerate and suspend a
cage. The engagement between the rack and pinion however struggled on occasion with a particular
incident seeing the cage jump up, proving difficulty in engaging at high speeds. The prototype further
failed as final calculations showed that the size of the pinion gear required is too large. The strength
of the gear and rack teeth is insufficient even with the use of high strength materials. A critical flaw in
the concept was that the shaft onto which the pinion is mounted needs to pass through the Kingpost,
a major structural member.

2.4.4. PATENTS SEARCH

A search for patents addressing the issue of docking a conveyance delivered no results. Two patents
addressing the chairing of elevator cars, which is similar to a conveyance, were found.

Patent 1 has an elevator car mounted on top of a beam referred to as the arrestor. Between the car
and the beam damping elements (13) are placed to absorb the impact to the car when the arrestors
are engaged. The arrestors are simply latches (20) which are kicked out into the path of stop blocks
(26). These latches (20) are kicked out by having a magnetic actuator (21) extend rotating bar (23)
and lifting lever (24) which kicks out the latch. [17].
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FIGURE 8 ILLUSTRATION SHOWING THE LATCH ARRANGEMENT FROM PATENT US: 5,411,117 [17].

Patent 2 has an elevator car (18) connected to a beam (17) at the bottom of the car (18).
From this beam (17) the car (18) is locked in a elevator hatchway by extending pins (37 / 47)
into holes (39) located in the elevator hatchway. The embodiments are to either engage the
pins (37 / 47) through the use of a jack screw (43) or a solenoid (60) . When the pins (37 / 47)
are engaged the car (18) is secured and unable to move vertically. The pins (37 / 47) aren't
able to retract as they experience a large frictional force due to the movement of the car (18)
brought about by rope stretch. In order to release the car (18) load cells (62) or strain gauges
(65) are placed on the pins (37 / 47). These measurements are send to a control unit that
control the elevator driving sheaves to raise or lower the car (18) in order to release the
pressure on the pins (37 / 47). The pins (37 / 47) are then retracted and the elevator car
released.[18].
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CHAPTER 3. TASK CLARIFICATION

Task clarification is one of the most important aspects of design. A detailed list of Product Design
Requirements (PDR) was derived using the objectives tree method and the functional analysis
method.

The objectives tree method based on the book, Engineering design methods, by N Cross [19]
facilitated the generation of a hierarchal breakdown of the objectives and sub-objectives that must be
addressed by the design. The main objectives to be satisfied are to ensure that the cage approaches
the station smoothly and that the system operates reliably while being compatible with current
systems. The system has to be safe and assist when the cage is repositioned to the next deck. The
final product has to ensure that the cage aligns accurately and that it remains stationary while aligned.
After the loading and unloading process the cage must accelerate away smoothly. The final objective
is to improve efficiency without extreme costs. These objectives are listed in green blocks in the
detailed objectives tree hierarchy presented in Appendix A with their sub-objectives in red, blue and
black respectively.

The functional analysis method based on the book, Engineering design a systematic approach, by G
Pahl, W Beitz, J Feldhusen and K.H Grote [20], suggests that any system functions by transforming
material, energy and information from its input form into a desired output form. By studying the
material, energy and information sources available and defining the desired output form thereof the
sub-functions that catalyse this transformation are identified. The system is then designed with
features to perform these functions. From the detailed process illustrated in Appendix A it is seen that
the designed system must decelerate the conveyance, stop it, align it, secure it and then release it.

A summarised form of the Product Design Requirements is given in the figure below. The
requirements are based on the findings of the above mentioned procedures as well as a checklist
proposed in the book; Engineering design a systematic approach, by G Pahl, W Beitz, J Feldhusen
and K.H Grote [20]. Appendix A contains the detailed table of quantitatively defined PDR in the format
proposed by the abovementioned book. The PDR considers 16 topics namely geometry, kinematics,
forces, energy, material, signals, safety, ergonomics, production, quality control, assembly, transport,
operation, maintenance, costs and schedules. Each of these topics is briefly explained in the PDR
summary below.
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TABLE 1 SUMMARISED PRODUCT DESIGN REQUIREMENTS FOR A GENERAL PURPOSE, VERTICAL

SHAFT CONVEYANCE, ALL LEVEL DOCKING DEVICE.

Summarised Product Design Requirements

Geometry

The geometry of the system should be such
that it doesn't protrude into the shaft
compartments or obstruct the conveyance
door opening.

