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ABSTRACT 

The global marketplace is highly competitive and organisations who 
want to survive long-term, have to continuously improve, change 
and adapt in response to market demands. Improvements in a com-
pany's performance should focus on cost cutting, increasing produc-
tivity levels, quality and guaranteeing deliveries in order to satisfy 
customers. Total Productive Maintenance (TPM) is one method, 
which can be used to achieve these goals. 

TPM is an approach to equipment management that involves em-
ployees from both production and maintenance departments. Its 
purpose is to eliminate major production losses by introducing a 
program of continuous and systematic improvements to production 
equipment. TPM should be developed and expanded to embrace the 
whole organisation and all employees should be involved in the pro-
cess as members of improvement teams. 

This thesis describes the development of TPM and the TPM imple-
mentation process. Research is focused on the implementation pro-
cess of TPM. The author has had the opportunity of both monitoring 
and steering a company through part of its TPM implementation 
program and has conducted a longitudinal study. The implementa-
tion process takes several years and this thesis focuses on the initial 
three years of the process and identifies driving forces, obstacles 
and difficulties that can be encountered when implementing TPM. 

This study demonstrates that driving forces, obstacles and difficul-
ties often are dependent on the organisation, its managers and the 
individual employees. It also shows that the TPM implementation 
process has many similarities to the implementation of other im-
provement concepts. 

The analysis of these findings forms the basis for recommendations 
and guidance for organisations, which intend to implement TPM. 

Keywords: Total Productive Maintenance, TPM, quality, 
maintenance, implementation, teamwork, change 



SAMMANFATTNING 

Konkurrensen  på dagens  globala marknad är  hård  och  de organisa-
tioner som  vill överleva långsiktigt måste ständigt förbättra och an-
passa  sig  till marknadens kray.  De  förbättringar  som  företagen bör 
fokusera  på  för att  få  nöjda  kunder  är minskade kostnader, ökad  
produktivitet,  förbättrad  kvalitet samt  förbättrad leveranssäkerhet.  
Total  Productive Maintenance  (TPM) är  en  metod  som kan  använ-
das för att förbättra dessa  faktorer.  

TPM är  en  metod som fokuserar på förbättring av utrustningen och 
som involverar medarbetare från både produktions- och underhålls-
avdelningarna. Syftet är att reducera och eliminera stora förluster i 
produktionsprocessen genom att införa förbättringar på produk-
tionsutrustningen. TPM bör på sikt utvecklas och utvidgas till att 
omfatta hela organisationen och alla anställda bör involveras i för-
bättringsteam. 

Denna avhandling beskriver utvecklingen av TPM och implemente-
ringsprocessen vid TPM införande. Forskningen fokuserar på im-
plementeringsprocessen. Författaren  har haft  möjlighet att både 
övervaka och vara med och leda ett företag genom delar av dess im-
plementeringsprocess och  har  härigenom genomfört  en  djupstudie. 

Implementeringsprocessen vid TPM tar flera år och denna avhand-
ling fokuserar på  de  tre första åren i  den  processen.  Studien  identi-
fierar drivkrafter,  hinder  och svårigheter som kan uppstå vid im-
plementering av TPM. 

Resultaten visar att drivkrafter,  hinder  och svårigheter ofta är be-
roende av organisationen, dess ledare och individuella medarbetare.  
Studien  visar också att implementeringsprocessen vid TPM  har  
många likheter med implementeringsprocesserna när andra kvali-
tetsrelaterade metoder skall införas. 

Analys av studiens resultat bildar basen för rekommendationer och 
ledning för organisationer som vill implementera TPM. 



CONTENTS 

PART I 	INTRODUCTION 	 1 

1 BACKGROUND 	 3 

1.1 OPENING DISCUSSION 	 3 

1.2 PROBLEM DISCUSSION 	 4 

1.2.1 Competition 	 5 

1.2.2 Cost-effectiveness 	 6 

1.2.3 Quality and Management 	 7 

1.2.4 Productivity 	 9 

1.2.5 Losses 	 10 

1.2.6 Maintenance 	 11 

1.3 RESEARCH PROBLEM 	 12 

1.4 RESEARCH ISSUES 	 13 

1.5 RESEARCH AIMS AND OBJECTIVES 	 13 

1.6 THE DELIMITATIONS OF THE STUDY 	 14 

1.7 DISPOSITION OF THE THESIS 	 14 

2 RESEARCH APPROACH 	 17 

2.1 THE RESEARCH PROCESS 	 17 

2.1.1 Plan 	 19 

2.1.2 Do 	 20 

2.1.3 Study 	 21 

2.1.4 Act 	 21 

2.2 RESEARCH METHODS 	 22 

2.2.1 Action Research 	 22 

2.2.2 Qualitative and Quantitative Methods Choices 	 24 

2.2.3 Qualitative Methods 	 25 

2.3 CASE STUDY 	 26 

2.3.1 Case Study Choices 	 27 

2.3.2 Generalisations 	 29 

2.5 VALIDITY AND RELIABILITY 	 29 



PART II THEORETICAL FRAMEWORK 	 33 

3 	QUALITY AND MAINTENANCE 	 35 

3.1 THE INDUSTRIAL REVOLUTION 	 35 

3.2 THE PRODUCTION SYSTEM REVOLUTION 	 36 

3.3 TRENDS IN ORGANISATIONAL CHANGES 	 37 

3.3.1 Scientific Management 	 37 
3.3.2 Bureaucracy 	 38 
3.3.3 Administrative Management 	 38 
3.3.4 Human Relations 	 38 
3.3.5 Modern View of Organisations 	 39 
3.3.6 Key Factors for Success 	 41 
3.3.7 The Process of Change 	 44 
3.3.8 Implementing Change 	 47 

3.4 QUALITY TRENDS 	 49 

3.4.1 Inspection 	 49 
3.4.2 Quality Control 	 50 
3.4.3 Quality Assurance 	 50 
3.4.4 Total Quality Management 	 51 
3.4.5 Quality and Organisation 	 52 

3.5 MAINTENANCE TRENDS 	 52 

3.5.1 Breakdown Maintenance 	 53 
3.5.2 Preventive Maintenance 	 53 

3.5.3 Productive Maintenance 	 54 

3.5.4 Total Productive Maintenance 	 54 
3.5.5 Maintenance Strategy 	 55 

4 INTRODUCTION TO TPM 	 57 

4.1 FUNDAMENTALS OF TPM 	 57 

4.2 CARACTERISTICS OF TPM 	 59 

4.3 THE HISTORY OF TPM 	 59 

4.4 THE INTERPRETATION OF THE NAME TPM 	 61 

4.5 SIMILARITIES TO QUALITY 	 63 

4.6 TPM, TQM AND JIT — A SUCCESSFUL TRIANGLE 	 66 

4.7 THE NEED FOR TPM 	 68 

5 PREPARATIONS FOR TPM 	 71 

5.1 BACKGROUND 	 71 

5.2 BASICS IN PREPARATION STAGE 	 72 



5.2.1 Primary Conditions 	 73 
5.3 MANAGEMENT 	 73 

5.4 EDUCATION AND TRAINING 	 74 

5.5 ORGANISATION 	 75 

5.5.1 Guiding Group 	 75 

5.5.2 Support Group 	 75 

5.5.3 Introduction Group 	 76 

5.5.4 TPM Teams 	 76 

5.6 POLICIES AND GOALS 	 76 

5.7 MASTER PLAN FOR DEVELOPMENT 	 78 

5.8 FURTHER READING 	 78 

6 IMPLEMENTATION OF TPM 	 81 

6.1 BACKGROUND 	 81 

6.2 KICK-OFF 	 82 

6.3 OVERALL EQUIPMENT EFFECTIVENESS 	 82 

6.3.1 Eliminating the Six Big Losses 	 83 

6.3.2 Why Follow-up? 	 86 

6.3.3 What Will be Followed-up? 	 87 

6.3.4 Continuous Improvements 	 89 

6.4 AUTONOMOUS MAINTENANCE PROGRAM 	 90 

6.4.1 From Traditional to Autonomous Maintenance 	 91 

6.4.2 The Five Ss 	 93 

6.4.3 Step 1: Initial Cleaning 	 94 

6.4.4 Step 2: Countermeasure at the Source of Problems 	95 

6.4.5 Step 3: Cleaning and Lubrication Standards 	 95 

6.4.6 Step 4: General Inspection 	 96 

6.4.7 Step 5: Autonomous Inspection 	 96 

6.4.8 Step 6: Organisation and Tidiness 	 97 

6.4.9 Step 7: Full Autonomous Maintenance 	 97 

6.5 MAINTENANCE PROGRAM 	 98 

6.6 OPERATION AND MAINTENANCE SKILLS 	 99 

6.6.1 Quality Maintenance 	 99 

6.7 EARLY EQUIPMENT MANAGEMENT PROGRAM 	 100 

6.8 AIMING FOR HIGHER GOALS 	 101 

6.8.1 TPM in administrative processes 	 101 

6.8.2 Safety, Environment and Health 	 102 

6.8.3 The PM prize 	 102 

6.9 FURTHER READING 	 103 



7 EXPERIENCES FROM TPM 	 105 

7.1 TPM IN JAPAN 	 105 

7.2 TPM IN AMERICA 	 106 

7.3 TPM IN EUROPE 	 107 

7.3.1 TPM in Sweden 	 109 
7.4 SUMMARY 	 109 

PART III CASE STUDY 	 111 
8 TPM AT VOAC HYDRAULICS 	 113 

8.1 VOAC HYDRAULICS 	 113 

8.1.1 Pumps and Motors in  Trollhättan 	 115 
8.2 ORGANISATIONAL CHANGES 1995 - 1998 	 116 

8.3 THE CASE STUDY 	 118 

9 PREPARATIONS 	 121 

9.1 MANAGEMENT 	 121 

9.2 INFORMATION 	 123 

9.3 ORGANISATION 	 123 

9.4 PILOT GRUOPS 	 124 

9.4.1 How to Choose the Pilot Groups 	 124 
9.4.2 Chosen Groups 	 125 
9.4.3 Forming the Group to a Team 	 126 

9.5 POLICIES AND GOALS 	 128 

9.6 MASTER PLAN 	 128 

10 IMPLEMENTATION 	 129 

10.1 KICK-OFF 	 129 

10.2 OVERALL EQUIPMENT EFFECTIVENESS 	 129 

10.3 AUTONOMOUS MAINTENANCE PROGRAM 	 131 

10.3.1 Pilot Team 1 - "Small Upper House" 	 132 
10.3.2 Pilot Team 2 - "Shafts" 	 134 
10.3.3 Pilot Team 3 - "Assembly" 	 135 

10.4 MANAGEMENT AND GUIDANCE TEAM 	 136 

10.5 THE FIRST EVALUATION 	 137 

10.5.1 Pilot Team 1 	 138 
10.5.2 Pilot Team 2 	 138 
10.5.3 Pilot Team 3 	 139 



10.5.4 The Results of the First Evaluation 	 139 

10.6 ESTABLISHING NEW TEAMS 	 140 

10.6.1 Pilot Team 4 - "Cylinder Barrel" 	 140 

10.6.2 Pilot Team 5 - "Pistons" 	 141 

10.6.3 Pilot Team 6- "Heavy Houses" 	 142 

10.7 THE SECOND EVALUATION 	 143 

10.7.1 The Results of the Second Evaluation 	 145 

10.8 PLANNING FOR THE FUTURE 	 145 

10.8.1 Management 	 145 

10.8.2 Education, Training and Information 	 146 

10.8.3 Organisation 	 146 

10.8.4 Policy and Goal 	 146 

10.8.5 Master Plan 	 147 

10.8.6 Overall Equipment Effectiveness 	 147 

10.8.7 Autonomous Maintenance 	 148 

10.8.8 The Maintenance Program 	 148 

10.8.9 Operation and Maintenance Skills 	 148 

10.8.10 The Early Equipment Management Program 	149 

10.8.11 Administration 	 149 

10.8.12 Safety, Health and Environment 	 150 

11 EXPERIENCES 	 151 

11.1 DISCUSSION 	 151 

11.2 IMPROVEMENTS 	 153 

11.2.1 Communication 	 153 

11.2.2 Work Environment 	 154 

11.2.3 Productivity 	 155 

11.3 CONCLUSION OF THE EXPERIENCES 	 155 

11.3.1 Management 	 155 

11.3.2 Team Work 	 156 

11.3.3 Long-term Thinking 	 156 

PART IV CONCLUSION 	 157 

12 RESULTS AND ANALYSIS 	 159 

12.1 RESULTS 	 159 

12.2 ANALYSIS AND DISCUSSION 	 161 

12.2.1 Adapting to Change 	 161 



12.2.2 Driving Forces and Obstacles 	 161 

12.2.3 The Development of Teams 	 162 

12.2.4 Critical Factors in the Implementation Process 	163 

12.2.5 Similarities and dissimilarities to other Improvement 

Concepts 	 164 

13 CONCLUSION AND RECOMMENDATIONS 	167 

13.1 CONCLUSION 	 167 

13.1.1 The Thesis's Contribution to Research 	 169 

13.2 RECOMMENDATIONS 	 169 

13.2.1 Difficulties and Obstacles 	 169 

13.2.2 Guidance for Implementing TPM 	 171 

14 FURTHER RESEARCH 	 175 

REFERENCES 	 177 



Part I 

Introduction 

This section provides an introduction to the sub-
ject and to the thesis. First the area of interest 
and the research problem is discussed and then 
the purpose of the research is explained. Finally 
the research process, research methods and 
choices are discussed and explained.  

i 
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1 	BACKGROUND 

Chapter 1 describes the background to the problem and the study. 
The research problem and the purpose of the research are presented 
and discussed and limitations of the study are also explained. The 
chapter ends with a description of the structure and disposition of 
the remainder of the thesis. 

1.1 	Opening Discussion 

Over the last decade market competition has become intense. To 
meet the challenges of increased competition and to survive in the 
market, companies have to work continuously with improvements to 
increase efficiency and thereby strengthen their competitiveness. 

Often this changes the requirements for manufacturing companies, 
towards the need for an increased production output from existing 
plants, improved product quality, shorter and more stable through-
put times, reductions in the amount of tied-up-capital, shorter batch 
sizes, investments in advanced manufacturing technologies and an 
emphasis on safety and environmental issues  (Jonsson,  1999). 

This means cutting manufacturing costs and finding methods and 
tools to improve efficiency and principles in the management of the 
organisation. Several philosophies or concepts have been developed 
to meet the requirements of manufacturing plants  (Jonsson,  1999). 
This thesis will focus on one of these concepts, namely TPM (Total 
Productive Maintenance). 

3 



PARTI:  Introduction 

1.2 	Problem Discussion 

Even though TPM was introduced and developed in the 1970's 
(Nakajima, 1988), there has been very little scientific research con-
ducted in this area. Nevertheless, experiences show (for instance 
Nakajima (1988) or Nord et al. (1997)) that the implementation of 
TPM will result in better productivity, fewer breakdowns, improved 
quality, lower costs, better work environment, etc. Consequently, 
the interest in TPM continues to grow. 

Since there is little scientific research in the TPM field, it is hard to 
find scientific studies regarding its implementation. According to 
Nakajima (1988), the implementation process for TPM consists of 
twelve steps (for details see chapters 5 and 6). This raises a number 
of questions. Are all those steps necessary? If so, why, and if not, 
why not? What has happened during the last twelve years? Does the 
TPM implementation process differ from other implementation pro-
cesses? What are the obstacles and driving forces that need to be 
considered when TPM is implemented? 

If research can find the answers to these questions it will help 
organisations to simplify the process of implementing TPM. It is 
also interesting to find out if there are any similarities with other 
implementation processes. If so, this type of research may lead to 
the simplification of the implementation process. 

Another interesting direction to discuss is whether TPM is a devel-
opment deriving from the maintenance area or from a wider context. 
What is TPM? Is TPM just another quality area short cut? How is 
TPM related to TQM and the development of organisations? What 
ranking should we give TPM in relation to other improvement 
methods and concepts? Is TPM perhaps though just another way to 
organise work? 

If TPM could be explained in a wider context and in relation to other 
areas, an understanding of it would grow. This would probably also 
explain the similarities and differences to other concepts. 

4 



Chapter 1: Background 

From the author's point of view, there are some overlapping areas of 
interest when TPM is mapped out in a wider context. These areas 
will be discussed in sections 1.2.1 to 1.2.6. See also figure 1.1. 

   

Organisation 

Quality 

Management 

 

       

Competitio  

  

aintenance  

       

       

       

Costs 

 

TPM 
Production 

    

       

Figure 1.1 	Areas of interest when mapping out TPM in a wider con-

text. 

1.2.1 	Competition 

Nowadays, companies have to meet competition from all over the 
world. Worldwide competition is dependent, among other things, on 
deregulation, technical development, increased global trading, in-
ternationalisation, and new principles for organisation and man-
agement (Ericsson, 1997). 

The global market incorporates a wide spectrum of different cus-
tomers with different cultures, needs, requirements and expecta-
tions. This implies that companies with global markets have to be 
prepared to meet the increasing demands from different customers 
and different societies. 
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PARTI:  Introduction 

These demands from both customers and society as a whole con-
tinue to increase in scope and depth and companies have to fulfil 
these requirements in order to be able to survive. For example, the 
growing interest in environmental issues over the last few years has 
imposed greater demands on companies. They also have to take re-
sponsibility for their products throughout their entire life cycle (i.e. 
even including recycling). 

The modern customers are becoming more and more aware of their 
ability to influence the market. That is why they are making greater 
demands, not only upon products and services, but additionally are 
able to exert great pressure and influence on how the companies run 
their operations. 

Consequently the companies have to improve product quality, make 
better use of their resources, lower their prices, shorten the product-
development processes, shorten response times and still make-  a 
profit. This means gearing up external and internal efficiency 
(Ericsson, 1997). 

1.2.2 	Cost-effectiveness 

All companies have to make a profit in order to survive. To increase 
profits they can either increase their income or cut back on their 
costs. The competitive climate in the market often makes it more 
difficult to increase the income than to decrease internal costs. 

Companies thus have to find ways to reduce their costs. To survive 
in the competitive climate of the market, most companies have to 
cut their costs and invest on a long-term basis. During the last dec-
ade many companies have concentrated on quality-related efforts in 
order to hold their position in the market. Working with quality is 
one way of diminishing costs, as is investing in competence and 
training. Quality is also an important feature of competition (Berg-
man & Ktefsjö, 1995). 

6 
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In an increasingly global economy, cost effective manufacturing is a 
sine qua non for competitive survival. Companies have to cut costs 
and at the same time become more effective with prompter deliver-
ies and faster reactions if they are to survive in the market on a 
long-term basis. Improved quality has many positive effects such as: 
a better market position, shorter lead times, reduced costs due to 
less wastage and rework and higher productivity (Bergman & Klef-
sjö, 1995). 

1.2.3 	Quality and Management 

Prosperity, quality and productivity are inter-related (Edvardsson & 
Thomasson, 1992). Quality focuses on customer value with customer 
satisfaction being the primary aim. Productivity focuses on produc-
tion with the full utilisation of resources being the main target. 
Prosperity evolves from the interplay between income and costs. 

Over the last few decades quality has become an important strategic 
management approach that is used in the strategic planning process 
(Garvin, 1988). Senior management link quality to profitability and 
consequently quality becomes something measurable and impor-
tant. 

There are many approaches to quality and there are a lot of tools 
and methods that can be used in quality management. Common to 
most of these approaches is the need to place a focus on preventive 
activities and the need for senior management to demonstrate their 
commitment to achieving results. One of the systematic approaches 
to quality improvements is the self-assessment approach  (Hellsten,  
1997). 

Customer focus is an essential part of quality and is one of the core 
values of Total Quality Management, TQM  (Hellsten,  1997). The 
other core values are: management commitment, fact-based deci-
sions, continuous improvements, a focus on processes and every-
body's participation. To achieve customer satisfaction and survival 
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through improved profitability, organisations should focus on these 
core values. 

These core values are, of course, all important. Companies should 
start with the senior management in order to succeed with TQM 
implementation. It is then the function of senior management to 
educate, motivate and encourage the employees to start the con-
tinuous improvement process, preferably in teams. Hence the or-
ganisation is important in this process: it should support the quality 
work. 

Japanese manufacturing industries have a good reputation when it 
comes to quality. They are successful thanks to their ability to man-
age and control production and because they have succeeded by us-
ing their human resources efficiently (O'Grady, 1990). 

One well-known Japanese company that has an efficient production 
system, sometimes known as Toyodism or the Toyota Production 
System (TPS), is Toyota. According to  Helling  (1991), Toyodism is 
characterised by: continuous flows, co-ordination between activities 
and processes, flexible manufacturing equipment, zero defects, 
minimal buffers and stocks, team work, co-operation, fast reactions 
and utilising minimal resources. 

There are a lot of philosophies, concepts, methods and tools that can 
be applied to support the improvement of quality and productivity. 
Most of those have been invented in the USA or other Western 
countries, but they have often been developed and improved in Ja-
pan. Some examples of successful concepts used in Japanese manu-
facturing industries are; lean production (Womack et al., 1990), 
Just-In-Time (O'Grady, 1990), kaizen (Imai, 1986), Toyota Produc-
tion System (Shingo, 1989), preventive maintenance and Company 
Wide Quality Control (Mizuno, 1988). 

8 
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1.2.4 	Productivity 

Productivity is one measure of internal efficiency. It is a measure of 
the quantity of labour and other resource inputs used in production 
and of the efficiency with which they are used (Christopher & Thor, 
1993). 

Shrinking product margins are one reason why higher productivity 
is looked upon as a possible way to stay competitive in the long run 
(Ravishankar et al., 1992). 

The emphasis must be on increasing productivity in existing facili-
ties and developing methods to achieve rapid high output in new 
facilities. To increase productivity and profitability in existing facili-
ties the flow has to increase, buffers and stocks minimised and 
manufacturing costs cut back at the same time (Goldratt, 1993). 

Focusing on production in order to improve the productivity is nec-
essary. Over the past few years production seems to be more cus-
tomer- and process-oriented. Being more customer-oriented means 
that the products can be adapted to suit different customers, which 
requires that the production process is flexible and suitable for pro-
ducing both small and large volumes. 

This also means that the companies must be able to produce in very 
small batches. This, in its turn, requires fast reactions, rapid ad-
justments, a steady flow and good communication between depart-
ments. 

To succeed with this, companies also have to have reliable equip-
ment. You can never have a steady, continuous flow if the equip-
ment breaks down from time to time. Therefore, companies also 
have to focus on the maintenance when improving their productiv-
ity. They have to implement strategies for preventive and predictive 
maintenance instead of relying on remedy and repair. 

9 



PARTI:  Introduction 

Focusing on productivity improvements will also lead to other posi-
tive effects, such as shorter lead times, increased dependability, 
higher reliability, higher availability, fewer breakdowns, less re-
work and scrapping, fewer adjustments and smaller buffers and 
stocks (Christopher & Thor, 1993). 

1.2.5 	Losses 

In manufacturing industries quality, productivity and delivery are 
dependent upon the condition of the equipment (Lycke, 1998). Con-
sequently, one way to increase productivity is to focusing on the 
equipment and its operations in order to reduce disruptions and 
thereby losses in production. This will also lead to a steady, con-
tinuous flow in the production, which in turn leads to better support 
for the production planning process. 

Chronic and sporadic disturbances in the manufacturing process 
result in different kinds of waste or losses. These can be defined as 
activities, which absorb resources but create no value  (Jonsson  & 
Lesshammar, 1999). Disturbances and losses are, for example, 
breakdowns (breakdown losses), downtime (set-up and adjustment 
losses), enhanced cycle-times (reduced speed losses), and a lack of 
quality (quality losses). 

Losses due to disturbances are probably relatively high in most 
companies. Different studies show that 20 — 70% of the potential 
manufacturing capacity of any equipment can disappear into losses 
when different disturbances occur (Ericsson, 1997). One reason for 
this could be that there is no system for the continuous monitoring 
and display of losses and their costs to production. According to 
Gotoh (1991), up to 75 percent of life cycle costs are attributable to 
operation and maintenance, but most of theses are the results of de-
cisions made at the design stage. Consequently, disturbances de-
pend on both technical issues (like equipment), the organisation and 
the personnel. 

10 



Chapter 1: Background 

Disturbances lead to lost income  (Hagberg  &  Henriksson,  1994). To 
manage the disturbances it is important that the maintenance ef-
forts are appropriate (Ericsson, 1997). Dependable equipment is 
necessary when focusing on losses in production. Therefore 
achievements must be made in managing the maintenance efforts. 
A sound maintenance strategy is therefore crucial. 

1.2.6 	Maintenance 

The effectiveness of the manufacturing process is often limited, be-
cause of improper maintenance and unavailable equipment  (Jons-
son,  1999). Often maintenance has low priority in management de-
cisions. There is, however, a need for an integrated approach to 
plant maintenance  (Maggard  & Rhyne, 1992). Costs for mainte-
nance increase and the importance of maintenance departments has 
also increased (Al-Najjar, 1997). Therefore, it is important to bring 
maintenance issues to the attention of senior management and into 
their strategic planning. 

Inspection, overhaul, repair, and finally replacement are compo-
nents common to all maintenance strategies (Bloch, 1996b). A 
proper maintenance strategy requires constant follow-up. It should 
incorporate reliability methods, so that every maintenance event 
becomes an opportunity to consider component upgrading. A proper 
maintenance strategy should also consistently use predictive main-
tenance to determine when and where to conduct preventive main-
tenance (Bloch, 1996a). 

The maintenance strategy should be an integral part of the organi-
sation and its business strategies (Lamb, 1997) and the involvement 
of senior management is very important. Consequently, mainte-
nance should not be viewed in isolation. One of the preconditions for 
an effective maintenance strategy is the co-operation between de-
partments like maintenance, production and engineering (Kelly, 
1998). Teamwork and co-operation are thus fundamental issues, 
which means that the company's personnel and their commitment 
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are essential in order to achieve good results (Christopher & Thor, 
1993). 

