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ABSTRACT 

Most industries are today facing competition in a global perspective, which 
forces companies to strive for high productivity, quality and cost-efficiency. As 
a consequence, manufacturing systems tend to be more automatized and in-
crease in complexity. That makes plants vulnerable, since a major breakdown in 
such manufacturing systems probably will affect the production and the quality 
of products, as well as generating severe damage to the environment and per-
sonnel. To obtain dependable technical systems, maintenance activities are 
needed. However, with a large amount of technical systems within a plant it 
might be difficult in prioritise these activities. One course of action is to use risk 
assessment to identify severe risks within a plant, in combination with different 
maintenance strategies. In this thesis a risk-based maintenance method called 
reliability-centred maintenance (RCM), developed within the US aircraft indus-
try during the 70s, is studied. 

Several companies seem to have problems in introducing RCM, problems that 
many times are caused by management and organisational issues. Therefore, the 
research has been focused on identifying management and organisational as-
pects that are of importance when introducing RCM in an organisation. Litera-
ture studies on RCM and some similar improvement methods, and studies made 
by the author at several organisations working with risk-based maintenance, 
have been performed. The analysis of these studies indicates that a main reason 
why obstacles occur when introducing RCM is that the focus on organisational 
and management aspects is insufficient. An explanation to that might be found 
in the evolution of using RCM, where its use as a management function has not 
yet been widely recognised. Knowledge about the management and organisa-
tional aspects influencing the introduction of RCM, and how to deal with them, 
might increase the chances for a successful introduction. The management and 
organisational aspects identified in the research create a basis for an RCM intro-
duction step, developed by the author, focused on planning and preparation. The 
intention of the introduction step is to facilitate the introduction of RCM in or-
ganisations managing complex technical systems. 



SAMMANFATTNING 

Inom industrin ställs idag höga  krav på produktivitet, kvalitet  och kostnads-
effektivitet, orsakad  av bland  annat  en  hårdnande  global  konkurrens.  En konse-
kvens av  detta är att produktionssystem tenderar att  ha en  högre  grad av auto-
mation  och där  med  också ökar i komplexitet. Detta medför i  sin tur  att anlägg-
ningar och utrustningar blir  mer  sårbara,  då  fel i dessa  system  i större  grad  på-
verkar  produktiviteten  och  produktkvaliteten,  och dessutom  kan  ge  konsekven-
ser som  medför allvarliga skador  på  människa och miljö. För att erhålla tillför-
litliga  system  krävs underhållsinsatser.  Då en  anläggning ofta innehåller många 
tekniska  system kan det  vara svårt att prioritera underhållsinsatserna. Ett sätt att 
angripa detta  problem  är att använda  sig av  riskvärdering för att identifiera all-
varliga risker i ett  system,  i  kombination med  olika underhållsstrategier.  En  
metod för att erhålla ett  så  kallat riskbaserat underhåll är  "reliability-centred 
maintenance" (RCM),  som  utvecklats i  USA under  70:talet. 

Ett  flertal  företag  har  upplevt  problem då de  skall införa  RCM,  problem som  i 
många  fall  grundar  sig  i  organisations-  och  ledningsaspekter. Forskningen har  
därför till  stor del  ägnats åt att identifiera  organisations-  och  ledningsaspekter 
som  är  av  betydelse när  RCM  ska införas i  en organisation. Litteraturstudier  fo-
kuserat  på  RCM  och några liknande förbättringsmetoder,  samt studier på  företag  
som  arbetar  med  riskbaserat underhåll  har  gjorts.  Analysen av  dessa studierna 
visar  på  att svårigheter  som  uppstår  då  RCM  införs är att inte tillräcklig hänsyn 
tas till  organisations-  och  ledningsaspekter. En  förklaring till detta  kan  vara att 
utvecklingen  av  RCM  som en  ledningsfunktion ännu inte  har  blivit tillräckligt 
uppmärksammad. Kunskap  om de organisations-  och  ledningsaspekter som  på-
verkar införandet  av  RCM,  och  hur  dessa skall hanteras, bör underlätta för infö-
randet  av  RCM.  De organisations-  och  ledningsaspekter som  identifierats och 
beskrivs i denna uppsats utgör  bas  för ett införandesteg för  RCM,  utvecklad  av  
författaren, och  som  fokuserar  på planering  och förberedande  aktiviteter.  Detta  
steg har  för aysikt att underlätta införandet  av  RCM  i  en organisation som  an-
vänder  sig av  komplexa tekniska  system.  
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DEFINITIONS VITAL FOR THE THESIS 