Kinematics

The conveyance should arrive, engage and
depart from the system with a velocity
sufficiently low to minimise oscillations or
damaging impact. The system should
accommodate rope stretch and minimize
conveyance movement when disengaging.

Forces

The system should be sufficiently strong to
support the conveyance in an upward or
downward direction without imparting damage
to the conveyance or infrastructure.

Energy

The system should handle any impact energy
and utilise the standard available energy
sources, such as electricity, air and water for
its operation.

Material

The materials used in the system must be of
adequate strength and suited to the
application. It is desired to be wear and
corrosion resistant and easily formable.

Signals

The system must be fully integrated with the

mine systems including the lock bell, call bell,
slack-tight rope and stopping devices. It must
indicate the engaged and disengaged status.

Safety

The system must improve safety and operate
on a failsafe principle. It must further be
configured such that it discourages misuse
and unauthorised access.

Ergonomics

The system must simplify the work processes
and require the minimum human input.

Production

The system should be easy to manufacture
and install. The operation and maintenance
must be such to minimise idle time.

Quality control

The system should contain a large safety
factor, verified by a computer model, and
manufactured by an accredited workshop.

Assembly

The system should be easily assembled and
disassembled on site.

Transport

The system should be movable with standard
mine lifting equipment.

Operation

The system should be able to operate in a
shaft environment, by being resistant to water,
dust and falling debris. It should not make
normal shaft procedures cumbersome.

Maintenance

The system should have features to ease and
minimise maintenance while highlighting
component deterioration.

Costs

The design should be completed at a
minimum development cost and consideration
given to obtain a low manufacturing cost.

Schedule

A final design verified by a computer model
should be presented in a dissertation for
submission in November 2014.
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CHAPTER 4. CONCEPT GENERATION

Conceptual design involves the synthesis of potential solutions to a problem. The first step in the
solution of the overall problem is to obtain solutions to the sub-functions identified through the
functional analysis process in the preceding chapter. Methods are identified to decelerate a
conveyance, damp the engagement forces, align the conveyance, secure the conveyance, indicate
the status of the secured conveyance and equalise the rope tension. The solutions to these 6 sub-
functions are combined to form a system that solves the overall problem. The 5 techniques used in
this chapter to obtain solutions to the sub functions are, Brainstorming, Synectics, TRIZ, 2500
Engineering Principles and Mechanical Sourcebooks. The sub-function solutions are joined through a
Morphological chart to synthesise concept solutions to the overall problem.

41. BRAINSTORMING

Brainstorming was performed through the generation of a mind map. The process involved putting the
topic of concern in the centre of a page and branching any sub-topics from there. These sub-topics
are further branched off until the ends of the branches indicate possible solutions. The centre topic for
the mind map presented on the next page is a conveyance alignment and arresting device which
branches off into the 6 sub functions identified by the functional analysis process. One extra sub-topic
namely the release of the conveyance is presented. The table below summarises the potential
solutions generated through the use of the mind map for each of the sub functions.

TABLE 2 SUMMARY OF THE POTENTIAL SOLUTIONS FOR EACH PROBLEM SUB-FUNCTION
GENERATED THROUGH THE USE OF A MIND MAP.

Decelerate the conveyance

Forced creep Control Control Cam Manual control Engagement with
programme on according to an a device and
PLC indicated rate device retardation
Energy of engagement
Impact onto a Winder Impact onto an Impact onto an Impact onto a
Spring deceleration to elastomer airbag hydraulic damper
limit speed (Compression of
a compressible
gas)
Alignment / vertical positioning
Lever Screw drive Climber Bellows Piezoelectric
arrangement arrangement
Aerodynamic lift Lift using the hoist | Magnetic Hydraulic cylinder | Wedge action
rope levitation
Sprocket and Pneumatic Linear motor Thermal Rack and pinion
chain cylinder expansion
Cam and follower | Counter
movement

Continued on next page...
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Securing
Interference / Support / Magnetism Suction (Pressure | Bonding
Geometric Geometric differential)
interaction constraint
Friction High inertia
Indication
Magnetic Pressure switches | Visual and Load cells Laser sensors
switches manual signal
Slack and tight Linkages and Inductive switches | Camera with
rope device whisker switches image

identification

Controlling rope tension / rope stretch

Compensating
link (Change rope
length)

