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ABSTRACT 

At WITTE Automotive’s plant in Velbert, Germany, an effort has been started to implement Total 

Productive Maintenance. It is a Production management method and WITTE’s ultimate goal in 

introducing TPM is as a means to achieve a leaner production and a calming of the material flow.  

In Total Productive Maintenance, reliability and availability are the ultimate goals and the way to 

accomplish the goals is through elimination of the major losses. These losses are only due to 

mechanical nature and visualised by the key figure Overall Equipment Effectiveness.   

The goal of the thesis is to achieve an increase in produced units per hour and employee from 140 to 

160. In doing so, OEE should also increase, but any gains in productivity or effectiveness should only 

be justified through measures in TPM, not harder labour. 

Through literature studies, a workshop with an experienced consultant and a visit at the exemplary 

TPM implementing company ArcelorMittal in Bremen, the tasks to be performed were set. In order 

to visualise production losses, a sheet for recording production progress in a timely manner was 

developed, together with a computer aided analysis, and the possibility to illustrate the data for 

further evaluation. Meanwhile, the introduction of a task force called TPM-Commando, specialised in 

eliminating the major losses was to be supported and rendered a continuous improvement process 

to be applied. Lastly, the author was to provide scheduling and visual aids for introducing the 

workers to autonomous maintenance.  

The start value for the thesis goals proved to be overestimated, with the actual initial value at 115 

produced units per hour and employee. If the same improvement rate of 14% was to be applied to 

the new value, the new goal was to top 130 pu/hEE. However, the expectations were surpassed and 

a value of over 140 was averaged in a four week period, signifying an increase in over 20%.  

The most significant result however, is the fact that the trend is increasing, as well as the fact that 

employees found the method to be beneficial to both the company and the operators.  

Consequently, recommendations were made to fortify the project TPM with a project plan complete 

with goals and a timeline, as well as to assign sufficient resources to the implementation. 
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LIST OF ACRONYMS 

CIP or CI Continuous Improvement Process 

FMEA Failure Mode and Effect Analysis 

JIPM Japan Institute of Plant Maintenance 

MI Maintainability Improvement 

MP Maintenance Prevention 

OEE Overall Equipment Effectiveness 

PDSA or PDCA The Deming cycle (Plan-Do-Check/Study-Act) 

PM 
Preventive Maintenance, or Productive Maintenance  
(explained in context) 

PPM Parts per million; a measurement of defective parts per million produced 

pu/hEE Produced unit per hour and employee 

SMED Single Minute Exchange of Die 

TPM Total Productive Maintenance 

WITTE WITTE Velbert GmbH & Co. KG or WITTE Automotive 

WPS WITTE Production System 
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1. INTRODUCTION 

In this chapter the general overview will be given as a means of understanding the 

background and purpose of this thesis. 

1.1. BACKGROUND 

As a global player in the automobile industry, WITTE Automotive (hereinafter WITTE) has a great 

interest in Lean Technology and other effectiveness-enhancing measures. This originates in 

customers’ increasing demand on flexibility and shortened lead times while still requesting high 

quality products. The added flexibility and short notice creates a need for maximum effectiveness. 

As a means to approximate greater effectiveness and a solid, continuous production, WITTE has set 

about incorporating Total Productive Maintenance (TPM).  

1.2. PURPOSE 

The purpose of this master thesis is to support and accompany the beginning introduction of TPM in 

a pilot production line at the WITTE Velbert plant. As a result, this thesis should illustrate initial 

effects of using TPM at WITTE. Further, it is thought to provide a base for decisions on continued 

integration of TPM in the entire company.  

1.3. GOAL 

The goal of this project is to, by July of 2009, achieve an increase in effectiveness through use of TPM 

for reduction of the major types of waste. The increase will be measured in produced units per hour 

and employee, with the bar set to 160 pu/hEE compared to today’s approximate of 140 pu/hEE. It is 

important to realize that this increase should only be achieved through TPM measures, not through 

harder labour. Correspondingly, an increase of Overall Equipment Effectiveness (OEE) is sought-after. 

The achievements will be presented in a written master thesis with recommendations for future 

proceedings within TPM.  

1.4. DELIMITATIONS 

Due to time constraints and the expansive nature of TPM all work will be limited to a project area 

comprising of three lines, albeit with the option in mind of straight and easy adaption of tested 

standards at other lines. Also, any solutions for visualizations should be as inexpensive and simple to 

implement as possible. 
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1.5. TIMELINE 

Work with this thesis began in March 2009 and concludes with its separate presentations for the 

company and at the university in October/November of 2009. The practical work at the WITTE plant 

in Velbert was completed by August 2009. A detailed timeline can be seen in figure 1.  

 

Figure 1. Project timeline. 
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Figure 2. The inside door 

handle from a VW Beetle. 

 

 

 

Figure 3. The WITTE Automotive 

brand logo. 

 

2. COMPANY PROFILE 

For an introduction to the background of the company, this chapter gives a brief 

presentation of WITTE Automotive, where this thesis was conducted.  

2.1. THE HISTORY 

WITTE Automotive is a company with heritage. Being founded in 1899 by 

Ewald Witte, the company started with manufacturing Trunk locks.1 As early 

as World War II the company started expansion into other businesses with 

components being manufactured for the automobile industry. As a result, 

the first car ever to sport a WITTE door handle was the well known 

Volkswagen Beetle (figure 2). After building a die-casting shop in 1950 the 

company then continued to develop their interest in the automobile 

industry. In the 1970’s the main focus was widened to include all vehicular 

locking and latching technologies.  

WITTE has since strengthened its European and international competitiveness through the 

foundation of its daughter company WITTE-Nejdek in the Czech Republic and acquisitions throughout 

the industry. Furthermore, a strategic alliance, namely the VAST Alliance, was formed with the 

Taiwanese business Great More and subsequently the American companies STRATTEC SECURITY 

CORPORATION and ADAC Automotive, as well as joint ventures in Brazil 

and China2. The Alliance name VAST is short for Vehicle Access Systems 

Technology3. 

The corporation is known today as WITTE Automotive (see brand logo 

in figure 3) and holds several businesses, all delivering high quality components to the most 

renowned customers in the automobile world.  

  

                                                            

1 WITTE Automotive, 2009a 
2 WITTE Automotive, 2009b 
3 WITTE Automotive, 2009c 
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2.2. WITTE VELBERT TODAY 

WITTE has its Headquarters, with Management and Research & Development, as well as a main 

production plant located in Velbert. The headquarters are still in the same building where the 

company was founded, meanwhile production has outgrown the original factory building and a new 

location was chosen in Velbert’s industrial area. From this location today WITTE develops and 

manufactures locking and latching systems throughout the whole car. From hood locks and trunk 

locks to door handles and safety systems for car seats. Figure 4 presents a computer drawing of a 

backrest latch as produced in the pilot line chosen for this thesis, while figure 5 illustrates the variety 

of WITTE products. The most recent figures from 2008 show, that WITTE Automotive employs 2850 

people and has a turnover of 329 million Euros4.   

                                                            

4 WITTE Automotive, 2009c 

 

Figure 4. Digital drawings of a Fiat Chroma backrest latch with and without cover plate. 

 

Figure 5. A selection of products manufactured by WITTE Automotive. 
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3. METHOD 

To understand how this thesis was conducted and what experiences the conclusions 

are based upon, the steps undergone in the process are here laid out.  

3.1. TIME SPENT IN PRODUCTION WITH FOREMEN 

In order to quickly understand the current procedures in the pilot production lines and to get 

accustomed to the people and products, the author of this thesis joined the production team for four 

weeks observing and accompanying the foremen. At first, the large amount of items produced on the 

various lines was somewhat confusing, though this started to give way after the first week. The main 

tasks of the foremen are to plan production according to the expediters and to make sure the 

machines are running as they should. In order to ensure that, they have to conduct controls both of 

machine parameters as well as taking measurements of the first and last parts of production in the 

shift. All this data is also archived and therefore requires part of the foremen’s time to be spent at 

the desk.  

During the time with the foremen, the author was gradually entrusted with some of these tasks. 

These weeks also helped understanding the needs of the production and which parts need 

improvement. 

3.2. GETTING TO KNOW TPM 

Neither the author nor the company had worked with the method of Total Productive Maintenance 

before, so there was a certain need for information. This was accomplished in part by literature 

studies, but also through a workshop with an experienced consultant.  