Methods for top-quality maintenance can, and will, become strategic 
tools for capacity utilisation and productivity (Dunn, 1995). 

1.3 	Research Problem 

Many companies have problems with efficiency and effectiveness in 
business. In order to survive on a long-term basis they have to im-
prove both their efficiency and their effectiveness. 

It seems that quality improvements focusing on production, mainte-
nance, and hence on productivity are one way to increase the inter-
nal efficiency and thereby cut costs and increase profitability. 

The study of available literature, research and visits made by the 
author to various Swedish organisations working with TPM indicate 
that TPM is a method which can successfully increase productivity 
and cut internal costs. 

TPM is a method that affects not only the areas of quality and 
maintenance, but also has an influence on organisational and hu-
man factors. 

TPM is a combination of many areas and therefore it is interesting 
to conduct a historic retrospect in the areas of quality, maintenance 
and organisation. This will probably explain the development of 
TPM and make the understanding of TPM much easier. 

TPM is still quite an unknown method in Sweden, although interest 
in TPM is growing rapidly. It is thus important that the TPM con-
cept can be explained in a simple and concrete way so that compa-
nies can quickly discover and grasp the benefits that TPM offers. 
Spreading knowledge about TPM will probably increase its use. 
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Chapter 1: Background 

Swedish organisations seem to need guidance when implementing 
TPM and an interesting question is to attempt to identify which fac-
tors affect the implementation of TPM. Some of these factors may 
facilitate the implementation process, while other factors may inter-
fere with it. It is important that these factors are properly identi-
fied. It is also interesting to find out what similarities and dissimi-
larities TPM implementation shares in common with the implemen-
tation of other improvement concepts. 

	

1.4 	Research Issues 

Based on the research problem outlined above this thesis will at-
tempt to address the following research issues: 

• What are the driving forces, the difficulties and obstacles en-
countered when implementing TPM in Swedish companies? 

• What similarities and differences between the implementation of 
TPM and the implementation of other improvement concepts can 
be identified? 

	

1.5 	Research Aims and Objectives 

The objectives of this research are: 

• To describe the history of quality, maintenance and organisa-
tional trends in order to gain a deeper knowledge about the de-
velopment of TPM. 

• To describe the TPM implementation process and the adjustment 
of the process to the case study company. 

• To gain an understanding of the driving forces, difficulties and 
obstacles encountered during the TPM implementation process. 

13 
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• To identify similarities and dissimilarities to other quality im-
provement concepts, in order to provide guidance for simplifying 
the TPM implementation process. 

	

1.6 	The Delimitations of the Study 

This research has been conducted subject to the following limita-
tions: 

• A full implementation of TPM is expected to take several years 
and therefore this research will focus on the first steps in the 
preparation and implementation processes (roughly the first two 
to three years). On the other hand, the first years are the most 
important since they form the base for further development. 

• The study of the implementation of TPM is prefaced on Swedish 
conditions and experiences derive from a profound and longitudi-
nal study conducted in one Swedish manufacturing company. 
Even though the study concentrates on one company, this com-
pany is a typical middle-sized Swedish manufacturing company 
which has, for example, an active trade union. 

	

1.7 	Disposition of the Thesis 

The thesis consists of four parts; an Introduction, Theoretical 
framework, Case study and Conclusion, see figure 1.2. The structure 
is outlined in the research process as explained in section 2.1. 

Part I consists of two chapters; Background and Research Approach. 
In chapter 1 the research problem is discussed and the objectives of 
the research are explained. Chapter 2 describes the research process 
and outlines the research methods used in the study. 
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Part II consists of five chapters, which form the theoretical frame-
work. These chapters provide the basis for the understanding of 
TPM, the case study and the analysis. Chapter 3 is a historic retro-
spect and describes the trends in organisation, quality and mainte-
nance. In chapter 4 TPM is explained. Chapters 5 and 6 describe the 
preparation and implementation process of TPM. Chapter 7 is a 
summary of theories and experiences from TPM. 

Part III describes the case study and consists of four chapters. 
Chapter 8 describes the case study-company, and chapters 9 and 10 
describe the preparation and implementation processes. Chapter 11 
gives a brief summary of the results and experiences achieved. 

PLAN 

Plan 

ACT  

Part IV 
Conclusion 

DO  

Part II 
Theoretical 
framework 

STUDY  

Part Ill 
Case Study 

Figure 1.2 	The structure of the thesis related to the research process. 
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Part IV concludes the thesis. The results are analysed and discussed 
in chapter 12 and a conclusion and recommendations are given in 
chapter 13. Proposals for future research are given in chapter 14. 

16 



2 	RESEARCH APPROACH 

This chapter describes the research process used in the study. Re-
search methods are discussed and choices are explained. The choice 
of case study company is explained and generalisations are dis-
cussed. The validity and reliability of the study are discussed at the 
end of the chapter. 

2.1 	The Research Process 

When starting a process that will take several years it is impossible 
to have a complete plan for the whole process. This is also true when 
thinking about the research process. In the beginning you may 
know in what direction you should start, but you do not know how 
close or how far away the ultimate goal will be. 

If the research process is simplified, the first thing to find is an in-
teresting area to examine and, of course, a specific subject or an in-
teresting problem. It is then necessary to try to find out how the 
problem can be solved or how the subject would be clarified. The 
next thing to do is to select a suitable research method. The re-
search must then be carried out and, ultimately conclusions drawn. 

However, since the research is by nature a very long, drawn-out 
process, it is seldom that the researcher is able to see every step 
clearly from the outset. At different points in the process, the re-
searcher acquires new knowledge that influences the research pro-
cess. Research is, in most cases, an interactive process between the-
ory and practice and new interesting aspects often emerge out of 
this interaction. That means for instance that the problem defini-
tion or the methodology might be changed or revised during the re-
search process. 
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The research process can be described as a process of continuous 
improvement and can be compared with Deming's PDSA-cycle 
(Deming, 1986; Deming 1994). 

Each step in the research process is in itself a PDSA-cycle. The re-
searcher has to plan the research, accomplish it ("do"), study the ef-
fects and act by analysing the results and drawing conclusions 
which, in turn, become the base for yet more planning and so on. 

The following steps can explain the PDSA-cycle for the research 
process: 

Plan: 	Research begins with planning for the process. Often the 
researcher knows what problem to concentrate on. Then 
the problem must be limited and defined and the purpose 
of the research should be stated. After that the researcher 
has to choose which research approach should be adopted 
and which methods will be used to undertake the study. 

Do: 	The next step in the research process is to establish a 
theoretical framework for the defined problem. This step is 
a clear PDSA-cycle in itself when the researcher plans, 
performs, studies and acts several times before going on 
with the next step. 

Study: Using the theoretical framework as a base, the researcher 
conducts a study with the methods chosen to discover new 
aspects of the problem or whatever the purpose with the 
research is. In this step new knowledge will appear and 
old knowledge will be confirmed. 

Act: 	The theoretical framework and the study together form 
the starting point for the analysis. In this step the re-
searcher analyses the results achieved, draws conclusions 
and provides suggestions for future research. 
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PLAN 
Research 
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method 
choices 

Plan 

Analysis and 
Conclusion 

Figure 2.1 	The research process. 

2.1.1 	Plan 

Chapter 2: Research Approach 

The research described in this thesis has a structure that conforms 
with the research process explained above, see figure 2.1. 

In the beginning of the research process for this study, the area of 
interest was quite wide. There are many interesting areas in the 
field of quality. Gradually the interest became focused on why it is 
necessary for organisations to work with quality and how they can 
do so successfully. Some important keywords appeared, such as 
competition, productivity, costs, organisational changes, work envi-
ronment, team work, continuous improvements, motivation, job-
satisfaction, management commitment, and communication. 
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Figure 2.2 
	

Narrowing down the research problem. 

2.1.2 	Do 

PART I: Introduction 

From this wide perspective the author refined the research problem 
and finally decided that TPM would provide an interesting area of 
research, see figure 2.2. The main reason for choosing TPM as a re-
search area was that the author received an inquiry from a com-
pany, which wanted help with the implementation of TPM. The 
author considered this as providing an excellent opportunity to 
monitor an implementation process over a long period of time. 

After narrowing down the research problem to TPM, it was neces-
sary to arrive at a theoretical understanding of the TPM concept, 
figure 2.3. This was done by studying the available literature, at-
tending conferences and conducting study visits to companies 
working with TPM. Relevant literature were also studied through-
out the entire research process and the combination of theory and 
practise have broadened the author's knowledge of TPM. 

20 



Chapter 2: Research Approach 

Figure 2.3 	Broadening the theory area of TPM like the ripple effect. 

2.1.3 	Study 

The selection of theory and method provided the basis for the case 
study. In this study a longitudinal study was conducted at a com-
pany at the same time as support was provided in the actual TPM 
implementation process (i.e. action research). The case study re-
sulted in new knowledge and new experiences for the author. It also 
confirmed some of the theory and experiences from the review of 
relevant literature. 

2.1.4 	Act 

Theory and practice provided the basis for the analysis and the dis-
cussion. The analysis and the discussion then formed a platform for 
the conclusions. The study and this thesis are concluded with rec-
ommendations for companies, which want to implement TPM. This 
forms a new level of knowledge and a base for further research. Fur-
ther research is the beginning of a new PDSA-circle. 
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2.2 	Research Methods 

According to  Holme  &  Solvang  (1997) a method is a tool, which can 
help to solve problems and which will lead to attaining objectives. 
When choosing methods it is first important to know what problem 
you should study. 

According to Patton (1990) purpose is the controlling force in re-
search and decisions about design, measurement, analysis, and re-
porting all flow from the purpose. Therefore the first step in any re-
search process is to gain a clear understanding of the purpose. The 
centrality of purpose in making methodological decisions is evident 
from examining alternative purposes (Patton, 1990): 

1. basic research to contribute to fundamental knowledge and the-
ory 

2. applied research to illuminate a societal concern 

3. summative evaluation to determine program effectiveness 

4. formative evaluation to improve a program 

5. action research to solve a specific problem. 

In this case the research method became obvious from the beginning 
when choosing TPM. The author received an inquiry from a com-
pany, which wanted help with its TPM implementation project. Af-
ter discussions with the company and their managers, the author 
accepted the offer. Since the company required the guidance and 
assistance of the author, the research method chosen was action re-
search. 

2.2.1 	Action Research 

The case study company needed assistance with the implementation 
of TPM. The combining of research and assisting the case study 
company is called action research  (Holme  &  Solvang,  1997). Action 
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research is also a powerful method of bridging the gap between the 
theory and practice (McNiff, 1995). 

A definition of action research is provided by McNiff, 1995: 

Action research is a form of self-reflective enquiry undertaken by 

participants in social situations in order to improve the rationality 
and justice of (a) their own social or educational practice,  (b)  their 
understanding of these practices, and  (c)  the situations in which 
these practices are carried out. 

Action research is characterised by the following  (Holme  &  Solvang,  
1997): 

• The researcher participates together with others in finding the 
solution to the practical problem (involvement). 

• Co-operation in the practical work includes both learning and 
research (improvement). 

An important element in action research is the ability to both moni-
tor and influence a real process  (Wallén,  1996). This is often both 
time- and resource consuming. Planning and change must be done 
in co-operation, as a learning process, for all participants. This 
means that the research process is also a learning process  (Wallén,  
1996). 

In this case the author spent approximately three years co-operat-
ing together with the company, although the author's role changed 
during the case study. In the beginning, the author was a facilitator 
who informed, educated and, guided the process of TPM implemen-
tation. Later, the author changed roles from guiding to observing 
the implementation process. Nevertheless, the author has influ-
enced the process more or less the whole time. 

Results and conclusions from the case study have been arrived in co-
operation with the case study company. 
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1.  Precision 	 1. Flexibility 

2.  Little 	information 	from 2. 
many 	different 	sources 
(width) 
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observations 
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tured observations 

4. Interests for the common, 4. Interests for the peculiar, 
the average or the represen- 	the unique or the deviating 
tative 

5. Data collection is made un-
der invented conditions part 
from the reality 

5. Data collection is made near 
the reality 

6. Interests for separated vari-
ables 

7. Description and explanation 

8. Observer 

6. Interests for 
structures 

7. Description 
standing 

8. Participant 

relation and 

and under- 
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2.2.2 	Qualitative and Quantitative Methods 
Choices 

Firstly, one has to decide if the research methods employed should 
be quantitative or qualitative. Table 2.1 shows some important 
characteristics of quantitative and qualitative methodologies. 

Table 2.1 	Characteristics of quantitative and qualitative methodologies  

(Holme  &  Solvang,  1997). 

In this case, action research together with qualitative methods were 
found to be the most suitable choices for this type of research. 
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2.2.3 	Qualitative Methods 

Qualitative methods are first and foremost research methods. They 
are ways of finding out what people do, know, think, and feel by ob-
serving, interviewing, and analysing data (Patton, 1990). 

Advantages of qualitative methods are, among other things, that the 
inquiries are naturalistic and the analyses are inductive. The re-
searcher gains holistic perspectives, personal contacts and insights, 
access to qualitative data, a unique case orientation and an insight 
into dynamic systems (Patton, 1990). 

There are several qualitative methods and most of them are combi-
nations of interviews, observations and analysis of sources  (Holme  
&  Solvang,  1997). 

In the beginning of the research process the author made an analy-
sis of different sources about TPM. The analysis of sources would 
result in a description of TPM and thus form the theoretical frame-
work of the thesis. 

Firstly, the history of TPM must be clarified in addition to the con-
nection to quality, maintenance and organisational trends. 

Secondly, TPM must be explained and reasons for implementing 
TPM must be clarified. 

Thirdly, different theories of TPM must be explained and compared. 

Finally, the researcher will hopefully come to a conclusion and be 
able to explain what TPM is, which results can be expected and how 
TPM might be implemented. 

The sources to analyse are found mainly by studying relevant litera-
ture, but also by attending conferences and seminars about TPM, 
conducting study visits to companies using TPM and establishing a 
contact net with people working with TPM. 
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Then it comes to the TPM implementation process. There are many 
different observation methods. In this case a case study was chosen 
to gain in-depth information and knowledge of the implementation 
process and to allow the researcher to be able to influence the pro-
cess. 

2.3 	Case Study 

The aim of the case study was to identify and account for obstacles 
and driving forces encountered when TPM was implemented in a 
Swedish manufacturing company. 

In general, a case study arises out of the desire to understand com-
plex social phenomena. In brief, the case study allows an investiga-
tion to retain the holistic and meaningful characteristics of real-life 
events, such as e.g. organisational and managerial processes (Yin, 
1989). 

Other methods than case studies (e.g. experimentation, surveys or 
archival analyses) would of course have provided other possibilities, 
constraints, advantages and disadvantages for the research. 
According to Yin (1989) there are three conditions that have to be 
considered when selecting research methods. They are: 

a) the type of research question posed,  

b) the extent of control an investigator has over actual behavioural 
events,  

c) the degree of focus on contemporary as opposed to historical 
events. 

More than one method can be used in any given study, but a case 
study has a distinct advantages when " a "how" or "why" question is 
being asked a contemporary set of events, over which the investigator 
has little or no control" (Yin, 1989). This means that a case study is 
a suitable method for the purpose of this thesis. 
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2.3.1 	Case Study Choices 

There are at least four different types of case study designs, see fig-
ure 2.4. 

Single-Case Multiple-Case 
Designs 	Designs 

Type 1 Type 3 

Type 2 Type 4 

Figure 2.4 	Basic types of design for case studies (Yin, 1989). 

The single case designs are a common design for conducting case 
studies (Yin, 1989). Single cases are used when the case represents 
a critical test of existing theory, if the case is a rare or unique event, 
or where the case serves a revelatory purpose. 

The same case study may involve more than one unit of analysis. 
Such design would be called an embedded case study design (Yin, 
1989). In contrast, if the case study examined only the global nature 
of the program, a holistic design would have been used (Yin, 1989). 

If the same study contains more than one single case, the study 
should be conducted using a multiple-case design. These kind of de-
signs are becoming more and more frequently used (Yin, 1989). 

The ideal situation in scientific research is of course when the re-
searcher can choose very consciously from among different types of 
methods and objects of study. In this particular case the researcher 
received an inquiry from a company which wanted assistance with 
the implementation of a TPM project. 

Holistic 

Embedded 
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This of course provided a unique opportunity to study the imple-
mentation process very carefully and in long term co-operation with 
a company. This was the reason why the author chose to work only 
with one company and why the selection of a single-case study de-
sign was appropriate (type 1 or 2). 

The research conducted in conjunction with the company would re-
sult in explaining the nature of the obstacles and driving forces en-
countered when implementing TPM. This meant that the author 
would be able to assist the company in its implementation of TPM 
and then would be able to observe what was happening and, also, to 
account for them. The author chose to establish three pilot projects 
(i.e. tree pilot teams) within the company. This decision was made 
in order to be able to compare the results obtained from different 
teams with different prerequisites. This means that the case study 
is an embedded single-case study design (type 2). 

The author has acted both as a researcher and as a facilitator. Deci-
sions made during the process have always been balanced and im-
partial. As an example of this, the choice of pilot teams may have 
been different if the research element of the project had not been 
taken into consideration. At the same time it was important that 
the company was satisfied with the work. The collaboration between 
the author and the company never became a problem and, on the 
contrary, was very instructive for both parties. 

The author's role has changed during the TPM implementation pro-
cess. In the beginning the author acted more as a facilitator and 
later on the author acted more as an observer. Nevertheless, the 
author has influenced the process more or less the whole time. 
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2.3.2 	Generalisations 

According to Yin (1989) the case study is generalisable to theoretical 
propositions and not to populations or universes. In this sense the 
case study does not represent a "sample" and the investigator's goal 
is to expand and generalise theories (analytic generalisation). 

In this case the researcher confined herself to comparing the results 
from the longitudinal study with results described in literature and 
from other, similar research, see figure 2.5. 

Figure 2.5 	Bases for the conclusions. 

2.4 	Validity and Reliability 

The validity and reliability of qualitative data depends to a great 
extent on the methodological skill, sensitivity, and integrity of the 
researcher (Patton, 1990). Generating useful and creditable qualita-
tive findings through observations, interviewing, and context analy-
sis requires discipline, knowledge, training, practice, creativity, and 
hard work (Patton, 1990). 
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Validity in qualitative studies means that the researcher really 
measure or describe what he or she is intend to measure or describe 
(Bell, 1993). When conducting case studies it is important to plan 
the case study design very carefully in order to assure as high a va-
lidity as possible (Yin, 1989). It is also important that the researcher 
presents the data and results in a credible way (Nilsson, 1997). 

In a case study data and phenomena have to be collected and de-
scribed as accurately as possible (Nilsson, 1997). Validity in quanti-
tative research depends on careful instrument construction to en-
sure that the instrument measures what it is supposed to measure 
(Patton, 1990). This is called construct validity and three available 
tactics can be used to increase construct validity. These are (Yin, 
1989): 

• the use of multiple sources of evidence, 

• establishing a chain of evidence, 

• having the draft case study report reviewed by key informants. 

Another way to increase the validity is to compare the results from 
the case study with other companies, which have already imple-
mented TPM. 

Reliability in qualitative studies does not the same weight as in 
quantitative studies since the measuring instruments are subjec-
tive. It can never be expected to obtain exactly the same results 
even if identical methods are used (Nilsson, 1997). However, the re-
sults have to be reliable and therefore the research process has to be 
frankly and thoroughly described in order to be convincing. 

In this research the author has made one single case study at one 
company, which affects its validity. On the other hand, there were 
at least six different pilot teams to observe within the company, and 
the driving forces and obstacles that were identified are generally 
applicable. 
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The author has described the case study as objectively as possible. 
The results presented have not been embellished. It must be re-
membered though that this is action research and the researcher is 
involved together with others in finding the solution to practical 
problem. Such double roles are unavoidable in action research. 

During the whole research process, the author has had discussions 
with colleagues, supervisors, and other experts in TPM. Addition-
ally, continuous learning from theoretical studies and discussion 
with other companies who have implemented TPM has increased 
the validity and the reliability of this study. 
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Part II 

Theoretical 

Framework 

In this section the theoretical framework for the 
thesis is presented. It starts from a historical per-
spective with a reflection on quality and mainte-
nance. There follows an in-depth examination of 
organisational changes, quality and mainte-
nance. Further chapters explain TPM and de-
scribe the different stages in the preparation and 
implementation of TPM. Finally, some experi-
ences from TPM are described. 
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3 	QUALITY AND MAINTENANCE 

This chapter provides an introduction to the fields of Quality and 
Maintenance and their areas of interest. The history of and trends in 
organisational changes, quality and maintenance are described and 
discussed. 

3.1 	The Industrial Revolution 

The industrial revolution started in England in the 18th century as a 
consequence of an earlier agrarian revolution. Agricultural devel-
opments facilitated and promoted the industrial revolution in con-
junction with new knowledge, new technology, and changes in life-
style, which in their turn led to population growth  (Hansson,  1996). 

Other factors important for the industrial revolution were the 
changes from "home industry" (cottage industries) to the factory 
system. This organisational change created a new lifestyle for the 
workers with working hours, effective work with a machine and 
given instructions. The changes were dramatic and the process pro-
gressed over a long period of time. 

At the same time as the new factory system were in progress, new 
solutions designed to improve the effectiveness of machinery were 
investigated. Often this increased effectiveness was based on princi-
ples of human labour. It is this that is referred to as the production 
system revolution. 
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3.2 	The Production System Revolution 

The point of departure for production systems probably starts with 
the introduction of the division of labour in England in the 1750s 
(Shingo, 1992). The economist Adam Smith stated that basic princi-
ple for production should be based on the division of labour, which 
increases productivity  (Hansson,  1996). When breaking down the 
processes into several small steps, it was possible to produce more 
products with fewer workers. 

The division of labour also resulted in a dramatic decrease in the 
prices for products and expanded the demands as new employment 
opportunities for unskilled workers increased salaries. In this way, 
the division of labour hastened the growth of British industry, 
which in turn led to national prosperity and more comfortable lives 
for individuals (Shingo, 1992). 

One severe disadvantage with division of labour was the loss of the 
holistic view. Craftsman have always had a total overview of their 
work from the first meeting with the customer when receiving an 
order, then manufacture according to the customer's specification 
and to the end with the delivery of the product to the customer. The 
craftsman had control over all of these processes and he was also 
able to maintain contact with the customer. The division of labour 
destroyed this. 

Workers in the new factory system tended to concentrate solely on 
their own operation without noticing the operations before or the 
operations after, i.e. the process. The result is that world-wide ef-
forts to make production more rationally focused on operations and 
process improvements, were largely neglected for almost 200 years 
(Shingo, 1992). Enhanced operability became the target of all pro-
duction improvements. 

The industrial revolution progressed and production and technology 
were developed. As machine technology developed, resources had to 
be concentrated to produce goods efficiently on a large scale (Melan, 
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1992). Organisations grew larger and businesses were more complex 
and specialised than earlier (Egnell, 1994). To control these ex-
panded businesses new functions were developed for these new or-
ganisations. The loss of a holistic process view also resulted in the 
introduction of new functions. 

3.3 	Trends in Organisational Changes 

Classical theories from the last century assume that employee be-
haviour was determined by the structure of the organisation. In 
these theories there is often an ambition to form and run the busi-
ness in an effective way. 

Functions such as finance, personnel, and engineering evolved 
within a pyramid or command type management structure and, al-
though their objectives were to help produce a product or service, 
they were not generally integrated directly into the manufacturing 
function (MeIan, 1992). As a result, conflicts occurred that led to 
suboptimisation and inefficiency. 

3.3.1 	Scientific Management 

Around 1880, the American Frederick W. Taylor (1856 — 1917) de-
cided that the problem with sub-optimisation and inefficiency lay in 
its failure to set scientific work standards (Shingo, 1992). He devel-
oped a system of time studies, examined the various factors that af-
fected work, and experimented with the establishment of firm stan-
dards for task and time. He was of the opinion that the division of 
labour would pave the way for efficiency (Mabon, 1990). It was 
management who constructed the standards and the instructions 
and they made sure that labour followed them (Egnell, 1994). Ac-
cording to Taylor it was "up to management to manage" (Bruzelius 
&  Skärvad,  1995). Taylor's theories are referred to as the "scientific 
management". 
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3.3.2 	Bureaucracy 

At the same time as Taylor developed scientific management, the 
German economist Max Weber (1864 — 1920) developed his theories 
about the bureaucratic system. According to Weber, efficiency in an 
organisation could be achieved through formal rules and regula-
tions, formal communication channels and clearly defined responsi-
bility (Bruzelius &  Skärvad,  1995). 

The organisation should be hierarchic and very specialised with 
clear responsibility and a clear division of labour. The bureaucrats 
based their recommendations on an authoritarian organisation the-
ory where workers were looked upon as being similar in character to 
cogs in machinery  (Rubenowitz,  1984). 

3.3.3 	Administrative Management 

Later, in the 1920s, organisation theories were adapted to suit dy-
namic development and Henri Fayol (1841 — 1925) from France was 
the principal voice behind these new ideas  (Rubenowitz,  1984). 

Fayol divided the administrative activities into five categories, 
namely planning, organisation, the issuing of orders, co-ordination 
and inspection (Bruzelius &  Skärvad,  1995). Then he formulated 
fourteen principles as preconditions for an effective organisation 
(Mabon, 1990). 

3.3.4 	Human Relations 

Scientific management, bureaucracy, and administrative manage-
ment theories were all, according to workers' organisations, similar 
in that they viewed workers as being lazy and who needed to be con-
trolled by rules. 
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The well-known Hawthorne Works Experiments conducted by the 
Australian psychiatrist Elton Mayo and his colleagues in 1927 dem-
onstrated the presence of two crucial factors in human work — 
method and motivation (Shingo, 1992). It was not until this date 
that the engineers and psychiatrists realised that factory workers 
were human beings who needed attention and encouragement (Ma-
bon, 1990). The concept of improving efficiency could no longer be 
applied only to work methods (Shingo, 1992). 

