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ABSTRACT 

The purpose of this research is two-fold. Firstly, to decrease maintenance resources and 
increase plant availability and secondly, to investigate the feasibility of using Web-based 
condition-monitoring techniques as a preventative maintenance tool. This is achieved by 
using Markovian modeling and its associated mathematical operations, among other 
techniques, which in turn leads to the manipulation of the Stochastic Reliability equation to 
determine the key drivers of poor plant performance. In addition, the findings are 
elaborated on by applying chaos theory principles and logic. 

In this exercise, a Web-based condition monitoring device (MotornostixB Canary) was 
installed on a critical overhead crane in a pilot plant (ESM) to test the feasibility of the 
system in the steel production environment. This research also aims to elaborate on the 
outlook of the current global steel market as well as present the author's views on the 
topic. To achieve the outcomes of this research, proper methodology and hypotheses 
were applied to process the information collected and data generated. 

The following results of the literature study were amongst the most important: 

The global steel industry is increasingly competitive and the market has changed 
radically from its previous model'. 
Traditional "Third-World/lron Curtain" countries are becoming major players in the 
global steel industry and the world economic playing field as a whole 2. 

Markovian models are memory-less, discrete and not dependant on the route 
followed to achieve the current state of the system3. 
Markovian models are lacking as an application in a chaotic environment as they 
can only simulate linear systems. Linear systems exist more in theory than in 
practice. Living systems cannot be equated via linear methods4. 
The Newtonian paradigm has to be exchanged for a fresh way of approaching 
maintenance issues5. 

The study has been approached from the perspective that Markovian models do work, if 
only with a limited degree of predictability over time. However, as has been proven by 
subsequent findings, Markovian models alone will not suffice in increasing the pilot plant's 
availability. Intuitive and practical decisions must be applied, in addition, for the outcomes 
to be both accurate and to impact on business. 

It was also noted that failure modes have more than one driver, thus distorting failure and 
repair rate data into distributions that are not Poison or exponential forms. The 
inconsistency of the failure rate compounded the difficulty of applying the Markov modeling 
techniques to this system. 

To date, there has been no outside research done on the immediate benefits of 
implementing Web-based condition monitoring systems. All available papers on the 
subject have been published by manufacturers of this equipment. Therefore, this research 
delivers a "third-party" perspective on the effectiveness of these devices as implemented 
on a pilot plant when used on overhead cranes, whilst quantifying their impact on safety, 
cost and availability. 
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The results have proven formidable. Failure rate at the pilot plant was drastically 
decreased, with no instances of failure (that could have been prevented by this system) 
occurring during 2006. 

Not only was the trial a conclusive success but the application of this technology in other 
areas of the steel production industry has since begun in earnest. 
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3. NOMENCLATURE 

1 Condition Monitoring 

1 EAF 1 Electric Arc Furnace 
I 

ESM 1 Electric Steel Making 

1 KPI 

HMI 

HRC 

IMF 

1 Key Performance Indicator 

Human-Machine Interface 
- - 

Hot Rolled Coil 

International Monetary Fund 

I 

MIS 

MTBF 

Management Information System 

Mean Time Between Failure 

MTTF 

MTTR 

( RCA I Root Cause Analysis I 

Mean Time To Failure 

Mean Time To Repair 

PLC 

Reliability Centered Maintenance 

Programmable Logic Controller 

1 South Africa 

I SecMet / Secondary Metallurgy 

1 WBCM 

I 

I Web-Based Condition Monitoring 

VCB 
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4. OVERVIEW OF RESEARCH 

4.1 Background 

The global steel industry has undergone rapid metamorphosis in the last twenty years, 

creating jobs as well as lending security to governments across the world. Now a 

streamlined profit spinner, the steel industry impresses with its continuous progress. 

The importance of steel in modern day life cannot be underestimated. For modern catalytic 

converters in vehicles to function properly, coiled supports made of special steel foil which 

is only 0.025mm thick are used. Supplying energy without steel would not even be 

possible. Steel pipes are used in the production of oil and natural gas in modern power 

stations. Ten years ago 70% of the steels used in automotive production today did not 

even exist6. 

Although composite materials are available on the market they are extremely expensive 

and difficult to manufacture on the same scale as steel. Steel has been satisfying man's 

needs for centuries and has the potential to do so for at least the next 50 to 70 years. 

In addition to this, steel is now commodity with huge wealth-generating potential. Almost 

every country in the world, even some of the poorest, has a steel manufacturing plant. 

With the global conglomeration of the steel industry which has taken place during the last 

seven to ten years, the market has changed significantly. The driving force behind these 

conglomerations has undoubtedly been the purchase of all resources used in the steel 

production process. A global battle has ensued, in which vast amounts of money are 

invested in staying ahead of the competition. It can be reasoned that in the fight for 

monopoly of this insatiable market, players may have lost sight of the fact that steel 

production is singularly crucial in the development of emerging economies such as India 

and South America. 

The following graph indicates the immense growth in the steel industry which has taken 
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place over the last 56 years'. 

Of the major steel conglomerates formed, the top ten annual crude steel producers are 

given below': 
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Figure 2: Top 10 global crude steel manufacturers ('000 000t) 

With these conglomerates in place, the stage was set for what should still to become a 

formidable power struggle, not only between steel producers but also between different 

nations. Most recently the merger of Arcelor and Mittal Steel has resulted in the biggest 

steel producing company in the world. 

What is commonly referred to as the "China Effect" also comes into play. The fact that 

(see Figure 3') China produces in excess of 270 million metric tons of crude steel per 

annum is of concern for current steel production giants, as once the Chinese market's 

demand drops below this capacity it will no doubt seek out alternative markets for export. 

Figure 3: Top 5 biggest crude steel producing nations 

While China's economy is growing at an astronomical rate (9.9% in 2005)', the Chinese 

government has tried to curb this boom with various measures. The United States has 

implied that China keeps the value of its currency artificially low in order to boost exports. 

From a "Cold War perspective" this might seem true. The Chinese government could 

possibly fear that IMF recommendations to strengthen the currency yet again may 

destabilise foreign investment. It could be that China is simply experiencing an extreme 
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run of good fortune, or even an economical renaissance of sorts. 

Many previously third world countries are experiencing good economic fortune. India's iron 

and steel industry is likely to double its production in five years2. The lndian government 

has dedicated $15bn towards improving local infrastructure such as roads, bridges, hotels 

and airports to reposition the country as a global player. With an economic growth rate of 

8.1% lndia also ranks as one of the world's fastest growing economies. The country's 

demand for steel is growing rapidly; as the strong economic growth has increased the 

demand for vehicles, household appliances like fridges and building materials2. 

Furthermore, lndia has the opportunity to export to the lucrative Chinese market which 

(see Figure 4') is also the largest net importer of steel products. We can also include the 

Thai and Iranian markets, with which lndia already has strong economic ties2. 

Figure 4: Top Five biggest net importers of steel ('000 000t) 

Rank 
1 
2 
3 
4 
5 

Although China is still importing and producing more steel than any country in the world, 

their local market is now fast approaching a point of saturation. Once this happens, 

Chinese steel producers will turn to export as a survival tactic. Moving into the mainstream 

global steel industry will have far-reaching consequences for all players. To date both 

Chinese and Indian steel manufacturers have been operating in near isolation. The 

challenges they currently face - dwindling natural resources, skills shortages and access 

to new technology - will make competing in the global market a formidable challenge. 

By opening up their borders for export, which is inevitable at such high growth rates, the 

Chinese and Indian steel producers open themselves to conglomeration fuelled by the 

larger global manufacturers. Small producers are unlikely to cope with the global market 

Country 
China 
US 
Taiwan, China 
Thailand 
Iran 
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and, owing to dwindling consumption forecasts, will inevitably sell out; literally and 

figuratively. Conglomeration of these srnalbr companies will furfbr strengthen the haM 
that global steel producers have on potential buyers. A siWtion is likely to arise were 80% 

of the world's steel will be manufactured by as few as four majw mqxmtiorrs. 