Some definitions, vital for the thesis, are given below. Other more specific 
definitions will be provided in the respective sections. It should be noted that 
the use of these definitions, and their meanings, might differ between different 
authors. To avoid misinterpretation of theory, definitions used by the respec-
tively authors will be used in the thesis. However, that results in some parts of 
the thesis possible experienced as confusing, but the main meaning of the con-
tent should being understandable. Where several definitions occur on an issue, 
vital for the thesis, the meaning of it and the definition preferred by the author 
will be described. That definition is valid for the parts not directly based on 
theory. 

Failure: Termination of the ability of an item to perform a required function 
(IEC60050(191), 1990). 
Implement/Implementation: Put into effect, carry out. For example, imple-
ment plans and policies  (Hornby,  1989). 
Introduce/Introduction: Cause somebody to start using or experience some-
thing/Bringing into use or operation for the first time. For example, the intro-
duction of new manufacturing methods (Homby, 1989). 
Maintenance: The combination of all technical and corresponding administra-
tive actions, including supervision actions, intended to retain an entity in, or 
restore it to, a state in which it can perform its required function 
(IEC60050(191), 1990). 
Quality: The quality of a product (article or service) is its ability to satisfy the 
needs and expectations of the customers (Bergman & Klefsjö, 1994). 
Risk: Combination of the frequency, or probability, of occurrence and the con-
sequence of a specified hazardous event (IEC60300-3-9, 1995). 
Risk analysis: Systematic use of available information to identify hazards and 
to estimate the risk to individuals or populations, property or the environment 
(IEC60300-3-9, 1995). 
Reliability: The ability of an item to perform a required function, under given 
environmental and operational conditions and for a stated period of time 
(BS4778). 
Reliability centred maintenance: Systematic approach for identifying effec-
tive and efficient preventive maintenance tasks for items in accordance with a 
specific set of procedures and for establishing intervals between maintenance 
tasks (IEC60300-3-11, 1999). 



System: Composite entity, at any level of complexity, of personnel, procedures, 
materials, tools, equipment, facilities and software. The elements of this com-
posite entity are used together in the intended operational or support environ-
ment to perform a given task or achieve a specific objective (IEC60300-3-9, 
1995). 

The author would like to make an elucidation of the terms 'implementation' 
and 'introduction'. In several papers, authors make use of the term 'implemen-
tation', as can be seen further on in the thesis. The author prefers to use the 
term 'introduction'. The author uses the term 'implementation' when referring 
to the execution of maintenance tasks, i.e. implementing maintenance tasks 
generated from the use of RCM. 
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Chapter 1. Introduction 

1 INTRODUCTION 
In this chapter the background to the research perforrned, research questions 
and aims will be described. 

1.1 Background 
Most industries are today facing a competitive environment in a global per-
spective (Miyake & Enkawa, 1999), where fluctuations in the world economy 
generates constantly changing demands from national and international markets 
(Groote, 1994). This in turn give rise to increased demands on productivity, 
quality and cost-efficiency in companies. To meet these demands many com-
panies are downsizing their organisations, minimising their inventory levels 
and changing to flexible manufacturing systems  (Jonsson,  1997). 

As a consequence of the competitive environment, the manufacturing trend is 
towards increased complexity and a higher degree of process automation, 
which implies that the cost of machine failure can be very high (Kumar, 1996). 
Another perspective on the increasing complexity is that humans depend, to a 
large extent on, the wealth generated by highly mechanised and automated 
business. People are also more and more dependent on services such as the 
supply of electricity and means of transport such as trains and aircraft 
(Moubray, 1991). The fact that technical systems tend to be more complex and 
expensive makes a plant vulnerable. Such vulnerability faces, for example, 
power, aviation and military industry, but also production facilities such as 
automobile manufacturers. A major breakdown in such a system affects the 
production and the quality of products, and can also generate severe damage to 
the environment and personnel (Horton, 1992). 