3.2.1. Literature Study 

The literature study included various books such as Seiichi Nakajima’s first book on the subject, but 

also a new take on TPM in close connection to Lean philosophies written by Andreas Reitz. Further, 

the internet provides a great deal of information and even interactive online presentations as used 

on the JIPM Solutions Corporation web site. All literature referenced to in this thesis is listed in 

chapter 10, the Bibliography. Most books were acquired through the library at the University of 

Duisburg-Essen, but also company internal literature was used in the initial stage (WITTE Production 

System).  

3.2.2. TPM-Workshop with J.P. Garampon from AL-Consulting 

The workshop took place on location at WITTE Velbert in the time from the 25th of March to the 27th 

of March 2009. Besides providing the theories surrounding TPM, the workshop thoroughly explained 
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methods commonly used and knowledge was further fortified through practical exercises. Following 

up on the first workshop, Mr. Garampon also made further visits to check up on our progress and 

gladly supported us in questions that arose throughout the implementation. 

3.3. VISIT TO ARCELORMITTAL BREMEN 

In an effort to gain insight into a further developed TPM-project a visit at ArcelorMittal in Bremen 

(formerly Stahlwerke Bremen) was arranged. ArcelorMittal is the world’s largest steel group since the 

merger of Arcelor and Mittal Steel in 2007. At its steel mill in Bremen steel has been produced since 

1954 and in its current state with high automation the plant is capable of producing up to four 

million tons of raw steel each year5. The TPM project in Bremen got started in 2004 and is scheduled 

to be fully integrated in the year 20156. The visit involved a conversation with Dr. Janz, Manager 

Process Technology, and a visit to Mr. Gosch at the Maintenance Division. Dr. Janz is responsible for 

the integration of TPM at ArcelorMittal Bremen and was therefore able to provide a good amount of 

knowledge and advice.  

3.4. ADAPTATION OF THEORIES  

In a gradual process, the theories and methods from both literature study and workshop were 

adapted to the circumstances in the pilot lines and one after the other introduced into production. 

Naturally, due to the short time span of a master thesis, not all methods and steps could be adapted, 

as the introduction of TPM is a process over several years. However, the focus was set on creating a 

transparent production with a solid stepping stone to start an overall TPM-conversion from. Detailed 

descriptions of adapted methods follow in chapter 6 below.  

  

                                                            

5 ArcelorMittal Bremen GmbH, 2009 
6 ArcelorMittal Bremen GmbH, 2004 
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4. THEORY 

In this chapter you will find the underlying theory necessary to understand the 

contents and coherences of this thesis. 

4.1. GENERAL LEAN THINKING 

Although this thesis is about Total Productive Maintenance, the ideology of Lean Manufacturing 

(Lean) is omnipresent. It stands in close relation to TPM and the mindset is very similar.  

Lean Manufacturing aims to reduce costs by identifying and eliminating waste in a company’s 

processes. Any activity absorbing resources without creating value at the same time is wasting 

company resources. All such processes in a company have to be converted from waste to value for 

the customer and thus creating an efficient and Lean environment7. There are three main types of 

waste: muda, mura and muri8. 

Muri is overload, which means it pertains to all excessive work put on workers or machines due to 

poor organisation of a process. For example, a machine being pushed to produce more than what it’s 

built for, or a worker having to lift more than reasonable would pertain to muri. So to eliminate 

waste in form of muri, management has to improve on planning. 

Mura on the other hand relates to unbalances in the process, as fluctuations in quality for example.  

The last category of waste is Muda. This is waste happening in the process and in its original 

definition contained seven types of waste9:   

1. Defects and rework 

Production time lost due to producing defects or having to fix faulty parts. 

2. Overstocking 

High inventory of raw materials, subassemblies as well as finished products is costly and 

impedes discovery of issues in the process. 

3. Transport 

Unnecessary movements of products not required for the process is time lost. 

4. Movement 

Redundant actions performed by staff don’t add value to the product and should be 

eliminated. 

5. Overproduction 

Producing more than ordered by the customer, or producing earlier than it is needed.  

                                                            

7 Womack, et al., 2003 
8 Reitz, 2008 
9 Reitz, 2008 
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6. Over processing 

Poor process design or process suitability, or, in general terms, putting more work into the 

product than wanted by the customer. 

7. Waiting 

Time spent waiting for information, material, staff, or machine time. 

In recent times, an eighth type of waste has been added to the original list: 

8. Knowledge 

The waste of letting human talent be unused.  

None of the above actions favour the process, but rather hinder the company from achieving 

maximum revenue as money is lost to time spent ineffectively. Therefore, these processes should be 

sought after and eliminated. TPM has the same agenda; to seek for wasted resources and eliminate 

unnecessary processes to achieve a higher effectiveness.  

4.2. CONTINUOUS IMPROVEMENT METHODS 

Three main methods for improvement, one a continuous improvement tool and the others methods 

for finding root causes, are touched on in this thesis. To ensure comprehension of said methods, a 

respective explanation is needed.  

4.2.1. Deming cycle 

W. E. Deming originally developed the cycle as “Plan-Do-

Check-Act” (PDCA), but later changed check to study as he 

found it to better illustrate his intentions with that step10. 

He also liked to call it the Shewart cycle after Walter A. 

Shewhart from whom he was inspired to the PDSA 

cycle(figure 6).  

The cycle is developed as a method to promote the 

continuous improvement process (CIP)11. It is divided into 

four general steps, which are to be taken in order and as 

the name suggests it is a cycle and therefore repeating.  

When a problem is initially addressed, the source has to be researched. To find potential sources 

ready methods such as an Ishikawa diagram or FMEA can be applied. After sorting out the potential 

candidates and collecting all relevant data, thought through objectives need to be established. This 

signifies the Plan stage. In the next step, Do, the objectives are executed in appropriate scale. To 

confirm an improvement, the new processes are studied (step three) and compared to the original. 

                                                            

10 Wikipedia, 2009 
11 Klefsjö, et al., 2001 

 

Figure 6. An illustration of the PDSA cycle. 
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Depending on the outcome of the implementation, the fourth step involves acting accordingly. If the 

sought after results were achieved, the processes need to be standardized, else we learn from the 

mistakes and the cycle is continued from start again with new insight.  

4.2.2. Ishikawa diagram 

The Ishikawa diagram, also called a fishbone diagram due to its appearance, is a diagram developed 

to find root causes to a chosen problem. It is named after its inventor, Kaoru Ishikawa, who first 

started using the method in 1943 at Kawasaki Steel Works in Japan12. It is constructed with the 

effect, or problem at the right and its possible causes to the left. To begin with, it is not always easy 

to come up with causes to a problem, which is why in industrial settings the causes can most often 

be divided into some of seven major categories to start from13. These categories are management, 

man, method, measurement, machine, material and Mother Nature. An illustration of an Ishikawa 

diagram can be seen in figure 7. To find possible causes to continue analysis with, the fishbone is 

then branched out further with primary and secondary causes until the root causes are defined.  

  

                                                            

12 Klefsjö, et al., 2001 
13 Klefsjö, et al., 2001 

 

Figure 7. Illustration of a basic Ishikawa diagram. 
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4.2.3. The 5 Whys 

The 5 Whys is a simple question-asking method aimed at discovering root causes. It can result in very 

specific root causes if combined with an Ishikawa diagram. Despite its simplicity it should not be 

taken too lightly, as it has to be used properly and without jumping to conclusions or assumptions.  

Effect: The camera will not turn on. 

1. Why? – It is out of battery. 

2. Why? – It was not charged overnight. 

3. Why? – The charger is broken.  

4. Why? – A voltage peak has burnt the circuits.  

5. Why? – According to the news there was a thunder-storm last night. 

This is a simple example, but it shows how steps should be taken one at a time. Also, this could be 

expanded to more steps, but in most cases five Whys can be enough to find the root cause.  

4.3. PRIOR MAINTENANCE THEORIES 

There were, of course, a number of developed strategies leading up to Total Productive Maintenance 

and the main steps are briefly described below. 

4.3.1. Break Down Maintenance 

This is the natural human way to handle problems; as a reaction. Break Down Maintenance is the 

term for maintenance happening after a failure, simply by repairing the problem. Even as it appears 

repeatedly no preventive actions are taken. This was the most predominant concept of maintenance 

up to the 1950’s14.  

4.3.2. Preventive Maintenance 

Starting in 1950, Preventive Maintenance was introduced in Japan after being found successful in the 

United States of America. In preventive maintenance, systematic inspection and maintenance was 

introduced to fight the number of break downs caused by neglect of service and to extend the life of 

the equipment. Maintenance is still carried out by service personnel, not operators. In an effort to 

reduce maintenance, Maintainability Improvement was a process of growing importance in PM15.  