Rotate the winder
drum

Control the
sheave position

Release when
load is normalised
due to normal
hoisting

Alignment /
vertical
positioning device
move to
normalise load

Brainstorming has led to the generation of multiple potential solutions to the sub-functions of the
problem. The results illustrated in the table form the majority of the entries in the Morphological chart
used later in the chapter. The remaining four techniques are used to supplement the concept
solutions from this section.
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FIGURE 12 MIND MAP ILLUSTRATING POTENTIAL SOLUTIONS TO THE SUB FUNCTIONS ASSOCIATED WITH THE DESIGN OF A CONVEYANCE ALIGNMENT AND ARRESTING DEVICE.
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4.2. SYNECTICS

Synectics is a concept based on the knowledge that the brain works by creating links between
thoughts, feelings, experiences and knowledge. Normally the brain group thoughts together based on
similarities. Synectics however requires and promotes the realisation that complex and apparently
contradicting thoughts, feelings, experiences and knowledge can also be grouped together. By forcing
the mind to find a similarity between things thought unalike stimulates innovation. To start the process
a Synectics trigger is required to initiate the generation of new ideas and combinations based on
disruptive thinking where anything is made relevant to the problem. It is further necessary to then
guestion why things are considered similar or dissimilar and how they were eventually related to each
other. This is a difficult thought process and as such the heuristic devices proposed in the book,
Design synectics: stimulating creativity in design [22], were used.

The first heuristic device used was "repeat" meaning to do something over and over. Forcing the mind
to think of something that happens over and over inspired the thought of a person swallowing, the
Synectics trigger, and the food being transported through the process of peristalses. It could be
possible to have bladders expand to clamp the conveyance then move down and contract as soon as
the bladders above them have expanded and in the process lift or lower the conveyance. It is possible
to make use of a climber mechanism such as in a farm jack where one lifting lug transfers the load to
the next lug; this action could also be obtained through wedges working on opposite sides of the
conveyance. Alternatively the function of the bladders can be performed by a set of clamps that
engage lift and disengage from the conveyance.

The second heuristic device used was "combine" where existing ideas should be joined together. The
Synectics trigger is the two most popular conveyance arresting devices namely KEPS and Levelok.
The concept is to use the KEPS device to align the conveyance and then activate the Levelok device
to hold it in place.

The third heuristic device used was "add" where it is asked what can be done extra. The two current
devices are again the Synectics trigger. Considering the KEPS device the hook can be altered by
giving it a clamping feature or a locking pin to lock onto the conveyance. The device can then be
made to move up or down to equalise the rope tension by connecting it to a rope loop or hydraulic
cylinder. The Levelok system can be mounted on a controllable sliding frame which would afford
manageability over the release rate.

The fourth heuristic device used was "empathise" meaning to relate to the subject. A common image
of sharing feelings is to hug. The idea to have a device surround the conveyance and squeeze is
therefore inspired. It is possible to have the guides move and press against the conveyance to secure
it, by using the guides as a friction clamp.

The fifth heuristic device used was "animate" where motion is given to something stationary. The
image of a trampoline inspired having the conveyance drop onto a mat or structure supported by
springs or dampers.
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The sixth heuristic device used was "change scale" requiring the object to be made smaller or larger.
Downscaling a lot brings to mind ants working together to carry a large breadcrumb. Using multiple
objects in unison will reduce the size of the units required, example smaller lifting lugs.

The seventh heuristic device “analogize” meaning to draw associations between dissimilar objects
was used. Sitting thinking about this device prompted the Synectics trigger of a chair. A chair
possesses a few features that can be transferred to the problem of arresting a cage. The height is
adjusted through a screw mechanism and the impact absorbed through a spring, piston and cushion.

The eighth and last heuristic device used "borrow" suggests taking a feature from an object with a
similar function. To address the issue of locking a conveyance in place the "space case" (pencil case)
borrowed the idea of using a sliding lock.

The Synectics method is an innovation inspiring technique that broadens the normal way of thinking.
It was used to generate 12 potential solutions which were broken down and generalised to add into
the Morphological chart. With the working principles identified and generalised 7 of the potential
solutions were already included in the Morphological chart populated thus far with the results of the
brainstorming technique. The 5 potential solutions added to the chart are illustrated in the table below.

TABLE 3 POTENTIAL SOLUTIONS GENERATED THROUGH THE SYNECTIC PROCESS.