3.3.5 	Modern Views of Organisations 

The classical theories mentioned above, looked at organisations 
from a closed view where the world around had no importance (Ja-
cobsen & Thorsvik, 1998; Peters & Waterman, 1991). However, the 
Hawthorne Works Experiments indicated that an organisation 
could not be looked upon as a closed system. Every organisation is 
influenced by the world around it, such as, competitors, new tech-
nology, education, customers, and access to labour. With regard to 
this interdependence, it is necessary to adopt a holistic view when 
constructing an organisation. 

Financial 
climate 

INPUTS 

Objectives 

External environment 
Government 

Market demands 

Directors 
shareholders 

OUTPUTS 

Management 
system 

Socio-technical 

transformation 

system 
People, money 
materials, 
information 

Control MEN, MACHINES Strategy 

Supervision 

New 
technology 

Unions 

Customers 

Skills 
availability 

Figure 3.1 	The open system (Kelly, 1998). 
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The open system approach, figure 3.1, takes inputs from their envi-
ronments and transforms them — by a series of activities and with 
some objective in view — into outputs (Kelly, 1998). 

According to Mink (1998), an open system organised around func-
tions and purposes will provide the best growth-oriented climate for 
facilitating individual success. Mink (1998) also suggests that open 
systems improve the work environment. Such an environment fa-
cilitates learning and success and is designed to respond with flexi-
bility to a changing society and differing individual needs. 

An ever growing turbulence in the world-wide marketplace, together 
with an increasing pressure to make everything faster and faster, 
requires that organisations have to adapt to the world around in 
order to survive on a long-term basis. There are some requirements 
that every organisation has to fulfil in order to be competitive (Bru-
zelius &  Skärvad,  1995) and these are: 

• Quality — quality is the starting point for competitiveness. 

• Differentiation — narrower customer segments must be defined. 

• Costs — customers require higher quality and lower prices. 

• Customer adaptation — adaptation to customers needs and expec-
tations. 

• Convenience — customers decide how the goods should be deliv-
ered. 

• Time efficiency — door-to-door time must be shorter. 

• Global thinking — think global and act local. 

This means that there are many things leaders of modern organisa-
tions have to consider. Often the focus is on internal actions with 
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regard to increase product value and the reduction manufacturing 
costs (Ericsson, 1997). 

The objective of research into organisation theory is often to find out 
the characteristics of efficiency within an organisation (Jacobsen & 
Thorsvik, 1998). This knowledge can then be used to create effective 
and efficient organisations. Differences between these two notions 
are (modified from Lundquist, 1997): 

• Effectiveness: To do the right thing, i.e. quality assurance. 

• Efficiency: To do things right, i.e. quality control. 

Effectiveness and efficiency are very complex notions. There is no 
simple answer as how to work in an organisation. According to Pe-
ters & Waterman (1991), there are seven variables which need to be 
encompassed and treated as interdependent when organising, 
namely the hardware — Strategy and Structure — and the software — 
Management Style, Systems, People, Skills and Shared values. 

3.3.6 	Key Factors for Success 

When one reads the various books and research on the subject a 
number of factors that characterise successful organisations crys-
tallise themselves. Being aware of these factors could help organisa-
tions in their striving for success. In accordance with the division by 
Peters & Waterman (1991), it could look like this: 

Strategy 

• Action 
(Peters & Waterman, 1991) 

• Customer focus  
(Ögård  &  Gallstad,  1995; SIQ, 1998; Peters & Waterman, 1991;  
Scholtes,  1995) 
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• Long-term thinking 
(SIQ, 1998) 

• Value-centred climate 
(Peters & Waterman, 1991) 

Structure 

• Comprehensive view  
(Ögård  &  Gallstad,  1995) 

• Faster  response 
(Ögård & Gallstad,  1995;  SIQ,  1998)  

• Flexibility  
(Ögård & Gallstad,  1995)  

• Plainness, simplicity  
(Ögård  &  Gallstad,  1995; Peters & Waterman, 1991) 

Management Style 

• Committed  Management  
(Ögård  &  Gallstad,  1995;  SIQ,  1998; Peters  & Waterman,  1991;  
Ekwall,  1991; Jacobsen  & Thorsvik,  1998;  Blanchard,  et al. 
1996;  Oakland,  1993)  

• Empowerment, Encouragement, Support, and Feedback 
(Stott & Walker, 1995; Blanchard, et al. 1996;  Hansson,  1991) 

Systems 

• Changes, continuous improvements 
(Adizes, 1991; SIQ, 1998; Ahmed, et al. 1999;  Hansson,  1991) 

• Creativity  
(Ekwall,  1991;  Hansson,  1991) 
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• Positive work environment, culture 
(Lenn6er—Axelsson & Thylefors, 1991;  Ekwall,  1991; Stott & 
Walker, 1995;  Hansson,  1991) 

• Teamwork 
(Lenn6er—Axelsson & Thylefors, 1991; Stott & Walker, 1995;  
Scholtes,  1995; Ahmed, et al. 1999; Blanchard, et al. 1996;  
Senge,  1994; Oakland, 1993) 

People 

• Autonomy, entrepreneurship and co-operation 
(Peters & Waterman, 1991; SIQ 1998) 

• Collaboration, participation, awareness  
(Ögård  &  Gallstad,  1995; SIQ, 1998; Peters & Waterman, 1991; 
Lenn6er—Axelsson & Thylefors, 1991) 

• Commitment, ownership, flexibility 
(Stott & Walker, 1995; Jacobsen & Thorsvik, 1998;  Senge,  1994) 

• Motivation, meaning, competence 
(Peters & Waterman, 1991; Lenn6er—Axelsson & Thylefors, 
1991; Stott & Walker, 1995; Ahmed, et al. 1999; Jacobsen & 
Thorsvik, 1998;  Hansson,  1991) 

• Trust, respect and tolerance towards people 
(Peters & Waterman, 1991; Adizes, 1991;  Hansson,  1991) 

Skills 

• Benchmarking, partnership 
(SIQ, 1998) 

• Continuous education and training  
(Scholtes,  1995;  Scholtes,  1999; SIQ, 1998; Ahmed, et al. 1999;  
Senge,  1994;  Hansson,  1991) 
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• Personal development, responsibility, autonomy  
(Ekwall,  1991; Blanchard, et al. 1996;  Senge,  1994; Oakland, 
1993) 

Shared Values 

• Shared vision, goals and targets 
(Stott & Walker, 1995;  Scholtes,  1999;  Senge,  1994) 

• Job-satisfaction, pleasure in one's work  
(Ekwall,  1991) 

• Communication and openness 
(Adizes, 1991; Lenn6er—Axelsson & Thylefors, 1991;  Scholtes,  
1995; Jacobsen & Thorsvik, 1998; Blanchard, et al. 1996;  Senge,  
1994 Oakland, 1993;  Hansson,  1991) 

Many authors have written about how to build successful organisa-
tions and how to work successfully with change. Some quite new 
books in this area are: Campy (1996), Marquardt (1996), Schonber-
ger (1996) and  Kotter  (1996) and  Wennberg  &  Hane  (1995). 

3.3.7 	The Process of Change 

There are some basics to consider when implementing any changes. 
According to  Björk  et al. (1990) it is important to create arenas 
where people can meet and discuss the changes. It is also vital to 
provide space for action and reflection. The changes also have to 
have legitimacy both for the management and for the employees. 
Furthermore, an understanding of the circumstances surrounding 
the process of change is necessary and dedicated persons who can 
support, motivate and impel the changes are crucial. 

The process of change can be divided into three different phases 
(Lenn6er-Axelson & Thylefors, 1992); 

1. The thawing or breaking up phase 
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2. The changing process 

3. The stabilising phase. 

According to  Björk  et al. (1990) all changes oscillate between visions 
of the future and analyses of the present situation. Changes implies 
many cycles of analysis, action, experience, reflection, new analysis, 
further action, and so on. These cycles are vital for the long-term 
survival of any organisation  (Björk  et al., 1990). 

Different people within the organisation should be assigned differ-
ent tasks when it comes to the successful implementation of change. 
Below there is a short summary of these different tasks and who 
should be responsible for them (from Lennker-Axelson & Thylefors, 
1992 and  Björk  et al., 1990). 

Senior management should: 

• Lead the change 

• Formulate visions and goals 

• Support and facilitate the work 

• Clearly express and support the changes 

• Show practical action. 

The experts should: 

• Educate and inform 

• Keep the changes under supervision 

• Support the teams. 

The supervisors should: 

• Participate in meetings 

• Be an active support to the teams 

• Motivate and encourage the teams. 
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The teams should: 

• Co-operate 

• Work with improvements 

• Expand their tasks. 

Some obstacles and difficulties can be identified in the change pro-
cess. These are  (Björk  et al., 1990 and  Kotter  1996): 

• Lack of urgency — it is important to inform and motivate the or-
ganisation about the changes. 

• Senior management— it is not enough with one or two dedicated 
persons, the whole management must be committed. 

• Underestimating the power of the vision — the vision should be 
clear and should help to direct, align, and inspire actions. 

• Failing to create short-terms gains — without short-terms gains, 
too many employees give up or actively join the resistance. 

• Neglecting to anchor changes firmly in the company culture — all 
changes must be firmly anchored and adapted to the company's 
culture. 

• The "Not Invented Here Syndrome" — mediating experiences and 
solution to other teams or sections can be very hard. 

• Middle management — sometimes middle management feel 
threatened by the changes and thus senior management must 
support them. 

• Lack of time — management must provide enough time and re-
sources for education and actions. 

• Organisational changes — any exchange of managers always af-
fect the changes. 
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3.3.8 	Implementing Change 

When implementing change of any kind the introduction has to be 
handled in the correct way (Douglas et al., 2000). Organisations 
which have implemented change successfully expose two important 
patterns  (Kotter,  1996). Firstly, they have followed a multistage 
process, which creates empowerment and motivation. Secondly, this 
process only works efficiently if driven by qualified management. 
The process can be divided in eight steps  (Kotter,  1996): 

1. Establishing a sense of urgency 

2. Creating the guiding coalition 

3. Developing a vision and strategy 

4. Communicating the new vision 

5. Empowering broad-based action 

6. Generating short-term gains 

7. Consolidating gains and producing more change 

8. Anchoring new approaches in the company culture. 

Other research has shown crucial factors when implementing some-
thing new within an organisation. For example Deleryd et al. (1999) 
bring out six factors which are critical for implementing capability 
studies. These are: 

• Management support 

• Kick-off 

• Educational efforts 

• Structured approach 

• Continuous support 

• Communication 
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Sandvik Wiklund  (1992) shows some factors that are important for 
implementing the design of experiments. These are for instance: 

• A company culture which emphasise continuous improvements 

• A company culture where all the employees have the right to 
make decisions and plan their own work 

• A committed management who support the project 

• A project leader who is responsible for the implementation 

• One or many dedicated persons who carry out the project 

• Adapt the implementation to the company 

• Education and training adapted to the company 

• Information and instructions to all of the affected employees and 
the management 

• Internal training in teams 

• Circulate the way of working through different information 
channels 

Experiences from  Garvare  (1998) when implementing design of ex-
periments also show most of the factors above, but in addition that: 

• The management has to make long-term planning when imple-
menting changes in methods of working. 

• Documentation of initial position before the implementation  

Backlund  (1999) identifies management and organisational aspects 
as being of importance when introducing RCM. He divides them into 
four major areas, which are: 
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• Personnel categories 

• Personnel aspects 

• Management aspects 

• Methodology aspects 

3.4 	Quality Trends 

Perspectives about how managing for quality has evolved over time 
and in different geographical areas are discussed by Juran (1995b). 
It is easy to realise that quality is not a new phenomenon. 

According to Garvin (1988) Quality Management has evolved 
through four eras: Inspection, Quality Control, Quality Assurance 
and Total Quality Management. Each of these eras incorporates 
elements of the preceding one. For a general view of these four 
quality-eras and their main characteristics, see e.g.  Hellsten  (1997). 

3.4.1 	Inspection 

As explained above the industrial revolution created the factory sys-
tem. This system divided former trades into multiple specialised 
tasks that soon outproduced the craftsmen and made them largely 
obsolete (Juran, 1995b). The total control and the holistic view of 
the craftsmen disappeared with the factory system. Instead, large 
production departments employed full-time inspectors who were re-
sponsible for the quality of the products. 

The major job of the new inspection departments was to keep defec-
tive products from reaching the customers and this was done by in-
spection in various forms (Juran, 1995b). The modern concept of 
Quality Management was born. 
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3.4.2 	Quality Control 

Walter A. Shewhart (1891 — 1967) has had a profound influence on 
the modern view of quality control (Bergman & Ktefsjö, 1995). In 
the middle of the 1920s, tools of statistical methodology were ap-
plied to control the manufacturing in the Hawthorne Works of the 
Western Electric Company. This was the first wave of "Statistical 
Quality Control" and Shewhart's contributions included, among 
other things, the control chart (Juran, 1995b). 

Shewhart was the first to recognise that variability was a fact of in-
dustrial life and that it could be understood using the principles of 
probability and statistics (Garvin, 1988). He also showed that pro-
ductivity improved as variation was reduced (Deming, 1986). 

Quality control, to Shewhart, involved the use of statistical methods 
all the way from raw materials to consumer and back again, 
through the redesign of the product and the re-working of specifica-
tions of the raw materials, in a continuous cycle governed by the re-
sults that came in from consumer research and from other tests 
(Kilian, 1992). Even then the focus on the customer and maintain-
ing a holistic view were very important. 

Several breakthroughs in statistical methods during the 1930s im-
plied that inspection costs fell, quality improved and that employees 
became more productive. But it was not until World War II that the 
concept of statistical quality control gained a wider audience 
(Garvin, 1988). Many authors have written about statistical quality 
control, see Montgomery (1991), Grant & Leavenworth (1988) and 
Juran (1988). 

3.4.3 	Quality Assurance 

During the period of quality assurance, quality evolved from a nar-
row, manufacturing-based discipline to one with broader implica-
tions for management (Garvin, 1988). Quality assurance provides 
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protection against quality problems through early warnings of trou-
ble ahead (Juran, 1988). 

In connection with a broader perspective of quality (where costs of 
quality, total quality control, reliability engineering and zero defects 
were some new elements) there was a need for a new occupational 
group — the quality control engineer (Juran, 1995b). 

At the same time W. Edwards Deming (1900 — 1993) and Joseph M. 
Juran (1904 — ) were invited to Japan to teach the Japanese about 
quality. We know that they were successful and their theories are 
described e.g. in Deming (1986, 1994), Scherkenbach (1991), Aguayo 
(1990), and Juran (1988, 1989, 1992, 1995a). Discussions and de-
scriptions of Japanese quality evolution and Japanese quality theo-
ries can for instance be found in Juran (1995b), Imai (1986), Mizuno 
(1988), Garvin (1988), Ishikawa (1982) and Ishikawa (1985). 

3.4.4 	Total Quality Management 

Total Quality Management (TQM) as a management theory is very 
well described and explained by  Hellsten  (1997). She identifies six 
core values of TQM: 

1. Focus on customers, 

2. Management commitment, 

3. Fact-based decision, 

4. Continuous improvement, 

5. Focus on processes and 

6. Everybody's participation. 

The objective with TQM, according to  Hellsten  (1997), is to increase 
customer satisfaction in order to gain survival through improved 
profitability. Guidance as to how to perform when working with 
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TQM and how to succeed in the work is given in numerous of books 
and articles including, inter  aha,  in Garvin (1988), Oakland (1993), 
Feigenbaum (1991), Deming (1986, 1994), Juran (1988, 1989), Hin-
ton & Schaeffer (1994), and Ross (1994). 

TQM is consequently one way of increasing profitability for a com-
pany. According to Crosby (1979) quality is free and it is poor qual-
ity that costs. How to deal with poor quality costing is described e.g. 
in Sörqvist (1998). Other references about quality related costs are 
for instance Feigenbaum (1991), Juran (1988), Oakland (1993) and 
Cortada & Woods (1995). 

3.4.5 	Quality and Organisation 

It is obvious that organisational theory and quality theory have fol-
lowed the same development. Quality and organisational changes 
goes hand in hand and involve management, work environment, 
continuous improvement, collaboration, competence development, 
teamwork, empowerment, job-satisfaction, commitment, flexibility, 
motivation, communication, etc. In other words, it is all about the 
human being. 

3.5 	Maintenance Trends 

Maintenance has existed since man first started to use tools. Stone 
Age men were sharpening their stone axes and by doing so they 
were able to maintain them. During millennia instruments, tools 
and equipment have developed and interest in maintenance has 
grown. 

Before the industrial revolution maintenance did not require spe-
cialist knowledge. Usually it was the user who maintained the tools 
or the equipment (Finndell & Stany, 1993). Industrialisation, on the 
other hand, resulted in an accelerated use for, and need of, mecha-
nised manufacturing systems (Brauer & Cesarone, 1991). 
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Advances in engineering also made it possible to improve and em-
ploy innovation in manufacturing processes. Machines and equip-
ment began to replace inefficient systems driven by manually cre-
ated motive power, e.g. the steam engine (Brauer & Cesarone, 
1991). The use of other sources of power — including electricity, pe-
troleum and nuclear power — characterised the continuing indus-
trial revolution of the 20th century. These new motive powers that 
had been developed, in turn led to the establishment of new occupa-
tional groups, for instance repair men and manufacturing engi-
neers. 

3.5.1 	Breakdown Maintenance 

From the beginning of the 20th century up to 1950, maintenance 
work mainly consisted in repair work. Until World War II, industry 
was not very highly mechanised. Most maintenance activities were 
failure-based, i.e. the equipment was used until it failed and then 
either repaired or replaced (Kumar, 1996;  Westberg,  1997). Mainte-
nance was something necessary, but the cost of maintenance should 
be kept as low as possible. This period is often referred to as the era 
of "Breakdown Maintenance". 

According to Nakajima (1988) the growth of preventive maintenance 
in Japan has developed through four stages: Breakdown Mainte-
nance, Preventive Maintenance, Productive Maintenance and Total 
Productive Maintenance.  Johansson  (1997), Idhammar (1995) and 
Finndell & Stany (1993) all describe a similar development in Swe-
den. Despite similar developments though, Sweden still has not 
caught up with Japan. 

3.5.2 	Preventive Maintenance 

After World War II, the shortage of industrial manpower and need 
for highly productivity led to increased mechanisation and the con-
cept of "preventive maintenance" came into focus (Kumar, 1996). 
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The failure-based approach was too costly and efforts were made to 
establish maintenance functions. In order to minimise maintenance 
costs, either extensive time-based or user-based preventive mainte-
nance schedules were set up  (Westberg,  1997). Methods to optimise 
maintenance schedules were developed and improved during the 
1960's. 

3.5.3 	Productive Maintenance 

In the 1960's the importance of reliability, maintainability, mainte-
nance, and economic efficiency in plant design was recognised (Na-
kajima, 1989). Applications of predictive or condition-based mainte-
nance started mainly in the aircraft and defence industries (Kumar, 
1996). The developments in automation and information technolo-
gies made it easier to use techniques of condition-based mainte-
nance in industry. In this era reliability engineering and maintain-
ability engineering started. 

In the 1970's the condition-monitoring programme was developed. 
Condition monitoring is a number of techniques, which predict fail-
ures using information of the actual state of the equipment  (West-
berg,  1997). 

3.5.4 	Total Productive Maintenance 

Since the 1970's, many systematic approaches to maintenance have 
been proposed  (Westberg,  1997). Among the many approaches Total 
Productive Maintenance is one. It was in the 1970's that the Japa-
nese first started to talk about Total Productive Maintenance, TPM. 
During the 1980's TPM was developed. TPM can be considered as a 
further development of the condition monitoring programme where 
workers are continuously aware of the condition of equipment in or-
der to predict and prevent failures. Predictive maintenance plays a 
significant role in TPM, because it uses modern monitoring tech-
niques to diagnose the condition of equipment during operation by 
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identifying signs of deterioration or imminent failure (Nakajima, 
1989). TPM includes maintenance prevention, preventive mainte-
nance, and reliability and maintainability improvements (Bloch, 
1996c). 

Another approach to maintenance planning is called Reliability 
Centred Maintenance, RCM. RCM is a structured methodology for 
determining the maintenance requirements of any physical asset in 
its operating context  (Westberg,  1997). RCM focuses on the system 
function, function failures, dominant failures and their conse-
quences. For further reading about RCM see, Moubray (1990) and  
Backlund  (1999). 

Often TPM and RCM are perceived as competing methodologies. In 
fact, however, there is no conflict between the methodologies, which 
attack fundamentally different problems. RCM concentrates on 
identifying what should be done, whereas TPM is strongest at iden-
tifying and implementing who should do the necessary work (Ger-
aghty, 1996). This means that TPM and RCM are complementary in 
their approaches and objectives. Firms could even benefit from com-
bining the RCM method with the TPM philosophy  (Jonsson,  1997). 

3.5.5 	Maintenance Strategy 

The aim of maintenance is to support and maintain efficient produc-
tion  (Jonsson,  1997). Traditionally maintenance philosophies have 
focused on the availability of production plants (01lila & Malmipuro, 
1999). Modern maintenance methods can have a significant impact 
on better quality in production plants. To go even further, mainte-
nance must be an integral part of business strategy  (Maggard  & 
Rhyne, 1992; Dunn, 1995; Lamb, 1997; Kelly 1998; Wilson, 1999). 

According to  Riis  et al. (1997), one major trend in the development 
of maintenance management is the linkage of maintenance to qual-
ity improvement strategies and the use of maintenance as a com-
petitive strategy. 
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According to 011ila & Malmipuro (1999), TPM is considered to be 
one method of improving quality and, consequently, is a supplemen-
tary method to other quality techniques. TPM also has succeeded 
very well in making maintenance into an overall company-wide is-
sue, by focusing on continuous improvements, autonomous small 
group activities, training, education, communication and the flow of 
information  (Jonsson,  1997). 

The human aspects and the importance of a learning organisation 
have attracted more attention since the TQM concept has been 
spread into organisations. The human aspects of a maintenance-
management system go hand in hand with those of TQM  (Jonsson,  
1997). Links between job fulfilment and continuous improvements, 
customer satisfaction and performance are very strong and job-
satisfaction, job commitment, and pride of workmanship are the 
most important factors in achieving employee fulfilment and 
empowerment (Deming, 1986). Similar findings have been found in 
the area of maintenance  (Jonsson,  1997). 

Further facts about TPM and maintenance connecting organisation, 
management, and quality can e.g. be found in  Riis  et al. (1997) or  
Jonsson  (1999). 
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This chapter is an introduction to TPM. TPM is described and ex-
plained. The history and trends of TPM are also described. The rela-
tionship between TPM, quality and maintenance are discussed and 
advantages with TPM are explained. 

4.1 	Fundamentals of TPM 

In manufacturing industry quality, productivity and delivery are 
dependent upon the condition of the equipment. According to Naka-
jima (1988) TPM is an approach to equipment management that in-
volves employees from both the production department and the 
maintenance department. TPM is continuous improvements focus-
ing on the equipment and the production. The method is to increase 
the overall equipment effectiveness by autonomous maintenance. 
This requires, among other things, a focus on the equipment's avail-
ability and reliability. 

Japanese manufacturing industry has developed the technique in 
order to provide both effective and efficient maintenance. This has 
arisen in response to the need of Just In Time (JIT) and Total 
Quality Management (TQM) (Kelly, 1992). Toyota and a large num-
ber of Toyota-affiliated firms have implemented TPM as an essen-
tial part of Toyota Production System, TPS (Nakajima, 1992). TPM 
is, like JIT and TQM, a fundamental factor in world-class manufac-
turing quality and productivity (Nakajima, 1989). 

TPM as defined by Nakajima (1988) is "productive maintenance car-
ried out by all employees through small group activities" and it is 
based on the principle that equipment improvements must involve 
everyone in the organisation. 
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According to Nakajima (1989) the term TPM was defined in 1971 by 
the Japan Institute of Plant Engineers (forerunner of Japan Insti-
tute of Plant Maintenance, JIPM) to include the following five goals: 

• Maximise equipment effectiveness (improve overall efficiency). 

• Develop a system of productive maintenance for the life cycle of 
the equipment. 

• Involve all departments that plan, design, use, or maintain 
equipment in implementing TPM (engineering and design, pro-
duction, and maintenance). 

• Actively involve all employees — from senior management to 
shop-floor workers. 

• Promote TPM through motivated management: autonomous 
small group activities. 

Hence, TPM implies continuous and systematic improvements fo-
cusing on the equipment. The purpose is to eliminate big losses in 
order to maximise overall equipment effectiveness. The main goal is 
to pave the way for robust processes, that is processes that are free 
from disruption. All employees shall be involved and committed in 
the improvements. They carry out this work through small group 
activities with the aim of attaining and then maintaining, the 
equipment's optimum condition. 

Results (Nakajima, 1988; Seger, 1994; Nachi-Fujikoshi Corporation, 
1990;  Ljungberg,  1997) show that this method of working will give 
higher productivity, better quality, fewer breakdowns, lower costs, 
higher reliability of delivery, better working environments, higher 
levels of safety and higher a morale among the workers. 
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4.2 	Characteristics of TPM 

Maintenance is an important component in increasing the produc-
tivity. If maintenance approaches are changed from remedy and re-
pair to preventive and predictive maintenance there is a lot to gain. 
Therefore co-operation between maintenance departments and pro-
duction departments is necessary. The operators and the mainte-
nance engineer must achieve both interdependence and responsibil-
ity for the equipment. Both groups have great knowledge about the 
equipment and thereby they share the responsibility for the condi-
tion of the equipment. This is the most important characteristic of 
TPM. 

TPM is consequently a suitable method for increasing the produc-
tivity by reducing losses in production since TPM has a holistic view 
of the production and maintenance departments. TPM also focuses 
on preventive activities, quality, availability, reliability, adjust-
ments, and maintenance. 