4.3.3. Productive Maintenance 

In Productive Maintenance the traits of Preventive Maintenance were retained, but with an 

emphasis on productivity. Maintenance Prevention and Reliability Engineering was used to increase 

on productivity of the equipment from start and profitability verification became part of 

                                                            

14 Nakajima, 1995 
15 Nakajima, 1995 
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maintenance. Essentially, Productive Maintenance was the stepping stone for Nakajima to develop 

TPM.  

4.4. TPM – TOTAL PRODUCTIVE MAINTENANCE 

The two words that come closest to describing TPM’s effects are availability and reliability16. It has 

the power to increase effectiveness and create a more rewarding production environment both for 

management and shop floor staff. This chapter on TPM starts with outlining its development history, 

then looking into its inner workings and finally, the impact it has on its applying company.  

4.4.1. History and Development 

TPM is mainly based on the American methods of Preventive and Productive Maintenance. Seiichi 

Nakajima, the acknowledged father of TPM, started studies of these methods in 1950 with the 

intention in mind to perfect and adapt the methods to a Japanese standard. Through years of 

research and multiple visits to American as well as European companies, he finally developed Total 

Productive Maintenance and introduced it for the first time in 1971 in Japan17. Another key player in 

the popularisation of TPM is Edward H. Hartmann, who in 1986 visited Seiichi Nakajima to study a 

number of applications in the Japanese industry. Hartmann was instantly convinced that this was a 

vital technology, able to let any company dramatically improve productivity18. In 1987, Hartmann 

organised the TPM Executive Conference and had invited Nakajima to present TPM to the American 

industry. That venue basically started the crusade of TPM throughout the industries of the world and 

it has since left its birthplace, the automobile industry, and begun to successfully branch out into 

various trades like for example semi-conductors, pharmaceuticals, food and the oil industry19.  

4.4.2. The Definition of TPM 

As stated earlier, Total Productive Maintenance is based on a combination of the concepts of 

Productive Maintenance (PM), Maintenance Prevention (MP) and Maintainability Improvement (MI). 

This shows where it’s coming from and the direction it’s supposed to take. You could explain it in 

short as being Productive Maintenance with the complete involvement of all parties20.  

To understand the principle of TPM and to avoid misinterpretation a more detailed explanation is 

necessary. Nakajima uses five main points to define TPM:  

                                                            

16 Garampon, 2009 
17 Nakajima, 1995 
18 Hartmann, 2001 
19 Nakajima, 1995 
20 Nakajima, 1995 
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 The goal of TPM is the maximisation of overall effectiveness. This serves the purpose of 

achieving machines running at their intended capacity without unplanned interruptions. The 

index overall equipment effectiveness will be described more extensively in the next chapter.  

 TPM establishes a system for productive maintenance during the entire lifespan of the 

equipment. As reason would suggest, a machine tends to break down more towards its later 

days. Therefore, TPM aims to continuously keep machines in good shape and even facilitate 

maintenance. 

 Also TPM should be realized in all divisions of a company, so that Engineering, Maintenance, 

Management divisions as well as the workers on the shop floor pull together.  

 Emphasising on team effort, TPM involves every member of the staff, from top level 

management to production personnel. Nakajima presents a quote stating that there are no 

seats in TPM; everyone has to get involved.  

 TPM is designed to promote Productive Maintenance through motivational management in 

minor, autonomous groups.  

4.4.3. The Eight Major Losses 

TPM strives to increase productivity, through minimizing input while maximising the output in form 

of better quality, lowered costs, maintaining punctual deliveries and in the meantime increasing on 

morale, safety and health conditions21. This is sought to be achieved through eliminating waste 

weighing down on the overall equipment effectiveness. According to Nakajima there are six major 

mechanical losses, meanwhile Reitz has expanded it further to include the following eight losses: 

1. Failure or Break down loss. 

2. Change-over and setup loss – changing production from part A to part B. Time from last 

produced to first new part. 

3. Tool change loss – Switching the processing tool during the production cycle. 

4. Start up loss – until steady speed is achieved the warm-up phase slows production. 

5. Micro-stops and idling loss – caused by short disturbance, usually less than ten minutes. 

6. Speed loss – when operating at low speeds, due to bottlenecks or unresolved issues. 

7. Defects and rework loss – time spent producing defects or repairing parts. 

8. Shutdown loss – the equivalence to start up losses due to shut down for maintenance, 

change-over or the like. 

It is then the effort of TPM to reduce above losses and in best case eliminate them to full extent. 

  

                                                            

21 Nakajima, 1995 
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4.4.4. The TPM House 

The principles allowing TPM to eliminate losses and maximise productivity are described in the TPM 

House (figure 8). It is based on the eight pillars of TPM, defined by the Japan Institute of Plant 

Maintenance (JIPM)22. TPM is based on a desire to always improve and maximize the potential at 

hand, satisfied by the pillar of Kobetsu Kaizen or CIP as we know it. The second pillar is for 

autonomous maintenance, the most prominent alteration from Productive Maintenance. It begins 

with involving operators in cleaning and inspection, but is gradually developed through pillar four, 

Training and Education. Training and Education is naturally applied to the whole enterprise, not only 

operating staff. Another pillar is planned maintenance, as freed resources with maintenance staff 

should be put to work for research in improved maintainability, failure analysis and developing 

standards for the autonomous maintenance. Pillar five pertains to introducing TPM principles as 

maintainability improvement early into the development of new equipment, so that new equipment 

is not only easy to design and develop, but also easy to maintain23. In Hinshitu Hozen quality products 

are the main concern where sources for defects are eliminated and standards created to ensure 

zero-recurrence. As TPM is a company-wide philosophy, administrative and office workers are not 

left out. In office, organisational processes and logistics are often targets to be improved upon. The 

last, but contrarily not least important pillar is the so called SHE pillar. Safety, health and 

environment are today more than ever important aspects of any company policies. It sets out to 

improve general health by equipping workers with appropriate means for each task as well as 

dispose of environmental hazards.  

                                                            

22 JIPM Solutions Co., Ltd., 2009 
23 JIPM Solutions Co., Ltd., 2009 

 

Figure 8. The TPM House, based on the eight pillars of TPM defined by JIPM. 
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4.4.5. Effects on the Company 

If used appropriately, TPM has the potential to reach the three Zs of TPM24: Zero Breakdowns, Zero 

Defects and Zero Accidents. These goals are of course long term, while the most immediate changes 

are none the less impressive, too.  

Among many benefits to involving the shop employees in maintenance, the operators involvement 

with the machine develops an interest and concern for the cleanliness of their equipment25. This 

then evolves into an awareness of the problems causing dirt and defects, ultimately creating a want 

to eliminate these causes. The workers relate to “their” machines and pride themselves on not only 

being able to exhibit good production figures, but also the ability to improve upon the equipment26. 

For the company, every worker now becomes a sensor for faults and imminent break downs27. This 

of course does not happen by itself, but requires investment into schooling. The schooling on its own 

is a strong argument for the workers to partake in TPM, as with the growing automation in the 

industry, more competent and skilled staff is needed.  

During the transition to autonomous maintenance, the maintenance division has the responsibility to 

monitor and support the production at conducting the repairs and creating standards for 

maintenance. Due to the maintenance staffs’ new assignment of researching and developing 

improvements on maintainability and equipment’s lifespan, the company gains in productivity 

through less loss from break downs and micro-stops.  

As based on previously achieved results from Best-Practice enterprises, the following achievements 

can be reached with a consequent implementation of TPM: Increases in productivity of 30 per cent in 

four years and an OEE raised by 35 per cent in three years. Also, occupational accidents were 

reduced by 80 per cent, while reductions in material losses were 50 per cent. As an added bonus, the 

Return on Investment for the introduction of TPM was achieved after only 15 months.  

4.5. OEE – OVERALL EQUIPMENT EFFECTIVENESS 

The key figure OEE allows visualisation of machine-related losses. This might seem easy at first, 

because with a machine theoretically able to run 24 hours a day and 365 days each year we get an 

amount of products representing the maximum capacity. Due to holidays and managerial decisions 

as not working on most weekends and so on, the maximum capacity is mostly never exploited. 