Bladders expand Clamps activate Lower Raise or lower the | Use the guides to
and contract to and release to conveyance onto | attached device squeeze the
raise and lower raise or lower the | a fixed stop by rotating a rope | conveyance
the conveyance conveyance loop

4.3. TRIZ

TRIZ is a Russian acronym, for Teoriya Resheniya Izobreatatelskikh Zadatch, translated into English
as the Theory of Inventive Problem Solving. TRIZ is a method of solving problems, where the root of
the problem lays in technical contradictions, proposed by Genrich Altshuller. Altshuller discovered
after studying thousands of patents that there were a limited number of contradictions that had to be
solved and that inventors only used some 40 methods to solve these defined as the transition models.
TRIZ has been developed over many years and the books, TRIZ for Engineers by Karen Gadd [23]
and Modern TRIZ A Practical Course with EASYTRIZ Technology by Michael Orloff [24], were used to
study the technique applied in this section to develop further potential solutions to the sub-functions
identified in chapter 3. The Meta Algorithm of Inventive TRIZ (MAI TRIZ), proposed by M. Orloff,
which has the names of the steps conveniently linked to the letters of the acronym TRIZ, is applied in
this section and summarised in figure13.
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The TREND step involves finding the root of the problem (hypocentre) and distinguishing it from the
symptoms of the problem (epicentre). This is done by asking probing questions to understand the
essence of the problem and to obtain the factor, which could be 1 of 39 factors identified by Altshuller,
desired to be solved. It is then attempted to solve for this factor by applying professional knowledge. If
the factor cannot be solved through normal practices a contradicting factor is normally present,
meaning that by improving one factor a second factor or property is negatively influenced, and the
rest of the contradicting factors must then be identified.

The contradictions are defined by identifying which factors must be improved and which are
negatively affected. It is possible to have one of four contradictions. An ordinary contradiction is where
a particular property or requirement must be maximised or minimised to deliver the desired result. A
standard contradiction (technical contradiction) is where incompatible properties or requirements
reside between different functional features of the artefact. A radical contradiction (physical
contradiction) is where opposing properties or requirements are required of the same functional
feature. A compositional contradiction is where there are more negative features to the required
positive feature and thus a composition of standard contradictions.

The REDUCE step requires the definition of the Ideal Final Result (IFM) which is simply the final
desired condition of the factors identified in the TREND step. The Functional Ideal Models (FIM's) are
the transitional models that aids in transforming the factor into the desired factor. These
transformation models are identified based on the type of contradiction where the SITO+ (Single In
Tuple Out - Positive) or SITO- (Single In Tuple Out- Negative) methods are used on ordinary
contradictions, the former where the factor must improve and the latter where the factor must
decrease. The BICO (Binary In Tuple Out) method is used to solve standard contradictions, the RICO
(Radical In Cluster Out) method to solve radical contradictions and the MITO (Multiple In Tuple Out)
method to solve compositional contradictions. All these methods employ a different approach to
identify the few most likely transformation models, out of the 40 possible models identified by
Altshuller, that will aid in overcoming the contradictions associated with the factors identified in the
TREND step.

The transitional models suggested from the various methods are now used in the INVENTING step.
An individual now applies the transition models and come up with a solution to the contradiction that
will resolve the problem and deliver an answer that can be applied in the artefact in which the
contradiction exist.

The ZOOMING step requires the final artefact, in which the answer obtained in the previous step has
been implemented, to be reviewed. It is studied to see if the problem is resolved, if application of the
method has brought about any major improvements (super effect) or severely damaged another
feature (negative effect). If the solution is implementable in practise the artefact can thus be
developed into a working system. The figure below summarises the methodology used when applying
MAI TRIZ.
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TREND:

Define the objective of the problem and obtain a direction for the solution

Initial Problem

>

Identify contradicting factor 1

= | Attempt solutions

Identify contradicting factor 2

Ask the questions:

Determine the purpose of the

Here traditional solutions are

What is the cause of the

What? project. What must be done attempted. If no solution is problem? Why is the
Where? and what is desired. found the process must be contradiction present?
When? continued.

Who?

REDUCE: Define the Ideal Final Result and Functional Ideal INVENTING: Apply professional knowledge,
Model creativity and psychological skills to generate ideas.
Re-write the informal contradiction into a standard or radical % Make use of the transformation models proposed

contradiction. from the various methods.