Furthermore TPM favours teamwork and co-operation between de-
partments. Success in changes is dependent on how the affected 
people can and want to influence the changes in work (Lenneer—
Axelsson 8z Thylefors, 1991). Teamwork and co-operation with open 
communication can support changes (Adizes, 1991) and increase 
motivation  (Kylen,  1999). 

At the same time TPM is concrete and rather simple to implement. 
TPM can also be adapted to fit the requirements of the organisation 
and could be implemented in stages. 

4.3 	The History of TPM 

After World War II Japan's industries were in crisis. The Japanese 
realised that they had to improve the quality of their products and 
improve their equipment in order to survive in the market. By 
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benchmarking the USA, the Japanese adopted and further devel-
oped knowledge in management and manufacturing and thereby 
they improved Japanese competitiveness (Nord et al., 1997). 

Most of the quality tools and quality improvement methods have 
their roots in the USA. The same happened in the field of equipment 
maintenance. The period prior to 1950 can be referred to as the 
"breakdown maintenance" period. The modernisation of plant main-
tenance in Japan began when prevented maintenance (PM) was in-
troduced from America in 1951 (Nakajima, 1986). PM was further 
developed into "productive maintenance" and later (1969) into "total 
productive maintenance". The difference between these two is that 
in "productive maintenance" operators devoted themselves to pro-
duction whilst maintenance crews were responsible for mainte-
nance. In TPM operators and maintenance crew share the responsi-
bility for the equipment. 

Other theories adopted in the 1950s and 1960s were (Nakajima, 
1989): 

• maintainability improvement, 

• maintenance prevention, 

• reliability engineering, 

• maintainability engineering, 

• engineering economy. 

The first company to implement what later was developed into TPM 
was Nippondenso Co. Ltd. (Nakajima, 1986). Nippondenso began to 
implement productive maintenance in 1961. To keep up with the 
rapid development in automated production they introduced 
"productive maintenance with total employee participation" in 1969. 
Later this became the concept of Total Productive Maintenance, 
TPM (Nakajima, 1989). 
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What we nowadays call TPM has been modified from the American 
concept of productive maintenance to fit Japanese industry (Naka-
jima, 1988). The development of TPM began in the 1970s and has 
been developed ever since. Until the 1970s Japan's PM consisted 
mainly of preventive maintenance, or time-based maintenance, fea-
turing periodic servicing and overhaul. 

During the 1980s preventive maintenance was rapidly replaced by 
predictive maintenance, or condition-based maintenance. 

TPM has since it was introduced found wide acceptance in Japan. 
One reason for this is that TPM provides essential support to the 
quality culture in Japanese companies. 

4.4 	The Interpretation of the Name TPM 

The word "total" in "Total Productive Maintenance" has three 
meanings related to three important features of TPM (Nakajima, 
1989): 

Total: 	- Total effectiveness, i.e. predictive and productive 
maintenance. 

- Total PM (Preventive Maintenance), i.e. mainte-
nance prevention and activities to improve main-
tainability as well as preventive maintenance. 

- Total participation, i.e. autonomous maintenance 
by operators and small group activities in every 
department and at every level. 

Somehow, the words "productive" and "maintenance" also need to be 
explained: 

Productive: 	Continuous improvement activities in every 
department and at every level. 
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Maintenance: 	All improvements should be standardised and 
maintained. 

In this respect it could be of interest to compare the connection of 
"productive" and "maintenance" with for instance  Juran's  (1995) 
thoughts about "breakthrough" and "control" or  Kaizen  (Imai, 1986) 
about improving and maintaining standards. The Deming cycle 
(Deming, 1994) is also interesting in this context. All of those con-
cepts are based upon employee involvement in continuous improve-
ments and that the improvements should be implemented, applied, 
and adopted. Thus the underlying ideas are similar. 

Consequently, TPM is a method where everybody will be involved in 
continuous improvements and maintaining those improvements. 
The name Total Productive Maintenance unfortunately does not re-
veal this sufficiently well. A better name would be "Total Productive 
Management", or "Total Process Management" which have also be-
come more commonly used nowadays. According to McAdam & 
Duffner (1996), Toyota now calls TPM "Total Production Manage-
ment", and  SKF  Sweden says "Total Process Management". 

Best results will be achieved if TPM is implemented throughout the 
whole company, including the administrative departments. Then 
the connection to TQM, Total Quality Management is obvious. Like 
TQM, which is Quality Management on a company-wide basis, TPM 
is equipment maintenance performed on a company-wide basis (Na-
kajima, 1989). TPM combines organisation, management, quality, 
and maintenance philosophies. 

JIPM (Japan Institute of Plant Maintenance) is the organisation in 
Japan, which is currently spreading the TPM concept and helping 
companies with its implementation. JIPM is a part of "the Japan 
Management Association Group", which consists of eight organisa-
tions focusing on management issues. TPM is a registered trade-
mark for JIPM in many countries. 
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4.5 	Similarities to Quality 

TPM is, in fact, nothing other than systematic work with quality 
and it will probably be Japan's next big global advantage (Turbide, 
1995). Leading Japanese companies have worked with TPM since 
the beginning of the 1970s. The next thing they will do is to reap the 
benefits from their energetic and targeted work. 

For those companies, which have worked with quality for some 
years, TPM will be a natural path to follow. TPM is a method that 
permeates the whole organisation. Everybody will have the same 
vision and goals and all employees will be involved in reaching those 
goals. 

Overall Equipment 
Effectiveness, OEE 

Time 

Figure 4.1 The first two steps in autonomous maintenance imply im-

provement of the equipment (a). The third step  (b)  is creat-

ing routines and methods to maintain the improvements. 
Step four  (c)  consists of education and then further im-

provements. The fifth step  (d)  will be to create routines to 

maintain the new improved level. Step six  (e)  is more edu-

cation to be able to make further improvements. Finally, 

step seven (f) is creating routines and methods of working 

to maintain the further improved level. 
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TPM is a systematic method of working to increase the overall 
equipment effectiveness (see section 6.3) by autonomous mainte-
nance. The work towards autonomous maintenance is divided into 
seven steps (for details look at section 6.4). How those seven steps 
affect the overall equipment effectiveness is shown in figure 4.1 
above. 

It is easy to see that the Japanese have been influenced by Deming's 
contribution in the field of TPM. The connection to the Deming cycle 
is obvious. 

Progress 

Figure 4.2 	The Deming cycle is often called the Shewhart 

cycle or the PDSA-cycle. 

Shortly the Deming-cycle (figure 4.2) can be described as follows 
(Deming, 1986). 

Firstly, plan for improvements  (P  = Plan): What could be the most 
important accomplishment of this team? What changes might be 
desirable? What data is available? Are new observations needed? If 
yes, plan a change or test. Decide how to use these observations. 

Secondly, accomplish the improvements  (D  = Do): Carry out the 
change or test decided upon, preferably on a small scale. 

Thirdly, follow up and study the effects (S = Study): Observe the ef-
fects of the change or test. 
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Finally, learn from the improvement process (A = Act): Study the 
results. What did we learn? What can we predict? 

After that you start it all over again by moving on to the next prob-
lem and plan, do, study, act, etc. The Deming-cycle is an ongoing 
process and is often referred to in terms of a wheel (figure 4.2). 

To make it easier to understand the cycle, the last step — action — 
can be replaced by maintenance. The cycle will not have a new 
meaning but it will be probably be easier to understand. When com-
pleting this with another figure (figure 4.3) the similarity to TPM 
becomes clear. Probably it must be the thoughts of improvement 
from Deming that gave rise to the systematic method of working 
that TPM provides. 

Time 

Figure 4.3 	The Deming cycle combined with TPM thoughts. Plan  (P),  

do  (D),  study (S) and maintain (M) the improvements. 
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4.6 	TPM, TQM and JIT - a successful 
triangle 

TPM has been developed by the Japanese manufacturing industry 
in order to provide effective and efficient, and hence productive 
maintenance, in response to the needs of Just-In-Time (JIT) manu-
facturing and TQM (Kelly, 1998). 

The JIT approach is based on the notion of eliminating all waste in 
factory production. It must cover the entire value chain from the 
origins of the raw material to the end user, and JIT must be imple-
mented at every step in the value chain. Because JIT removes 
waste, every process in the value chain needs to be flexible and be 
able to respond within the time it takes for a customer to place an 
order (Imai, 1998). Consequently optimally functioning equipment 
is a vital component in JIT. 

TQM and TPM are the two pillars that support the JIT production 
system (Imai, 1998). Without good quality management and ma-
chine maintenance, JIT cannot function properly. In addition, em-
ployee training and involvement are essential to make these things 
happen. Consequently, employee involvement,  EI,  is also vital for 
JIT production, figure 4.4. 

The adoption of concepts and techniques derived from a single para-
digm may not be powerful enough to deliver the improvement and 
innovations that are required nowadays to ensure the survival and 
growth of a company (Miyake & Enkawa, 1999). 

66 



Chapter 4: Introduction to TPM 

Figure 4.4 	The interdependence of Total Quality Management (TQM), 
Just-In-Time (JIT), Total Productive Maintenance (TPM), 

and Employee Involvement  (EI).  

Miyake et al. (1995) discuss the approach of applying practices and 
tools derived from Just-In-Time, Total Quality Control and Total 
Productive Maintenance in a complementary manner. They perceive 
that JIT, TQC and TPM share a set of underlying factors, such as: 

• continuous improvement, 

• promotion of teamwork and overlapping and the promotion of 
worker participation, 

• education and on-the-job training for upgrading personal skills, 

• assigning foremen and leaders a more supportive role towards 
workers, 

• enlightening each one's role by the cognition of internal suppliers 
and customers. 

This means that the concepts are complementary and that each con-
cept copes with the issue of improving the overall performance of 
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manufacturing system. Miyake et al. (1995) describe successful im-
plementation in Japan and recommend a stepwise introduction. 

Tsuchiya (1992) also explains that TPM and JIT have a synergy ef-
fect when both are implemented. He also recommends introduction 
in steps. 

4.7 	The Need for TPM 

TPM helps improve a company's competitiveness by eliminating the 
waste of equipment-related losses and by improving quality (Nord et 
al., 1997). TPM should be implemented as a company-wide man-
agement strategy to meet the demands of the market (Suzuki, 
1992). This strategy is growing for several reasons, but primarily for 
the reduction of manufacturing costs in an increasingly competitive 
environment and meeting the demands of J1T delivery (Miyake & 
Takao, 1995). 

A major reason for using TPM is to reduce breakdowns (Levitt, 
1994). TPM can be used to tackle the challenge of zero losses i.e. the 
goal is zero defects and zero breakdowns. When there are no fail-
ures, defects or breakdowns, equipment effectiveness improves and 
enables costs and stock to be reduced, hence improving productivity 
(Nakajima, 1986). 

Today's prerequisites for manufacturing industries are among other 
things rapid development, flexibility, short set-up times, customer 
control, and minimal buffers and stocks. These requirements mean 
that a steady flow with working equipment is a prerequisite for sur-
vival in those industries. The condition of machine equipment is 
consequently a critical parameter that effects the reliability of deliv-
ery, productivity and quality  (Jonsson,  1999). 

TPM is a natural way for companies, which are already working 
with quality, to make further progress. TPM promotes co-operation 
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between maintenance and production and it is a concept that fo-
cuses on improvements on the equipment. This results in improve-
ment and greater efficiency in both the production process and the 
maintenance process. 

Many manufacturers around the world can reap the benefits of im-
plementing TPM through reduced maintenance costs and the sig-
nificant improvements in production equipment availability and 
utilisation rates. Results show that this working methods gives 
higher productivity, better quality, fewer breakdowns, lower costs, 
higher reliability of delivery, better work environment, higher safety 
and higher morale among the workers (Nakajima, 1988; Nord et al., 
1997;  Maggard  & Rhyne, 1992). 
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4. Policy & Goals 

S. Organisation 

5 	PREPARATIONS FOR TPM 

In this chapter the different stages in preparation for TPM are de-
scribed. The different steps follow the JIPM model. 

5.1 	Background 

As described in earlier sections, TPM was developed in Japan. The 
Japan Institute of Plant Maintenance (JIPM) has developed a TPM 
implementation model consisting of twelve steps, see figure 5.1. 
Most companies, which implement TPM, follow these steps to a 
greater or lesser degree. This chapter describes the first five steps, 
which are the preparation for the implementation of TPM. The 
JIPM model is described in many books, for example Nakajima 
(1988, 1989), Nord et.al  (1997) Nachi-Fujikoshi Corporation (1990) 
and Robinson & Ginder (1995). These provide the main references 
for this chapter. 

12 Aim for Higher Goals 

Equipment Management 

' 10. rtaintenance Skills 
Implementation 
by Management 
and All Employees  

9. Maintenance Program 

Autonomous Maintenance 

7. OEE / Six Big Losses 

6 ie'ck-off 
5. Master Plan 

Preparation 
by 

Management 
Education 

1. Decision 

Figure 5.1 	The JIPM 12-step model for implementing TPM. 
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5.2 	Basics in the Preparation Stage 

Careful, thorough planning and preparation are the keys to success-
ful company-wide implementation. TPM is a long-range strategy for 
changes and it is about changing people's attitudes, increasing their 
motivation and competence and in setting their enormous potential 
free. Furthermore, the environment must be adapted to support 
these changes. The senior management's commitment is necessary 
but it is also important that the organisation adjusts to the changes 
in a way that does not confront unnecessary resistance. 

It is vital to point out that working with TPM is not a project. It is a 
way of working. This means also that there is no end to the process 
of TPM implementation. The last step in the implementation model 
is the need to "aim for higher goals". The vision of this way of 
working is to create trouble-free operations. The method of working 
and the vision should be committed everywhere in all departments 
of the company. Every employee should be involved in the creating 
of trouble-free processes. 

There are five basic steps that should be taken before a TPM pro-
gramme could be implemented. These steps are shown in figure 5.2. 
In sections 5.3 to 5.7 the steps are explained further. 

Step 1 
	

Step 2 	 Step 3 

Figure 5.2 
	

The five basic steps in the preparation for TPM (from the 
JIPM model described in Nakajima (1988). 
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5.2.1 	Primary Conditions 

There are some primary conditions for TPM. If these conditions are 
fulfilled before starting with TPM the implementation process will 
be faster and smoother. If they are not fulfilled the company will 
have to make efforts to reach them in order to be succeed with TPM. 
This can be done together with the TPM preparation. The primary 
conditions are: 

• The creation of an environment for a learning organisation, i.e. 
everybody must be able to share his/her competence with anyone 
else. 

• Committed management. 

• Working through the use of small group activities. 

• Motivation, competency, involvement, power and a favourable 
work environment. Great variety and disparities favourer devel-
opment. 

• Visual communication which support these improvements. 

5.3 	Management 

In all changes in a company the commitment and involvement of the 
senior management is necessary for success  (Kotter,  1996). Senior 
management has to understand TPM and believe in the TPM con-
cept before starting to implement it. It is important that they think 
positively about TPM and that they get information from other 
companies where TPM has been successfully implemented. To 
eliminate any doubts, visits to successful companies are recom-
mended. These visits are often encouraging, inspiring and reward-
ing. 

TPM presupposes a change of view about the distribution of work, 
management, co-operation between different functions and the crea- 
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tion of an structure for continuous improvements. It is important to 
make sure that everyone within the company strives for the same 
goals. The management has to create an environment that actively 
supports the employees and which demonstrates its commitment to 
taking responsibility. 

Senior management must inform their employees of their decision 
to implement TPM and to communicate enthusiasm for the changes. 
They have to be able to describe the concept, the goals, the vision 
and the advantages of TPM. An article in the company bulletin may 
follow up the official statement. 

It is important to be aware of the time it takes to implement TPM. 
Normally it takes several years before excellent results can be seen. 
It is vital not to loose motivation and to be purposeful. Without 
management's understanding, attitudes and the methods of working 
can never be changed. 

5.4 	Education and Training 

Poor levels of knowledge and low levels of motivation among the 
employees, could be great barriers when preparing for TPM. That is 
why it is important to provide the employees with information and 
explanations about TPM. They will want to know what advantages 
they can find in TPM. It is important to explain therefore about the 
potential for enhanced independence, more interesting forms of 
work, improved co-operation and also in a long run reduced physical 
and psychological burdens. 

Education and training in TPM for all employees is an absolute ne-
cessity. The reason for this is not only to explain TPM, but also to 
increase motivation and reduce the resistance to change. 
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5.5 	Organisation 

Once the introductory education has been completed, the creation of 
an organisation to promote TPM can begin. The structure is based 
on an organisational matrix, forming horizontal groups at each level 
of the vertical management organisation. 

A special "TPM organisation" within the company is a recommended 
start. This TPM organisation should help the implementation pro-
cess and consists of a guiding group, a support group, an introduc-
tion group and some TPM teams. The reason for this is that it could 
be very hard to implement TPM everywhere at the same time. It is 
better to create "success stories" somewhere in the company first. 

TPM must be adapted to the existing organisation, to the company 
culture and to the company's individual conditions. 

5.5.1 	Guiding Group 

It will always be the senior management who is responsible for the 
TPM implementation. Senior management together with a TPM co-
ordinator should constitute the guiding group. 

It is important that the guiding group actively support the prepara-
tion and implementation process. Qualified employees should be 
selected for the support organisation and the guiding group should 
provide them with enough recourses to do a successful work. 

5.5.2 	Support Group 

The support group should support, market, train, and be responsible 
for the accomplishment of the improvements according to TPM. The 
creation and dissemination of a TPM spirit should also be the re-
sponsibility of the support group. 
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The people working in the support group should be dedicated to 
their tasks, otherwise it could be hard to support, encourage, and 
motivate other people within the organisation. 

5.5.3 	Introduction Group 

The introduction group is "the middle management" of the TPM or-
ganisation. Being the link between the guiding group and the TPM 
team, they are responsible for the communication between these 
groups. 

The individuals in the introduction group should also be members of 
the TPM team. In their respective TPM team they serve as leaders 
who should participate in and encourage continuous improvements. 
After some time the TPM team will become self-sufficient and will 
be able to function without a leader. 

5.5.4 TPM Teams 

A unique feature of TPM is its promotional structure of overlapping 
small groups activities, integrating organisational and small group 
improvement activities. The small groups carrying out the work on 
the shop floor are called TPM teams, or, sometimes, improvement 
teams. 

These small groups should be integrated into the corporate struc-
ture so that their activities can complement and enhance other or-
ganisational activities. The TPM team on the shop floor should con-
sist of operators and maintenance personnel. 

5.6 	Policies and Goals 

The senior management should establish basic policies and goals. 
One basic policy should be to commit themselves to TPM and incor- 
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porate concrete TPM development procedures into management 
plan. 

A basic management policy might for instance be: "To reduce losses 
by eliminating breakdowns, defects, and accidents while enhancing 
the profitability of the company and creating a favourable working 
environment for all employees" (Nakajima, 1988). 

Once goals have been set for the company they must be adopted fur-
ther by each department and at each level. These goals should be 
Specific, Measurable, Accepted, Realistic, and Time framed 
(SMART). 

A specific goal could be (from ABA of Sweden) that, 'We shall have 
an overall equipment effectiveness corresponding to 85 % when 
there is demand for it"  (Johansson  & Nord, 1996). 

Another example is from Nachi-Fujikoshi where they had the fol-
lowing company-wide TPM goals (Nachi-Fujikoshi Corporation, 
1990): 

Overall Equipment Effectiveness: 85% or more 

Failures: 

Downtime due to failures: 

Quality defects: 

Worker accidents:  

1/50 or less of previous year out-
put 

1/50 or less of previous year 
downtime total 

Value of rejects: 1/4 or less of 
previous year total 

Complaints: 0 

0 
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5.7 	Master Plan for Development 

The next step in the preparation stage is to establish a master plan 
for TPM development. The daily schedule for TPM promotion, be-
ginning with the preparation stage before implementation, must be 
included. 

There are seven steps for implementing TPM. Those should of 
course be included in the master plan. Those steps will be explained 
further in chapter 6. 

Thus, a master plan should include both the preparation stage and 
the implementation stage. Figure 5.3 shows an example of a master 
plan. 

	

5.8 	Further Reading 

This chapter briefly explains the key-steps in the preparation stage 
before implementing TPM. If the reader wants more information the 
author recommends Nakajima (1988), Nakajima (1989) and Nord et 
al. (1997). 
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, Activities Time 

Decision 

Marketing & anchoring 

Education 

Organisation 
11111 

Policies and goals 

TPM kick off 

Measure and improve OEE 
samimmimmus, 

Autonomous maintenance 
----- 	 - 

Maintenance program 
11111 

Operation and maintenance  
skils  

Early equipment manage-
ment program 

Follow-up & control 

Figure 5.3 	An example of a first version of a master plan. 
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Step 5 	 Step 6 Step 4 
V 

Create 
maintenance 

program 

Im  prove 
operation and 
maintenance 

skills 

Develop early 
equipment 

management 
program 

Hold TPM 
kick-off 

Improve 
equipment 

effectiveness 

Establish 
autonomous 
maintenance 
(seven steps) 

6 	IMPLEMENTATION OF TPM 

This chapter describes the implementation process of JIPM's TPM-
model. The implementation process consists of seven steps. 

6.1 	Background 

As explained in the previous chapter, the TPM implementation 
model developed by JIPM consists of twelve steps, see figure 5.1. 
The first five steps are the preparation stages and the last seven 
steps describe the implementation process. This chapter describes 
the last seven steps, see figure 6.1. The JIPM model is described in 
many books, for example Nakajima (1988, 1989), Nord et.al  (1997) 
Nachi-Fujikoshi Corporation (1990) and Robinson & Ginder (1995). 
These provide the main references for this chapter. 

Step 1 
	

Step 2 	 Step 3 

Step 7  

Implement TPM 
fully and aim for 

higher goals. 

Figure 6.1 	The seven steps for implementing TPM (from the JIPM 
model described in Nakajima (1988). 
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6.2 	Kick-off 

The TPM kick-off is the first step in the implementation process. 
During the preparation stages (steps 1-5 explained in chapter 5) the 
management plays the dominant role. From this point onwards, 
however, the individual employees must begin to actively use TPM 
principles. The employees should support the management's policy 
by working with the aim of eliminating major equipment losses. 

The kick-off should help cultivate an atmosphere that increases the 
employees' morale and dedication. 

6.3 	Overall Equipment Effectiveness 

One of the most important steps is to follow up the overall equip-
ment effectiveness. Basically, there are two ways to improve equip-
ment efficiency: a positive way and a negative way (Shirose, 1992b). 
The positive way is to make the most of the functions and perform-
ance features of the equipment. The negative way is to eliminate the 
obstacles to efficiency. These potential obstacles, or losses, have to 
be identified and then systematically eliminated. There are six ma-
jor losses that can be formidable obstacles to equipment effective-
ness. These are: 

Down time: 	Equipment breakdowns 

Set-up and adjustment time 

Speed losses: 	Idling and minor stoppages 

Reduced speed 

Defects: 	Process defects 

Reduced yield. 

These losses are described more fully in the next section. 
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6.3.1 	Eliminating the Six Big Losses 

Equipment breakdown losses are the major form of loss experienced 
in manufacturing, but few companies do much to reduce these 
losses. Many people assume that all equipment eventually breaks 
down and that all breakdowns can be fixed. Knowing that, it is per-
haps not surprising that breakdowns are difficult to eliminate. 
Eliminating breakdowns for all equipment is possible only if people 
change how they think about and use equipment (Nakajima, 1989). 

Breakdowns become chronic for two reasons, first because of or-
ganisational problems and secondly due to technical problems re-
lated to the equipment. The following actions will help in reaching 
the targets of zero breakdowns (Nakajima, 1989; Shirose, 1992a, 
1992b): 

• Co-operation between production and maintenance departments 

• Prevent accelerated deterioration 

• Maintain basic equipment conditions 

• Maintain operating conditions 

• Improve maintenance 

• Take repair work beyond quick-fix measures 

• Correct design weaknesses 

• Learn as much as possible from each breakdown. 

Set-up and adjustment losses are stoppage losses that can occur 
during set-up procedures. Set-up and adjustment ought to be per-
formed quickly and accurately. This requires planning and a sys-
tematic inquiry into ways of reducing set-up and adjustment time 
without reducing accuracy. With the widespread Single-Minute Ex-
change of Die  (SMED)  techniques (Shingo, 1985), the set-up and 
adjustment losses could be effectively reduced. 
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The following measures will help in reaching the targets of mini-
mising set-up and adjustment time (Nakajima, 1989; Shirose, 
1992a, 1992b): 

• Use the  SMED-technique 

• Simplify 

• Review precision settings for equipment, jigs and tools 

• Promote standardisation 

• Improve skills. 

Idling and minor stoppages occur when equipment idles (i.e., con-
tinues to run without producing) or stops as a result of a temporary 
problem. For example, a workpiece may jam in a chute, or a quality 
control sensor may temporarily shut down the equipment. A minor 
stoppage can be dealt with quickly, as soon as it is noticed. How-
ever, if the equipment is idle or stopped frequently, the factory's 
output may drop. 

The following measures will help in reaching the targets of zero 
idling and minor stoppages (Nakajima, 1989; Shirose, 1992a, 
1992b): 

• Carefully observe what is happening 

• Correct slight defects 

• Ensure that basic equipment conditions are maintained 

• Review basic operations 

• Adopt an analytical approach 

• Eliminate design weaknesses. 

Speed losses occur when there is a difference between the speed at 
which a machine is designed to operate and its actual operating 
speed. However, there are often problems associated with the speed 
set at the design stage. Therefore a standard speed is set for each 
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type of product. The standard speed is used instead of the designed 
speed to determine the speed loss. 

The following measures will help in reaching the targets of zero 
speed losses (Nakajima, 1989; Shirose, 1992a): 

• Set standard speed for each product 

• Expose hidden problems 

• Adopt an analytical approach 

• Improve skills. 