Fact: the steel industry is on its way to becoming a billion-Dollar business'. As seen fm 

figure 5, the world steel produdon is an industry valued at almost US $800 million. This 

fylure is increasing year-on-year as producers improve on decadesold processes, 

something whtch they manage to do with the lowest possible capital expenditure. 

Figure 5: Estrrnaled value d world steel production (US$ billion) 

Wrfh these cost-ng initiatives in plaoe, margins and profits climb exponentialy as 

steelmakers become increasingly efficient. It must be questioned whether this surge in 

proffis has a eiting, or is thls potential for proffl limitless? 

With manpower cut down, efficiencies streamlined and under control, the next "money 

machine" has been discovered: by exploiting inefficiencies in the maintenance 

environment, resourceful companies have generated false profits. 
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Traditionally, the maintenance environment has been perceived by steel producers as 

something of a bottomless pit into which money has been thrown. It is extremely difficult to 

manifest throughput with no equipment or hardware resources to support the business. If 

the maintenance section fails, the business fails. 

In their efforts to further increase profits, steel producers have realised that a plant can no 

longer afford to have cyclical availability trends. Emphasis must be placed on optimising 

the maintenance environment to promote growth and sustained availability. Large spikes 

in plant availability influence production yields, efficiencies and throughput. These factors 

will, in turn, affect the bottom line of the company. 

The "Holy Grail" of maintenance management would therefore be to predict impending 

failures 100% accurately and prevent them. 

In order for this obstacle in the way of maximising profits to be scaled, it is imperative that 

companies expend resources in order to explore all aspects of their maintenance 

management prerogatives. While there are various means of exploring these options, the 

most common method is to simply rely on the tried and tested. 

Currently management makes decisions concerning the future of their maintenance 

sections based on what can be termed as educated mistakes i.e. trial and error. 

The cutting down and scrapping a spare crane at ESM in the 1980s is a good example of 

such a mistake. This was based on a decision that a third crane was not a necessity for 

the company at the time. While breaking down the crane and saving its parts as spares for 

the two remaining cranes would have been a wiser choice, in retrospect, the cheaper 

option of lancing the machinery was decided on. Now, 20 years later, charging capacity is 

one of ESM's greatest bottlenecks. For a minimal cost, and significant risk reduction, the 

crane gantries, bogies, wheels, motors, etc could have simply been stored neatly away. 

While the cost-saving drive inevitably saved ESM from closure, this is a good example of 

how hasty cost reductions can have a negative affect on future plant performance. 
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The proper methodology to follow would entail cutting costs, streamlining budgets, pooling 

resources and working srnader - not harder - through employing various tools, such as 

emerging technologies. 

If done correctly the restructuring undergone by maintenance sections will have far- 

reaching improvements, not only on the bottom line, but on the company as a whole. 
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4.2 Problem Statement 

The focus of this research is to reduce maintenance resources and increase plant 

availability. The maintenance strategy currently used is based on Reliability Centered 

Maintenance (RCM). 

Maintenance is both an art and a science. By looking at raw data and making decisions 

based on proven tools, results can be achieved immediately, with little or no capital 

expenditure. Unfortunately, few maintenance managers have time to crunch numbers. 

For this reason an objective, experienced specialist on the team is crucial for any 

maintenance manager. This impartial individual is a one who can take action, exploit the 

data and manage the soft issues. The individual must have the ability to separate emotion 

from experience when necessary, and put them together when required. 

With some capital expenditure it is indeed possible to implement new technologies which 

will reduce maintenance resources and increase plant availability in general. It is, however, 

important to constantly track the plant's performance against the desired result. This can 

prove difficult in the maintenance environment, as most plants only know their availability 

at the end of the month. 

Once data is made available and the previous month's performance tracked, decisions 

need to be made on the way forward. To execute this, a tool is required to analyse the 

incoming data and make reliable assumptions based on the outcome - a tool such as the 

use of Markovian models. 

Another focus point will be assessing the efficiency of Web-based condition monitoring 

devices such as the system supplied by Motornostix. This device reduces the strain on 

conventional physical condition monitoring resources. By using the Internet as a portal to 

transfer information, it is possible to have an outside company monitoring the condition of 

an overhead crane at a distance of more than I 000km. 
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4.3 Hypotheses 

Reducing resources and increasing availability (as well as utilisation) is a global challenge. 

Testing the applicability of Markovian models and WBCM in an environment where all the 

necessary equipment was available posed a challenge. The Electric Arc Furnace melt 

shop was suggested. 

The Electric Arc Furnace melt shop, situated in Vanderbijlpark, had a budgeted tonnage of 

990 594 tons for 2005. In 2006 the budgeted tonnage was 1 167 916 tons. In 2007 it will 

tip the scales at 1 345 000 tons. The pressure to increase production tonnages year-on- 

year is immediately apparent. The only method for increasing plant capacity is to optimise 

plant availability - but this implies an equal improvement in utilisation; in this case, the 

utilisation of funds and manpower available to the maintenance department. 

A healthy business should concentrate on analysing and optimising their maintenance 

workforce. Any decision made in the maintenance environment must be based on sound 

business principles. The question must be asked: "Does the decision have a positive 

financial impact on the business?" 

To disprove the belief that plant availability is directly proportionate to the availibitity of the 

maintenance department's funds and manpower consider, the table below: 

YEAR 1 TONNAGE PRODUCED / ACTUAL 

Figure 6: Actual tonnage vs expenditure and headcount (Expenditure excludes capital expenditure and salaries) 

HEADCOUNT 

2001 

The data depicted above might seem random but a broader looks reveals that market 

conditions, ad-hoc expenditures and activity are additional factors that play a role in 

defining cost per ton. These stats need to be analysed and updated regularly to maintain 
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perspective. 

A reliable system is needed to identify poor performance drivers. Markovian models have 

proven useful in the past. Their applicability in the steel making environment will be 

investigated here. 

In summary the aim will be to reduce maintenance costs and resources whilst increasing 

plant availability by implementing both Markovian models and WBCM at the pilot plant. 
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4.4 Objectives 

The aim with this research is to answer many plant related and maintenance specific 

questions. In the author's experience the only time a major investigation is launched, is 

when capital funds are required. Employees no longer taunch investigations into their own 

functions in order to identify inefficiencies. The stresses ptaced on employees through 

rapid restructuring and skills shortages have forced them to focus on day-to-day activities. 

The advantages of raising the bar and focusing on inefficiencies cannot be 

underestimated. 

Using Markovian models, it will be possible to assess various aspects of the ESM 

maintenance environment. By utilising failure rate, repair rates and defining certain states 

that the system can be found in it is possible to model and assess poor performance 

drivers. The parameters that most influence the behavior of the system are modeled and 

monitored. This will allow the modeler to identify changes and their affect within the 

system. 

The Markovian models will, however, only indicate inefficiencies. They do not offer 

solutions. It gives an indication of where there are shortcomings and describes them in 

more detail. How these shortcomings are to be eliminated can only be defined by 

someone with intimate knowledge of how the business operates. This can only be 

achieved by an individual with a solid maintenance background, skilled in the production 

process and knowledgeable of the financial pitfalls along the road. 

Most of us have vehicles and appliances that can "think for themselves". They can identify 

and diagnose early signs of failure, shut off before catastrophic failures occur and even 

repair themselves relevant to certain inputs and outputs- What isn't realised is that this is 

applicable to any system. 

From a systems perspective, there is no difference between a vehicle and a steel making 

plant. Yet we have not adequately investigated the extent to which new condition 

monitoring technology can contribute. 
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By using Web-based condition monitoring systems it is possible to prove that diagnostic 

and early-warning systems have their place in heavy industry. Iscor (now Mittal Steel SA) 

implements a screw limit on overhead cranes. This is a measure taken over and above the 

final cut-off limit to ensure safety. The only limit prescribed by government safety 

standards is the final cut-off limitJg. This research aims to prove that Web-based condition 

monitoring systems should be a statutory institution on certain safety critical plants. 