Contradiction Factor 1 Factor 2 >
type
Ordinary Factor to improve or SITO
weaken > Single In Tuple Out

Standard Positive factor Negative factor BICO

= | Binary In Cluster Out
Radical Factor 1 increase Factor 1 decrease RICO

| Radical In Cluster Out
Compositional Positive factor Negative factor 1ton MITO

Multiple In Tuple Out

v

ZOOMING: Verify suitability and ensure that the problem is resolved. Evaluate the efficiency. Judge the implement ability.
Look for any super or negative effects.

FIGURE 13 ILLUSTRATION SUMMARISING THE METHODOLOGY OF THE META ALGORITHM OF
INVENTIVE TRIZ.

During application of the method the factors used are identified through the letter F followed by a hash
and the factor number, which corresponds to one of the 39 factors identified by Altshuller, enclosed by
brackets. The transitional models used are identified through the letters TM followed by a hash and
the transition model number, which corresponds to one of 40 models identified by Altshuller, enclosed
in brackets.

To limit the impact when a conveyance engages with an arresting device the factor speed (F#22)
must be decreased but doing so will negatively influence the factors forces (F#30), complexity of
construction (F#7), surface of the object (F#17 + F#18) and reliability (F#4). The MITO process
proposed the use of the transitional models; replacing mechanical matter (TM#4), aggregate state of
an object (TM#1), periodic action (TM#8), inexpensive short life object as a replacement for an
expensive long life item (TM#13), discard and renewal of parts (TM#15) and previously installed
cushion (TM#28). The application of these transition models prompted the potential solutions tabled
below. The entries crossed out are potential solutions already included in the Morphological chart.
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TABLE 4 POTENTIAL SOLUTIONS TO THE PROBLEM, ENGAGING A MOVING CONVEYANCE,
GENERATED THROUGH THE MAI TRIZ METHODOLOGY.

Interact with a
magnetic field

act onto
springs

act onto an
elasto

act onto a
compressible gas

Impact onto a
non-Newtonian
fluid

Impact onto clay

Impact onto a
flexible Bunton

Impact onto a
cylinder of which
the release rate of
pressure is
controlled

Use shear pins to
prevent subjecting
the system to
excessive forces

Impact onto a
collapsible
structure (Crush a
can)

Since TRIZ was developed primarily for the manufacturing industry the factor to be improved to
ensure proper alignment of a conveyance is precision of manufacture (F#5) as this suggests
accurately positioning a moving object next to a stationary one. Using the MITO method the
transitional models aggregate state of an object (TM#1), segmentation (TM#3), local property
(TM#12) and the use of pneumatic or hydraulic constructions (TM#14) were identified. The potential
solutions tabled below were generated through the application of these models.

TABLE 5 POTENTIAL SOLUTIONS TO THE PROBLEM, ALIGNING A CONVEYANCE NEXT TO A STATION,
GENERATED THROUGH THE MAI TRIZ METHODOLOGY.

Arresting device
collapse until the
conveyance is
aligned

Remove the rope
from the
conveyance
during alignment

Move the floor
into position

Change the
length of the
attachment

hydraulically

Raise or lower the
sheave
hydraulically

44,

2500 ENGINEERING PRINCIPLES

TRIZ has been studied over many years and the concept of analysing patents and extracting the
engineering principles used has continued into modern days. This has led to the compilation of 2500
engineering principles commonly applied in artefacts into a database which fortunately is in an
electronic format today. These principles were then joined with common functions required in
artefacts. Searching for a function in the database would then return the engineering principles
commonly used to achieve the function.

In order to make the effects database [25] applicable to all fields the functions are kept very general.
A search for "Hold Solid" was therefore used to search for engineering principles that can be applied
to keep a conveyance in place. The search delivered 107 engineering principles many of which were
irrelevant as they applied to specific processes. The physical effects found that could be applied to
the problem were adhesive, chain, elastic recovery, electromagnet, ferromagnetism, force, gravitation,
groove, holes, hook, hydraulic press, Lewis, Maglev, shape memory alloy, mechanical fastener,
physical containment, pin, screw, solenoid, static friction, interlocking, thermal expansion and wedge.
Many of these principles were already included in the Morphological chart in a more general format
and those tabled below added.
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TABLE 6 POTENTIAL SOLUTIONS FOR THE PROBLEM; HOLD A CONVEYANCE, OBTAINED FROM THE
EFFECTS DATABASE AT WWW.TRIZ4ENGINEERS.COM.