Quality defects and rework are losses in quality caused by malfunc-
tioning production equipment. In general, sporadic defects are easily 
and promptly corrected by returning equipment conditions to nor-
mal. The causes of chronic defects, on the other hand, are difficult to 
identify. Eliminating chronic defects requires thorough investiga-
tion and innovative remedial action, see Juran (1995a) and Shirose 
(1992b). 

The following measures will help in reaching the targets of zero 
quality defects and rework (Nakajima, 1989): 

• Standardisation 

• Continuous improvement focusing chronic defects 

• Shared responsibility (operators and managers). 

Start-up or yield losses are those incurred because of the reduced 
yield between the time the machine is started up and when a stable 
level of production is finally achieved. Often, these losses are diffi-
cult to identify. 

The following measures will help in reaching the targets of mini-
mising start-up or yield losses (Nakajima, 1989, Shimbun, 1995): 
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• Focus on temperature changes, thermal distortion, and the like 

• Implement Statistic Process Control (SPC) 

• Expose hidden problems 

• Improve skills 

• Shared responsibility. 

To summarise, the six big losses described above constitute a major 
hindrance to equipment efficiency. Therefore, eliminating them will 
give a correspondingly sizeable boost to efficiency (Shirose, 1992b). 

For further reading about the six big losses, see Shirose (1992a,  b),  
Nakajima (1989) or  Ljungberg  (1997). 

6.3.2 	Why Follow-up? 

Many people wonder why it is necessary to follow-up. Experiences 
show distinct evidence that follow-up is very important in the pro-
cess of continuous improvements, which is, after all, the major aim 
of TPM. Improvements can never be quantified if the results before 
and after the changes are not measured. When measuring, facts 
about the process can be gathered. Measuring also means that it is 
possible to gain a greater knowledge about the process. By making 
comparisons between the results before and after these efforts, it 
will become clear whether or not any improvements were actually 
achieved. 

In TPM the most important thing that must be measured is the 
overall equipment effectiveness (see section 6.3.3). It could be meas-
ured in many different ways and different companies use different 
methods. It is, though, vital to know what should be measured and 
how to conduct the measurement process. Once this has been de-
cided it is important that the same measuring process is used every 
time, otherwise results can not be correctly compared. 
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Reasons for the importance of overall equipment effectiveness are 
for example: 

• Improving the overall equipment effectiveness. 

• Identifying different losses. 

• Finding actions for improvements and by that eliminating 
losses. 

• Proving that there are improvements. 

• Using the assets in the right way and co-operating to optimise 
production, maintenance and planning. 

• To easily be able to observe the effects of the programme. 

• To easily be able to give feedback that is correct and easy to un-
derstand. 

• Focusing on a specific type of failure. 

• Giving everybody within the organisation the same picture of 
the problems, which, hopefully, will contribute to collaborative 
working towards common visions and goals. 

6.3.3 	What Will be Followed-up? 

The most common method to measure and follow-up the overall 
equipment effectiveness is by using the OEE concept (from JIPM, 
described in i.a. Nakajima, 1988): 

Overall Equipment Effectiveness (OEE) = 

Availability * Performance Efficiency * Quality Outcome 
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Availability 

Availability is a measure of how much of the total time, i.e. the 
loading time, that can be used for production (operating time). 
Available time is the total working time minus time for planned 
meetings, maintenance, and so on. 

Availability — loading time — downtime 
loading time 

Downtime = Equipment failure + stoppage + set-up + adjustments 

Performance Efficiency 

Performance Efficiency measures how effectively the available oper-
ating time is used. 

Performance Efficiency = processed amount * ideal cycle time 
loading time - downtime 

Quality Outcome 

Quality Outcome measures the proportion of perfect products com-
pared to the total amount processed. 

Quality Outcome — processed amount - failure amount 
processed amount 

Overall Equipment Effectiveness 

Overall Equipment Effectiveness is the product of Availability and 
Performance Efficiency and Quality Outcome. Based on JIPM's ex-
periences (Nakajima 1988, 1989), "world-class" conditions would be 
where: 
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• Availability is greater than 90 % 

• Performance Efficiency is greater than 95 % 

• Quality Outcome is greater than 99 % 

Therefore, to reach these "world-class" standards, the overall 
equipment effectiveness should be, at least: 

(0,90 * 0,95 * 0,99) 0,85; thus greater than 85 %. 

This figure is of course not just a remote goal. All the PM prize-win-
ning companies have an equipment effectiveness greater than 85 % 
(Nakajima, 1988). 

When calculating overall equipment effectiveness for the first time 
it is good to be prepared for a figure that is considerably lower than 
might be expected. It is not unusual to find the overall equipment 
effectiveness figures to be in the region of 20% - 30%. However, this 
means that the lower the present overall equipment effectiveness, 
the greater the untapped potential the company possesses. 

6.3.4 	Continuous Improvements 

The six big losses described in section 6.3.1 are losses related to the 
equipment. There are also other types of losses, such as human re-
lated, so called soft losses. 

These soft losses partly consist of time losses due to unnecessary 
work and inefficient methods. This in turn can depend on the em-
ployees, the planning or the organisation. Examples of soft losses 
are (Nord et al., 1997): 

• Management losses 

• Procedure losses 

• Balance losses 
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• Logistic losses 

• Control and adjustment losses. 

To reduce these losses all employees have to become committed 
members of continuous improvement teams (Nord et al., 1997). The 
following key words can help in minimising soft losses: 

• Commitment 

• Competence 

• Communication 

• Co-operation 

• Organisation 

• Discipline 

• Automation. 

Continuous improvements must be something natural that is re-
garded as natural by every employee at every level. This often re-
quires that people change their behaviour. Education and training 
are the most effective ways to change behaviour (Tsuchiya, 1992). 
Education and training in helpful techniques and tools are therefore 
necessary (for instance the Seven Quality Control tools and the 
Seven Quality Management tools). Standardised work procedures in 
the team, like the PDSA-cycle, are also helpful. 

6.4 	Autonomous Maintenance Program 

Establishing an autonomous maintenance program is the second 
step in implementing TPM. This can be done at the same time as 
working with the six big losses. In autonomous maintenance, pro-
duction and maintenance personnel co-operate and give priority to 
the equipment. Errors must be prevented and breakdowns must be 
avoided. An effective co-operation between production and mainte- 
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nance is necessary to keep this working. It is also important that 
the employees change their attitude towards the equipment. No one 
should ever accept breakdowns. 

All maintenance of equipment is, by tradition, the responsibility of 
the maintenance department. Autonomous maintenance performed 
by the equipment operators is a unique characteristic of TPM. The 
organisation of autonomous maintenance is central to the successful 
promotion of TPM development within the company. 

6.4.1 	From Traditional to Autonomous 
Maintenance 

Ideally, whoever operates equipment should also maintain it, and 
originally, these two functions were in fact combined. Gradually, 
however, the maintenance and production functions were separated 
as equipment became more sophisticated and as business grew (Na-
kajima, 1989). 

The most common method of working with maintenance in manu-
facturing companies during the last decades implies that companies 
were, and may still be, locked into a vicious circle. Most people be-
lieve that it is natural for the equipment to break down. That is why 
breakdowns are accepted. Thus everyone takes it for granted that 
all equipment breaks down now and then (with standstills for sev-
eral hours or even days) and that the equipment will produces de-
fective units (especially when adjustment have been carried out) 
and will often be prone to minor stoppages. 

This means that the maintenance staff only have time for repair 
work and remedy maintenance. All preventive activities have to 
wait and soon the company finds itself locket into a vicious circle. 
Often the companies build up huge maintenance departments in 
order to have enough resources when needed when breakdowns oc-
cur. 
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Traditionally the operators' focus will be on the product that is pro-
duced by the equipment. The maintenance personnel's focus will be 
on the equipment that is out of order. No one will actually focus on 
the equipment when it is working properly. In the ideal situation 
the equipment is maintained and taken care of by the equipment 
operator. 

Operators must learn, once again, to take responsibility for their 
equipment. This is hard and it will take time. But with training and 
practice operators will be able to take over this responsibility, in 
spite of the advanced nature of their equipment. Autonomous main-
tenance will also contribute to higher overall equipment effective-
ness. 

The production and the maintenance departments must not only 
share the responsibility of the equipment, they also have to co-oper-
ate in every situation. It is important that both parties understand 
each other's situation. The attitudes towards maintenance must also 
be changed. 

The goal with the new method of working is that the operators 
should focus on the equipment. They know very well in what condi-
tion the equipment is. The operators should perform some mainte-
nance by themselves. This autonomous maintenance is divided into 
seven steps. These steps are as follows (see also figure 6.2): 

1. Initial cleaning (which implies an improvement) 

2. Countermeasure to be implemented at the source of problems 
(which implies an improvement) 

3. Cleaning and lubrication standards (which maintains these 
improvements) 

4. General inspection (which implies an improvement) 

5. Autonomous inspection (which maintains improvements) 

6. Organisation and tidiness (which implies an improvement) 
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7. Full autonomous maintenance (which maintains improve-
ments) 

Those steps will be explained further in sections 6.4.3 through 6.4.9. 

z 
7. Full autonomous maintenance 

z  
6. Organisation and tidiness 

5. Autonomouos inspection 
z 
4. General inspection 

z 
3. Cleaning and lubrication standards 

7  
2. Countermeasure at the source of problems 

1. Initial cleaning 

Figure 6.2 	The seven steps of autonomous maintenance. 

When performing autonomous maintenance overall responsibility 
and holistic perspective will increase. The operators take responsi-
bility and they are able to prevent both errors and wear and tear. 
The maintenance department will then have more time to focus on 
those tasks that require their specialist competency. 

6.4.2 	The Five Ss 

The Five S practice is a technique used to establish and maintain a 
quality environment within an organisation (Ho, 1999). The name 
5S comes from the five Japanese words;  Sein,  Seiton, Seiso, 
Seiketsu and Shitsuke. Their English Translations and typical ex-
amples are shown in table 6.1. 
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Table 6.1. 	The explanation and meaning of 5S (Ho, 1999). 

Japanese English Meaning Example  

Sein  i  Structu rise Organisation Throw away rubbish 

Seiton Systematise Neatness Everything in its place 

Seiso Sanitise Cleaning Individual cleaning responsibility 

Seiketsu Standardise Standardisation Transparency of storage 

Shitsuke Self-discipline Discipline Do 5S daily 

According to Ho (1999) the 5Ss have been used in Japan for a long 
time and the Japanese use the 5Ss for improving the physical envi-
ronment. All employees are involved and the 5Ss are necessary 
when establishing effective quality processes as prerequisites for 
good products and services. 

Ho (1999) states that the 5Ss practice should comprise the first step 
when introducing a TQM programme. Anyone can practise them, 
and although these activities seem easy, they are actually difficult 
to put into practice. If everyone practices them, however, the result 
is a disciplined workplace (Tsuchiya, 1992). 

The 5Ss are also a fundamental principle for autonomous mainte-
nance. It is important that the environment is neat and tidy. At pre-
sent, several companies apply some of the 5S principles, but not all 
of them and not everywhere. For further reading about the 5Ss and 
autonomous maintenance, see Tsuchiya (1992). 

6.4.3 	Step I: Initial Cleaning 

Operators develop an interest in and concern for their machines 
through cleaning them thoroughly. Cleaning is an educational pro- 
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cess  that both raises some questions and also answers others. The 
operators learn that cleaning is inspection. When cleaning they are 
looking for the source of contamination. They also learn basic lubri-
cating and bolting techniques and become skilled in detecting 
equipment problems. 

Internal cleaning of revolving and moving parts is important. Initial 
cleaning must be carefully planned and the operators, the mainte-
nance personnel and the managers should all perform the cleaning. 
It is of some importance to take photographs before and after 
cleaning. Then there is a standard for cleanness. 

	

6.4.4 	Step 2: Countermeasures at the Source 
of Problems 

The more difficult it is for an individual to perform initial cleaning, 
the stronger will be his/her desire to keep the equipment clean and, 
thus, to reduce cleaning time. The problems that were found during 
the initial cleaning must be checked to find their causes, which 
must in turn either be eliminated or reduced. If a cause cannot be 
removed completely, more efficient cleaning and inspection proce-
dures must be designed for problem areas. 

	

6.4.5 	Step 3: Cleaning and Lubrication 
Standards 

In steps 1 and 2 operators identify the basic conditions that should 
apply to their equipment. When this has been done, the TPM groups 
can set standards for speedy and effective basic maintenance work 
to prevent deterioration (for example cleaning, lubrication and 
bolting for each piece of equipment). This is done to maintain the 
improvements achieved as a result of steps 1 and 2. 
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6.4.6 	Step 4: General Inspection 

Steps 1 through to 3 are carried out to prevent deterioration and to 
control the basic conditions of equipment maintenance. In this 
fourth step, operators receive basic instructions in lubrication, 
equipment parts (tightening nuts and bolts), pneumatics, hydrau-
lics, electrical circuits, drive systems and other basic technologies, 
such as waterproofing and fire prevention, in order to use this 
knowledge while inspecting their equipment and watching for ab-
normalities. General inspection training must, of course, be carried 
out one category at a time, beginning with skill development. 

This fourth step may take a long time to complete, because all op-
erators must develop the ability to detect abnormalities. 

6.4.7 	Step 5: Autonomous Inspection 

In step 5, the cleaning and lubricating standards established in 
steps 1 through to 3 together with the tentative inspections, are 
compared and re-evaluated to eliminate any inconsistencies and to 
make sure that maintenance activities accord with established time 
frames and goals. 

By the time operators have been thoroughly trained to conduct the 
general inspection (step 4), the maintenance department should 
have set up an annual maintenance calendar and prepare its own 
maintenance standards. Standards developed by workshop groups 
must then be compared to these maintenance standards to correct 
omissions and eliminate overlapping in individual categories. The 
responsibilities of the two groups must be clearly defined so that a 
complete inspection is carried out for each category. 
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6.4.8 	Step 6: Organisation and Tidiness 

Steps 1. through 5 emphasise activities concerned with the inspec-
tion and maintenance of basic equipment conditions. The role of the 
operator, however, is much broader than this. 

Steps 6 and 7 stress improvement activities informed by the opera-
tors' increasing knowledge and experience and extend beyond the 
equipment to its surrounding environment. These activities increase 
involvement, skills and co-operation amongst divisions. 

In step 6, supervisors and managers take the lead in completing the 
implementation of autonomous maintenance by evaluating the role 
of operators and clarifying their responsibilities. On the basis of op-
erators' experiences up to this point, managers may want to expand 
the scope of their equipment-related activities. Any new activities 
are linked to equipment management and production management 
goals in order to promote transparency in the workplace. 

6.4.9 	Step 7: Full Autonomous Maintenance 

Through TPM group activities lead by supervisors (through to step 
6), employees develop greater morale and competence. Ultimately, 
they become independent, skilled and confident workers who can be 
expected to monitor their own work and implement improvements 
autonomously. 

At this stage, TPM group activities should focus on eliminating the 
six losses and implementing in each workshop the improvements 
adopted for the model equipment by the project teams. 
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6.5 	Maintenance Program 

Creating a maintenance program is one of the basic steps in TPM 
development program. It should be a scheduled or periodic mainte-
nance program for the maintenance department. 

As mentioned earlier, scheduled maintenance carried out by the 
maintenance department must be co-ordinated with the autono-
mous maintenance activities of the operation department so that 
the two departments can function together like the wheels of a car. 

Until general inspection becomes part of workers' routine, the assis-
tance of the maintenance department will be required more often 
than it was before the TPM development program was introduced. 
Moreover, accidental breakdowns, while gradually decreasing, will 
continue to demand attention. Thus, the workload of the mainte-
nance department will probably hit an all time high. This temporary 
excess workload must not be neglected and should be handled 
promptly through overtime and subcontracting in order to support 
the commitment of the operators, who otherwise may lose their en-
thusiasm for developing autonomous maintenance. 

The volume of maintenance work will diminish again when general 
inspection has become part of the operators' routine. The number of 
breakdowns will decrease significantly and maintenance activities 
will also lessen. At this point, the maintenance department should 
focus on its own organisation. 

Development of a scheduled or periodic maintenance program 
should begin early. This program must be developed independently 
so that the standards can be compared against the standards being 
set by the operation department. A clear division of the responsibili-
ties of the two departments is the key to thorough and effective in-
spection and can be accomplished only when both sets of standards 
are combined. 
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6.6 	Operation and Maintenance Skills 

Improving operational and maintenance skills is the next step in the 
TPM development program. Many companies underestimate the 
value of training, especially training in maintenance techniques. 
Education and training are investments in people that yield multi-
ple returns. Companies implementing TPM must invest in the 
training that will enable employees to manage their equipment 
properly. In addition to training in maintenance techniques, opera-
tors must also sharpen their conventional operation skills. 

Technical education and training must be tailored to the individual 
requirements of the workplace. All employees have to be educated 
and trained. Often employees can educate and instruct each other. 
This could successfully be achieved by the use of one-point-lessons 
or hands-on experiences (see Nord et. el., 1997, or Nakajima, 1989). 

While operators takes more responsibility for the equipment main-
tenance, the maintenance personal can focus more on improving and 
further developing their maintenance techniques. Maintenance per-
sonnel are responsible for ensuring the long-term durability and re-
liability of equipment. Maintenance personnel are like doctors - they 
must be competent, otherwise their patient's conditions can only 
worsen. 

6.6.1 	Quality Maintenance 

Quality Maintenance is the term used to describe maintenance that 
focuses not only the types of failures that halt equipment, but also 
on those that reduce quality and cause functional deterioration 
(Tsuchiya, 1992). These activities are promoted as one of the main 
pillars of a defect-prevention program, and yields significant bene-
fits. Quality maintenance includes the following activities (Nachi-
Fujikoshi Corporation, 1990): 
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• Establishing the equipment conditions for zero defects and then 
checking and measuring these conditions on scheduled basis. 

• Preventing quality defects by checking that the measured values 
are within the rated values. 

• Anticipating possible quality defects by monitoring variations in 
measured values, and taking pre-emptive action. 

For further reading about Quality Maintenance, see for example 
Tsuchiya (1992), Nachi-Fujikoshi Corporation (1990) or Nord et. al. 
(1997). 

6.7 	Early Equipment Management Program 

The last category of TPM development activities is early equipment 
management. 

When new equipment is installed, problems often show up during 
test-running, commissioning and start-up even though design, fab-
rication and installation appear to have gone smoothly. Engineering 
and maintenance engineers may have to make many improvements 
before normal operations can begin. Even then, start-up period re-
pairs, inspection, adjustment and the initial lubrication and clean-
ing needed to prevent deterioration and breakdown are often so dif-
ficult to carry out that supervising engineers become thoroughly 
discouraged. As a result, inspection, lubrication and cleaning may 
be neglected, which needlessly prolongs equipment downtime even 
for minor breakdowns. 

It is mainly production engineering and maintenance personnel, 
who perform early equipment management. They do so as part of a 
comprehensive approach to maintenance prevention and mainte-
nance-free design. These goals are promoted through improvement 
activities at various stages: The equipment investment planning 
stage, design, fabrication, installation and test running, as well as 
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commissioning (when normal operation with an actual flow of prod-
ucts has been established). Debugging (detecting and correcting er-
rors and faults) is one of the tasks included in these activities. For 
further details about equipment management and planning, see 
Gotoh (1991). 

6.8 	Aiming for Higher Goals 

The final step in the TPM development program is to perfect TPM 
implementation and set even higher goals for the future. During 
this period of stabilisation everyone works continuously to improve 
TPM results, so it can be expected to last for some time. 

Once these twelve steps have been implemented and the resulting 
benefits achieve Japanese companies can apply to be evaluated for 
the PM Prize (read about PM Prize below in section 6.8.3). Even af-
ter a company receives the PM Prize, however, its drive for im-
provements must continue - winning the PM Prize simply symbol-
ises a new beginning. TPM implementation in all administrative 
functions may well be the next challenge for the company. 

6.8.1 	TPM in Administrative Processes 

It is a challenge to implement TPM all over the company, including 
of course the administrative departments. Changes in administra-
tion processes are often harder to manage than changes in produc-
tion. However, the advantages of implementing TPM in administra-
tion can be enormous. 

By translating the 5Ss and autonomous maintenance into adminis-
trative terms and then applying them to the administrative pro-
cesses, amazing results can be achieved (Nord et al. 1997; Suzuki, 
1992). 
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Read more about TPM in administrative processes in Nord et al. 
(1997), Suzuki (1992) and  Ljungberg  (1997). 

	

6.8.2 	Safety, Environment and Health 

Safety, environment and health are fundamental factors when cre-
ating an attractive place of work and a pleasant working environ-
ment. Often safety and a congenial working environment are the 
results of TPM, but it is also important to sustain continuous levels 
of improvements in this area. 

Safety and occupational health are issues which requires the crea-
tion of a safe coexistence between man and equipment (Nord et al., 
1997). The key word is preventive action and the ultimate goal, zero 
accidents. 

	

6.8.3 	The PM Prize 

In Japan, the Distinguished Plant Prize (PM Prize) is awarded an-
nually to plants that successfully implement TPM. The Prize is 
awarded by the Japan Institute of Plant Maintenance (JIPM). 

The PM Prize has been awarded since 1964. It is offered in two 
categories, for large corporations and for firms with fewer than 
1,000 employees and less than 500 million yen in capital assets. 

Volvo Cars Europe Industry in Gent was the first European com-
pany to win the PM Prize. Volvo Car Corporation, Engine East 
Plant in  Skövde,  Sweden was the first company in Sweden to win 
the PM Prize in 1997. They were also the first engine manufacturer 
outside Japan to be awarded with the PM Prize. 

Further reading about the PM prize; see Nakajima (1988) or Nord, 
et al. (1997). 
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6.9 	Further Reading 

This chapter has attempted to provide o brief explanation of the 
key-steps in TPM implementation. If the reader wants more infor-
mation the author recommends Nakajima (1988, 1989), Nachi-
Fujikoshi Corporation (1990) and Nord et al. (1997). 
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7 	EXPERIENCES FROM TPM 

In Sweden TPM is a relatively new concept. It was introduced in the 
beginning of the 1990s. In this chapter experiences from different 
countries and different companies are presented. 

7.1 	TPM in Japan 

Many Western companies still marvel at the Japanese secret. Most 
of them are convinced that it has something to do with the culture 
(Spear & Bowen, 1999). Nevertheless, many Japanese companies 
located in Europe or America are as successful as those located in 
Japan. 

Characteristics of successful companies are that activities, connec-
tions, and production flow are very rigidly scripted, yet at the same 
time the operations are flexible and adaptable. This is possible by 
making people capable of, and responsible for undertaking and im-
proving their own work (Spear & Bowen, 1999). 

Flexibility in manufacturing operations is necessary so that change 
can take place in response to market needs. Today the most impor-
tant thing continues to be the ability to change and to do it quickly 
enough. Many Japanese manufacturing companies are seeking to do 
this through just-in-time product developments and cost reduction 
with help of TQM and TPM (Yamashina, 1995). 

TPM started in Japan in the 1970's. JIPM (Japan Institute of Plant 
Maintenance), which has office all over the world, works in many 
ways to support the introduction of TPM into companies all over the 
world. Research and experiences from Japan show revolutionary 
results in the areas of lead-time, quality, breakdowns, productivity, 
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costs, motivation, competency, etc. See for example Nakajima (1988, 
1989), Shimbun (1995), Seger (1993), Tsuchiya (1992) and Nachi-
Fujikoshi (1990). 

7.2 	TPM in America 

American manufacturers have not supported maintenance while 
demanding ever-greater performances from it (Steinbacher & Stein-
bacher, 1993). Fortunately, a new way of thinking and acting is be-
ginning to emerge. Managers have discovered the importance of 
maintenance and that TPM is the foundation on which all other 
world-class manufacturing strategies must rest (Steinbacher & 
Steinbacher, 1993). 

Total commitment is essential for TPM as well as for TQM, JIT, and 
total employee involvement. TPM can be implemented only with the 
support of management and all employees associated with produc-
tion (Steinbacher & Steinbacher, 1993). By accepting the logic of 
TPM as common sense, it will be possible to develop consensus for 
applying TPM in areas of management, logistics, and behaviour. 

TPM was introduced in America in the late 1980's (Robinson & 
Ginder, 1995). Despite its relative youth, many companies are 
adopting the concept fully and are implementing it vigorously in 
their plants and facilities. Results from America are as revolution-
ary as the results from Japan and are evidenced by better produc-
tivity, lower costs, fewer breakdowns, shorter lead-times, etc. 
(Steinbacher & Steinbacher, 1993; Robinson & Ginder, 1995; Blan-
chard, 1997; McAdam & Duffner, 1996; Patterson et al., 1996;  Mag-
gard,  1992). 

Experiences also show that the production operators and mainte-
nance craftspeople readily accepted TPM. Those people who were 
the most reluctant to embrace TPM were the group leaders and su- 
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pervisors (Robinson & Ginder, 1995). Managers became interested 
in TPM only after quantifiable results had been proved. 

Other experiences show that very little progress has been made in 
the area of maintenance prevention and maintainability improve-
ment (Blanchard, 1997). This area of improving equipment design 
effectiveness through reliability and maintainability offers the 
greatest potential for meeting the overall objectives of TPM in fu-
ture. 

The Americans have also realised that TPM works very well to-
gether with other methods, such as, naturally, TQM and JIT, but 
also with TOC (Theory of Constraints) and benchmarking (Robinson 
& Ginder, 1995). 

Other experiences are that employees are motivated in their work 
and profitability is increased  (Maggard  & Rhyne, 1992). Naguib 
(1993) also states that TPM improves employee moral and job satis-
faction. 

Numerous companies in America are now investigating and experi-
menting with the potential of TPM, although complete implementa-
tion and the resultant successes experienced in other companies 
have not yet been attained. Organisational culture and senior man-
agement commitment have been identified as critical issues which 
will affect the rate and the effectiveness of TPM implementation in 
American industry  (Maggard  & Rhyne, 1992). 