By incorporating a Web-based system that indicates plant abuse, early failure warnings 

and preventative measures, it is possible to initiate a preventative maintenance strategy. 

This will also be used as a case study for general Web-based condition monitoring, which 

has not been implemented elsewhere in the steel making environment. Historically 

speaking the costs associated with such an installation normally deters the client from 

such an endeavor. This study will attempt to prove the claims made concerning the 

positive aspects of installing this technology on essential equipment. 

The electric steel making plant of Mittal Steel South Africa in Vanderbijlpark was the 

perfect pilot for such a project. The plant is extremely accommodating, not only on the 

process side, and also has a flexible maintenance team willing to experiment in order to 

improve their environment. 
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5. METHODS AND PROCEDURES 

5.1 Traditional methods 

A common tool used to investigate methods of identifying the drivers behind plant 

availability is the Markovian model or chain. This stochastic process was developed by 

Andrey Andreyevisch Markov (June 14, 1856 - July 20, 1922), a Russian mathematician 

born in Ryazan, Russia. Markov completed his studies under Chebyshev in 1874 after 

which he became a member of the St. Petersburg Academy of Science in 1886 7. 

A Markov chain is a stochastic process that possesses the Markov property. A process is 

Markovian if the probability of future states depends solely upon the current states '. In 

other words, the route followed to arrive at the current state is of no significance to the 

probability of entering a future state. An example of a Markovian process is a game of 

Snakes and Ladders. The previous position does not influence the probability of entering a 

certain new position on the board. 

Stochastic modeling in its simplest form is indicative of a prediction of a possible set of 

outcomes weighted by their likelihoods or probabilities. The model must allow deduction of 

predictions as well as possible implications of the phenomena at hand 3. 

Markov chains are discrete and Markov processes are continuous. A Markov chain is a 

function of elapsed mission time. It seems evident that to apply the Markov theory to this 

specific problem it needs to be applied as a Markov process. The Markov process 

functions as a memory-less system. 

The system must be well understood if it is to be modeled. As will be explained in the 

theory, it is important to assume a constant failure rate. Other important factors to be 

remembered when modeling a system are the following: 

The sum of the probability of the system going from one state to another must equal 

unitya. 
-- -- - 
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Starting conditions do not govern the probability of going from one state to another. 

In other words the system is not hypersensitive to initial conditions8. 

Markov model is only applicable to a system which vary discretely or continuously 

over time8. 

The probability of going from one state to another stays constant over time8. 

Markov chains can only be applied to systems with exponential or Poison failure 

rate distributions8. 

The different states must be identifiable8. 

This intriguing modeling process only applies under certain conditions, which are given 

above. However these conditions raise certain questions. 

The Newtonian paradigm is based upon the fact that everything in the natural world can be 

explained by breaking it down into smaller pieces. This is called reductionism. 

Reductionism is the common denominator in all modeling techniques. It simplifies 

modeling a system as well as reducing the degree of calculability. 

The Newtonian Paradigm states that the enormous diversity of things can be reduced 

completely and perfectly to nothing more than the effects of some limited framework of 

laws. Any future state of a system can be calculated; if the forces acting on the system are 

known as well as the initial conditions the system starts up under. LaPlace stated that: "I f  

the underlying quotations were all known, with absolute precision, no behaviors or 

outcome would be unpredictablev5. Furthermore the Newtonian paradigm states that the 

natural state of a system is equilibriumg. 

There is more than one type of paradigm concerning the way the natural can be explained. 

The Complexity paradigm uses systemic enquiry to build fuzzy, multi-level and multi- 

disciplinary representations of reality. Traditionally science has led us to believe that the 

natural state of a system is equilibrium. This implies that a system, which is perturbed, will 

come to rest at some point in time. The second law of thermodynamics states that a 

system's entropy will not decrease over time. 

- - 
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The concept of chaos theory has existed since the early 60s. Chaos theory, in its 

essence, describes the following three points: 

Observed randomness may not be randomness at all5. 

A simple deterministic system may have limited predictability5. 

A system can move from equilibrium to chaos through not only changing its 

structure but its parameters as well5. 

Chaos theory has found ways (primarily grounded in topology) to discover deep and 

complex patterns in random data. 

Markovian processes are not applicable to chaotic systems. Yet chaotic systems in 

themselves are not inherently chaotic. An oxymoron of sorts, chaotic systems will be more 

attracted to certain points in a state space diagram. These are called strange attractorsQ. 

Thus there is method in the madness. This will be proved, when analysing delay frequency 

and duration. 

Trying to define chaos theory is like trying to grasp gelatin: "It is easy to see that there is 

some substance there; that the substance has some specific form, and it appears solid. 

When one tries to actually pick it up, however, it quickly becomes a challenge to manage 

and is transformed into a very different substance than it appeared while sitting in the 

plate" (Chamberlain as quoted in McLure, 1998) 4.  

Linear systems exist more in theory than in practice. Sensitive dependence on initial 

conditions is what defines a chaotic system. Lorenz (well known instigator of the "Butterfly 

Effect") noted that "crisis points" or critical turning points exist in every natural system. In 

linear systems input is proportional to output. In non-linear systems very little input can 

generate large amounts of output. All kinds of different scenarios can manifest themselves 

when different systems start to interact. Formally the focus of chaos theory is on the 

manner in which simple linear systems give rise to complex unpredictable behaviorq0. 

Yet this can be eliminated from the Markov process as the regenerative nature of 

maintenance (i-e. replacement or repair of damaged equipment) inhibits the sensitivity of 
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the system to start-up condi t ion~'~ 

Chaos theory simply illustrates the immense complexity of certain systems. Systems can 

be so difficult to manage that they become almost incomprehensible and uncontrollable. 

Only by investing significant quantities of resources will it be able to be concretely modeled 

as the given reality. Thus a certain amount of error is to be expected taking the chaos 

paradigm into account. 

Yet popular literature illustrates the fact that analytical data and simulations deliver equal 

results when comparing reliability parametersg. Thus this research will not attempt to prove 

that analytical and modeling tools have similar results. It will rather attempt to display the 

usefulness of the Markovian process in making informed maintenance-related decisions. 

There is thus a huge paradigm shift which needs to be made in the way the electric steel 

making route determines its shutdown frequency. Things need to be done differently, by a 

huge amount of people before a positive outcome is achieved. This in itself is an admirable 

feat to achieve. Yet it will be the key factor in determining the success of the maintenance 

strategy followed in that specific area. 

The Markov chain uses and approximation of a system as depicted by the various states 

that it can be found in. The transitions between these states are depicted by the mean- 

time-to-failure (MTTF) and the mean-time-to-repair (MTTR) between different states. This 

is a Newtonian way of thinking and has its drawbacks. The fact that these arc furnaces are 

run by operators is reason enough to question the Newtonian paradigm. Individual's 

actions cannot be calculated and estimated. Elements such as vandalism, indifference or 

error cannot be calculated with pinpoint precision. 

Artisans can be especially concerned with these unpredictable elements. They are 

employed to deliver highly technical precision outputs. Non-conformance should be, within 

reason, dealt with strictly. Given that an artisan has all the correct tools (i.e. equipment, 

training and authority) there is no reason why a job cannot be done correctly the first time 

in keeping with the technical output. 
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Yes, maintenance management is both a science and an art, but inevitably there will 

always be unknowns in such a scenario. The reason for this is that the Newtonian 

paradigm does not, and cannot, take into account the forces acting upon a system with 

absolute certaintyg. The notion that a system can be completely described by describing 

the sum of its parts is ludicrous - especially when the system is a roaring monster capable 

of spewing forth 150t of molten steel every 126 minutes. Such a system is constantly 

leaning away from equilibrium and teetering on the edge of chaos. Even a simple system 

may have limited predictability over time. Minor changes brought about in the system are 

can be hugely amptified over time. This inadvertently blocks out any meaningful results 

obtained from such trials. 