Elastic recovery Shape memory Thermal

alloy expansion

4.5. MECHANICAL SOURCEBOOKS

Throughout the years many ingenious mechanisms have been designed some of which are
commonly used in applications. Databases and sourcebooks provide access to these existing
treasures which might be used to perform one of the sub-functions from chapter 3. The illustrated
sourcebook of mechanical components [26] was studied in depth to search for solutions to the sub-
functions.

A multitude of mechanisms exist to produce linear motion which should be transferable to the problem
of aligning a conveyance. The book reveals mechanisms using a screw and travelling nut which can
be used in a jacking application, an application where a hook or clamping device is lifted or a
turnbuckle changing the rope length. Wedges and cams can be used to generate reciprocating lifting
actions. Sprockets and chains, friction drives and rack and pinions also produce linear motion. Gears
used in parallel motion mechanisms or a Scotch Yoke can also transform rotational motion into linear
motion. Hydraulics see application in a variety of styles from direct lifting to driving climber or lever
mechanism arrangements. Linkages can be configured to generate collapsible structures, toggle
arrangements or to magnify forces.

The book further gives solutions to the issue of damping by illustrating a variety of elastomeric shapes
and springs, ranging from helical, Bellville, leaf and torsional springs. Damping is further possible
through compressing a compressible fluid or through the controlled escape of an incompressible fluid.

Novel ideas on damping involve the dissipation of energy through the deformation of elements. Some
concepts involve the bending of a strip of steel as it passes between rollers or the deformation of a
ring as it is rolled over a cylinder. A concept for a frictional damper is also given where the
compression of a spring in a cylinder pushes wedges placed between the coils of the spring against
the side of the cylinder resulting in an increased normal force between the wedge and the cylinder
wall increasing the friction. There is further a variety of snap action devices, detents, clamps and
ratchet and pawl systems. After studying the book 7 potential solutions tabled below were added to
the Morphological chart.

TABLE 7 POTENTIAL SOLUTIONS FOR THE PROBLEM, ALIGN AND SECURE A CONVEYANCE, BASED
ON MECHANISMS FROM SOURCEBOOKS.

Deforming Friction damper Friction drive Rope puller Parallel motion
elements linkage
Over-toggle Ratchet and pawl

arrangement
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4.6. MORPHOLOGICAL CHART

A morphological chart, as explained in the book Engineering design a systematic approach [20], is a
powerful tool in the development of concepts. The chart contains all the potential solutions identified
through the techniques discussed in this chapter. Functional analysis showed that to obtain an
aligned and secured conveyance the concept system had to address the six sub-functions; decelerate
the conveyance, damp the impact, align the conveyance, secure the conveyance and equalise the
rope tension before releasing the conveyance. These sub-functions are listed in rows beneath each
other in the second column of the chart; with the sub-function align the conveyance given twice due to
the number of potential solutions identified. The first column assigns a number to each entry in the
second column so that a number index can be used to identify a certain solution principle. The
solution principles identified through each of the techniques were then entered in columns next to
each other in the row of the sub-function to which it applies. The top row assigns a number to each of
these potential solutions so that they can be identified though a number index.

To develop a system concept a potential solution from each of the sub functions must be identified
and joined into a concept. The potential solutions which will be ill-suited for use in the system are
eliminated first by crossing it off.

The sub-function, decelerate the conveyance, in row 1 has 5 potential solutions listed. The first four
potential solutions all suggest slowing the hoist and the fifth having the conveyance slowed by the
system it engaged with. Having the hoist slow to creep speed (PS#1) for each station isn't sensible as
there are many stations passed before reaching the desired station which will influence the hoisting
cycle negatively. Using a control cam (PS#2) to slow the hoist is only practical on older type hoists
and will be difficult to select the cam that should control the winder for the specific stations; it is
normally only used for end of wind control. Controlling the hoist through a Programmable Logic
Controller (PLC) (PS#3) is only practical on hoists with modern control systems. To have the
conveyance decelerated by engaging with a device (PS#5) is potentially dangerous as very large
forces may be involved. The hoist will need to decelerate at the same rate as the potential is
otherwise created to damage the rope by inducing slack. Potential Solutions 1 to 3 and 5 therefore
aren’t preferred and are removed from consideration. The concept systems requires the WED to
control the speed (PS#4) coming into the station. To aid him in the process indication is provided to
show him when to start decelerating and warn if he is approaching too fast.