7.3 	TPM in Europe 

Many European companies have used the ideas and concepts of 
TPM in an attempt to improve maintenance effectiveness. The first 
European company to win the Japanese PM prize was Volvo's as-
sembly plant in Ghent, Belgium (Nord et al., 1997) and they have 
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seen considerable improvements in production, quality and reliabil-
ity (Kelly, 1992). 

Experiences from Italy (Cigolini & Turco, 1997) and the UK (Bo-
horis  et al., 1995) also give evidence of the advantages of TPM. 
Cigolini & Turco (1997) demonstrate that many companies tailor a 
specific TPM implementation pattern and some companies are not 
wholly implementing TPM. Results from Bohoris et al. (1997) show 
that TPM gives more breakdowns and lower availability during the 
short period immediately after its introduction. This phenomenon is 
known as the "bow-wave effect", see figure 7.1, and occurs as a di-
rect result of the numerous problems experienced before things were 
set right (Bohoris et al. 1997). Key barriers to implementation are 
lack of management support and employee resistance (McAdam & 
McGeough, 2000). 

£ or hours 

Figure 7.1 	"Bow-wave effect" because of TPM implementation 

(Bohoris et al. 1997). 
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7.3.1 	TPM in Sweden 

In Sweden the Volvo Car Corporation, Engine East Plant in  Skövde  
is the most successful company to have adopted to TPM. In 1997 
they were awarded with the PM prize and they have worked with 
TPM since the beginning of the 1980's. This has, among other 
things, resulted in lower maintenance costs, lower costs per engine, 
higher productivity, fewer accidents, and better quality (Nord et al., 
1997). 

Other Swedish companies, like Saab Automobile,  SKF, Perstorp  
Components, and Hydro Polymers AB, have been able to witness the 
advantages of TPM  (Ljungberg,  1997). The implementation of TPM 
in these companies has resulted in better productivity, fewer break-
downs, satisfied and committed employees, shorter lead-times, bet-
ter quality, continuos follow-up, higher effectiveness, shorter set-up 
times, better communication, fewer reclaims and a better working 
environment.  (Ljungberg,  1987). 

Adapting TPM implementation to the company and to its culture is 
important in order for TPM to be successful. In Lycke (1998) a gen-
tle adoption of TPM resulted in committed management, better 
communication and co-operation, a shared responsibility for the 
equipment, fewer breakdowns and higher reliability. 

7.4 	Summary 

The most difficult aspect of implementing TPM is to get everyone in 
the organisation to recognise the need for change and to commit 
themselves to it (Steinbacher & Steinbacher, 1993). Change is pain-
ful and it takes time. 

TPM will only succeed if the corporate management believes in the 
importance of maintenance and if they are really committed to the 
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TPM concept (Kelly, 1992). They also have to realise that TPM im-
plementation is a long-range process. 

Patterson, et al. (1995) suggest that TPM does not fit all companies. 
What they mean is that some companies are not mature enough to 
start the process of implementing TPM. Often this maturity de-
pends on the management. 

Indeed, many TPM programs fail because companies are unable to 
change their existing culture (Lawrence, 1999). Successful TPM im-
plementation requires that management finds a successful way to 
break down the barriers between the company's production and 
maintenance organisations. 

It seems that the TPM implementation process in different coun-
tries and different companies all derive from the Japanese twelve 
step method introduced by Nakajima (1988). This does not mean 
that they blindly follow each pre-determined stage. On the contrary, 
what they have done is to adapt the steps to the companies. 

TPM programs have been implemented by many companies and can 
be adopted by companies in different environments and within vari-
ous types of organisations (McKone et al., 1999). Nevertheless, most 
experiences are from manufacturing industries and from the begin-
ning of the TPM implementation process. 
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Case study 

This section describes the implementation of 
TPM at a Swedish company. It is an in-depth de-
scription of the preparation and implementation 
at a manufacturing company where the author 
has conducted a longitudinal study over a three 
year period. The part ends with a description of 
the experiences from the case study. 
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8 	TPM AT VOAC HYDRAULICS 

This chapter begins with a presentation of VOAC Hydraulics Divi-
sion, the company in which the case study was conducted. The prod-
uct unit, Pumps and Motors, is described along with their different 
products. The chapter ends with a description of the organisational 
changes in the Pumps and Motors production unit at VOAC during 
1995-1998, and a description of the research project. 

8.1 	VOAC Hydraulics 

Over the last decade VOAC Hydraulics has become established as 
the European leader in several areas of mobile hydraulics. VOAC is 
specialised in specific mobile hydraulics applications. The develop-
ment and production of all key components provides a holistic ap-
proach to functionality and total life-cycle costs. The company's 
product range includes control systems, valves, pumps, motors and 
cylinders. 

Figure 8.1 	The product range of VOAC Hydraulics consists of control 
systems, values, pumps, motors and cylinders. 
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VOAC Hydraulics is owned by the Parker Hannifin Corporation and 
consists of four production units; Pumps and Motors in  Trollhättan,  
Hydraulic cylinders in  Falköping,  Hydraulic valves in  Borås  and 
Remote control systems in  Mölnlycke.  VOAC Hydraulics has ap-
proximately 800 employees. 

Volvo Hydraulics and Atlas Copco established VOAC Hydraulics in 
1992. However, the history of VOAC and its corporate culture begin 
long before that. 

In 1938 "Svenska Flygmotorfabriken" (later "Volvo  Flygmotor  AB" 
and nowadays 'Volvo  Aero  Corporation") was established in  Troll-
hättan.  As a result of their possession of a very important patent 
(the spherical piston) they started to produce hydraulic motors in 
1968. Volvo Hydraulics was created in 1984 and they produced hy-
draulic pumps and motors that were more compact, lighter and 
more powerful than those of their competitors. 

In 1924  Monsun  was established in Stockholm. They produced air 
fans and later on also hydraulics. In 1949 another company, Tison, 
was also established in Stockholm. They produced pneumatics. In 
1966  Monsun  and Tison were amalgamated to form the Monsun-
Tison company, which was relocated to  Borås.  Atlas Copco acquired 
this company in 1974. 

In 1992 Volvo  Flygmotor  AB and Atlas Copco decided to collaborate 
together and they created VOAC Hydraulics (VOlvo & Atlas Copco). 
Volvo  Flygmotor  AB and Atlas Copco each owned a 50 % stake in 
the new company. The new company was able to supply a wide 
product range to their customers. 

In 1996 the Parker Hannifin Corporation bought VOAC Hydraulics. 
VOAC Hydraulics became Parker's division for mobile hydraulics 
within the Motion and Control Product Group. Since November 1, 
1999 the company's name is now Parker Hannifin AB, Mobile 
Controls Division (MCD). 
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Arthur L. Parker founded Parker Hannifin Corporation in 1918. At 
that time the name of the company was the Parker Appliance Com-
pany. Nowadays the Parker Hannifin Corporation has a turnover of 
about $US 5 thousand million. The company is divided into 100 di-
visions and it has 190 plants all over the world. Parker has about 
40,000 employees and about 400,000 customers. 

Parker Hannifin set up business in Sweden 20 years ago and has 
five plants and over one thousand employees in Sweden. For more 
information about Parker Hannifin, see Appendix 1 and 
http ://www. parker. com/.  

8.1.1 Pumps and Motors in  Trollhättan  

The TPM study was conducted at the company's Pumps and Motors 
production unit in  Trollhättan.  This production unit has about 320 
employees, 220 engaged in manufacturing processes and 100 ad-
ministrators. The production unit produces different hydraulic 
pumps and motors, mostly for trucks, construction equipment and 
forest industries. They produce pumps and motors in different sizes 
and with fixed or variable displacements. 

The production department is divided into different sections, where 
each section manufactures different parts of the pumps and motors. 
There are four different product lines: Fl/Ti (fixed truck pump), 
F11/F12 (fixed motor/pump), V12/T12 (variable motor) and, VP1 
(variable truck pump). The output capacity of the units is 2700 units 
per week. Over 90 % of the production consist of fixed pumps and 
motors. 

The workshop area is 10.500 m2  and there are more than 70  CNC  
machines or other machine tools. Most of the equipment is for cut-
ting machinery. 
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The production department is organised in sectors, where each sec-
tor has a production supervisor. The production manager is also 
manager for the maintenance department. 

The abbreviation "VOAC" as used below refers solely to the Pumps 
and Motors production unit in  Trollhättan.  

8.2 	Organisational Changes 1995 - 1998 

Organisational changes have a considerable influence on the opera-
tions in a company. The introduction of new concepts during organ-
isational changes will always have a marked effect on the company's 
results (Kyl6n, 1999). It is not always the case that these effects will 
be negative — it can be that results are positively affected. Never-
theless, it is important that there is a sense of understanding in the 
company that change will always result in effects of one sort or an-
other. 

During the autumn of 1995 many employees at VOAC were busy 
preparing for a large reorganisation of the whole company. At this 
time there was also a rumour circulating which suggested that 
VOAC Hydraulics AB would be sold to an American company. Both 
these things affected the company and most people wanted to post-
pone decisions until everything was finished and settled. 

On the  ist  of January 1996 a new organisation for VOAC Hydraulics 
AB was established. The company was now divided into four differ-
ent production units or plants.  Trollhättan  became production unit 
"Pumps & Motors". That meant that the former production manager 
was promoted to manager for the complete production unit. He em-
ployed a new, female production manager in February. 

A new manager often wants to leave his (or her) stamp on the busi-
ness. The new production manager also had some new ideas she 
wanted to implement. The first and the most important was "order 
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and method", i.e. housekeeping in the production area. Every opera-
tor and production supervisor was requested to organise and put 
things straight. All production departments made routines and 
plans for weekly cleaning and so on. 

Another important change was to prepare the production line to 
follow the natural flow. Planning for the reconstruction of the fac-
tory premises and moving the equipment also began at this time. 

At the same time small groups (or teams) were established in the 
production process. Every production sector formed a group or a 
team. Since there were also new production supervisors, the forma-
tion of groups was important to achieve a sense of co-operation. 

Every week there was a team meeting for each group. At these 
meetings the production supervisor provided information and to-
gether with the group they planned the work. Problems and im-
provements were also discussed during these meetings. 

On the  ist  of March 1996 VOAC Hydraulics AB was sold to the 
Parker Hannifin Corporation. At the same time a new acting man-
aging director was appointed. 

Because of the change of ownership, planning for new construction 
and reconstruction in  Trollhättan  plant begun. At that time the 
whole VOAC plant in  Trollhättan  was situated within the Volvo  
Aero  Corporation's factory complex and reconstruction was neces-
sary when the new owners came. That implied that many of the 
maintenance personnel were very busy with the reconstruction. All 
of the employees had to learn to get used to the attitudes and ideas 
of the new owner. 

In the autumn of 1996 incoming orders decreased and 17 adminis-
trators were made redundant. This was something that caused some 
internal disruption. At the end of 1996 there was another reorgani-
sation and as a result some new production supervisors joined the 
company. 
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In the beginning of 1997 the manager of the factory resigned from 
his post. On the  ist  of March 1997 a new manager for the factory 
was appointed. 

In November 1997 the production manager resigned and a new pro-
duction manager was appointed. The new production manager had 
new ideas and new goals, and his stated aim was to achieve zero de-
fects and zero breakdowns. 

All those organisational changes affected the implementation of 
TPM in one way or another. It was the management changes that 
had the greatest affect on the TPM process. 

8.3 	The Case Study 

The case study was initiated in early 1995. VOAC Hydraulics was 
interested in TPM and wanted guidance on the introduction process. 
In May 1995 the collaboration between the University of Trollhät-
tan/Uddevalla and VOAC Hydraulics concerning TPM began. 

During the summer of 1995 the author became acquainted with the 
company and during the autumn the author established contacts in 
the TPM area and at the same time began to learn about TPM. 

The author produced information material about TPM and informed 
the management about TPM theory. In late 1995 senior manage-
ment decided to start a pilot project in TPM. The author, together 
with the senior management and a TPM co-ordinator, were respon-
sible for the TPM implementation project. 

The preparation for TPM implementation began in 1996. Informa-
tion about TPM and the project was given to all employees in Feb-
ruary 1996, and shortly after the first three pilot teams were con-
structed. The pilot project was evaluated in February 1997 and 
again in February 1998 and was finally finished in April 1998. At 
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that point it was decided that TPM should be implemented through-
out the whole company. 

The author has had different roles during this period (1995 — 1998). 
In the beginning the main thing was to inform and educate about 
TPM. Later the author, together with the TPM co-ordinator, formed 
pilot teams, which were educated and guided in the TPM area. 
During this period the author influenced the implementation pro-
cess by guiding, assisting and supervising the teams. 

Towards the end of the project (1997 — 1998) the author's role 
changed from being an active member to being an observer and an 
external expert who contributed ideas and viewpoints about the 
project. 

The author participated in evaluating and completing the project in 
February to April 1998. The author also gave recommendations for 
the future work with TPM. 

Decision 
to  sed  

Pilot teams  

Fbaorganisation 

New 
Production 

Manger 

Figure 8.2 	Organisational changes and important events in the case 

study during 1995 to 1998. 
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9 	PREPARATIONS 

This chapter describes how the initial preparations for the imple-
mentation of TPM at VOAC were carried out. It is necessary to plan 
the implementation very carefully and there are several important 
steps in this preparation stage. 

9.1 	Management 

The managers at VOAC had first heard about TPM during a trip in 
Asia in1992, but their interest for TPM was really first awoken 
sometime during 1994. A maintenance technician had read about 
TPM and informed one of the more influential managers. This man-
ager had participated in the Asian trip and so he had also heard 
about TPM. Together they found out more about TPM and they be-
lieved that TPM would suit their factory. What they needed then 
was someone who could help them with the task of introducing 
TPM. Consequently, they contacted the university to enquire 
whether they could gain any specialist assistance. 

From the very beginning the senior management was very deter-
mined that if they were going to succeed with the project, it would 
have to take time to develop and mature. They also felt that it 
would be very important to have an understanding of the organisa-
tion and its culture and to introduce the changes slowly and 
smoothly into the daily operations of the factory. 

Accordingly, the managers were of the opinion that it was very im-
portant that the TPM facilitator (i.e. the author) understood and 
learnt about the company and the company's culture. In order to 
make sure that the author was fully conversant with the company 
its principles and working practices, they arranged a very useful 
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and interesting introduction to the company. The company and the 
author both found their co-operation to be fruitful and plans for the 
introduction of TPM began to be formed. 

The first thing that the author needed to accomplish was to find out 
as much as possible about TPM. The author studied the body of lit-
erature and research on the subject, conducted study visits to com-
panies that had already started with TPM and attended a number 
of seminars. During this time the managers at VOAC were kept 
regularly updated and informed by the author. 

By the autumn of 1995 the senior management at VOAC had also 
learnt about TPM and finally they decided that the company should 
start a pilot TPM project. Everyone was convinced that TPM would 
suit VOAC. 

Preparation work for the implementation began and the first stage 
was to find a qualified and dedicated person within the company 
who wanted to learn about and work with TPM and would function 
as the TPM co-ordinator. 

The management did not want an external consultant to supervise 
the implementation of TPM. It was felt to be important that the 
knowledge and competence should come from and remain within the 
company. The maintenance technician who first introduced the 
TPM concept to the manager was selected and he became the TPM 
co-ordinator. 

In the beginning of 1996 a TPM management team was established. 
The team consisted of the senior management, the TPM co-ordina-
tor and the author. The team was at this time well informed about 
TPM and they decided to begin to prepare for the implementation of 
TPM. The preparation work during the first year is shown in figure 
9.1. 
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Figure 9.1 	Different phases and events during the preparation work. 

9.2 	Information 

The first thing that needed to be done was to inform the whole or-
ganisation about the decision. This was carried out in February 
1996. The TPM management team gave brief but very clear infor-
mation to the company's employees. 

The management team made it very clear to everybody that the 
changes would take a long time to be accomplished and that the re-
sults themselves an even longer time. Consequently, the employees 
did not experience any sense of fear or apprehension. Instead they 
become interested in TPM and in its future implementation. 

The management team also explained that they would choose three 
pilot teams to start with so that not everybody would be affected 
from the beginning. However, in the long run TPM would be some-
thing that would permeate throughout the whole organisation. 

9.3 	Organisation 

Before starting any pilot team it was necessary to plan the TPM or-
ganisation. The TPM management team decided to start very gently 
with a small organisation. In the beginning they decided that it was 
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enough with the management team and three pilot teams. Later, 
when starting new teams in the production process, the manage-
ment team would expand by including some more people to become 
a management and guidance team. 

There was good reason to be cautious during the early stages of the 
project. Earlier VOAC had tried to implement some quality-related 
tools, for example statistical process control (SPC), which, for a 
number of reasons had not been successful. They had learnt from 
their mistakes and therefore the managers were very aware of what 
they should do and what they should not do. For example, the intro-
duction of the concept and the provision of continuos support were 
seen to be very important. Therefore, they did not want to start off 
with too many teams. Time had to be left for support and encour-
agement. It was of great importance that the TPM initiative should 
be successful. 

9.4 	Pilot Groups 

The management team decided to form three pilot groups. Opera-
tors working in the same area, with the same equipment formed 
groups. Often there were people from two or three different shifts in 
the same group. There was also at least one production engineer 
and one maintenance technician in each group. All together there 
were about five to ten people in each group. 

9.4.1 How to Choose the Pilot Groups 

The company wanted to create pilot groups with different personnel 
configurations. This was proposed because it was felt to be impor-
tant to be able to distinguish the results between different pilot 
teams. If the pilot groups that were chosen were too similar to each 
other the comparisons between them would probably not be useful 
for drawing conclusions from the experiment. That is why three pi-
lot groups with different prerequisites were established. "When 
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studying three different groups and giving them the same opportu-
nity and the same assistance, conclusions can be drawn if there is a 
difference in their respective results. 

What the author was interested in was to identify which were the 
factors that affected the implementation of TPM. How did the dif-
ferent groups develop and mature? What driving forces and obsta-
cles could be identified in this process? 

In February 1996 the TPM management team chose the pilot 
groups. The production supervisors for the different groups were in-
formed and involved. Together with the production supervisors, the 
TPM management team informed the chosen groups about TPM and 
their tasks within each group. 

9.4.2 Chosen Groups 

The groups chosen differed from each other, but were all involved in 
the production of the same product, namely the fixed pump/motor 
called F11. This product was chosen because there were delivery 
problems at this particular time. The management team thought 
that possible positive effects would become visible very quickly. An-
other reason for choosing this product and the specific teams was 
that both production supervisors would be involved at this early 
stage. 

The first pilot group was established in the production sector where 
the small upper houses for the pumps and motors are made. In this 
sector the equipment was working satisfactory. The employees were 
not over stretched and enjoyed pleasant working environment. 

The group consisted of eight persons who worked three shifts. They 
were responsible for four numerically controlled sliding and screw 
cutting lathes and milling cutters. This machinery was rather new 
and was functioning satisfactorily. 
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The second pilot group was taken from the production section where 
shafts for the hydraulic pumps and motors were made. Their 
equipment consisted of a turning lathe, one robot and one measur-
ing machine. These machines were quite old and supplied three dif-
ferent numerically controlled milling cutters with material. This 
meant that this section was a bottleneck and it was very hard to 
reach daily production targets. This meant that the working envi-
ronment was somewhat stressful. 

The third pilot group was selected from the assembly department. 
The reason for this was to examine if TPM could be successfully im-
plemented in assembly where they did not have a lot of equipment. 

The third group had a rather good working environment. However, 
they were at the same time affected by other changes that were be-
ing undertaken in the assembly department, which meant that they 
had too much work to do and therefore they found it hard to reach 
the required daily volumes. 

Table 9.1 	Prerequisites for the different groups. 

Group Section Equipment Climate Other 

1 Production Quit new Pleasant 

2 Production Old Stressful Bottle neck 

3 Assembly None OK Many changes 

9.4.3 Forming the Group to a Team 

In the beginning efforts were concentrated on establishing, building, 
and training the different groups. The workers were simply not used 
to working together in teams. 
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The problems that were experienced during the first weeks and 
months were, among other things, to make the operators under-
stand that team meetings are also work. It was hard for them to 
stop producing and go to a meeting instead. 

Another problem was getting the operators to talk. They were not 
used to discussing problems and improvements in their work place. 
It took some time before they started to co-operate. During this pe-
riod ongoing training in TPM took place. 

When they realised that the meetings would be a permanent fea-
ture, they started to co-operate by complaining about many different 
problems in their working area. There was obviously great potential 
for improvements to be made. The TPM co-ordinator made a 
"things-to-do list" and started to help the teams improving their 
work place. 

When the operators discovered that something new was really hap-
pening, many became enthusiastic and started to work hard in co-
operation with the TPM co-ordinator. 

As time went on, the pilot teams began to work with small im-
provements in their working areas. Together with maintenance per-
sonnel and production engineers, they were, step by step, able to 
improve their working environment and their equipment. 

Voluntarily --> Listening —ii› Complaining —I> Co-operation-->limproyerne 

	

Participation , 	 , 	, 	 ! 	work 	; 
	, 

-Training 

TPM 
CO-Ordintor: 

Helping & Improving 

  

 

Supporting 

Figure 9.2 	Different phases in establishing and building teams. 

127 

Group: 



PART III: Case Study 

	

9.5 	Policies and Goals 

Since implementation of TPM was a longitudinal pilot project, the 
management team found it a bit of an exaggerated exercise to create 
policies and goals only for the pilot project. Instead they decided 
that each team should form their own goals, which, naturally, 
should be in line with the company goals and the TPM goals. 

Establishing overarching policies and goals for the whole organisa-
tion should be done when the pilot project is finished and if the 
company then chooses to implement TPM in the whole organisation. 

	

9.6 	Master Plan 

Senior management at VOAC is very careful to make sure that they 
are coaching leaders instead of being governing managers. They 
think it is better that changes are allowed time to take place and 
mature, rather than forcing people to accept rapid change. This ap-
proach permeates the whole of the company's senior management. 
They listen to the people and the culture, and this is indicative of a 
committed and responsible leadership. 

Consequently, the management team did not want to make up a 
plan for the implementation process. They wanted each team to ma-
ture, and they did not want them to force progress. The real master 
plan would come when implementing TPM in the whole plant. 
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This chapter describes the implementation of TPM at VOAC. The dif-
ferent pilot teams and their work are described in detail. It also gives 
a description of the work carried out by the guidance team and its 
evaluations and decisions are described and explained. 

10.1 	Kick-off 

The TPM kick-off should be the beginning of the implementation 
process and the beginning of the battle against the six big equip-
ment losses. In Japan, this often takes the form of a meeting for all 
employees and special invited guests such as customers and subcon-
tractors (Nakajima, 1988). 

This is not very "Swedish", and the senior management at VOAC 
felt that this was not appropriate for the company. They wanted to 
implement TPM on a small scale and achieve a low-key introduction 
of TPM into the organisation. They also wanted the results and the 
participating teams to speak for themselves. For these reasons there 
was no kick-off at VOAC. 

10.2 Overall Equipment Effectiveness 

The three pilot teams had one meeting each, every week. To make 
the teams understand the importance of these meetings it was nec-
essary to make them part of week's routine. The meetings were 
therefore always on the same weekday, and at the same time. 

As explained earlier, it took some time for the teams to begin work-
ing with improvements. One of the first things the pilot teams were 
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requested to work with was to follow-up the equipment disturbances 
and losses in the production. No suggestions were forthcoming as to 
how this could be accomplished. 

In the beginning the teams simply made notes of the disturbances 
on a piece of paper. After some time though, they suggested a stan-
dard form for the recording of all disturbances. They assumed that 
this would facilitate their work. 

Gradually they refined and improved the form so it would fit the 
working place. They divided the disturbances and losses into differ-
ent categories, which made the follow-up easier. The different cate-
gories identified included adjustments, meetings, time lost waiting 
for material, computer failures, set-ups, and breakdowns. They also 
had different colours for different types of losses. 

At the weekly meetings they followed-up and summarised the losses 
of previous week. They explained and discussed the nature of the 
losses and suggested improvements to reduce them. The most com-
mon losses at this time were various adjustments and set-up time. 

Unconsciously the teams started doing TPM work. They begun to 
search for the causes of the losses and as awareness and knowledge 
about these causes grew, they were able to start to reduce them. 

Following-up the losses in production and trying to reduce the losses 
was an overarching task. This led to increased co-operation between 
the different departments, namely production, maintenance and 
production engineering. 

Even if the follow-up was refined and continuously improved, it was 
obvious that they did not follow-up on all of the "six big losses". On 
the one hand, following-up on the down times, i.e. equipment break-
downs and set-up and adjustment time, was reasonably uncompli-
cated. On the other hand though, it was hard to follow-up speed 
losses. 
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Minor stoppages (i.e. stoppages of up to two minutes and which 
were simple to correct) were hard to follow-up without monitoring 
the equipment. Reduced speed was also hard to follow-up because it 
was hard to find out the designed speed. Therefore, the only speed 
loss that the teams were actually following up on was idling. When 
it came to defects, the teams were following-up quality defects and 
rework, but they did not use the information for qualitative analy-
sis. Start-up or yield losses were not taken into consideration either. 

When the teams did not follow-up on all of the "six big losses" that 
meant that it was impossible for the teams to calculate the OEE. 
They could calculate the availability, but nothing else. At this time 
the management team thought that it would be appropriate to start 
the equipment improvement on a small scale. Therefore they let the 
teams follow-up on what they could and what they wanted. 

It is important to also mention that the TPM co-ordinator and the 
author supported the work, but that all the suggestions for im-
provements came from the teams themselves. Often the TPM co-or-
dinator served as an information channel between the team and the 
management (and hence the money). The author's role was to sup-
port and question. 

10.3 Autonomous Maintenance Program 

As an awareness for the losses in production grew, the desire to do 
something about them increased. At the same time as the teams 
continued with their follow-ups, the autonomous maintenance was 
introduced by the TPM co-ordinator. Somehow the autonomous 
maintenance program seemed to be something that the teams were 
searching for. 