Human intervention is one of the methods used to force a system back to equilibrium. For 

example: if left unchecked a plant will run to failure. By following a maintenance procedure 

or plan it is possible to retain the equilibrium between throughput and availability. 

It will be possible to discover the strange attractors for the furnaces by sifting through the 

delays occurring on a day-to-day basis. The bifurcations brought about in a system may be 

man-made. These changes can have a profound effect on the system's behavior. One 

should embrace change and learn from past mistakes, especially recurring ones. Identify 

the problems that can be eliminated by expending the least capital possible. It is important 

to listen to the customer. 

A statement made by Ocon: "Production must pay for certain items; not maintenance1'" is 

in this author's opinion not completely viable. This will diffuse costs and make 

benchmarking between plants extremely difficult. 

For the purpose of this dissertation the Markovian mdeling method will be used to attempt 

and model the drivers behind poor performance on the plant. 
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5.2 State-of-the-art methods 

The use of condition monitoring in order to predict failure of certain equipment is by no 

means a new concept. The incorporation of the Internet into such a project has delivered 

exciting results. By incorporating the Web as a method of transporting data, companies 

such as Motornostix@ have been doing interesting work in the field of preventive and 

especially predictive maintenance. 

The system is made up of a Motornostix@ scanner unit, Canary data acquisition unit, a 

wireless data link and cabling. The function of the scanner is to collect data from the 

canary units which are then sent back to the centralised Motornostix@ database via the 

Internet. The Canary units can each monitor nine channels of vibration, three channels of 

motor current, one tacho channel, four temperature channels and has three uncommitted 

channets. The Wi-Fi radio link transfers data from the Canary unit to the scanner. 

The manufacturers of this equipment claim12 the following benefits: 

Improved plant availability 

lmproved plant reliability 

lmproved operator behavior 

Early detection of detail equipment failures, i.e. motor and gearbox failures 

Motor and shaft misalignment 

Loose couplings and mountings 

Bearing failure 

Overload event count 

What makes the MotornostixB system so attractive is that the data is crunched by a third 

party. This implies that no biased recommendations are made. This aids the maintenance 

manager in determining proper preventative actions that need to be taken on a crane. 

Maintenance frequencies and plans on a crane can be adjusted using data obtained from 

that specific piece of equipment, and are not simply based on experiences with "similar" 
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cranes. 

According to the supplier the cost of collecting and analysing this data is justified when 

considering, for instance, the cost of reconditioning one damaged motor that could be 

prevented using this system. The question, however, is does the performance of the 

MotornostixTM system really meet the supplier's claims? How accurate is their reporting, 

and does have the potential to improve plant availability? If it does, is the cost of third-party 

data crunching showing a return on the service fee charged by the party in question? 

In order to test this it will be necessary to install this system on a plant in the steel making 

environment. We have chosen an essential ESM overhead crane as the pilot plant. At the 

ESM route there is a hot metal crane which is critical to plant throughput. 

Crane 379 is the only crane that can pick up a ladle and place it on the turret of the caster. 

Without this crane all operations at ESM come to a grinding halt. Therefore there is no 

place for error when it comes to this specific crane's maintenance. 

By comparing the current availability of the crane with its availability before the 

MotornostixTM installation, one can make various deductions. The bulk of these relate to 

profitability. If the system can prevent one catastrophic failure, it is possible (taking into 

account the costs of lost production and equipment damage) that money could have been 

saved. 

For the purposes of this dissertation the MotornostixB system will be used as a state-of- 

the-art method to establish whether or not WBCM is feasible in the steel making 

environment. 
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6 LIMITATIONS OF CHOSEN METHODS AND PROCEDURES 

6.1 Traditional methods 

The biggest limitation of the Markovian process is the sense of incorrect modeling. 

According to chaos theory principles as illustrated earlier, a chaotic world cannot be 

modeled according to Newtonian principles. If the modeling process is to be at all accurate 

certain criteria have to be present. 

The system must not be exponentially dependant on initial conditions. If, after a shutdown, 

processes start up wrong, they normally stay that way or become worse until the next off 

day. It is important to remember that if the time between heats is utilised properly the 

inherent reliability of the furnace can be increased. This changes the scenario significantly. 

6.2 State-of-the-art methods 

Web-based condition monitoring also has its limitations. It cannot be installed on a 

charging crane. The flames and excessive heat generated by the charging cranes will 

damage not only the probes and sensors, but the cabling as well. 

However the most limiting factor of such a system is how it is integrated into the rest of the 

plant. Monitoring cranes will not be successful on its own. This system, or the principle 

behind it, needs to be integrated into most mechanical equipment. The third party 

monitoring will be fruitful if monitoring equipment on a 24-hour basis. 

Not all equipment can be monitored in this way. The cost of running such a system is 

astronomical. Only the most critical equipment can therefore be monitored on this basis. 

This will ensure that the system is still feasible and economically viable to operate. The 

greatest advantage of WBCM is that it can model a chaotic environment from a real time 

perspective. This allows the strange attractors, or probable failures to be identified earlier. 
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7 MARKOVIAN MODEL RESULTS 

7.1 Procedure for gathering data 

The data utilised in these graphs originates from the MIS (Management Information 

System), incorporated into the ESM plant during 2002. It is a very powerful tool that helps 

management track and monitor movement of product through the plant. Moreover it tracks 

quality, input material and almost any other KPI in a real time mode. Analysis can be 

drawn from the application and up-to-date decisions made regarding various p r e s s  

variables. 

U r n  

labm 

TsmmhJd 

Figure 7: MIS Plant overvbw screen showing EAF condiion (right), SecMet ladle ireatment condWon (middle) and caster 
condition (left) 
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The variables associated with the process of steel making, as well as the maintenance 

delays, are tracked. Every time the EAF does not have any power in the furnace (with VCB 

open or closed) the PLC system acknowledges this and a delay pops up on the operator's 

HMI. A dropdown menu is then initialised. This dropdown allows the operator to choose 

one of the many explanations why the EAF may be delayed from arcing. The delays are 

grouped into the following major categories: 

Production delays - tapping, charging, joining electrodes, etc. 

Maintenance delays - panel leaks, off gas problems, etc. 

Refractory delays - gunning, fettling, etc. 

External delays - air products delays, Eskom power dips, etc. 

The beauty of the MIS is that it encourages the operator to account for the lost time on the 

furnace. It is also a very powerful management tool in the sense that it allows critical plant 

performance parameters to be measured, tracked and assessed in reports that are easily 

accessible and understandable. 
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Figure 8: MIS repcnt on EAF delays per fumace (Maintenance and Production combined) 

The biggest advantage of the MIS is that it allows easy access to all delays on the furnace. 

On the other side of the scale is the SAP notimtions system. AHhough much more 
detailed than the MIS system, the SAP system has drawbacks which will be elaborated on 

later. 

The SAP system allows the user to log various data attributed to a specific delay. 

Equipment function, location, start and end time, long text relating to the incident and RCA 

(Root Cause Analysis) functionality is some of the information that can be captured in the 
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M3 Malfunction Report feature available in the SAP system. 

The problem is that the M2 (equipment breakdown not associated with delay) and M3 

(equipment breakdown associated with a delay) are only completed by the millwright. The 

flow diagram is as follows: 

/ Assess the MZlM3 \ I incur production loss I I production loss I 

Equipment 

breakdown occurs 

I 

notifications during 

morning meeting Create M2 notification Create M3 notification 

Millwright informed of 

incident by production 

I Assign actions I 

Figure 9: Schematic presentation behind rationale of M2lM3 creation 

Thus the millwright is the only individual that creates M21M3 notifications as their main 

function is delay management. However, they do not log the following in their shift report: 

Incidents where faulty equipment was rectified by the production employee of which 

they were not aware. 