Therefore, the quotient of the actual numbers of produced units put up against the maximum 

capacity yields the effectiveness of the equipment during the chosen time period; the overall 

equipment effectiveness28. It is important to keep in mind that the OEE is only a measurement of 

                                                            

24 JIPM Solutions Co., Ltd., 2009 
25 Nakajima, 1995 
26 Hartmann, 2001 
27 Garampon, 2009 
28 Reitz, 2008 
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mechanical components. Therefore all losses, even those influenced by human aspects, such as 

change-overs, should be considered as the only interest in the OEE is to see whether the equipment 

runs according to its capability29.  The basic requirement for a correct calculation of the OEE is of 

course precise data. All mechanical losses (see chapter 4.4.3 above) need to be recorded for best 

results.  

4.5.1. Calculations 

The original formula for the calculation of OEE was developed by JIPM and is in turn a factor from 

three different rates: 

 

In short: 

 

The availability rate is defined as follows: 

 

As follows, the available time is equal to the planned production time minus the accumulated down 

time losses. This is then divided by the planned production time to reveal the availability rate.  

The next factor, performance, takes speed loss into account: 

 

 
The ideal cycle time is the quickest time at which the machine could produce a single part. Multiplied 

by parts produced it gives the least amount of time needed and this number in turn divided by the 

available time (planned production time minus the sum of down time loss, as above) results in the 

production rate.  

Finally, the quality rate takes defective parts into account: 

 

To bring an example, here are the calculations with fictive figures: 

 

 

 

                                                            

29 Reitz, 2008 
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With all three individual results, the OEE can now be calculated: 

 

This is obviously a rather time consuming task to have operators perform, though after performing 

mathematical cancelations, there is a simpler version available: 

 

With the result being the same as for the elaborate version, this shortened formula offers a quick 

and easy way to calculate the OEE directly at the production line. 
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5. PRESENT STATE ANALYSIS 

At the beginning of the practical work in the thesis, observations were made as to 

how the workings were at WITTE in Velbert at the time. The most important 

characterisations with respect to the topic of this thesis are described below. 

5.1. TODAY’S PRODUCTION FACILITY STRUCTURE 

At its plant in Velbert, WITTE Automotive today has 19 production lines. Most of these lines are 

highly automated, though many lines still require manual loading or some kind of human 

intervention. The area of interest for this thesis were lines eight to 13, where specifically line nine 

and, as second, line 13 were chosen to be most promising and therefore the pilot lines for TPM.  

The production is divided into three shifts per day and mostly runs for five days a week, though the 

option to work on Saturdays is present. The shifts are 7 hours and 45 minutes long with a total of 30 

minutes break time, though WITTE has a particularity with Friday’s shifts being reduced by 15 

minutes.  

5.1.1. The OMG 

Each line has a group of employees assigned to it. This group is called “Operative Mitarbeiter Gruppe” 

(OMG), which translates to operative employee group. Each OMG has responsibility for their line and 

for each OMG there is an OMG-captain as well as an OMG-supervisor. The OMG-captain is a 

production member and part of the group, but with additional duties. He or she also has the function 

as a communication link from the workers to the supervisor and ultimately the management. The 

additional tasks first included mainly data recording, but are thought to extend to shift scheduling 

and, with its introduction, certain TPM-tasks.  

The supervisors are the foremen and have utter responsibility for the lines, therefore currently 

supporting the captains in their new tasks. They have the assignment to educate the captains to the 

degree, that they then are able to pass the knowledge on to the other OMG-members. As foremen 

they naturally have other tasks to attend to, amongst others they are currently responsible for 

keeping the machines at pace and to collect data necessary to secure quality as well as taking care of 

and executing enhancements and other general tasks related to their respective production lines.  

5.1.2. Red and Green Cards 

The current system for a continuous improvement process consists of a card system. There are red 

and green cards, each representing different kinds of problems, which are filled out and hung on a 

board for the supervisors to evaluate. Green cards are general optimizations, used by employees for 

new ideas improving on the production line. Red cards represent a deviation from the standard, 

meaning that deviations from the usual modes of operation like faults at standstills or anything 
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missing would be recorded on red cards. Both cards collect basic data such as who wrote the card, 

the date it was written and what area it concerns. On the green card the next step for the writer is to 

note a description of the issue to improve and the proposed improvement. The red card demands a 

more thorough specification of the problem, questioning when and where exactly the deviation 

occurs as well as how often and what repercussions it has.  

The cards are then attached to a board for further evaluation. The board contains multiple areas 

through which the cards travel depending on its status (figure 9). The cards are first put in the stack 

of new phenomena, before it gets reviewed and approved or rejected by the supervisors. The issues 

reported through the red cards are then repaired and lastly eliminated to the point of zero-

reoccurrence, with the card travelling accordingly on the board. Correspondingly, green cards have 

categories for their journey from being in process and then fully implemented.  

When supervisors look over the cards (depicted in figure 10), they review the information on the 

card and evaluate as follows. For green cards, the foreman has to decide whether the submitted 

improvement has enough value to be carried out or not. The decision is noted on the card along with 

the responsible signature. If the suggestion is cleared, the supervisor has to tick whom the 

implementation would mostly benefit: WITTE as a company, the customers or the employees. 

Additionally, a little sticker is added in form of a coloured dot to identify whose responsibility the 

respective card is. If the implementation has to be performed by maintenance, then the dot is 

yellow, while if the management has to attend to the problem, the dot would be blue in colour. Next, 

the dates of implementation and that of a follow up check are listed and the card ends with the 

query whether the idea could be implemented in other parts of the company. If the suggestion is 

denied, the card holds a space for an explanation as to why it was not applied.  

 

Figure 9. The board holding the cards, here explained with the segments explained. 
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In case of a red card, which should contain a problem that has to be fixed no matter what, the 

question of implementation is never posed. Instead, the cause of the disturbance is determined and 

a repair is being issued, both being noted on the card along with ticking the beneficiary and applying 

the right sticker for the responsible division as described for the green card. If it differs from the 

repair, a long term solution towards zero-recurrence should also be found and described on the card. 

At the end, the card is filled out with information about when the solution was integrated, by whom 

and also whether the solution is applicable elsewhere in the company.  

Due to this new system providing an easy way to bring issues to attention, the average number of 

improvement proposals has increased dramatically30.  

                                                            

30 Schlüter, 2009 

 

Figure 10. The continuous improvement cards from the front (left side) and the back.  
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5.1.3. Data collection 

The same board accommodating the card management system also holds the data records for the 

respective line (figure 11). The data collection has taken an expansive nature with roughly twelve 

regular pages with at least one key figure each and correspondingly an almost equal number of 

trends. Not all data is filled out manually by personnel, but most production figures are updated by 

hand after each shift. The shear amount of data and variety of diagrams hampers the possibility to 

quickly get an overview of today’s production or to analyse the development of a variety of data in 

respect to another.  

5.1.4. Further Lean involvement 

WITTE has been working with numerous improvement methods for quite some time. Yet, there was 

no system collecting the methods and recording them for future reference. In 2005, the collection of 

the production philosophies, principles and methods previously used as well as new introductions 

was presented as WPS, WITTE Production System. The system contains known methods such as Just 

in Time, SMED, Six Sigma, FMEA, Poka-Yoke and TPM. WPS has its goal set at achieving a waste-free 

and consequently cost-effective production, which is accurately attuned to the needs of WITTE’s 

customers31. The system is too elaborate for an in-depth explanation here, but it shows that WITTE is 

serious when it comes to eliminating waste.  

5.2. CLEANLINESS AND MAINTENANCE AT WILL 

When it comes to maintenance, the personnel at WITTE spends more time fighting fires than lighting 

them, meaning that when problems and standstills appear, they mostly just have time to repair the 

faults (fire fighting) instead of also being able to create solutions to shut the problems down long 

term (fire lighting). There is a certain part of pre-emptive maintenance conducted, mostly during the 

                                                            

31 WITTE Automotive, 2009c 

 

Figure 11. The production line information board from both sides 
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night shift, but at day most problems seem to occur without warning. This often involves multiple 

stages with certain reaction times in between. At first, if the operator cannot fix the problem by 

himself, the supervisor is called. In some cases even the supervisor is not able to fix it either and 

therefore calls on maintenance and then it might take a while for the problem to be solved, 

depending on the current workload and due to the fact that the nature of the problem often is more 

complex when maintenance is needed.   

With respects to cleanliness, WITTE is at a good standard. The operators are asked to independently 

clean their workplace at the end of every shift, but also during standstills. As the cleanliness at the 

workplace (SOS) is part of the benefit scheme and evaluated regularly, the standard is accepted. The 

machines themselves, on the other hand, are seldom cleaned thoroughly as there is currently no 

standard for cleandowns on a regular basis as opposed to maintenance. There are basic standards for 

how the certain parts of the machines are to be cleaned, but not regular schedule lived up to.  