The risk within a system can be seen as the probability of a failure occurring 
and the consequences it leads to. These consequences of a failure can affect 
productivity, product quality, customer service, safety or the environment 
(Horton, 1992). The awareness of serious risks in machine systems has in-
creased the demands on verification of quality and reliability of products. The 
use of, for example, the  EU  directives focusing on machine safety, product 
safety and product liability, has become more common during the last few 
years (Hoyland &  Rausand,  1994). 

Facilities facing the competitive environment are required to reduce their over-
all costs while maintaining the value and reliability of their assets (Beehler, 
1997). Maintenance activities have to be executed to ensure that systems are 
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working as they should, and that different kinds of risks are identified, miti-
gated or reduced  (Backlund,  1999). Therefore, maintenance has become more 
and more important and is considered to be a major activity focused on, driven 
primarily by the increased demands on product quality and customer satisfac-
tion  (Jonsson,  1997) & (Groote, 1994). Efficient maintenance programmes are 
needed to meet these demands in the most cost-effective manner available 
(Anderson &  Neri,  1990) & (Thomas, 1994). The increased focus on quality 
and availability of plants, factories, and systems has also created a need for new 
management techniques in the field of maintenance engineering (Kumar &  
Svanberg,  1999). 

With a large number of technical systems within a plant, there can be difficul-
ties in prioritising maintenance activities where they are most needed. Using 
risk assessment to identify severe risks within a plant in combination with dif-
ferent maintenance strategies, is one course of action to facilitate the prioritis-
ing of maintenance activities (Kumar, 1998) &  (Backlund,  1999). One method 
for executing so-called risk-based maintenance (RBM) is reliability-centred 
maintenance (RCM), developed within the US aircraft industry during the 70s. 
By means of a logical-decision scheme the RCM method efficiently creates 
conditions for preventive maintenance programmes, based on priority of the 
maintenance activities in relation to the risks involved (Nowlan & Heap, 1978). 
There are several benefits generated from the RCM method, for example im-
proved safety, operating performance and maintenance cost-effectiveness 
(Smith, 1993),  (Sandtorv  &  Rausand,  1991), (Beehler, 1997) & (Delzell et al., 
1996). Several companies, however, seem to have problems in making it work, 
see for example Worledge (1993) &  Rotton  (1994) who both give examples of 
failed implementation of RCM in nuclear plants. The problems that occur when 
introducing RCM are not mainly of a technical nature. Many times the prob-
lems are caused by management and organisational issues, such as lack of 
communication, management support and teamwork (Moubray, 1991), (Smith, 
1993) &  (Backlund,  1999). These managerial and organisational aspects create 
obstacles when introducing RCM, which sometimes forcing companies to 
abandon the method (Smith, 1993). The research described in this thesis has 
been focused on identifying management and organisational aspects (M&O) 
that are of importance when introducing RCM in an organisation. These M&O 
aspects have been gathered in major areas by means of their affinity, creating a 
basis for an RCM introduction step with the intention of facilitating the intro-
duction of RCM. 
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Chapter]. Introduction 

1.2 The research problem 
Literature research and visits made by the author to several organisations indi-
cate that management and organisational aspects are of major importance for 
the successful introduction of RCM. Knowledge about these aspects and how 
to deal with them, increasing the chances for a successful introduction of RCM, 
seems to be lacking. 

1.3 Research question 
The research question is: 

• Which management and organisational aspects affect the introduction of 
RCM? 

1.4 Aims of the research 
The aims of the research are: 

• To identify management and organisational aspects of importance when or-
ganisations are going to introduce RCM. 

• To propose an RCM introduction model, focusing on the management and 
organisational aspects earlier found important. 

1.5 Demarcation 
The demarcation of the research is: 

• Focus is on introducing RCM in an organisation managing complex techni-
cal systems. 