Small nagging faults (such as VCB trips or where the operator has a fault reset 

button) which does not necessitate the help of a millwright. 

Faults that go unreported. 

This is the reason why it was decided that the MIS delays would be used for the purpose 

of this exercise. They are a real-time indication of what is happening at the furnace. The 

other advantage is that the data is more accessible as it is extracted in a Microsoft Excel 

spreadsheet. The SAP notifications cannot be drawn into an Excel spreadsheet directly 
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from SAP and need various manipulations to get the data in an acceptable format. 

The data was extracted from the MIS and subsequently analysed. 
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7.2 Data Analysis 

The data stored in the MIS can be extracted to Excel by calling up and dumping a tag. The 

period for which the data can be extracted is determined by the user. For the purpose of 

this study, a year was chosen as an exemplary set of data. The reason being that: 

Sampling size is adequate (2 470 incidents) 

Time between first and nth sample is sufficient to eliminate any unwanted noise in 

the data (one year) 

Three similar furnaces are modeled collectively and individually 

The biggest challenge when manipulating this data was the tag does not dump the date 

and time into a single cell. Thus all date differences and durations between two times had 

to be calculated. After consulting the lnternet13 an easy solution was found. By subtracting 

days and multiplying the difference with 1 440 minutes, the amount of minutes could be 

calculated. When finding the difference between the two times that the events occurred 

(i.e. duration) it becomes more complicated. 

This was overcome by manipulating the data and using formulas to depict the data in a 

way that was easily readable. 

The descriptive statistics were derived from the data and can be reported as follows: 

Figure 10: MTTR descriptive statistics 
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FQure 11 : MTBF descriptive statistics 

The fdbwing graphs were generated to depict the frequency at which MlTRs and MTBFs 

of a certain magnitude are represented in the data per EAF. The MTTR and MTBF were 

cahlated according to the fdlowirg guidelines: 

The first incident recorded for the year has a MTTR but no MTBF. 

The MTBF for incident one cannot be calculated as it is the lgt data point in a series 

of n data points. Wih n data points one will only have n - 7 MTBFs. 

For this set of data there are refractmy rebuilds built into the EAF campaign. Thus 

the first incident after a rebuild will have a MTTR but not a MTBF as it is the fist 

incident. 

The graphs were recorded as follows: 

MTBF EAF I 

1;:: F 50 

0 
\ \Q %!P s q p +,,@ 

Minutes 

Figure 12: MTBF Histogram EAFl 
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Figwe 13: MTBF Histogram EAF2 
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Figure 14: W Ki&grarn EAF3 
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Figure 16: MllR hislogran E .  

Rgure 17: MTTR hietogram EAF3 

Inherent availability (4) can be described as the probability that a system will perFot-m 

satisfactorily at any point in time'4 and can be given by: 

A =  
MTBF 

MTBF + M T R  
Equation 1 

Utilising equation 1 in conjunction with the data listed in figure 10 and I I the following 

results were obtained: 
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Figure 18: Inherent availability per EAF 

, 

To study the impact of the delays on availability and to model the EAF scenario according 

to Markovian principles it was important to establish the average MTBF and MlTR for all 

three furnaces, as well as their averages per delay type. This was done by grouping 

delays per type and then calculating MTBF and MTTR between specific incidents. 

In the MIS system each delay is hoked as a specific incident: 1.e Roof skw o.o.o., Waste 

gas mechaniml etc. Thus by using these delay codes it was possible to group the delays 

according to code. By using the time interval between delays of the same type a MTBF 

could be established. Similarly by using the M a y  duration a MTTR could be established. 

The graphs were recorded as follows: 

Figure 19: Top 10 MTBF pw deiay description per 6RF 

MTTR 
28.91 
37.38 
33.35 
33.22 

Availlability 
0.91 
0.91 
0.92 
0.9.1 

- 
Parameter 

A(i I ) 
A(i2) 
A031 
A(iA4) 
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Fiutg 21: Tog H) MTTR per delay dm'ption per EAF 
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Figure 22: Top 10 MllR avegge per delay description 

It was then decided to utilise the top five delays ( f m  a MTTR perspecfile) and an 

average MTBF and MlTR of all other states to calculate availabilit)! according to 
rn.:.cn. E . - - v  -..w.,s. ..-,: ....-. . ., 7. ---- , -; -.: - ; - -: - > - . - 

Markovian principles. 

By identifyinq . .. M l T R V ,  w-,="vy . .-- f$k6esults FWF were n-. -(using . .  !.:.. . .  , equation 2 and 
3): 

Compiled by GD Wernecke 

Reduce maintenance resources and increase plant availability by utilizing web-based condition monitoring 
systems and Markovian modeling techniques 

Wednesday, January 25, 2006 





Figure 25: State-Space diagram with MTTR as main driver 

According to R.   ill in ton^ the following holds true for exponential distributions: 

I 
MTBF = y 

/. 
Equation 2 

Equation 3 

Thus by manipulating equation 2 and 3 we find that: 

Equation 4: Probability of being found in the operating state even if the operating state is defined as a "down stale" for 

the system 
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Equation 5: Probability of being found in the failed state 

The stochastic probability matrix (P) can be given as 

% I  % 2  e l :  t?,? 
Equation 5: Stochastic probability for i, j = 1, 2,3 ........ n 

It also holds true that for the limiting state: 

r(71) = P(0)P" 

Equation 6: Were P(0) is described as the Initial probability vector 

Therefore with MTTR as the main driver and using equation 6 while assuming the plant 

starts in the running condition and that the system cannot go from one failure mode into 

another without entering the run state, the matrix was simplified as follows: 

Equation 7: Stochastic probability transitional matrix 

But because the following holds trueq5: 

[P 1 = [P, 16 If', Ip4 I< Ipb 1 
Equation 8 

And 
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Equation 9 

Equation 7 can be re-written as follows: 

Equation 10 

In matrix form, this can be represented as follows: 

Equation 11 

The unavailability equation for this matrix can be given as: 

Equation 12 

Using equation 2 and 3, it is possible to rewrite equation 11 as: 
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Equation 13 

Thus by using the state space diagram illustrated in figure 25 and equation 13 it is possible 

to calculate the availability of the EAFs. It is important to remember that state 7 is an 

averaged failure rate and repair rate for the remaining states: 

The following results were obtained from the unavailability model given in equation I 3  and 

for states grouped as per example in figure 25: 

Figure 26: Comparative total EAF unavailability using state repair and failure rate 

States calculated 

State 2 - 6 

State 2 - 16 

State 2- 31 

It is evident that the more failure states are added the closer the unavailability converges 

to a precise value. By calculating the various states' unavailabilities it was found that the 

more states added to the calculation, irrespective of sequence, the closer the value 

converged to 13.1%. This proves that the more data is used in equation 13 the closer the 

final answer comes to representing reality. 

Unavailability 

15.24% 

14.44% 

13.1% 

The results in this chapter will be discussed further in the text. 
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8 WEB-BASED CONDITION MONITORING SYSTEM RESULTS 

The EAF has a complimentary plant which casts the steel produced at the furnaces. The 

plant consists of a fixed bow caster, casting widths of 900mm to 1 900mm at a thickness of 

245mm. The crane that is used to pick the ladle up to the turret is named Crane 37916. 

Crane 379 is the most critical crane at ESM as it is the only crane in that specific bay. If 

this crane breaks down the 250t ladle cannot be taken up to the caster and the entire 

casting process is brought to a halt. The furnaces will also inevitably be delayed because 

there is no other location to cast the steel. 

Figure 27: Crane 379 delays that could have been prevented using Web-base condition monitoring 

Crane 379 major delays 
Notification Duration 

number Date (h) Description 

It can be seen in figure 27 that there have been two major incidents on the crane prior to 

the installation of the Web-based condition monitoring system. Both of these involved full 

hot metal ladles and could have been catastrophic. 