The machines’ parameters on the other hand are checked regularly. At each beginning shift, the 

foreman has to check on a comprehensive, predetermined set of parameters for each workstation in 

his production line. The data is recorded meticulously, but no one could answer whether the 

numbers had ever been of use in an analysis or to prove the machines working in their usual matter 

when quality issues arose.  
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6. RESULTS 

The work carried out during the time at the company is shown here at its final stage 

at the end of June. As most of these methods are supposed to live and develop within 

their purpose this might not represent their actual state at the company today.  

6.1. VISUALISING PRODUCTION LOSSES 

It is of utmost importance to any business in any industry to be aware of the current production 

figures. However, the most important figures are not the number of produced units each hour or the 

number of breakdowns, but rather their meaning in the right context. “How many more items is the 

machine built to produce?” and “How much time and thus profitable products were lost due to a 

recurring break down in the last month?”  

In other words, it is good to know that more items were produced this term than before, but this 

alone says little about how good the production is relative to its maximum capabilities. That is where 

the OEE steps in. The OEE visualises the potential and makes it possible to work towards minimizing 

these production losses.  

In order to keep record of current figures such as the OEE, a series of data needs to be gathered. 

Previously, the figures were simply recorded on a sheet placed at the end of the production line. This 

burdens the operator with the responsibility of recording the data correctly and then calculating the 

numbers required largely without guidance, but also requires the time of transferring the items from 

whatever piece of paper it was scribbled on to the sheet on the data collection board at the end of 

each shift. To avoid errors as well as lost time, this process is set out to be simplified with a 

production film and a corresponding balance.  

6.2. PRODUCTION FILM 

The production film is, as its name suggests, a record of the recent production and allows this to be 

done quickly and effectively. It is however not a movie or in any way digitally enhanced, but rather 

simply consists of a single sheet of paper. Due to most peoples’ upbringing, writing is very close to 

human nature and a pen-and-paper approach to recording the production data is easier to 

understand and execute as opposed to computerized recording methods, at least to start with. 

Further, the manual inscriptions and calculations bring the data closer to the user than filling in 

numbers in the computer and instantly being presented with the wanted results32.  

                                                            

32 Garampon, 2009 
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The production film is an A3 sheet of paper, which is kept close to the operator entrusted with the 

data recording. Each shift has a collection spot for filled out sheets and the foremen, later the OMG-

captains, are to enter the data into the production balance regularly.  

The production film was constructed from an initial model from Mr. Garampon and further 

developed to fit the circumstances and requirements from the production at WITTE. The version 

presented here is the final version as developed by the author. Changes have possibly been made 

since.  

6.2.1. Layout 

The sheet consists of three main parts; the header, the timeline and a data chart. Complete examples 

can be seen in Appendix A.  

The header, as in figure 12 above, contains the essential information. It has the line (“Anlage”) and 

shift (“Frühschicht”) it’s intended for pre-printed, while the personnel-ids (“Personalnummern”) of 

the operators have to be note. The current date and, as a control, the day in the week also have to 

be filled in. This is important as to the difference in work time on Fridays in WITTE’s shift plan. As the 

shift is reduced by 15 minutes, so is the time used to calculate the OEE. In order to avoid mistakes in 

calculation, this has to be ticked separately.  

The timeline is there to record the current production and is filled out with markers in three different 

colours. As seen in figure 13 below, the timeline for the morning shift has an interval from 6h00 to 

13h45 and is partitioned in five minute elements with special dividers for orientation every half and 

full hour. The five minute increment is derived from the company internal definition of a microstop 

being anything less than five minutes and therefore not recorded as a major standstill. Under the 

timeline is also a box for comments assigned to the markings, which is shown in figure 14. Vertically, 

the timeline is divided into three main categories: production OK (green), under control (yellow) and 

beyond control (red). These refer to the situation of the line and mark the colour to be used. If the 

production is going well, then the topmost row is filled out with a green marker and the production is 

OK. The under control category is divided into four cases. It gets marked if the line is idle because of 

either there being no demand (“Keine Nachfrage”), the standstill is planned (“Geplante Stillstände”), 

the line is executing a change-over (“Umrüsten”) or if the operators are on their entitled break 

(“Vorgeschriebene Pausen”). As can be seen in the time line, the break times are already present as 

yellow blocks with the text “Pause”, as the breaks are mandatory and the time for the break is rarely 

shifted. If, on the other hand, the timeline is marked red, there is an irregular stoppage, which can be 

assigned to organisational problems (“Organisationsprobleme”) or actual mechanical breakdowns 

(“Störungen”). There is also a row dedicated to all problems not easily distinguishable (“Sonstiges”). 

 

Figure 12. The header of a production film 
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Below the aforementioned rows is a partition for micro-stops. These are by WITTE defined as any 

single incident resulting in a time loss lesser five minutes. These are only recorded as a tally by the 

operators as it would be impractical and presumably ineffective to record the exact time for each 

micro-stop. Most certainly there are bigger problems to address before the need to time micro-stops 

becomes prominent. Additionally, the time lost to micro-stops and slowdowns can be calculated for 

each shift, as will be shown in part 0 below. The major micro-stops known to be occurring multiple 

times during a shift are each pre-written in a separate row on the sheet. The blank rows beneath are 

brought into use with new problems or seldom appearing. If the sum of micro-stops exceeds the 

number ten the operators should notify the foremen so as there can be an inquiry made concerning 

the problem. The number ten is again simply a definition made within the project to start with, it 

might reveal itself as too small or too large a number later in the process.  

The three bottom rows relate to the produced units per hour. The blank white row is for notation of 

the actually produced number of units and is filled out every hour. The yellow row displays the target 

value, automatically varied depending on the length of the current interval. The target value can be 

edited in a separate sheet of the file. The orange line is used to fill in the number of not in order 

(NIO) parts. 

At the bottom right, the production film provides a data chart designed to facilitate the calculation of 

all necessary production figures and collect them in a single spot. Also at the very bottom, it holds 

the formula for the OEE (as described in chapter 4.5.1 above) ready to be filled out and calculated. As 

shown in figure 14, the data chart contains all part numbers (“Art.Nr.”) produced at the line pre-

written and linked to the corresponding standard cycle time (“Standard Zyklus”). At the end of the 

shift or at the time of change-over, the amount of OK products is noted in the “Menge i.O.” field. As 

noted in the column headers, the cycle time is then multiplied by the amount of products to yield the 

productive time. The total productive time for each shift is essential, as it is simply divided by the 

time of the shift (minus any potential idle time due to lack of demand) to yield the OEE for that shift.  

 

Figure 13. The timeline of a production film 
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The remaining columns to the right provide space for further figures to be collected. The first column 

named “Menge n.i.O. & NA” collects the amount of NIO and reworked products, while this number is 

multiplied by the cycle time for the second column to result in time lost to production of NIO parts 

(“Zeit n.i.O. Fertigung”). The next column for parts per million (PPM) is rather self explanatory, while 

the last column requires clarification. This last column maintains the aforementioned produced units 

per hour, but has to be factorised in order to be comparable among the differing complexity of the 

products. Therefore, the factors in the exterior right column are constructed to level the products 

according to their respective default of achievable products per hour. As this figure involves a human 

aspect and represents a factor in the benefit scheme, the breaks and planned standstills are not 

considered part of the time used in the calculations.  

  

 

Figure 14. The commentary field and data chart at the bottom of the production film. 
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6.3. PRODUCTION BALANCE 

With each new day, three shifts pass and accordingly two or three production films for each process 

get filled out. In doing so, information quickly gets accumulated and needs a place to be archived in 

without just collecting dust, but being put to good use. The production balance is developed as a tool 

for both archiving the figures digitally as well as providing calculations and analyses with an extra 

effort on using the same visual stimuli as in the production film to allow for easy evaluation.  

6.3.1. Information Input  

As quite a handful of information has to be fed into the production balance, the interface needs to be 

both accommodating and at the same time retain a clear structure. The appearance of the balances 

interface might be overwhelming at first, but with a little effort and training it is quickly possible to 

enter large amounts of data in a swift manner. The header of the input interface seen in figure 15 

contains the master data in form of the year and process involved.  

From the left, the first five columns provide orientation in time with the week number, followed by 

date and then day and shift in the fifth column. The columns with read headers are for easy filtering 

and have no other intention. Continuing to the right, the white and grey columns are for data input 

and are assigned key figures from left to right as follows (table 1): 

Table 1. Table over input parameters for production balance. 