1.6 Contents of the thesis, "the main thread" 
The contents of the thesis are divided into eleven chapters. These will be briefly 
described in this section. The connection between the chapters is illustrated in 
figure 1.1. 
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Chapter 3. 
Theory on quality 
and maintenance 

Chapter 4. 
Theory on RBM 
and RCM 

Chapter 5. 
Literature studies on 
the introduction of 
RCM and similar im-
provement methods 

Chapter 6. 
Analysis of the lit-
erature studies 

Chapter 7. 
Studies of organisa-
tions working with 
RBM 

Chapter 8. 
Analysis of the studies 
of the organisations 

Chapter 9. 
An RCM introduction 
step 

Chapter 10. 
Discussion and con-
clusions 

Chapter 1. 
Introduction 

Chapter 2. 
Research design 

Chapter 1. Introduction 

Chapter 11. 
Further research 

Figure 1.1. An illustration of the connection between the chapters in the thesis. 

In figure 1.1 the "main thread" of the research performed and described in the 
thesis is illustrated. A brief description of the content in the chapters will be 
given: 

• In chapter 1, the introduction will give the background to the thesis work. 
• In chapter 2, the research design chosen is discussed. 
• In chapter 3, maintenance is discussed as an activity to obtained sustained 

product quality dimensions such as safety, reliability and performance. 
• In chapter 4, RBM, the RCM method, and the different steps to perform 

when introducing RCM are described. 
• In chapter 5, M&O aspects identified in the literature, on the introduction of 

RCM and some other improvement methods are described. 
• In chapter 6, an analysis of the M&O aspects, identified in chapter 5. 
• In chapter 7, studies on several organisations working with RBM and RCM, 

focused on M&O aspects. 
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Chapter I. Introduction 

• In chapter 8, analysis of the studies at organisations, and comparisons with 
the M&O aspects from the literature studies. 

• In chapter 9, the results from the analysis of the studies of organisations and 
literature are used as a basis for developing an RCM introduction model, i.e. 
an introduction step (see the discussion in chapter 11), intended to facilitate 
the introducing of RCM in an organisation. 

• In chapter 10, discussions and conclusions on the research. 
• In chapter 11, some thoughts on further research, revealed during the re-

search work. 
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Chapter 2. Research design 

2 RESEARCH DESIGN 
Research can be executed in several different ways. Depending on the aims of 
the research and the environment in which the research is to be pelformed, 
some research methods can be more useful than others. In this chapter the 
author will explain his choice of research design and also describe the re-
search process. 

2.1 Discussion on the research design 
Research can be divided into several categories; empirical and non-empirical 
science (Hempel, 1966), natural and social science  (Holme  &  Solvang,  1991), 
experimental and non-experimental science, and qualitative and quantitative 
science (Merriam, 1988). It is the author's opinion that the research design used 
should be based on the research questions, and the aims of the research. In this 
thesis, focus is on identifying and describing management and organisational 
(M&O) aspects when introducing a maintenance improvement method within 
an organisation. Therefore, the research design chosen in this thesis is based on 
social, non-experimental, empirical and qualitative science. This choice will be 
explained below. 

In the research, M&O issues are dealt with which are related to social research. 
The aims and the research questions are of a descriptive nature, therefore, ex-
periments are not considered as necessary to obtain valuable information for 
that purpose. The approach is in accordance with Merriam (1988) considering 
non-experimental, also called descriptive, research, as suitable when descrip-
tion and explanation are looked for. Qualitative research based on empirical 
findings is chosen since the strength of qualitative methods is their ability to 
reveal a total picture, which makes it possible to understand social processes 
and context (Gummesson, 1991). 

M&O aspects within organisations such as the phenomenon under study can be 
difficult to distinguish from their context. Therefore, a qualitative approach is 
chosen using case studies, of both in-depth and complementary character, and 
literature studies. In-depth knowledge is considered necessary to obtain under-
standing of why organisations experience difficulties when introducing RCM. 
This approach is to some extent in accordance with Taylor & Bogdan (1984), 
who characterise a good qualitative study as the combination of in-depth under-
standing of the particular setting investigated with general theoretical insights. 
In accordance with Merriam (1988) & Gummesson (1991), the author is inter-
ested in process, meaning, and understanding. The research aims at building 
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LAWS AND THEORIES 

FACTS ACQUIRED 
THROUGH 

OBSERVATIONS 

PREDICTIONS AND 
EXPLANATIONS 

Chapter 2. Research design 

hypotheses and theories, rather than testing existing theory. The research is 
thereby inductive (Patton, 1988), see figure 2.1. 