The sub-function, damp the impact onto the system, listed in row 2 has 14 potential solutions listed.
The approaching conveyance will already have a greatly reduced speed, because of the control from
the WED and the controls implemented to warn him and trip the hoist should his speed still be too
great, reducing the forces that need to be damped. The concepts therefore makes use of potential
solution 2 which requires an adequately decelerated conveyance in conjunction with either one of the
following simple to implement potential solutions; Impact onto an hydraulic damper (PS#5), impact
onto an elastomer (PS#3), impact causing the compression of a compressible gas (PS#4) or impact
onto a cylinder of which the release rate is constantly controlled (PS#10). It is also considered to
make use of flexible supports (PS#9), collapsible structures (PS#12) or deformable elements
(PS#13).
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Having the conveyance interact with a magnetic field (PS#6) is impractical as the majority of the
conveyance is constructed from Aluminium, a non-magnetic material, and the required magnitude of
the magnetic field. Impact onto a non-Newtonian fluid (PS#7) would present difficult containment
issues and is also disregarded. Having the conveyance impact onto clay (PS#8) would permanently
deform the clay, and incorporating a system to re-mould the clay would be impractical. The generated
concepts therefore makes use of 6 of the 10 remaining practical potential solutions listed in row 2.

The sub-function, align the conveyance, is listed in row 3 and 4 due to the number of potential
solutions where row 3 and 4 both provide 14 potential solutions. Considering the entries in row 3 the
potential solution bellows (PS#4) is discarded as a bellow will require excessive pressure to lift the
conveyance and will be prone to damage should a piece of debris fall down the shaft. Piezoelectric
(PS#5) is also discarded as it won't be able to provide the lift required. Aerodynamic lift (PS#6)
suggests passing a stream of air over an aerofoil to generate lift; it is impractical as it will require a
controlled flow of air over a large aerofoil. Using the rope to lift the conveyance (PS#7) lacks accuracy
and using a magnetic field (PS#8) is impractical as mentioned in the previous section. The use of a
linear motor (PS#12) will greatly increase power consumption and will present maintenance and
reliability issues in a dusty and wet shaft, while thermal expansion (PS#13) is also disregarded due to
fire risks and the amount of lift it should be able to effect. Seven potential solutions remain in row
three where the potential solutions lever arrangement (PS#1), lead screw drive (PS#2), hydraulic /
pneumatic cylinder (PS#9) and sprocket and chain (PS#11) are incorporated into concepts.

Row four has another 14 potential solutions where the following were discarded. To counter the
movement of the conveyance (PS#2) to maintain it in an aligned position would be incredibly difficult
due to the unpredictable nature of the rope and the near infinite combination of loads that can be
applied to the conveyance once in position. To have bladders expand and press against the side of
the conveyance (PS#3) is discarded for the same reasons as in the previous section. Raising or
lowering the alignment device connected to the conveyance by rotating a rope loop (PS#6) will be
unreliable as rope slip is likely. Removing the rope from the conveyance (PS#8) will struggle to find
acceptance in the industry as proper reconnection will be questioned. To move the floor toward the
conveyance position (PS#9) will be very complex as the floor needs to be removable to allow access
to the shaft during slinging operations. To pull the rope through a rope puller (PS#13), similar to a
Tirfor, might damage the rope and is an unnecessary risk. Eight potential solutions remain in row four
where the potential solution lowering the conveyance onto a fixed stop (PS#5) is considered in the
system concepts.

The sub-function, secure the conveyance, listed in row 5 has 13 potential solutions. To use
magnetism (PS#3) to secure a conveyance is impractical as mentioned previously. A tremendous
pressure differential is required to secure a conveyance through suction (PS#4) along with complex
machinery. To secure the conveyance with adhesive or other bonding (PS#5) techniques isn't
practical due to the strengths required and the difficulty to remove the joint. Increasing the inertia
(PS#7) of the conveyance will simply reduce the acceleration rates but won't keep it in position. To
use a shape memory alloy (PS#10) to interact with the conveyance is very complex and does not
appear to be a sensible solution. Thermal expansion (PS#11) is also discarded as discussed
previously. Having discarded the potential solutions above only seven remain in row 5 where the
potential solutions interference / geometric interaction (PS#1), support / geometric constraint (PS#2),
elastic recovery (PS#9) and over-toggle arrangement (PS#12) are used in the system concepts.
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The sub-function, indicate the state of engagement, listed in row 6 has 10 potential solutions. The
potential solution to use t