6201 50244 

620150319 
620 1966 18 
6202471 32 
620255665 

620256328 
620268852 
6202701 35 
620277962 

The combined net loss of the delays captured in figure 27 (at an average margin for the 

period 2003 to end 2005) is in excess of R14 million*. This was calculated using an 

average casting rate of 120 tons per hour. 

* The estimation of these costs is based on sensitive information regarding the company's profit margin. Failure of 

equipment is based on historical information. 
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5.97 

2.72 
4.08 
6.65 

3 

1.92 
1.35 
33.4 
30.97 
12.3 

Sheave wheel collapsed 
(Vibration) 
Main hoist motor burned 
(Currents) 
Guardian shaft broke (Vibration) 
Gearbox motion broke (Vibration) 
Motor earthed (Currents) 
Base bolts loose + coupling worn 
(Vibration) 
Brake worn (Temperature) 
Malmedi coupling broke (Vibration) 
Guardian shaft broke (Vibration) 
Various (Vibration + Temperature) 



Early in 2006 MotomostixTM was contacted in order to do a trial on Crane 379 to determine 

the feasibility of Web-based condition monitoring systems at ESM. The system was 

installed by Motornostixm on days that the crane was offline. Due to the critical nature of 

this crane the team from MotornostixTM only had a very small window to install the 

equipment. 

From the interviews (see Appendix A) held with various employees at different levels of the 

organisation the following was evident: 

All employees could explain the basic principles according to which the Web-based 

condition monitoring system works. 

All employees see the monthly reports produced by MotornostixTM. 

All employees feel that the system contributes positively towards the availability of 

Crane 379. 

All employees feel that there are other areas where the MotornostixTM system can 

be applied successfully. 

One example of an incident that was prevented occurred on 28'h April 2006. The 

technicians in Cape Town realised that the south-east motor on the main hoist assembly of 

the crane had breeched its levels with regards to vibration. 
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Figure 28: Upward trend in south esst mbr vibratiun on Crane 379 main hoist 

Mr. Niekie Peters (System Specialist: ESM) was contacted at 9:30 that morning. Together 

with a team of maintenance empkyees they inspected the crane visually to determine the 

cause of the vibration. They found that the base bdts on the motor were loose and this 

was the most likely cause of the vibration. 

After tightening the base bob and putting the crane back into operation the results were 

favourable. 

Figure 29: South East motor vibration alter putting crane back m operation 
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9 INTERPRETATION OF RESULTS OBTAINED FROM MARKOV MODEL 

The results obtained from the Markov models were surprising. It is quite evident that the 

EAFs do not follow a Markov process and cannot be modeled as such. 

The reasoning behind this statement is that after the probabilities were empirically 

determined and the stochastic probability matrix conceived, it was tested. It was evident 

that the sum of the probabilities of the system going from one state to another does not 

equal unity. 

This can be attributed to the fact that data averaging was done to establish A and p per 

failure mode (state) and then again for all three furnaces as an average. 

It is also important to note that the failure modes (states) do not have a constant failure 

mode. This implies that 

f ( T )  - Ae-"'T' 
A(T) =- -- = A  

R(T)  e-lfT' 

Equation 14: Exponential failure rate function 

Equation 14 does not hold true and is not a constant. It is rather a variable with a large 

standard deviation between incidents. This standard deviation becomes even larger and 

more unpredictable when looking at the same failure mode on different furnaces. 

It is evident to see from figures 30 and 31 that there are no constant failure rates even 

amongst similar failure modes. This is proof that equation 14 does not hold true. The large 

difference in MTBF (the inverse of failure rate) standard deviation also indicates that the 

failure rate will not be constant at all. This implies that for a specific failure mode the data 

set of failures are not distributed over fixed intervals (failure rates). 

Figure 30 also clearly states that the MTBF of taphole delays (and 94% of the other failure 

modes) do not follow an exponential or Poison distribution. 
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Fig- 30: Difference In standard deviation between the same failute modes on differerbt furnaces 

Figure 31: Histogram of MfBF for taph6le delays using all thw furnaces dab 
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Taphole 1IIITBF frequency 

Figure 32: Histogram of MTBF fit d h  normal d h t r i b h  representation 

From the histogram given above (as with 94% of the other states or failure modes) it is 

evident that there are two or more drivers which determine failure rate. 

For MTBFs between 1 and 23 200 minutes there is a definite Poison distribution of the 

data. Between 45 800 and 62 400 minutes there is also such a distribution of data and 

between 62 400 and 90 400 minutes another such distribution appears. 

The taphole plate on an EAF is the plate coupled to a hydraulic cylinder that keeps the 

taphole of the furnace closed. When the cylinder is closed (i.e. taphde closed) the plate is 

positioned by a lip on the opposite side of the cylinder. There is taphole sand between the 

plate and the molten steel in the furnace. Upon opening the cylinder, the sand falls out and 

molten steel is tapped into the ladle. 

When analysing the data it is clear that there are three main drivers determining taphole 

plate MTBF. These are: 
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Normal plate adjustment (1 - 28 800 minutes) 

Plate change and/or replacement of lip (34 400 - 56 800 minutes) 

Plate and frame change (62 400 - 90 400 minutes) 

Thus by interpreting these three drivers of taphole plate MTBF as a grouped failure mode, 

it brought about a distribution which was not Poison-like in any manner. In doing this the 

Markov process stochastic transition could not be applied. The state failure rate and repair 

rate (commonly associated with the Markov process and derived for this process) could be 

applied to equation I 3  to determine the unavailability of the three EAF systems. 

The different methods weighed up against one another as follows: 

Figure 33: Results from different methods used 

Unavailability I Probability 

The inherent unavailability is much lower than that of any other measured or calculated 

unavailability. The reason for this being that the inherent availability was calculated using 

the sum of the three furnaces average MTBF and MTTR. This dampened the effect of 

some of the failure modes and gave a more promising view of reality. 

ESM 2005 reported 
unavailability 
Inherent 
unavailability 
State 2 - 6 
State 2 - 16 
State 2 - 31 

It was interesting to note that the more states were included in the calculation the faster it 

converged to a value which was indicative of the current reality. 

0.123 

0.086 

0.152 
0.144 
0.131 

The unavailability reported for the period 2005 was better than the calculated 31 state 

unavailability. It can be given as 88.7%". This can attributed to the human factor. Many of 
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the delays booked against the maintenance section on the MIS by the operator could be 

production delays. They will then not be tallied for the calculation the maintenance 

unavailability. 

The true unavailability for the year 2005 can be estimated at between 12.3% - 13.1 O/O. This 

gives a maximum deviation of 0.8%. Even though this may not be attributed as great loss it 

equates to 2.92 days and if fully utilised could amount to increased profits of R12 million*. 

* The estimation of these costs is based on sensitive information regarding the company's profit margin. Failure of 

equipment is based on historical information. 

Compiled by GD Wernecke 

Reduce mainfenance resources and increase plant availability by ufilizing web-based condition monitoring 
sysfems and Markovian modeling techniques 

Wednesday, January 25, 2006 



10 INTERPRETATION OF RESULTS FROM WEB-BASED CONDITION MONITORING 

SYSTEM 

It was interesting to establish that the general workforce had such an intricate knowledge 

of the workings and goings on coupled with the MotornostixTM installation and its 

performance. This could be attributed to the fact that all parties were involved with the 

inception of this project, and subsequently took an interest in its success. 

Although the initial installation was done for a minimal fee, the service fee seemed 

substantial at the time. The once-off installation fee of R20 000 was offset by the R90 000 

per annum fee for equipment hire and Web-based condition monitoring of the crane. 

It is estimated that pre-empting the loose base bolts alone spared a delay costing in 

excess of R235 000 of potential income. This is indicative of a payback in less than five 

months. It is, however, important to note that condition monitoring devices are more often 

than not deemed an unnecessary cost - until an expensive failure occurs, something which 

this research proved was prevented time and again over recent months. 