INDUCTION 	 DEDUCTION 

Figure 2.1. Illustration of inductive and deductive research. From Chalmers 
(1982). 

A quantitative approach could be an alternative for answering the research 
questions, by means for example of surveys, implying questionnaires adminis-
trated to a large group of respondents. A disadvantage, however, would be dif-
ficulties in obtaining deeper knowledge. According to Merriam (1988) & 
Patton (1988) quantitative research implies taking apart a phenomenon to ex-
amine its component parts, which become the variables of the study. Since the 
aim of the research is to create a introduction model, based on M&O aspects, 
qualitative research seems to be the best alternative. However, according to  
Holme  &  Solvang  (1991), a qualitative research can be a preparatory activity 
before carrying out quantitative research, where the qualitative research gener-
ates pre-understanding and creating an empirical basis. 

Gathering of information 
Information has been gathered continuously during the research process, and so 
has the analysis of the information received. Conclusions and hypotheses gen-
erated during the research process most likely affect the shapes of interviews 
performed later on. This approach is in according with Merriam (1988) & 
Taylor & Bogdan (1984) considering collection of information and analysis as 
a simultaneous activity in qualitative research. 
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Information has been gathered from both primary and secondary sources. On-
site observations and qualitative interviews have been performed, and the 
author has attended meetings, conferences, seminars and training courses. 
Books, articles, conference proceedings, internal company reports, and search 
in databases have also been used. Gathering of information can also be 
achieved from primary sources such as questionnaires and participant observa-
tions  (Holme  &  Solvang,  1991) & (Taylor & Bogdan, 1984). As mentioned, a 
qualitative approach was chosen and therefore no questionnaires were used. 
Participant observations, i.e. working as a consultant or as an employee, see for 
example Gummesson (1991), is considered by the author as an approach de-
manding larger resources to perform, and major skills of the researcher. The 
author has therefore chosen not to use that approach. 

Observations 
According to  Holme  &  Solvang  (1991) & Patton (1988) qualitative interviews 
and observations are the best methods available for studying processes. The 
methods give possibilities for fully understanding the complexities of many 
situations. One must physically go to the people, setting, site, institution ("the 
field"), in order to observe behaviour in its natural setting (Merriam, 1988). 
Several organisations have been exposed to studies by the author during the 
research. Case studies, see for example Yin (1993) & Yin (1994), take substan-
tial time (Gummesson, 1991), and have not been possible to perform in-depth 
at all the companies involved. Instead, some complementary studies have been 
used to obtain additional information. 

Interviews 
The author did not use standardised interview schemes when meeting personnel 
at the participating organisations. However, questions of interest were listed in 
advance, but differed between different companies and persons, depending on 
new information and knowledge gathered. During the research process the in-
terviews performed were characterised by discussions with the intention of fa-
cilitating for the interviewees to describe their point of view on certain matters. 
This way of executing interviews is in accordance with Taylor & Bogdan 
(1984),  Holme  &  Solvang  (1991) & Patton (1988). They call it in-depth inter-
viewing, whose strength is that the research situation is similar to a common 
everyday situation and an ordinary conversation, in a flexible and dynamic 
manner. According to Gummesson (1991) qualitative interviews, also called 
informal interviews, and observations provide the best opportunities for the tra-
ditional study of an organisation. 
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The significance of the author 
During the observations and the interviews the author has been aware of the 
possibilities of affecting the persons involved, and that analysis and results 
generated to a high degree depend on the author. As Taylor & Bogdan (1984) 
& Merriam (1988) claim, far from just being a data collector, the interviewer is 
the research tool, not the interview schedule or protocol. The usefulness of 
qualitative evaluation methods depends very directly on the insights generated 
by the fieldworker (Patton, 1988). Also, a good case study researcher must be a 
good communicator, empathise with respondents, ask good questions, and lis-
ten intently (Merriam, 1988). The author has put efforts into ensuring that dur-
ing discussions these conditions have been met to the fullest possible extent. 