German name Description Entity 

Betriebszeit 
Planned production time (idle time due to lack of demand is 

subtracted) 
Minutes 

Geplante Stillstände Time for planned standstills Minutes 

Umrüsten Time for change-over Minutes 

Organisational 

problems 
Loss due to missing material, e.g. Minutes 

 

Figure 15. Overview of the production balance's input interface. 
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German name Description Entity 

Störungen Break down loss Minutes 

Mikrostopp Anzahl Amount of micro-stops Digit 

OEE Overall Equipment Effectiveness Percent 

Fertigung von n.i.O. Time spent producing defective parts Minutes 

PPM Parts per million Digit 

Menge i.O. / Std/MA Good units per hour and employee Digit 

i.O. Menge Gesamt Total number of good units Digit 

The orange columns are not editable as they are automatically calculated when the required input is 

available. Again from left to right, the items are listed in table 2. 

Table 2. A list of the automatically calculated columns in the production balance. 

German name Description Entity 

Mikrostopps & 

Verlangsamungen 

The total time lost to micro-stops and slowdowns is calculated by 

subtracting all accounted for losses and the productive time from 

the planned production time. The residual time is attributed to 

this item. 

Minutes 

Ø t/Mikrostopp 
The average time for micro-stops, taken the resulting total time 

above divided by the number of micro-stops 

Minutes 

Produktive Zeit 
The productive time is calculated backwards by multiplying OEE 

and planned production time 

Minutes 

Stk/h Gesamt 
Good units per hour as a result of planned production time 

divided by the total number of good units 

Minutes 

Pausen & Verteilzeit 
Breaks and additional time. The field is either 0, 36 or 51, 

depending on the value of planned production time. 

Minutes 

No further action is needed, than saving the document. The data is now ready to be used and 

presented for further evaluation.  

6.3.2. Analysis and Visualization 

To prepare the newly available data for presentation, two separate sheets have the sole purpose of 

collecting the right items from the data collection sheet, depending on the entered week number, 

and performing all necessary calculations to create an illustration of the data and its progression. 

One sheet is for presentation of the past week, while the other puts the past week in context to the 
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previous nine weeks. Both sheets are just running in the background and most calculations are 

simply conversions from digits to percent, while others compute the average over the week.  

The results from the two sheets is of greater interest in its presentable state; the actual production 

balance (see figure 16). 

The balance sheet can be divided into four main parts; the numbers of the past week (top left), the 

graphs for produced unit per hour (and employee) and PPM, the graphs in the center focusing on 

visualising losses and lastly the boxes dedicated to notes about recent production. The balance sheet 

for a single week can be viewed in Appendix B, but is almost identical to the above, except for it 

missing the notation boxes.  

The table with the recent week’s production figures serves as a detailed recapitulation of recent 

performance, as the smaller losses cannot always be identified precisely in the graphs. Also the 

topmost percentage, depicting the planned production time of 100% acts as a control. The 

percentage is calculated from the below values and therefore, any deviation from 100% would point 

to faults in the calculus requiring corrective action.  

The graphs for produced units and PPM are also fairly straight forward and easily comprehended. In 

the graph over produced units, the higher bar illustrates the produced units per hour; meanwhile the 

lower bar shows the value calculated per employee. In this case, most products are produced in 

cooperation by three operators, thus equalling close to a third of the produced units per hour. Due to 

 

Figure 16. The TPM Balance sheet for week 29. 
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special circumstances at the pilot production line nine hardly any defects are reported, but rather 

reworked. Therefore, the PPM graph rests at nil.  

The topmost graph in the center depicts the OEE value 

opposed to the losses (figure 17). The OEE is bright 

green in colour and each bar has its respective value 

enclosed. The muddier green bars are the breaks and 

constant for the most part. The breaks can be 

eliminated in special situations by using additional 

personnel while the original group goes on break. This 

would only be considered in extraordinary cases 

though. The big light reds are micro-stops and 

slowdowns, which were found to represent very 

imposing losses in this very production line. The deep 

red colour stands for break downs, which also play a 

noticeable part in the amount of losses. Lastly, the 

yellow change-over bars should not be 

underestimated; they currently hold up to four 

percent of losses. Finally, the orange parts are for 

planned downtime, and the big blue stands for 

organisational loss. As stated earlier, this line does not 

record defective part losses and therefore, the dark 

red, almost brown colour illustrating those losses is 

never shown.  

In the graph on the bottom, the losses are calculated in relation to the factual production time. The 

factual production time is given by the planned production time minus the planned standstills, 

organisational problems, change-overs and breaks. Therefore, only losses due to mechanical 

equipment failure, meaning break downs, production of defective parts as well as micro-stops and 

slowdowns are depicted in this graph. This allows for easier insight into the losses’ weekly 

development.  

  

 

Figure 17. The two center graphs from the 

balance sheet. 
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6.4. ORGANISING MAINTENANCE 

Organising maintenance is the essential part of Total Productive Maintenance and in most cases, 

maintenance begins with cleaning. A clean production facilitates the detection of waste and reduces 

the risk for break downs. Furthermore, in case of a break down a clean and organized production 

results in better accessibility and by this means even cuts down on the time lost repairing the issue.  

Furthermore, the TPM pillars Continuous Improvement and Autonomous Maintenance are initiated 

with a TPM-commando to work on eliminating losses and a maintenance schedule and maintenance 

circuit to start introducing workers to autonomous maintenance. 

6.4.1. Maintenance Schedule 

To achieve a standardised way of conducting maintenance, a regular schedule is needed. For the best 

visual effect, the schedule is held simple with as little emphasis as possible on written text. To 

confirm the maintenance carried out or to stress an issue found during maintenance, the dashed 

boxes are coloured green or red accordingly. If an issue has been found, a number is entered in the 

little circle of the field and accompanied by a short description in the comment box. There are two 

schedule sheets, one for daily and weekly scheduled maintenance and the other serves monthly or 

even less frequent tasks, both to be seen in figure 18. Daily tasks for example include checking the 

safety latches on all doors and cleaning the sensors in the machines from grease, while checking the 

machine parameters is done weekly in guidance of the cleaning circuit as well as the cleandown (see 

chapter 6.4.2 below). Monthly tasks meanwhile are either more extensive or simply not frequently 

necessary, as for example cleaning the part number printer and checking the camera lighting with a 

luxmeter. The classification was conducted in accordance with the foremen and besides the temporal 

disposition each task is also assigned either the foremen or to the OMG itself. At present, the OMG is 

mainly assigned cleaning tasks, while most detailed maintenance is still conducted by the foremen. 

This arrangement is built to evolve and with further schooling being performed, more tasks can be 

entrusted to the operators in the OMG.  

  

Figure 18. Maintenance schedules for daily and weekly (left) as well as monthly and less frequent maintenance 

(right). 
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6.4.2. Maintenance Circuit and Visualisations 

There has not been any significant standard for the regular cleaning of a specific production line at 

WITTE in Velbert. Until recently most clean-ups were not planned, but the result of major break 

downs rendering the operators unproductive unless they engage in cleaning. The maintenance circuit 

in combination with the maintenance schedule was therefore developed to bring structure and 

regularity to the cleaning process. Check-ups on the machine parameters have earlier been elaborate 

and involved recording all parameters and hence a large amount of data archiving. The new visual 

system introduced along with the maintenance circuit cuts down on data recording significantly as no 

parameters are recorded, but rather their conformity with a predetermined default value.  

The main part of the cleaning cycle is the plan seen in figure 19 above. It shows a draft of the 

production line nine at WITTE. Production machines part of the process are depicted as grey boxes, 

every human figure represents a workstation and the conveyor belt is shown as the double lines 

through all grey boxes. The rectangle containing diagonally jagged lines symbolises a ladder bridging 

the conveyor belt allowing access to station two. The outer line represents the cleaning circuit, with 

the numbered yellow dots being stations that need service and the red dot marks the location of the 

maintenance circuit placard. These dots are also found on the shop floor, so that orientation is 

always available (figure 22). When parameters are checked, the round trip either starts at station one 

or two, depending on which of both stations are active as some values can only be verified when the 

machine is producing parts. The P-values below the station number signify what pressures are to be 

checked at either station. Thus, starting at station one, pressures P0 to P13 have to be checked. This 

is done simply by visual affirmation, explained best with help of the illustrations posted on the 

bottom of the cleaning circuit sheet (figure 23). The analogue gauges should present a needle stable 

within the green wedge on the scale. The digital gauges, seen on the right in figure 23, have a 

 

Figure 19. The top part of the cleaning circuit sheet. 