It was evident that the modes which deliver the highest degree of value are vibration 

followed by current measurement. 

The amount of detail elaborated on in the report is also helpful. Knowledge of the vibration 

tendencies and history is now also known for this specific crane. The use of this tool as a 

condition based preventative maintenance tool cannot be emphasised enough. Failures 

associated with vibration were quickly identified and prevented. This was aided by the 

open communication channels between the supplier and Mittal, allowing for effective 

communication made timeously to the correct people. 

While the base bolt incident was prevented there were no other incidents to report. This 

does not, however, diminish the positive impact of the Motornostix@ system in the steel 

making environment. 
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It is also evident that MotornostixTM believes the trial to have been successful, as per their 

statement attached as Annexure B. Discussions with Johan Grobler (General Manager: 

MotornostixTM) confirmed this. 
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11 CONCLUSIONS AND RECOMMENDATIONS 

From the Markovian process applied above solid deductions could be made. While the 

Markovian process could not be applied in full, formerly unknown data pertaining to failure 

modes was revealed. Initially, the reason why the Markov model could not be applied was 

thought to be the chaotic nature of the system. 

Upon further investigation it was found that the problem was related to multiple drivers 

(strange attractors) grouping the data into distributions which were seemingly random. 

Upon investigation of this phenomenon it was found that the grouping could be explained 

by multiple drivers (sub-failure modes) acting on the system. The Newtonian paradigm 

held true from the perspective that the sum of the drivers equals the failure mode effect as 

a whole. 

It is now known that 94% of all failure modes have more than one driver behind each 

failure. Although not 100% successful, the Markovian models have proved useful in 

identifying the poor performance drivers behind failures on the pilot plant. The traditional 

method was useful if only to bring the sub-failure modes to light. Once these sub-failure 

modes have been analysed, the Markovian process will be successfully applied to this 

system. 

The prerequisite of breaking the system up into states and defining each by using 

attributes such as failure and repair rate has confirmed many theories while disproving 

common perceptions. It is now concretely proven that the delays experienced at ESM can 

be sub divided into sub-failure modes. 

Although of a good standard there is still room for improvement in the methods operators 

use to book delays on the MIS system. Not all the delays are booked under the correct 

description, yet a big advantage off this system is that every minute that is lost is 

accounted for. The importance of discipline in this regard cannot be overstated. 'The 

statement that I, as a maintenance manager, and many of my colleagues have made 

regarding the sanity and accuracy of the delays booked on the production system is false. 

Compiled by GD Wernecke 

Reduce maintenance resources and increase plant availability by utilizing web-based condition monitoring 
systems and Markovian modeling techniques 

Wednesday, January 25, 2006 



Looking at the data it is evident that there is a 1.8% deviation between the availability 

reported by the maintenance section and the production section. This is within an 

acceptable level taking into account that both systems rely heavily upon human inputs. 

The NllS does not have only a multitude of useful, accurate data; but from a Newtonian 

perspective it is an excellent keeper of time lost. Not only has the usefulness of the MIS 

and the data captured within been substantiated, additional notable information was also 

gathered. 

Although of a world standard, there are certain critical features missing in the ESM 

maintenance system. Long-term (more than five years) needs are not addressed. In figure 

25 it can be seen that the waste gas system on the EAF attributed for 7 049 minutes worth 

of delays. This equates to roughly R1 000 000 loss in profit*. The situation was however 

identified in 2004 and ran through to August 2006. 

The reason the waste gas system deteriorated to such an extent is questionable. The 

water cooled ductings had never been replaced in 15 years since the upgrading of the 

furnaces. Thus there was no replacement strategy or planned action to justify their 

removal and replacement. Thus, after learning a very hard lesson, planned maintenance 

cards have been placed in the system. These cards will alert ESM employees in 2019 to 

begin the application process for CAPEX funds to replace the ductings on a planned basis. 

It has also become evident that the EAFs do have problems with electrical limits. These 

are being addressed and have been under constant CI for the last 15 years. The EAF is a 

harsh, unforgiving environment where the charging of hot metal (through the roof) or a 

reaction might prove the end of a limit's life. The planned cradle changes of 2005, 2007 

and 2008 have granted the opportunity of changing many of the limits currently in use. The 

affordability and ease of maintenance of internally rod mounted cylinders has made this a 

viable option from 2005 onwards. Doing away with the striker type limit and incorporating 

this design will ensure increased availability and reliability of limits throughout their 

lifespan. 
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Housekeeping is also an area of great concern. The delays caused by furnace tilting and 

bumpers (see figure 21) indicates that it is the third biggest delay on the system. Delays 

are caused by loose pieces of scrap falling into the bumper room. These pieces fall in 

between the limit and effect tilting conditions dangerously. This delay could be halved by 

err~ploying proper housekeeping principles. 

Due to process requirenients a lot of process scrap is lying around the plant. Due to the 

constant drive to decrease costs, process scrap generated in the mills (in the form of de- 

coiled HRC) is charged in quantities of up to 17%. The un-coiling of these have left them 

distributed everywhere on the plant, especially in the bumper rooms. Due to this study 

highlighting the influence of this on the ESM operation, all HRC is coiled before leaving 'the 

mills. 

The overwhelming success of the Web-based condition monitoring installation on Crane 

379 has opened the doors for further improvement on the EAF maintenance strategy. It is 

a rock solid case for further expansion into these "uncharted waters". 

The reduction in maintenance resources have not been realised as yet. There was an 

extensive restructuring executed at ESM in 2005. This has already cut the maintenance 

resources by 21 .3%18. The new organisation str~~cture and reduced manpower has placed 

significant strain on the maintenance section. A significant number of knowledgeable 

employees have been lost due to restructuring, which aggravated the situation. 

Maintenance cost was significantly reduced, as was the cost of plant stoppages. It is 

estimated that the savings on Crane 379, which can be attributed to production loss, are in 

the region of R30 million. The cost attributed to equipment failure, which could not be 

repaired preventatively had the WBCM not been in place, is estimated to be R800 OOO*. 

This research has proven beyond reasonable doubt that there is scope for applying Web- 

based condition monitoring to other sections of the plant. The return received from the trial 

conducted during this research is proof to management that this technology works. 
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5 7 

* The estimation of these costs is based on sensitive information regarding the company's profit margin. Failure of 

equipment is based on historical information. 

Quotes have already been received to monitor EAF off-gas fan motors, Crane 379 

auxiliary hoist and EAF scrap crane condition using Web-based condition monitoring. This 

will not only address one of ESMs greatest shortcomings (sensitivity to charging capacity) 

but also monitor critical equipment. 

Upon completion of these installations the compressors and main pump station pumps will 

be addressed. When comparing the cost of such an installation to the advantages seen 

from using it, this technology makes econorrlical sense. The fact that MotornostixTM makes 

this technology available in the form of a rental agreement makes the option even more 

attractive. 

Dealings with the company have shown that they believe in their product and know what 

the benefits are for the user. They expect a premium to be paid for their equipment. From 

a busiliess perspective ,this is fair. 

It is recommended that the system be installed as a mandatory device on all hot metal 

cranes within the Mittal SA group. Although not by any means statutory by law, the system 

does have certain benefits in preventing a catastrophic incident. 

Although the main drivers of poor performance have been noted in the section given 

above, during the course of this research many negative drivers have already been 

addressed. Most have been addressed from a short term perspective and various from a 

long term point of view. 

However, there is still place for improvement. The ever increasing pressures placed on 

resources have necessitated the introduction of Web-based condition monitoring 

techniques. Owing to the tremendous success of this technology application in this 

research, it is clear that the ESM maintenance strategy can be complimented by it. In 

identifying certain critical eql-~ipment that can be monitored by WBCM, it can take 

significant strain off crucial maintenance resources. 
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The availability of the pilot plant (overhead crane) has improved by 3.1% in 12 months. 

This can be directly attributed to the implementation of the WBCM technology on the pilot 

plant. 