Below is a summary of how the different teams developed during 
the first year. Since each team was very different, they also  devel- 

131 



PART  IM  Case Study  

oped  very differently. One team started with the autonomous main-
tenance program whereas another team chose not to. 

During the first two years many employees (operators, maintenance 
technicians, production engineers and production supervisors) par-
ticipated in TPM training sessions. A consulting firm provided the 
training and the employees attended the courses on different occa-
sions. 

10.3.1 Pilot Team 1 - "Small Upper House" 

As mentioned above, the first pilot team was the production section 
where the small upper houses for the pumps and motors are made. 
The team consisted of eight people, seven men and one woman. 
They worked in three shifts and had a positive working environ-
ment. This means that they had free capacity, they were working 
well together and they were already involved in another pilot proj-
ect, which was aimed at improving their working environment. 

The team was responsible for four numerical controlled sliding and 
screw cutting lathes and milling cutters. The equipment was work-
ing satisfactory and the team was not under stress. 

This team was positive from the beginning. They really wanted to 
improve and they understood that they could affect their working 
area. At the same time though, they were doubtful as to whether 
TPM would be something that would become permanent. Conse-
quently they questioned everything which had the effect that they 
became very well informed about the TPM implementation process. 

The team started by putting things straight and cleaning their 
working area. They also organised and improved their working 
place. This led to suggestions for improvements that required assets 
in the form of money and time and it also required a considerable 
effort from the team. Since the management was positive to im-
provements and to the implementation of TPM, there was no  prob- 
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lem.  Once the team realised this, they willingly carried out a series 
of improvements. 

One of the first things they asked for was cleaning equipment. They 
were aware of that it would be much cheaper to buy cleaning 
equipment for all of their machinery instead of having to search for 
cleaning equipment all the time. Another suggested improvement 
was to make moulds for all of the measuring equipment and calibra-
tion instruments that were used for the different sizes of pumps and 
motors. This was also done and later this was something that was 
carried out throughout the whole production department. 

Accordingly, this team developed rapidly and the results were visi-
ble at an early stage. As a result, operators from other working ar-
eas became interested in TPM and also wanted to start TPM teams. 
Improvement teams were in fact established throughout the produc-
tion department later on and all production sectors worked with 
continuous improvements, mostly focusing on working environ-
ments. The production manager wanted a clean and tidy factory and 
routines for daily and weekly cleaning were established. The type of 
work that was carried out was not dissimilar to the work associated 
with the 5Ss as previously described in section 6.4.2. 

At the same time as the pilot team developed new improvements, 
the TPM co-ordinator introduced them to the seven steps of 
autonomous maintenance. They started with routines and equip-
ment for cleaning their working areas. Later on, they made thor-
ough plans for the initial cleaning together with the TPM co-ordina-
tor. 

The initial cleaning was carried out on a Saturday when the produc-
tion could be halted. Everyone in the team participated in this, as 
well as also people from the maintenance and production engineer-
ing departments. Similarly, the production manager, factory man-
ager, production supervisor and some of the other managers also 
took part, as well as, of course, the TPM co-ordinator and the 
author. 
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The initial cleaning of two machines took about 12 hours to accom-
plish. Everyone was very committed and everyone learnt a lot about 
teamwork and the cleaning and about the machines. 

Eighty percent of the defects that were tracked down during the ini-
tial cleaning would be corrected within the next four weeks. 

After the initial cleaning, the team worked with tracing the causes 
and the effects of dirt and dust on the equipment. At this time, the 
team members were virtually managing themselves, without any 
need for input from the TPM co-ordinator. 

10.3.2 Pilot Team 2 - "Shafts" 

The second pilot team worked with a bottleneck problem. There was 
one turning lathe, one robot and one measuring machine that sup-
plied three different numerically controlled milling cutters with ma-
terial, i.e. the shafts for the hydraulic pumps and motors. There had 
been problems with the equipment before and therefore it was felt 
that TPM could help to improve the situation and that potential im-
provements would quickly become apparent. 

This second team was, at the beginning, rather less enthusiastic 
about the project. They had never been chosen to participate in a 
pilot project before. They were sceptical about TPM and were reluc-
tant to have to go to meetings during "working time". They were 
also doubtful about the seriousness of the company's commitment to 
TPM. There had been unsuccessful implementations before and they 
did not think that TPM would be a long-term strategy either. 

It was hard to work with this team. They did not want to co-operate 
and they did not want to learn. The team was of the opinion that the 
weekly meetings were a waste of time, particularly when they had 
difficulties anyway in reaching the daily production target. They 
showed their aversion to TPM either by coming late to the meetings 
or, sometimes, not coming at all. 
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After some time they began to get used to the meetings and often 
arrived quite promptly. It was then the complaining phase began. 
However, this was good. It implied that they cared about the situa-
tion. In spite of their complaints, though, they did very little to im-
prove. All the time they claimed that someone else was responsible 
for the problems and that they should make the necessary im-
provements. This was of course a problem. In order to overcome this 
problem, the team received all assistance they wanted and needed 
from the TPM co-ordinator, maintenance technicians, and produc-
tion engineers. In spite of this, though, the second pilot team still 
did very little to co-operate. 

At this point the management team had to make an important deci-
sion; was it worth the trouble of keeping this team going? To what 
extend would the TPM implementation project suffer from this? 
What harm could the attitudes of this team cause to the rest of the 
organisation? What were the potential losses for the TPM imple-
mentation project? Finally, the management team decided to ex-
clude this team from the project. 

10.3.3 Pilot Team 3 - "Assembly" 

The third pilot team differed from the other two, because it was con-
structed from the assembly department. The team consisted of six 
assembly workers, one maintenance technician, and one engineer. 
There was a rather good working climate in this team. However, 
they were affected by a lot of changes that were taking place in the 
assembly department. Consequently, they had too much work to do 
and therefore they found it hard to reach the required daily vol-
umes. 

In the beginning this team was silent and adopted a wait-and-see 
policy. It took some time to start the improvement work. Finally, 
however, they became motivated and started to co-operate and tried 
hard to find improvements. 
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Much of their worries concerned the forthcoming stock, which was 
to be situated nearby. This new stock required new routines and a 
new way of working. Somehow they did not feel that they would be 
able to have much of an influence on these new routines. They felt 
that there was someone else, much higher up who decided what 
would happen. 

This feeling of not be able to influence on their own working area 
made them upset and angry. They saw themselves as victims. No-
body cared about them; neither the production supervisor, the pro-
duction engineers, nor the senior management. At this point the 
TPM co-ordinator and the author had to act as mediators. 

After some introductory meetings with the production engineer who 
was responsible for the new stock, the team started to co-operate. It 
turned out that the production engineer did not want to disturb the 
assembly workers methods of working, since they had so much to 
do. It seems that not communicating is a usual problem, which can 
cause a great deal of misunderstanding. Luckily, though, this new 
collaboration proved to be very positive for the working environment 
and the development of the project. 

When the problem with the nearby stock was solved the team 
started to improve and questioned everything. They learnt about 
TPM and started with the 5Ss work and the autonomous program. 
At this time, they improved a lot on their own initiative and were 
almost managing without the support of the TPM co-ordinator. 

10.4 Management and Guidance Team 

During the first year the management team had meetings about 
once a month. They supervised the work in the different teams and 
decided on future courses of action. They would often walk around 
in the production and assembly departments and visit the teams at 
the close of their meetings. The teams appreciated this. 
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After approximately one year it was time to expand the manage-
ment team. A guidance team was established. In this team the old 
management team was participated in addition to some production 
supervisors, some people from the company's middle management, 
and one production engineer. The new guidance team had the same 
duties as the management team. 

Establishing the guidance team was a way to show that TPM was 
something that would last. It was also a way of making the produc-
tion supervisors take a greater share of the responsibility for the 
implementation of TPM in their departments. 

10.5 	The First Evaluation 

About one year after the pilot teams where established, it was time 
to produce a summary and conduct an evaluation of the develop-
ment to date. Of course there had been various types of continuous 
evaluation or follow-ups during the year, but this evaluation was 
more objective and planned. 

To briefly summarise the results of the first year, the first pilot 
team had developed the most and were making visible results, the 
second team had not developed much at all and the third team had 
developed slowly, but was by this time working satisfactorily, see 
figure 10.1. 
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Figure 10.1 The development in the different pilot teams during 
the first year. 

10.5.1 Pilot Team 1 

Pilot team 1 cohered as a team very quickly and they where open-
minded. The team consisted of people of different ages and there 
was also a woman in the team. They listened to each other and they 
wanted help from the maintenance and production engineering de-
partments. They also realised that they had a chance to show how 
good they were and to be a good example and, moreover, they really 
believed in TPM. 

10.5.2 Pilot Team 2 

The members of pilot team 2 were very strong individuals and they 
were aware that they were not forming a team. They did not want to 
be looked upon as a collaborative team. The team consisted of men 
of about the same age. There was a rivalry within the team. They 
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had a difficult working situation with the heavy workload and a 
problematic bottleneck to deal with. 

There was also weak leadership in this production sector, and they 
had no confidence in their production supervisor. The team had 
failed with other things before and they seemed to have decided 
from the beginning that TPM would not succeed in their team. They 
did not want to change and much later it transpired that they did 
not get along with the TPM co-ordinator. 

10.5.3 Pilot Team 3 

It took a long time before pilot team 3 started its improvement 
work. It was hard to translate the TPM concept from production to 
assembly and it took long time before they realised that TPM was 
something for them. It was also hard to convince the team that they 
could in fact affect their own working situation. 

10.5.4 The Results of the First Evaluation 

The development of the project was significantly affected by the at-
titudes of the team members in the different teams. It was obvious 
that organisational and psychological issues affected the behaviour 
in the teams. Unfortunately, neither the author nor the TPM co-or-
dinator were experts in these fields. 

It was decided that pilot teams 1 and 3 should continue with the 
implementation of TPM, but that it should be discontinued in pilot 
team 2. The guidance team decided that it was not worth wasting 
resources on that particular team at this time. The cause for this 
drastic decision was simply that this team had made it clear that 
they did not want to co-operate. It was not in any way dependent on 
their working situation. 
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Another conclusion reached was that it seemed that it is human 
beings who decide whether something will succeed or fail. Therefore, 
it is most likely that the individuals within a team and the leader-
ship are of vital importance for how a team will develop and grow. 

10.6 Establishing New Teams 

During the time when the first three pilot teams where established 
the new production manager started to implement new ideas in the 
production department. Among other things she wanted to form 
groups or teams in every production sector. These groups would 
work with improvements in their own working area. This meant 
that every operator would become part of an improvement group. 
The groups had weekly meetings that were led by the production 
supervisor. 

When the guidance team decided to discontinue work with the 
"shafts" pilot team they also decided to start a new pilot team in-
stead. This time, the TPM co-ordinator and the author did not have 
to devote a lot of time to establishing a new team. There were al-
ready groups and teams in the production department who were al-
ready at the "complaining" or the "improvement" phase. 

10.6.1 Pilot Team 4 - "Cylinder Barrel" 

The group working in the "cylinder barrel" production sector had 
showed an early interest in TPM, so naturally they were a suitable 
new pilot team. They were a very strong group and became a team 
very fast. 

The team consisted of seven operators, six men and one woman, one 
production engineer and the production supervisor. In the beginning 
they were a bit suspicious of the TPM concept, despite their own ini-
tiative to work with TPM. They did not think that the company 

140 



Chapter 10: Implementation 

would concentrate on TPM in the long term and they had seen other 
unsuccessful initiatives before. 

To get around their scepticism we decided to focus on something im-
portant and discernible, namely the problem of rejections. At this 
time they had great problems with quality and the rejection rate 
was almost four percent, which was considerable higher than the 
targets that had been set. 

After a brainstorming session where possible methods of reducing 
the quality problem were listed, they started to work systematically 
with the problem. Together with the production engineers and the 
maintenance department, they reduced the rejection rate considera-
bly. 

This successful work became the start of a very positive develop-
ment and implementation of TPM in this fourth team. At the pres-
ent time this team work on their own and their current rejection 
rates are below one percent. They are one of the teams that man-
agement call attention to as being "the good example". 

10.6.2 Pilot Team 5 - "Pistons" 

The transposition in the production area affected mostly one pro-
duction sector, namely the manufacture of "pistons". There had been 
significant investments in this sector and they had been provided 
with ultramodern equipment. While designing the layout of the sec-
tion, thoughts about autonomous maintenance and the 5Ss had al-
ready been taken into consideration. Consequently, the operators 
wanted to start the TPM implementation from the beginning in this 
new production area. 

The operators had heard of TPM and they wanted to work with it 
from the beginning in this new sector. Since the team wanted to 
manage by themselves and since they where not chosen to be part of 
the pilot programme, we did not make any resources available from 
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the pilot programme. The team decided to learn about and work 
with TPM by themselves. 

The team consisted of 12 operators, 11 men and one woman, two 
production engineers and one production supervisor. 

Since this team had managed themselves with only a little informa-
tion and help from the pilot programme, they created their own 
TPM programme. They are very independent and they did not allow 
anyone to come in and take over the TPM training. It has therefore 
been very hard to follow their results. 

The production supervisor, though was a part of this team and con-
sequently there was little delegation to the operators. This team 
needs future guidance from a TPM co-ordinator in order to develop 
further. 

10.6.3 Pilot Team 6 - "Heavy Houses" 

When the first pilot team, "small upper house", were managing by 
themselves, without help from the TPM co-ordinator, the possibility 
to start another pilot team arose. 

The production sector for heavy houses was selected. This team con-
sisted of six operators, all of whom were men, and one production 
engineer. 

This team was returning good results regarding availability and 
quality. Probably they did not understand why they should work 
with TPM, because there was much suspiciousness and scepticism 
in the team. It was hard to change their attitude and it took a long 
time before they accepted the TPM work. 

The changes in attitudes came after they had planned and accom-
plished the initial cleaning. They became deeply committed to the 
cleaning process and they realised the benefits it could provide. 
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Currently, this team participates in preventive maintenance on 
their own initiative and they are determined to keep their equip-
ment clean. It is still, however, hard to try to convince them to un-
dertake working tasks that they had not decided to do themselves. 
Consequently, they still need guidance to fully realise the full poten-
tial of TPM. 

10.7 The Second Evaluation 

Two years after the first pilot teams were established it was time to 
evaluate the work again. This time the evaluation would form the 
basis for the decision as to whether or not the implementation of 
TPM should be extended to the whole organisation. The TPM co-or-
dinator, together with the production manager and the author, 
summarised the work and talked to different people within the or-
ganisation. All the collected data and information was collated by 
the TPM co-ordinator and the author. 

The first team had developed further and they were managing all by 
themselves. They were on the third and the fourth steps of the 
seven step autonomous maintenance program (i.e. making stan-
dards for cleaning and lubrication and training in general mainte-
nance). 

The second team had continued to develop, even though they did not 
get any support from the TPM co-ordinator. They did improve their 
work environment, although they were never prepared to call it 
TPM work. 

The third team was managing almost on their own, although the 
TPM co-ordinator participated in their meetings now and then. 
They had conducted the initial cleaning and were working on stan-
dards for cleaning and lubrication. 
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The fourth team was developing fast and they had conducted their 
first initial cleaning. There were plans for initial cleaning on all of 
the other equipment within the production section. This meant that 
they were on the first and second steps of the autonomous mainte-
nance program. 

The fifth team had developed their own TPM work. They did not 
want external help from the TPM co-ordinator. This meant that it 
was hard to evaluate how they had managed. They needed more 
training and guidance in TPM work. 

The sixth team was very independent. They worked with TPM in 
their own way. They had done the initial cleaning and were working 
on improvements. 

Table 10.1 	Status of the different teams after two years. 

Team Improve-  Step  
ments 	1 

Step Step Step 
2 3 4 

Manage on 
their own 

Needs 
support 

Yes  

No 

No  

Completed 

Ongoing 
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10.7.1 The Results of Second Evaluation 

The results were mainly positive and it was not difficult to make the 
decision that VOAC should continue with the implementation of 
TPM. Based on facts from the results achieved so far, plans for the 
future implementation process where put together to be presented 
to the senior management. 

The senior management decided to continue the TPM implementa-
tion process and connect TPM to the overarching production im-
provement process, called P90. The purpose of the P90 process was 
to reach the company's specified targets and to guide VOAC towards 
world class production standards by monitoring and controlling each 
employee's commitment and competence. 

P90 is a systematic and organised improvement program, which is 
based on improvement teams at all levels. The improvement teams 
identify losses and defects but also possibilities and potential within 
the organisation. This means that the work becomes independent 
and self-perpetuating. TPM is a very important tool for VOAC in 
carrying out this work. 

10.8 	Planning for the Future 

Since the senior management decided to continue the TPM imple-
mentation process, it was agreed that the preparation and imple-
mentation process would start afresh this time adopting a wider 
perspective. 

10.8.1 Management 

Senior management decided to connect TPM to P90, where TPM 
and TOC (Theory of Constraints) are the two important elements. 
With support from the TPM co-ordinator, the production manager 
and the author, the senior management made decisions concerning 
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training, organisation, policy and goals and approved the recom-
mendations of the master plan. 

10.8.2 Education, Training and Information 

First, the management, production supervisors, and the people re-
sponsible for P90 needed to be educated about TPM. Later all opera-
tors, mechanics, and production engineers should be educated about 
and given training in TPM. It was decided that this program of edu-
cation and training would be provided by an external consulting 
firm. 

The pilot teams needed different types of education and training. 
Training, for instance in lubrication and mechanics was planned. 
This training was to be provided by the company's own mechanics. 

The whole organisation would be provided with continuous informa-
tion about the progress of the implementation of TPM. 

10.8.3 Organisation 

The management decided that there would not be a special organi-
sation for TPM. TPM would be co-ordinated with P90, and thereby 
be integrated into the normal organisation of the company. 

10.8.4 Policy and Goal 

The vision, policy and goal for VOAC in this work were: 

• Vision: Zero breakdowns and zero defects. 

• Policy: Fix it before it is broken 

• Goal: Overall Equipment Effectiveness better than 85%. 
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10.8.5 Master Plan 

TPM is a part of P90 and the master plan had to be integrated at 
the P90-level. However, improvement teams had to be integrated 
into the whole production department and also in the assembly de-
partment. 

Plans and priorities for the introduction process where made. The 
goal was that every employee in the production and assembly de-
partments would be a member of an active improvement team by 
the  ist  of January 2001. It was decided to create 18 active improve-
ment teams at the beginning of 2001. 

10.8.6 Overall Equipment Effectiveness 

A plan for improving the effectiveness in the production was made. 
This plan mixes theory from both TPM and TOC. The plan was as 
follows: 

1. Map out the flow and identify the constraints in production (i.e. 
the bottleneck in the production process). This should be priori-
tised. 

2. Identify the need for action and prioritise it. 

3. Analyse the need for restoration or repair of equipment and as-
sembly lines. 

4. Use the TPM concept to maintain and improve the status, utili-
sation, and efficiency of the equipment. 

5. Carry out initial cleaning. 

6. Repair and restore the equipment. 

7. Measure and follow-up OEE. 

8. Tackle the breakdowns. Identify, analyse, and eliminate. 

9. Tackle the minor stoppages and trouble areas. Identify, ana-
lyse, and either eliminate or reduce. 
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10. Tackle quality. Identify, analyse, and improve. 

11. Tackle the speed losses. Identify, analyse, and either eliminate 
or reduce. 

12. Tackle set-up and adjustment. Identify, analyse, and reduce. 
Use the  SMED-method. 

10.8.7 Autonomous Maintenance 

A detailed plan for autonomous maintenance implementation was 
also drawn up. The goal was that all improvement teams should 
have accomplished the initial cleaning before Pt of January 2001. 

It was important not to plan too many initial cleaning occasions per 
year, because of the limited number of maintenance personnel. 
Since there was a need for more mechanics, the plan envisaged the 
employment of four new mechanics during the year. 

10.8.8 The Maintenance Program 

The plan did not specify how maintenance resources were to be 
used. This does not imply that it was not important. The mainte-
nance resources should be used to support the production process 
the best possible way. In order to avoid sub-optimisation, the main-
tenance program must be co-ordinated with the autonomous main-
tenance carried out by the operators. 

10.8.9 Operation and Maintenance Skills 

A company, like VOAC, which strives for better competitiveness by 
increased internal efficiency, must take charge of and develop their 
employees' competence. Competency development is an important 
part of TPM since competent employees are necessary when im-
proving, maintaining and developing any business. 
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The employees should be willing to change, they should be flexible 
and creative. Investment in the employees' competency is one of the 
largest investments that must be made when implementing TPM. 

10.8.10 The Early Equipment Management 
Program 

A very important task facing the maintenance personnel in the fu-
ture will be the early equipment management program. The aim of 
this work will be to reduce the time from early development to full-
scale production when introducing completely new equipment. The 
starting up time should be rapid and problem-free right from the 
beginning. Deficient equipment is a usual and an important factor 
causing the reduction of production efficiency and profitability. 

10.8.11 Administration 

TPM is as effective in the company's administration departments as 
in the production department (Nord et al., 1997). An important task 
for VOAC is to start TPM pilot teams in their administrative de-
partments. Optimum results could be achieved if the guidance team 
could similarly serve as a model for the company's administrators. 

There are seven steps for implementing TPM in administrative pro-
cesses (Nord et al., 1997 and Suzuki, 1992): 

1. Initial cleaning of the office environment and establishing order 
and method. 

2. Correct problems and eliminate their sources. 

3. Prepare standards, simplify administrative procedures, and pre-
pare manuals. 

4. Perform general inspection and administrative training. 

5. Improve efficiency and perform periodic audits. 
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6. Organise the office environment and the work places. 

7. Introduce customer driven processes. 

Comparing these steps with the seven steps used for autonomous 
maintenance, it is easy to see that a pattern emerges. 

10.8.12 Safety, Health and Environment 

Safety, health, and environment are basic factors in developing at-
tractive factory premises for production in the future. With regard 
to morality and ethics, it is only a safe and environment friendly 
business that can be managed with a good conscience. 
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11 	EXPERIENCES 

Chapter eleven describes and discusses the experiences, improve-
ments and some results achieved from the implementation of TPM at 
VOAC. 

11.1 	Discussion 

TPM implementation is a long-range process and sometimes it can 
be hard to see results since small improvements are achieved on an 
ongoing basis. Another problem with longitudinal studies is that 
these studies are not isolated and changes within or outside the case 
study company affect the results. It can be hard to prove which 
changes brought about individual results. 

When looking at the whole TPM process at VOAC, i.e. both the 
preparation stage and the implementation stage, it is obvious that 
the TPM process has affected VOAC in a positive manner. 

Since the idea to implement TPM came from one of the more influ-
ential managers, who in fact later became the new factory manager, 
the implementation process has also had the continual support of 
the senior management. Furthermore, management was very eager 
to learn about TPM. This was very advantageous factor in the im-
plementation process. 

The management also made sure that all of the company's employ-
ees were informed about TPM and the pilot project. They were 
forthcoming and open about the information and made it clear to 
the company's employees that TPM was a long-term strategy, which 
would be developed over a period of several years. They were also 
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adamant that they would not start more pilot teams than they could 
handle at any one time. 

Since the senior management wanted the different pilot teams to 
develop at their own pace, they let each team to formulate their own 
goals and plans. This development naturally took place with support 
from the TPM co-ordinator and the production supervisors. 

Three pilot teams were selected in the first stage. The development 
of the three TPM teams was markedly varied. They all had different 
primary prerequisites but they also all received the same informa-
tion and support. Therefore, the development within each team 
seems to be dependent on the primary prerequisites. Some factors 
for the fluctuations experienced in team development have been 
identified during the process, and all of them have to do with either 
organisational or personal issues. 

These factors can be divided into two categories, namely driving 
forces and obstacles. The most obvious driving forces are the com-
mitment and management visions of the senior management. Their 
commitment and contact with the teams were important for the 
team members. This also facilitated communication. Those teams 
who showed interest in the TPM concept developed faster. They 
showed an understanding of the benefits and were eager to increase 
their own competence. This in turn resulted in faster and more visi-
ble results, which affected working environments, wellbeing and 
productivity in a positive manner. These teams developed a positive 
and self-perpetuating cycle and consequently developed at much 
quicker rate 

Obstacles standing in the way of the implementation of TPM were 
also identified. One important thing was that one of the teams expe-
rienced that there was no time for TPM. They also made it very 
clear that TPM was nothing for them. They showed no openness or 
willingness to learn. Earlier failures were brought up, and there 
was no sense of understanding for this new concept. They could not 
see the benefits of TPM and could not see why they had to change. 
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This team had a very strong de facto leader and they had no confi-
dence in either the TPM co-ordinator or the production supervisor. 

11.2 Improvements 

There have been some overarching improvements during these 
years, which most likely derive from the implementation of TPM. 
These improvements have been identified both by the author and 
the TPM co-ordinator and have been discussed with management 
and/or the employees involved in the pilot project at VOAC. The im-
provements can be divided into three categories, namely: Communi-
cation, Work environment, and Productivity. 

11.2.1 Communication 

There is no doubt that TPM gives better communication between 
production, maintenance and engineering departments. 

Much one-sided information from management to personnel has 
changed to become double-sided communication. This increased 
communication has led to better participation in decisions. It also 
led to an increased understanding between the different parties 
concerned. 

The employees now experience that common and clear goals are 
communicated. 

There are better routines and a better understanding for routines, 
recurrent tasks and follow-ups. 

Increased and better communication makes it easier to plan both 
production and maintenance. 
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11.2.2 Work Environment 

The work environment at VOAC has improved considerably. The 
production department is now much cleaner and tidier. The earlier 
big problem with slippery floors due to oil leakage has been entirely 
solved. 

The operators now have an increased awareness for the equipment, 
which means that they want to maintain the status of their equip-
ment. Both the operators and the maintenance personnel are now 
more inclined to co-operate together to solve problems. The in-
creased co-operation between the different departments is self-evi-
dent. 

This increased level of co-operation has led to a better understand-
ing and now less time is spent on finding the right person when a 
problem arises. Often it is a case that operators know who has the 
best knowledge of a particular piece of equipment when specialist 
help is required. 