 



The initiation of TPM to a pilot production line in the German automobile industry 

Daniel Ottosson 

 

Division of Manufacturing Systems Engineering 

Luleå University of Technology 

32 

tolerance check built-in and show the pressure value in green or red colour on the display. By 

completing the circuit from station one through eight and confirming all pressures as O.K. (green) the 

task of controlling the machine parameters is cleared. Each station also has an arrow adhered to it, 

where pressures to be checked on that station are listed, as well as an image of the next station and 

its range of machine parameters. 

When setting out to perform the weekly clean-up, the maintenance plan shows the locations of the 

important stations to be cleaned. The machines themselves are then marked with cleaning badges at 

the important areas, where cleanliness is desired (for example in figure 21).   

6.5. ELIMINATING LOSSES: THE TPM COMMANDO 

Commando is a word deeply rooted in military jargon and is defined as “A small fighting force 

specially trained for making quick destructive raids against enemy-held areas”33. This definition also 

                                                            

33 Wiktionary, 2009 

 

Figure 23. A collective chart over the machine parameters and an illustration of pressure control. 

 

 

Figure 22. Station one, as marked on the floor. 

 

Figure 20. Arrows pointing the operator to the next 

station. 

 

Figure 21. Cleaning badge in a machine. 
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applies to how the TPM Commando should be structured. It is a small group of people from various 

parts of the company, who are good at quickly, but efficiently analysing a problem and finding the 

solution. The commando is supposed to attack the major technical issues in the production and find 

lasting solutions to eliminate the occurrences. The commando is called together by the foremen and 

based on the problem at hand they invite certain key persons. These can be technical or quality 

engineers, a person from management, if graver decisions are necessary, or even somebody from the 

sales division. It depends on the knowledge and decisiveness needed to resolve the issue.  

As an aid to standardise procedures in the TPM Commando the commando plan was introduced. The 

commando plan is based on what Reitz calls the PDCA Project34. It in turn is based on the Deming 

cycle, but provides more detailed steps combined with methods available in project management, as 

in this case 5 Why and the Ishikawa diagram. The commando plan is a combination of the PDCA 

Project and a related realisation by ArcelorMittal Bremen35.  

It consists of 11 steps and is divided into two main 

parts; the project planning phase and subsequently 

the execution phase. Additionally, the problem 

analysis plays a vital role in the execution phase and 

is therefore divided into further detail, shown in 

figure 24 (can be seen large in Appendix C).  

Starting in logical order with the project planning 

phase, the first step is done by the foreman for the 

production line concerned. The problem, also called 

anomaly, is defined in detail, with information as to 

how exactly it appears, where and how often. If the 

TPM Commando is called together because of an 

issue from a red card, then an essential part of the 

first step is already present. The foreman then 

decides who is needed based on the aforementioned 

criteria of knowledge and decisive power required.  

The next steps are then taken at the appointed 

meeting as the knowledge now comes into play. The 

problem definition is enhanced through classification 

of the loss. The precise effects of the anomaly and 

the key figure in which it presents itself are specified. It is also important in this step to clarify how 

big the losses are in monetary value. It literally has to be determined in Euros as to make clear the 

severity of the anomaly for everybody involved. Next, the goals are set to what should be achieved 

and again, this should be done in actual monetary value; how much should be saved in each key 

                                                            

34 Reitz, 2008 
35 Dr. Janz, 2009 

 

Figure 24. The layout of the commandoplan. 
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figure? Also, the goals should be set to be SMART; Specific, Measurable, Attainable, Realistic and 

Time-bound36. The last step in this phase is planning the activities, again being both precise and 

SMART. A protocol over who is responsible for doing what till when is established and made available 

to all participants.  

In the execution phase, the anomaly is examined thoroughly from a technical point of view to find a 

viable solution and deploy it in praxis. The problem analysis as step six is divided into five subitems 

with different purposes. The first three items (6.1 to 6.3) are thought to deepen understanding of the 

technical process, while the parts 6.4 and 6.5 serve the purpose of narrowing in on the source of the 

anomaly. Initially, any available information is taken into account to form an understanding of the 

process at hand; videos, photographs, machine parts, work pieces and performed analyses. From 

that information a detailed description of the surrounding equipment and procedures is developed. 

Next, a drawing of the equipment in the process is made per hand with measurements, tolerances 

and both mechanical and electrical functions. In a second drawing the sequence of a flawless 

procedure in the machine is portrayed in a minimum of four sketches and captioned accordingly. 

Having characterised the normal procedure, a faulty sequence is now drawn to outline where the 

first deviation occurs and at the same time the anomaly is depicted with physical entities. To analyse 

the deviation and find the ultimate source of the anomaly, standardised methods as 5 Why and the 

Ishikawa diagram are used.  

After the extensive problem analysis, multiple solutions are derived from the results and then 

evaluated, ranked and finally budgeted. The most promising solution according to the ranking is then 

simply applied to the equipment at hand, so that it can prove itself. It is then checked whether the 

solution chosen has the awaited effect and if it reaches the desired goals within the set up budget. 

When the solution stands up to the expectations, it should be inspected if the solution is applicable 

to related cases throughout the company.  

The commando also evaluates their own performance (step ten) to see if internal processes could be 

improved upon or if certain information should be recorded for future reference. The solutions and 

results of the analysis can in most cases be profitable not only by improving on current equipment, 

but by providing the information to the equipment development upcoming equipment can be 

prepared against similar faults. This so called feedback to design is essential to improve 

maintainability.  

As part of the Continuous Improvement Process, the TPM Commando in its last step of the 

improvement cycle chooses the next problem to work on and yet again begin with step one.  

                                                            

36 Reitz, 2008 
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6.6. INTERACTION OF METHODS 

There are several points of interaction between the introduced methods. To begin with, the data 

from the production film naturally goes on to be entered into the production balance.  

Beyond that logical step though, the production film for instance has a connection to the CI card 

system already present at WITTE and ultimately feeds tasks to the TPM-Commando. As a means to 

strengthen the employees’ understanding for the importance of improvement cards, a standard for 

error reporting is deployed. The list described below might seem simply and logical, but if it is not 

written down and its observance is not monitored it will in most cases not be followed appropriately. 

With the production film it is possible to review whether problems are reported properly, as it should 

be assigned to a card number. The standard for error reporting can be seen in Appendix D and is 

described below.  

The first three steps are identical, whether the problem can be resolved by the operators or not. As 

the problem occurs, an operator localises the fault and if possible, fixes it single-handedly. If it is 

resolved, the disturbance is either marked as a micro-stop on the production film or, if it has 

happened repeatedly, a red card is filled out. The card itself is then attached to the board and the 

card number is noted on the production film along with any time-loss greater five minutes.  

If, on the other hand, the problem was not fixed by the operator, additional help is called in form of a 

foreman. If the foreman is not instantly available, the worker should start filling out a red card. The 

problem is then explained at the foreman’s arrival and while he starts work on the issue, the problem 

card is completed. The card number is noted on the production film here too, but the card is then 

given directly to the foreman. The crew then performs SOS (cleaning tasks) until the problem is 

resolved and when going back to work denotes the time needed in the production film.  

By following the above standard, errors will be reported properly and the TPM-Commando has the 

chance to develop solutions for zero-recurrence of major issues. Problems will be prioritised and 

depending on the severity it might take a while for it to be processed, but CI is a long-term project 

and eventually every issue should be resolved.  

Another interface can be found between the maintenance schedule and the maintenance circuit. For 

instance, the regular checks of machine parameters are confirmed on the maintenance schedule, 

whereas the circuit provides assistance to locate the pressures to be controlled. The same goes for 

cleaning tasks. The maintenance schedule has separate affirmation boxes for each station in the tour, 

requiring the possibility to identify the stations individually and correctly to avoid neglect of a certain 

station over another.  
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7. DISCUSSION 

This chapter gives room for further argumentation surrounding the results. It also 

includes general reasoning on the subject matter and potential shortages are 

explained.  

First and foremost, it is important to note that the project TPM is not concluded with this thesis. In 

fact it probably never will be and that is in part what TPM is about. It is a mindset and a way to 

continuously improve and should be seen as such. For an average company it takes approximately 

three years to achieve high end results37.  

Still, thanks to numerous years already working on process improvement, WITTE has certain qualities 

that are indicative of a good foundation for accelerated integration. Strong traits of TPM, such as the 

cleanliness in the production because of SOS and the promotion of activities in smaller groups in 

form of the OMGs are already present in current production. WITTE also has the structure and know-

how to construct their own equipment, allowing for immediate feedback to design with the potential 

to quickly reach a high standard in maintenance prevention and maintainability.  