The unavailability drivers identified by the Markovian modeling techniques have formed the 

basis of a blueprint for future improvement. 

The reduction of maintenance resources and increasing of plant availability by utilising 

WBCM systems and Markoviar~ modeling techniques thus proved to be valid. It has also 

opened doors for further research and investigations. 
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Appendix A: Interviews held with employees involved with crane maintenance 

I 1 Please state for the record your name and function within the ESM organisation. 

My name is Nico van Vuuren. I'm a Senior Millwright at the Crane Maintenance section. 

I 2. What do you understand about the MotornostixTM equipment fitted on Crane 379 and I 
I how it operates? 

It senses vibration from the gearboxes, props and the motors as well as measuring certain 

currents on the crane. It's connected to a cell phone and signals from Crane 379 are sent to 

their station in Cape Town. 

results of the data measured on Crane 379? If you have, what is your perception of 

them? 

I I've seen the monthly MotornostixTM reports and believe they are good for the cranes. 

4. Do you feel that the system has prevented any major failures on the crane? 

Yes I do. For example, there was a motor on the south-west side main hoist; the base bolts 

came loose and they picked it up through those vibrations. 

5. What do you think would have been the extent of the damage, had this early warning 

I system not been in place? I I The motor would have come loose, and could have turned and broke the coupling. This would I 
I have caused serious damage. I 

5 a) How long do you think the crane would have stood if that happened? 

I If we had to replace the motor, and depending on the damage on the coupling, easily four I 
hours plus. 

6. In your opinion, has this system been successful as a trial? 

I We've had the MotornostixTM system on the crane for a year and have only had success so I 
I far. 

I 6 a) Do you think we can use the system on other critical cranes at Mittal? 

Yes. 

7. Do you think there are other applications in addition to that of the cranes for the 

I MotornostixTM system? 

I Yes, I believe so. 

7 a) What do you think we could implement it elsewhere? 

I Any place where there are a lot of vibrations, motors, conveyors and so on. 

Compiled by GD Wernecke 

Reduce maintenance resources and increase plant availability by utilizing web-based condition monitoring 
systems and Markovian modeling techniques 

Wednesday, January 25, 2006 



I. Please state for the record your name and function within the ESM organisation. 

Johan Geldenhuys, Superintendent: Maintenance. 

I a) I believe you were previously in the crane section? 

Yes, worked on the cranes for about nine years. 

2. What do you understand about the MotornostixTM equipment fitted on Crane 379 and 

how it operates? 

We started using it, to our benefit, to give us piece of mind. I have personally been in the 

unfortunate position where that crane dropped its load to the ground four times. Vibration 

monitoring on the cranes has been a big relief for me. 

2 a) Do you know how the system operates? 

From what I understand, we installed various different measuring points that are transmitted to 

the head base in Cape Town for databases analysis. When they see anything wrong, they let 

us know. 

3. Have you seen the monthly reports published by MotornostixTM concerning the 

results of the data measured on Crane 379? If so, what is your how perception of them? 

I've seen the reports and think they are good. We discuss the reports on the Crane Forum that 

is currently in the works. 

4. Do you feel that the system has prevented any major failures on the .crane? 

Yes, there was vibration on the crane and they alerted us. There was a fault with one of the 

motors and we changed the motor and the base bolts that were also loose. 

5. In your opinion has this system has been successful as a trial? 

Yes. I will suggest installing it on one or two other busy cranes as well; Crane 720 perhaps as 

we experience a lot of incidents of vibration on that crane as well. 

6. Do you think there are other applications in addition to that of the cranes for the 

MotornostixTM system? 

The motors in pump stations. 
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I. Please state for the record your name and function within the ESM organisation. 

Niekie Peters, Electrical Technician: Heavy Current, V3 Concast, Mittal Steel, VDBP 

2. What do you understand about the MotornostixTM equipment fitted on Crane 379 and 

how it operates? 

About two years ago, Mr Gerhard Wernecke started a project on MotornostixTM and he 

incorporated me on the electrical side of the project. First the MotornostixTM team came out 

and inspected the crane and how it operates. They gave us a tour of the equipment that they 

use and then we began installing MotornostixTM. They call it the "Canaries". The system 

works like a drive chain. There is a board that can bring digital and analog inputs and that 

works through a 104 PC. The data is captured via a cell phone. They contact the call centre 

and there analyse the entire system and provide us with a report. 

3. Have you seen the monthly reports published by MotornostixTM concerning the 

results of the data measured on Crane 379? If so, what is your perception of them? 

Yes, each month analysers send me an email with the entire report which stresses any 

problems. Six months ago they phoned me in the middle of a weekend and to inform me of a 

problem on one of the drive chains on the north-east south motor. I came out to the plant and 

called the fitters. We saw that one of the base bolts were loose. It was the only incident 

reported to us and it is a good system. Cranes like 379 where we installed the system are 

critical. The money was well spent. 

4. What do you think would have been the extent of the damage, had this early warning 

system not been in place? 

If we didn't pick it up earlier, we would have lost the base bolts on one of our cranes, leaving it 

to slip with 250 tons of hot metal. That would have been disastrous. 

5. In you opinion has this system has been successful as a trial? 

Yes, this was more than a trial. I think it is a critical to a crane like 379 and we can ensure that 

the crane is operating as it should at all times. 

6. Do you think we can use the system on other critical cranes at Mittal? 

Yes, we can really benefit from that. 

7. Do you think there are other applications in addition to that of the cranes for the 

MotornostixTM system? 

Yes, monitoring bag house fans motors where you can pick up delays on your furnace. I think 

Compiled by GD Wernecke 

Reduce maintenance resources and increase plant availability by utilizing web-based condition monitoring 
systems and Markovian modeling techniques 

Wednesday, January 25, 2006 



I it will be worthwhile to put in the system there. I 
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Appendix B: Motornostix statement letter 

wedcob: 
PB Bursa de Paul, Conldcr Cr- 

F# #4 Burlmoc PA ,  Ben Wur XI I ,  W W W S  
POBlW~IklAr&WlbrJr?Ocs 

Tct.&74@i~Wt9671 F u # f O ) w a ~ a m  

Y[ lTOANOSTU( lTOM~ SERVICE ON CRANE 379 WAIN HOIST 

Dear G e r M  

lb tddmodh vibration Wtdhg tystem was kratalkd on cram 8 9  In emly 2006 awl has 
sincepwedtobodgoDdvah$W, 7 h e I n f f W n d t h e M o t ~ m d n e h e a l t h  
~n~wnr lcemc~anas9km~enervdmensbnm~kmmfedgiedtnemain hollb 
quipmerd health. Vbratlon and fm&fhg Mormablon thet was prdoustf not 

ecoessWe mi wrknrmn, was hqtt fi$-4 b the deaic uf melnlenanoe personnel. The e&# 
detedlond frJluremWonsleEbds t o a r m o l  proafflbndQrmtwne andl-esthe F%& 

o p e ~ o f ~ c r a n e .  TheMXmordloringaenriceincirdestheana))dsdmclantsd&; 

rebvh'tg dlent reeouces to ameMrde on the steel m t k n  pa%sm. 

Agoodexampleofsuchi3nearlydet~~aMofDmostkdaaanelydslnepecllmwason 
~ A ~ l m o s ~ n t h e v i b r a t b n B e n d s f r n ~ d h r e e n d d t h e  ~ E a s t ~ ~ ~ ~ ~ ~ ~ a l e d t M  
the mo0w's none W e  end mmdhg bob were mulwabely kose. Mdomosth notifkdlhe Wl 

melntenance depertment after which them bolts were tightened. WbWon h l s  remahed sf&b 
at Ws kmrer Level lhedter which dminated a possiWe falure. Such a failure oould have 

r e s W  in ckwmthne # #was mi attnded to early m g h  

The vibration Level trend development and correction can be seen in the graph presented h 
Flpe 1. 
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K i d  regards 

Johan Qrobler 
General Manager 
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