The work places are also better organised. Every production sector 
has an information and progress board to inform the company's em-
ployees and visitors about the production sector and the product 
that is produced there. The board also visualises the improvement 
work and the results that have been achieved. There are also 
marked places on the floor and on the walls where tools should be 
placed. This saves much time, because the employees do not need to 
search for everything. 

The increased level of interest, together with the displaying of per-
formance and results have led to a positive and developing working 
environment staffed by satisfied employees. 
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11.2.3 Productivity 

Proving that higher productivity is a result of the implementation of 
TPM is no easy task. During the first three years of TPM implemen-
tation many other improvements have also been carried out. This 
not-withstanding, higher productivity is a fact. 

The reliability of the equipment has improved considerably. This is 
probably a result of a greater awareness and level of care provided 
by the operators. Availability has also increased. This is the result 
of fewer stoppages, fewer breakdowns, shorter set-up and adjust-
ment times, the delegation of some maintenance to the operators 
and a more integrated form of maintenance support. 

This in turn has led to a steadier flow in production and thereby 
fewer delays. The work with TPM has also led to improved quality 
and proportionally lower costs and higher productivity. 

11.3 	Conclusion of the Experiences 

When working closely together with a company over a long period of 
time there is an ongoing giving and taking between the parties in-
volved. Experiences concerning implementation of TPM at VOAC 
can be divided in, above all, three groups, namely: Management, 
Teamwork and Long-term thinking. 

11.3.1 Management 

The wholehearted support of a truly committed management team 
is probably necessary for any major change in working practices to 
be successful. At VOAC the senior management supported the im-
plementation process from the beginning. On a few occasions teams 
asked for management support and on each of those occasions the 
senior management responded and gave the necessary support. 
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Continuous feedback and commitment from management is neces-
sary. In some teams the production supervisor was not committed to 
the project, and these groups found it harder to succeed. 

11.3.2 Team Work 

It always takes time to turn a group into a team. It is important to 
let all of the people involved talk and complain because, in the final 
analysis complaints can be transformed into suggestions for im-
provements. 

When an external person (i.e. the author) joins the team it is legiti-
macy for that person to ask "silly" questions. The other members 
can then explain everything carefully, and at the same time ques-
tion their own way of working. 

It is important to let the team decide. They must feel that they con-
trol the situation. The TPM co-ordinator should give support and 
help the team grow and develop. 

It is not impossible to change people's attitudes, but it takes time. 

11.3.3 Long-term Thinking 

If the goal is a successful implementation of a new concept or pro-
cess, the managers and everyone involved need to understand that 
changes take time. There are many documented experiences of un-
successful implementations of different concepts, and often there is 
a lack of patience and of long-term thinking. It is important not to 
give up and to have belief in teams and co-workers. 
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Conclusion 

This section concludes the thesis. Results from 
the study are analysed and conclusions from the-
ory and the case study are drawn. The author 
gives recommendations to companies that are in-
terested in the TPM philosophy and want to im-
plement it. Finally, the section ends with some 
proposals for future research. 

157 



Part IV: Conclusion 

158 



12 	RESULTS AND ANALYSIS 

This chapter describes, analyses and discusses the results achieved 
from the study. 

12.1 	Results 

In spite of a number of major changes (for example the fact that 
VOAC came under new ownership) within the company during the 
past three years, TPM is now deeply rooted in the working practices 
of all employees and new TPM teams have been established. 

One of the biggest benefits is that TPM has provided a communica-
tion channel between production, maintenance and engineering. 
The co-operation between these departments has increased consid-
erably. Better understanding for and knowledge about each other's 
work has also led to increased respect and a better working envi-
ronment. Suspiciousness is rare nowadays. 

The commitment of management, together with clear, common goals 
and visible results has, among other things, resulted in shared re-
sponsibility for the equipment, fewer breakdowns and higher reli-
ability levels. 

Another visible result is better-organised work places. It is also 
cleaner and tidier in the production department. This, together with 
increased interest for the equipment and for teamwork, has led to a 
positive work environment, which is continually developing and is 
manned satisfied employees. 

The flow in production is steadier and there are few delays. This is a 
result of better co-operation when, for example, problems related to 
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quality have been solved. Fewer breakdowns and stoppages have led 
to higher reliability, which in turn provides a steadier flow. It is 
therefore also easier now to plan the production. 

It was important to support the changes the teams wanted to ac-
complish. We allowed the teams to do things that were important 
for them, even if that had very little to do with TPM. This resulted 
in mutual trust. It is important that the TPM co-ordinator works 
with a sensitive ear and really listens to the individuals and the 
teams. Sometimes they say more then what one can hear. 

During the preparation and implementation processes at VOAC a 
number of driving forces and obstacles for implementing TPM were 
identified, see also chapter 11. These are: 

Driving forces: Visible and committed management 
Information and education 
Competence and understanding 
Continuity, persistent and long-term thinking 
Long-term thinking 
Communication 
Visible results 
Participation 
Engagement and motivation 

Obstacles: 	Organisational changes 
Lack of knowledge 
Lack of support 
Indistinct leadership 
Earlier failures with other improvement concepts 
Lack of time 
Lack of confidence in management 
Strong informal leaders 
Individuals instead of teams 
Satisfied with the situation 

160 



Chapter12: Results and Analysis 

12.2 Analysis and Discussion 

In the study presented above (Part III) the twelve steps presented in 
chapters 5 and 6 guided us in the implementation process. It is im-
portant to be aware that those steps are adapted to Japanese com-
panies. This means that it may be necessary to adjust them to 
Western companies and also adjust them to the current company. 

12.2.1 Adapting to Change 

At VOAC we were very attentive when following the steps. We 
adapted the steps to conform to VOAC culture. For example, we did 
not make a big campaign at the outset of the implementation of 
TPM as is often the case in Japan. We did not even make a master 
plan for the implementation, because we wanted the pilot teams to 
decide the pace of the implementation themselves. 

We also began on a small scale to be sure of achieving good results. 
The pilot teams were independent and they worked at their own 
pace and set their own goals for the implementation. The teams be-
came more aware and in this way increasingly took more responsi-
bility on themselves. 

The most important thing when adopting a new philosophy or idea 
is to adapt the changes so they will fit the company in question. The 
people involved in the project team have to be aware of the company 
culture. If the implementation process does not correspond to the 
culture, then the process is doomed to fail. 

12.2.2 Driving Forces and Obstacles 

When analysing the driving forces and obstacles encountered during 
the implementation process, there are some comments that need to 
be made. It is obvious that the management will have an effect on 
the implementation. It is important that the management is compe- 
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tent, committed and that they motivate their personnel. The man-
agement should strive to maintain a sense of continuity in their ac-
tions and think long-term. 

Major organisational changes also can affect the implementation 
process. In the VOAC case the reorganisations made the TPM pro-
cess slower. 

Information and education must engage and motivate the person-
nel. The information must emphasise the reason for the implemen-
tation in order to remove suspiciousness. The long-range results 
also have to be clarified. Information and the training must come at 
the beginning of the process otherwise the personnel would not feel 
a sense of participation and motivation. 

Throughout the implementation process it is important to maintain 
continuous communication between management and personnel. 
This increases motivation. Giving prominence to good examples and 
visible results increases motivation. 

Some of the obstacles, like organisational changes, earlier failures 
or strong informal leaders can be difficult to avoid. In those situa-
tions it is especially important to be clear and steadfast about the 
project's goals. It is also important to educate and inform new man-
agers and supervisors about the ongoing implementation process. 
This is important so as to avoid indistinct leadership. 

12.2.3 The Development of Teams 

It is important that the teams have the confidence of the manage-
ment, the supervisors and the TPM co-ordinator. If not, the reasons 
for this must be clarified and the management must take action in 
this matter. 

162 



Chapter12: Results and Analysis 

If there are strong informal leaders in some groups, or if some of the 
individuals refuse to be a part of a group, management must try to 
relocate these people. 

It is also the management's responsibility to provide sufficient in-
formation, support and resources to the teams. Otherwise the teams 
may not develop satisfactorily. 

If the organisation is not already organised in teams, like VOAC, it 
is important to start the process by creating teams. This takes time 
as the teams develop differently through the different phases of the 
team-building process. Earlier research (Lenn6er-Axelsson & Thyle-
fors, 1992) has identified three phases, namely the thawing or 
breaking up phase, the changing phase and the stabilising phase. In 
this study five different phases were identified, which can easily be 
translated into the earlier known phases: 

1. Voluntarily participation — The thawing or breaking up phase 

2. Listening — The thawing or breaking up phase 

3. Complaining — The changing phase 

4. Co-operation — The changing phase, but starting to stabilise 

5. Improvement work — Stabilising phase. 

12.2.4 Critical Factors in the Implementation Process 

When looking at research dealing with experiences from implemen-
tations of different improvement concepts, the results from the 
VOAC study are entirely in line with results from earlier research 
(see section 3.3.8). Critical factors, which obviously affected the re-
sults in the implementation process at VOAC, were: 

• Committed management 

• Long-term planning and thinking 

• Continuous communication and support 
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• Adapting implementation to the company culture 

• Education and training adapted to the company 

• Many different information channels 

• Structured and clear methods of working 

• Teamwork where the employees planned their own work and had 
the right to make decisions. 

12.2.5 Similarities and Dissimilarities to other 
Improvement Concepts 

When implementing an improvement concept like TPM it is hard 
not to compare the process with other improvement process. "What is 
special with TPM? 

Implementing an improvement concept means changing something. 
All change affects the organisation. Consequently, there are simi-
larities between different improvement processes, since they all in-
volve change of some kind. This also means that it could be smart to 
divide the implementation processes into an initial preparation pro-
cess and the actual implementation process. In that case, the prepa-
ration process would mean preparing for the changes and hence, 
this preparation process would be similar to all improvement pro-
cesses. 

When looking at the preparation process for TPM (chapter 5), the 
process consisted of five steps, namely: 

1. Senior management decision 

2. Information and training 

3. Organisation 

4. Policies and goals 

5. Master-plan for implementation 

164 



Chapter12: Results and Analysis 

The author's conclusion, after reviewing quality literature and re-
search theses, personal experiences, and discussion with colleagues 
interested quality, is that these steps are useful and can be applied 
to any process of change. Factors, which are important and common 
to different improvement concepts, are (see e.g. Bergman & Ktefsjö, 
1995; Deming, 1986; 1993; Imai, 1986; Juran, 1995; Egnell, 1994;  
Lindmark,  1999; Deleryd, et al., 1999;  Sandvik Wiklund,  1992;  Gar-
vare,  1998): 

• Management support 

• Education and training 

• Long-term planning and thinking 

• Information and communication 

• Teamwork and everybody's participation 

• Anchoring new approaches in the company's culture 

• Dedicated persons and pilot projects 

• Structured approach 

When looking for dissimilarities, they are harder to identify. The 
dissimilarities are factors largely associated with special concepts. 
For instance, the calculation of Overall Equipment Effectiveness 
(OEE) is a factor particularly associated with TPM. Conversely, 
measuring and following-ups are important factors in all improve-
ment processes. 

Other dissimilarities could for instance be the starting point or the 
first point to focus upon. In TPM there is a natural starting point in 
the production and maintenance departments and the focus is on 
the equipment. Another difference is how overarching the improve-
ment concept is. TPM is an improvement concept that will embrace 
the whole organisation at all levels. 
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13 	CONCLUSIONS AND 
RECOMMENDATIONS 

This chapter summarises the research by drawing conclusions from 
theory and from the case study. The conclusion results in recommen-
dations for companies, which want to implement TPM. The chapter 
ends with a discussion about difficulties and obstacles that can be 
encountered when implementing TPM. 

13.1 	Conclusion 

Both theory and practical experiences from case studies carried out 
at VOAC and other companies show that the adoption of TPM gen-
erates major benefits for manufacturing organisations. 

With a basis both in theory and practice we can state that TPM 
helps organisations to develop and be competitive. This thesis has 
explained what TPM is (chapter 4), how to prepare for TPM (chap-
ter 5), and how to implement it (chapter 6). It also has described ex-
periences from many other countries (chapter 7). 

The research has focused on answering the research issues stated in 
section 1.4 and fulfilling the objectives stated in section 1.5. 

The first research issue (stated in section 1.4) was; 

• What are the driving forces, the difficulties and obstacles encoun-
tered when implementing TPM in Swedish companies? 

Some of these driving forces, difficulties and obstacles are men-
tioned in chapters 9 and 10 and they are identified and discussed in 
chapters 11 and 12. Section 13.2.1 gives a summary of these difficul- 
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ties and obstacles and helps the reader to understand how to avoid 
them. 

The second research issue was; 

• What similarities and differences between the implementation of 
TPM and the implementation of other improvement concepts can 
be identified? 

Chapters 9 and 10 explain how TPM was implemented in a Swedish 
manufacturing company and section 12.2.4 describes critical factors, 
which affected the implementation process. Section 12.2.5 discusses 
the similarities and dissimilarities to other improvement concepts. 

The objectives (stated in section 1.5) of the research were: 

1. To describe the history of quality, maintenance and organisa-
tional trends in order to gain deeper knowledge about the devel-
opment of TPM. 

• This is done in chapters 3 and 4. 

2. To describe the TPM implementation process and adjust the pro-
cess to the case study company. 

• This is done in chapters 5 to 6 and 9 to 11. 

3. To gain an understanding of the driving forces, difficulties and 
obstacles encountered during the TPM implementation process. 

• This is done in chapters 9 to 12. 

4. To identify similarities and dissimilarities to other quality im-
provement concepts, in order to provide guidance for simplifying 
the TPM implementation process. 

• This is done in sections 3.3.8, 12.2.5 and 13.2.2. 
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13.1.1 The Thesis's Contribution to Research 

The main contribution to research is an elaborate and thorough 
study of the implementation process of TPM as a longitudinal study. 
Few researchers are working within the TPM area, and even fewer 
have had the possibility to follow an organisation from the point of 
conception over a long period of time. 

This research also investigates TPM from a quality engineer's point 
of view. Most people working with TPM come from the maintenance 
area. Consequently, in this thesis quality and organisational issues 
have been discussed and taken into consideration more than is 
usual. 

Driving forces, obstacles and other difficulties, which may occur 
during the preparation and implementation processes, have been 
identified and discussed. This research also demonstrates that the 
successful implementation of TPM depends on the same critical fac-
tors as other quality related methods. Indeed TPM is, at least in the 
view of the author, yet another effective quality strategy. 

13.2 Recommendations 

TPM is a method of working that develops the whole organisation. 
Results from this study and other studies show clearly that organi-
sations working with TPM improve in a number of areas. Therefore 
the author recommends TPM as an overarching improvement 
method for any company. 

13.2.1 Difficulties and Obstacles 

There are many obstacles and difficulties that can be encountered 
when trying to implement a new methodology. But if there is an 
awareness of some of these problems from the beginning, it is possi- 
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ble  to prepare for them and hence there will be a better chances to 
succeed. 

It can be hard to get the senior management commitment. Since 
TPM implementation is a long-term process, it can be difficult to 
visualise the long-term profitability of an investment of time and 
effort. 

TPM should not be implemented "by the book". The implementation 
process should be adapted to fit the company. 

If it is hard to find dedicated people who are willing to be TPM co-
ordinators, then suitable persons should be sent to attend courses 
on TPM. They will probably have become on their return. 

The information department should be involve in the TPM imple-
mentation process at an early stage, otherwise there could be prob-
lems when attempting to disseminate information about TPM. The 
provision of information and instructions to all affected employees 
and to the management is vital. 

If the production department is not already divided into improve-
ment teams, efforts must be made to organise such teams. It is hard 
work getting a group of individuals to form a team. This process 
should be given as much time as is necessary. Time investment 
made in team-building will be paid back in the long run. It is also 
always important to listen to the teams. 

Implementing TPM means changing the company culture a little. 
This is a long-range process and most people are afraid of changes. 

In the beginning the maintenance personnel can find TPM threat-
ening because they may think that they will lose their jobs. This can 
imply that they do not want to be involved in the process. Much ef-
fort must be put into education and training for the maintenance 
personnel to overcome this fear and to get them to understand their 
importance in the TPM implementation process. 
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Later in the implementation process the maintenance personnel can 
get too much to do. It is then important to temporarily employ some 
new personnel in the maintenance department. 

Often the operators and the maintenance personnel are not used to 
making decisions and planning their work. Hence, they can find this 
frightening. They should be given support and encouraged to be in-
dependent. 

The implementation of TPM must not be looked upon as an isolated 
phenomenon. The implementation must be adapted to other circum-
stances, such as the quality system, other quality methods, and so 
on.  

13.2.2 Guidance for Implementing TPM 

The most important thing when implementing any new overarching 
methodology is the support and commitment of senior management. 
Informing, educating and training the senior management should 
start the preparation process. Senior management themselves could 
form a TPM team and thus set a good example. 

In order to avoid some of the fear and suspiciousness concerning the 
implementation of TPM, it is recommended that the reason why 
there is a need to up-skill and change the roles of personnel is 
widely communicated. It is also important to discuss what is going 
to happen and when, and the overall objectives of the implementa-
tion strategy. 

Dedicated people who can carry on the preparation and implemen-
tation process should be identified. They can become the TPM co-
ordinators. 

It is favourable to start on a small scale. Each TPM co-ordinator 
should have not more than three TPM teams. This is important in 
order to have enough time for supporting the teams. Teams should 
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14 	FURTHER RESEARCH 

New interesting questions for further research have arisen during the 
research. Some proposals and ideas for further research in the TPM-
area are discussed in this chapter. 

So far, TPM is a relatively unexplored branch of research. Conse-
quently, there is much to be done in this field. 

There are many experiences of implementations of TPM in manu-
facturing industry, but very few examples of how TPM could be im-
plemented in other industries, like the process industry, the health 
care industry, food industry, or in agricultural industry. 

Experiences often detail the implementation of TPM in a company's 
production department, but it is also interesting to investigate how 
to apply TPM to assembly, product development, marketing, pur-
chasing or the finance department. 

It would also be very interesting to implement administrative TPM 
in consulting branches, in local government, banking houses, or 
universities. 

It would be interesting to connect TPM to the planning of mainte-
nance in the maintenance departments or to investigate how to deal 
with TPM when organisations outsource their maintenance depart-
ments. Another interesting approach would be implementing TPM 
together with RCM (Reliability Centred Maintenance) to see if there 
would be any possible benefits. 

Research when linking TPM to other quality methods would also be 
interesting. There is no doubt that TQM, TPM and JIT are very de-
pendent on each other. Further research in this area and expanding 
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this area by using different approaches would be interesting. Fur-
ther research in comparing different improvement concepts would 
also be interesting. 

The research presented in this thesis indicates that it is often hu-
man factors that affect the results. Is it always the case though that 
human factors lie behind success or failure? It would be of great in-
terest to have someone with expertise from the social sciences to co-
operate with when looking at the implementation of improvement 
concepts. 

It would be interesting to accomplish a more complete comparison 
between the development of TPM in different countries. The pur-
pose of such a study would be to identify different adaptations in 
different countries and to find out whether or not there are any dif-
ferences. 

Safety, health and environment are issues that will become even 
more important in the future. Many organisations co-ordinate 
safety, health and environment with quality, and this trend will be-
come more obvious in the future. TPM affects quality, working envi-
ronments, safety and health. To what extent can TPM be an over-
arching approach linking these fields? 
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Appendix 1 

A Highlight History of Parker Hannifin 

1918 	Engineer-entrepreneur Arthur L. Parker founds the company. 

1919 	Truck accident destroys the young company's total inventory. 
Parker Appliance Company is bankrupt; founder returns to 
railroad engineering post. 

1924 	A.L. Parker begins anew. Pneumatic/hydraulic components 
business succeeds, serving automotive and industrial 
customers. 

1934 	Parker grows; achieves $2 million in sales. 

1935 	In the midst of the Depression, optimistic Parker buys 
Cleveland auto plant from Hupp Motorcar. 

1939 	Parker buys additional manufacturing machinery to increase 
capacity for anticipated war production as conflict begins in 
Europe. 

1943 	Parker employs 5,000 Clevelanders, all involved in defense 
production. 

1945 	Arthur Parker dies; with no industrial business remaining, 
war's end halts defense contracts and brings near-liquidation. 

1946 	Founder's wife, Helen Parker, refuses to sell the company; 
hires new management that gradually rebuilds industrial 
components business. 

1952 	Korean War boosts business while Parker plans for transition 
to peacetime production, avoiding post-World War II problems. 

1957 	Acquisition era is under way. With Hannifin comes new 
cylinder and valve products and a new name: Parker Hannifin 
Corporation. 

1960 	New International Division formed to market Parker products 
abroad. 

1966 	Parker Hannifin enters Fortune 500 listing of top companies. 
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1970 	Spurred by growing aviation and space business, five aerospace 
divisions move into new West Coast facility in Irvine, 
California. 

1976 	Parker plays a vital role in Viking spacecraft mission to Mars 
with more than 70 fluid system components used in propulsion 
system and flight control. 

1978 	Bertea Corp. acquisition expands aerospace business. 

1985 	Schrader Bellows acquisition makes Parker a major factor in 
pneumatics. Racor is first of several acquisitions establishing 
Parker in growing markets for filtration products. 

1986 	Compumotor acquisition broadens Parker's charter to include 
electromechanical applications. 

1988 	Marking its 70th anniversary, Parker makes seven 
acquisitions, passes $2 billion in sales. 

1993 	Acquisition of Telemecanique Electro-pneumatic division 
strengthens Parker's pneumatic business in Europe. Duane 
Collins named Chief Executive Officer and President. 

1994 	Parker acquires Chomerics, Inc., the world's largest 
manufacturer of electromagnetic interference shielding 
materials. Atlas Automation acquisition brings Parker a 
Swedish maker of pneumatic components for automation 
markets with strong position in Europe. Finn Filter Oy of 
Helsinki, Scandinavia's leading filter maker, is also acquired. 

1995 	Company passes $3 billion in sales. Major acquisitions continue 
to strengthen Parker's product portfolio: included are Hauser 
Elektronic  GmbH,  the German maker of automation 
components; Polyflex, the leading European producer of 
thermoplastic hose; Figgie Power Systems, the major 
manufacturer of hydraulic bladder accumulators and 
pneumatic cylinders; and Arkansas-based Byron Valve, the 
leading U.S. maker of air-conditioning components. The 
company also announces plans to build a new 125,000 square-
foot world headquarters in Mayfield Heights, a Cleveland 
suburb, to be completed in two years. 
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1996 	Parker continues acquisition activity with two major 
purchases. VOAC Hydraulics of Sweden is a world leader in the 
manufacture of mobile hydraulic equipment. Parker also signs 
an agreement to acquire Abex/NWL, a major international 
aerospace components manufacturer headquartered in 
Michigan. The company breaks ground for its new world 
headquarters. 

1997 	The acquisition of Hydroflex S.A. de C.V., a leading Mexican 
manufacturer of hydraulic hose, fittings and adapters 
strengthens Parker's position in Mexico and Latin America. 
Parker acquires from Honeywell its Skinner Valve (U.S.) and 
Lucifer S.A. (Europe) solenoid valve business; also EWAL 
Manufacturing Company, a leading maker of precision fittings 
and valves for the ultra-high-purity and semiconductor 
markets. The Company moves into new corporate headquarters 
in Mayfield Heights, Ohio. 

1998 	Eleven acquisitions strengthen Parker: Computer Technology 
Corporation, developer of industrial PC workstations bundled 
with software for operator-machine interfaces for factory floor 
applications; full ownership of two Korean joint ventures; 
Temeto, a major Swedish distributor of hydraulic components; 
Sempress Pneumatics of the Netherlands, a leading maker of 
pneumatic cylinders and valves; UCC group of Companies, 
England, maker of technology-based hydraulic filtration 
products; Extrudit, a British tubing company serving the 
beverage industry; Dynamic Valves, a maker of high-
performance electrohydraulic and electropneumatic servo 
valves; Veriflo Corporation, a maker of high-purity gas 
regulators; Fluid Power Systems, a maker of hydraulic valves 
and electrohydraulic systems and controls; Cougar Valves and 
Fittings, an Australian brass fittings manufacturer; and 
Jinyoung Electric Machinery Co. Ltd., Korean manufacturer of 
automation components. 

Reference: http://www.parker.com/ accessed 1999-11-04 



NR:  2000:15 
LULEÅ 	ISSN:  1402-1757  

TEKNISKA 	 ISRN: LTU-LIC--00/15--SE  
UNIVERSITET 

Institution 	 Upplaga  
Industrien  ekonomi och samhällsvetenskap 	 150  

Avdelning 	 Datum  
Kvalitetsteknik och statistik 	 2000-03-17 

Titel  
Implementing Total Productive Maintenance: driving forces and obstacles  

Författare 	 Sprik  
Liselott  Lycke 	 Engelska 

Sammanfattning  
The global marketplace is highly competitive and organisations who want to survive 
long-term, have to continuously improve, change and adapt in response to market 
demands. Improvements in a company's performance should focus on cost cutting, 
increasing productivity levels, quality and guaranteeing deliveries in order to satisfy 
customers. Total Productive Maintenance (TPM) is one method, which can be used to 
achieve these goals. 

TPM is an approach to equipment management that involves employees from both 
production and maintenance departments. Its purpose is to eliminate major production 
losses by introducing a program of continuous and systematic improvements to 
production equipment. TPM should be developed and expanded to embrace the whole 
organisation and all employees should be involved in the process as members of 
improvement teams. 

This thesis describes the development of TPM and the TPM implementation process. 
Research is focused on the implementation process of TPM. The author has had the 
opportunity of both monitoring and steering a company through part of its TPM 
implementation program and has conducted a longitudinal study. The implementation 
process takes several years and this thesis focuses on the initial three years of the process. 

This study demonstrates that driving forces, obstacles and difficulties often are dependent 
on the organisation, its managers and the individual employees. It also shows that the 
TPM implementation process has many 	cont.)  
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