The OEE was not all new to WITTE, but a previous attempt had been made to work with OEE as a key 

figure. However, the calculations for the OEE were based on the operators incentive times rather 

than ideal cycle time. This contradicts the OEE’s purpose of measuring only the machines’ 

effectiveness and quickly rendered faulty results with an OEE above 100%. Not aware of the problem 

at hand, operators were understandably frustrated when the values of the OEE all of a sudden only 

reached low double-digit values after introduction of the production film. This led to discussions over 

several weeks about what figures to include or exclude in OEE calculations as employees felt 

threatened by the now low performance. After clarification that OEE is only employed to measure 

machine effectiveness and does not affect the performance figures in the benefit scheme negatively, 

the new range was accepted.  

Furthermore, the figure for produced units per hour and employee was also newly introduced as an 

entity in the production. The current level was therefore not easy to estimate without proper data 

retrieval. Estimates were put at the 140 pu/hEE stated in the introduction and the goal set to achieve 

160 pu/hEE. This represents an increase of approximately 14% and was acknowledged as ambitious, 

but nonetheless achievable. In contrast to these chosen levels, the figures retrieved from the first 

editions of the production film proved to be a substantial step below. Using the first four weeks, the 

average amounts to just shy of 115 pu/hEE. In the spirit of staying with the 14% this would mean a 

new goal at roughly 130 units.  

A not yet properly resolved issue with the production film and subsequently the balance is that cycle 

times for line nine do not seem to be genuine. Firstly, there are more variations between the 

                                                            

37 Nakajima, 1995 
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different product types than the two currently used cycle times allow for. Secondly, even at optimal 

conditions the machines are only just capable to come close to the cycle times at hand. It is possible, 

that in previous modifications to the equipment parts were changed or adjusted in a way that cuts 

down on the machines capability. Though if the changes were made to counteract elevated defects 

or similar, that cycle time should be held firmly as the new ideal. Pushing equipment over the edge to 

exceed capabilities is not profitable in the long term, as it retaliates with higher maintenance needs 

and more frequent break downs. New cycle times should be ascertained, as the current situation 

hides potential in slowdowns.  

While on the topic of shortcomings, there are still flaws in both the balance sheet, as well as the 

maintenance methods. To begin with maintenance, the visual effect from the cleaning markers is not 

as good as it could be. Due to the crammed nature of some machines, they are not always clearly 

visible and cannot easily be increased in size. A solution could be the more prominent measure of 

painting the affected parts in a colour not hiding dirt as well.  

A second problem with all maintenance methods is the fact that a certain percentage of the 

population is colour blind. Due to the common understanding of red and green symbolising stop and 

go, or no and yes, we are mostly used to the connotation and do not pay much attention to it. 

Though by communicating information only through colour, rather than symbols or a combination of 

both, the risk is accepted that information might be lost. A simple solution would be to apply tick 

marks and X’s in addition to colour.  

An imminent problem with the balance sheet it is not yet modified to accommodate a turn of the 

year. The weeks simply end at 52 and as the sheet is built to automatically collect the previous weeks 

by week number, it would become increasingly hard to enter the correct week number. However, 

there is an alternate solution, because if the weeks are added in the beginning of the sheet and 

labelled from minus nine to zero, the calculations should still work. The arising issue of the graphs 

then showing week numbers in the negative range would most certainly be solvable, too. 

The economic situation has had noticeable effect on the work in this master thesis, due to the short-

time work introduced by German government. In short-time work, no workers are to be let go and in 

turn, the government takes over a large part of workers’ salaries. As the term states, this also means 

reduced work time and to this thesis that sometimes meant additional latency due to absence of key 

employees. Furthermore, the short-time work brought disturbances in the production schedule and 

with short-time leaves and summer holidays overlapping, the production figures suffered at times.  

Primarily due to the short-time work, the TPM commando plan could not be tested to full extent. 

With the economic situation, resources had to be put to other use before starting optimisation 

processes.  
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8. RECOMMENDATIONS 

The recommended actions and improvements upon the newly developed methods in 

this chapter are thought to provide a basis for decision on future proceedings. 

The steps taken into TPM are a good start and the now clearer view on the production’s key figures is 

a basis needed to introduce the method. The introduced methods should naturally be kept and 

improved upon 

The next move in promoting TPM further might feel as a step back, but it is important for the process 

as it fortifies the endeavour that is TPM. To provide a structured attacking of the introduction of TPM 

a project plan should be developed. It should be to complete with a time plan and detailed goals, 

both short and long term. If this is not established, the internal pressure of being on a schedule is lost 

and even though being a slightly crude means, it works for the management and the company.  

Speaking of management, it is of utmost importance that it does not only support the decision to 

implement TPM, but every employee should be doubtless as to their leaders’ belief in the project. By 

advertising the will to use TPM underlining it with a presentation of the set time plan and goals, the 

subject matter can become utterly concrete and interesting.  

In order to further substantiate their effort to incorporate TPM, management should appoint a TPM 

core team with at least one full time employee assigned solely to promote the TPM development 

process. Responsibilities need to be assigned, both to motivate and to secure progress. Compared to 

the structural changes undergone by other companies implementing TPM, even that might not be 

satisfactory. In the example of ArcelorMittal Bremen, all but one engineer from the staff previously 

working with projects surrounding the blast furnace are now part of a team of engineers working 

with nothing else but eliminating anomalies. They have formed a kind of full time TPM-Commando 

consisting solely of engineers.  

The TPM-Commando’s sessions need to be prioritised and held more often, as they contain great 

possibilities to eliminate waste in the production.  

To achieve fully transparent results over the losses, the cycle times should be checked separately for 

each product and then defined as ideal cycle time. There are currently to many factors affecting the 

post for micro-stops and slow downs, so that there is no certain root to be found. As a means for 

company-wide consistency, the standard for OEE calculations should also be established. It is 

important for comparability to always include, or exclude the same losses, though I highly 

recommend keeping all of the major losses accounted for in the OEE. It serves the purpose of a 

clearly broken down structure. 

As mentioned in chapter 7, there are improvements required in the balance sheet to ensure stability 

in early 2010. With the improvements seen to both the overall equipment effectiveness as well as 

the produced units per hour and employee (see Conclusions) it should be apparent that TPM has 
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potential to offer. If production film and balance are implemented to factory standard and the 

autonomous maintenance being supported further through training and education, the figures 

should be able to increase even further.  

Last but not least, due to the advantage of WITTE maintaining a machinery construction department 

internally, an important step to take after each major and minor improvement is the feedback to 

design. For any improvement made in production the construction department has the possibility to 

put the gathered knowledge to use and to avoid any future waste due to the anomaly recurring in 

new machines. Therefore, a structure to facilitate information exchange from the production back to 

construction should be created.  
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9. CONCLUSIONS 

This chapter links back to the introduction and follows up on whether the goals were 

met and what other effects sprung from the work in this thesis. 

With the results in hand, the previously stated goal of a 14% increase does not only seem optimistic, 

but almost even too low. Averaging the last four weeks, the pu/hEE value is now above 140, yielding 

an increase of an impressive 20%. The OEE does not fare quite as well, but an increase from 49.2% to 

57.2% is if anything significant. The good results are dampened slightly, when the graphs of their 

development during the time are brought into the equation. Both figures are subject to substantial 

deviations, so the final results can be influenced (see figure 25). What is unmistakably clear though is 

the upward trend in both figures and that is what matters, not the absolute value at that time38.  

Besides the increase in productivity and effectiveness, after overcoming initial doubts, workers have 

been speaking positively of TPM, as they over time noticed problems being taken more seriously as 

was the case before. With the power of the data at hand, the workers can exert pressure on the 

management, so that more problems are resolved and even better production figures can be 

achieved in the future.  

With respect to the eight pillars of the TPM House, only two have yet been initialised by work in this 

thesis; continuous improvement with the TPM Commando and the start of autonomous 

maintenance. In a way, the Training & Education pillar has also been used by creating the important 

first understanding of machine losses with the operators.  

In summary: 

 An upward trend in production figures has been established 

 Workers are accepting the new methods  

 Three pillars of TPM have been initialized  

                                                            

38 Reitz, 2008 

 

Figure 25. Graphs of key figure progress with trend lines. 
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APPENDIX C – TPM COMMANDOPLAN 
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APPENDIX D – STANDARD FOR ERROR REPORTING 

 

 