2.2 Some reflections on the research design 
The author has used case studies as a basis for the gathering of primary infor-
mation. The information was qualitative, obtained during discussions with per-
sonnel at the different companies. As mentioned in the beginning of this chap-
ter, a research design can be formed in many different ways. The choice of re-
search design implies advantages as well as disadvantages. According to Yin 
(1994) & Gummesson (1991) some researchers criticise the use of case study 
research. For example, they claim that case studies sometimes results in little 
basis for scientific generalisation, take a long time to complete, lack statistical 
validity, and can be used to generate hypotheses but not to test them. The 
author was aware of the long time needed to obtain results from an in-depth 
case study. Therefore, only a few in-depth studies have been performed, but 
together with minor complementary studies. This combination was considered 
to be an effective approach to obtaining valuable information. The approach 
may imply difficulties considering generalisation and testing of hypotheses. 
However, generalisation and testing of hypotheses were never within the scope 
of the thesis. Further research, described in chapter 11, will be dedicated to this 
kind of research design. In accordance with Patton (1988), the research begins 
with qualitative designs and specific observations, building toward general 
patterns. 

The most frequent criticism of qualitative methods is that they are inevitably 
"subjective". Objectivity is traditionally considered as the fundamental idea of 
the scientific method (Patton, 1988). The author, as already mentioned, was 
aware of the influence he has had as a person on the results of the research. 
This awareness should to some extent decrease the subjectivity of the informa-
tion gathered and analysis performed. The author agrees with Patton (1988), 
who claims that the ways in which measurements are constructed, for example 
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in questionnaires, are no less open to the intrusion of the evaluator's biases than 
making observations in the field or asking questions in interviews. 

2.3 Validity and reliability 
There are four design tests, most commonly used in empirical social research, 
for judging the suitability of a research design. These are: construct, internal 
and external validity, and reliability (Yin, 1994). 

Construct validity 
The construct validity of a research design implies establishing correct opera-
tional measures for the concepts being studied (Yin, 1993). The author has used 
several sources of information, both primary and secondary sources. The gath-
ering of information in the different studies has been executed in different 
ways, due to specific local conditions. This is in accordance with a so-called 
triangular approach. Construct validity is increased by the use of multiple 
sources of information. Questionnaires, interviews, literature review and obser-
vations used in a complementary way, together make up a triangular approach 
(Merriam, 1988). Also, studies that use only one method are more vulnerable to 
errors linked to that particular method (Patton, 1988). 

Internal validity 
There are some basic strategies an investigator can use to ensure internal valid- 
ity (Merriam, 1988): 

• Triangulation. 
• Member checks, taking data and interpretations back to the person inter-

viewed. 
• Long-term observations, at the research site or repeated observations of the 

same phenomenon. 
• Peer examination, asking colleagues to comment on the findings as they 

emerge. 
• Researcher's biases, clarifying the researcher's assumptions and theoretical 

orientation. 

The author has used triangulation. The person interviewed did not get the pos-
sibility to be confronted with the notes made by the author during the interview. 
However, drafts of parts of the thesis describing studies at different organisa-
tions have been sent to the respective company for comments. In accordance 
with Gummesson (1991) this approach will probably also give additional in-
formation. Long-term observations are executed by the in-depth studies. Peer 
examination, i.e. discussions with colleagues and supervisors, has been con- 
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tinuously used during the research process. The researcher's theoretical orien-
tation will be described in section 2.5. 

External validity 
External validity is concerned with the extent to which the findings of a study 
can be applied to other situations, i.e. how generalisable it is. External validity 
can be achieved by means of comparison with similar studies (Merriam, 1988). 
The studies at different companies have been compared, and also with the risk-
based maintenance area and improvement methods described in literature. 
Reader or user generalisability involves leaving the extent to which a study's 
findings apply to other situations up to the people in those situations (Merriam, 
1988). That is of importance for the results in this thesis, since the proposed 
RCM introduction step in section 9.1, has not been tested. 

Reliability 
Reliability is mainly about the extent to which a research project can be re-
peated and still give the same results. Reliability is usually problematic in so-
cial sciences due to the fact that human behaviour is never static. Therefore, in 
qualitative research, there is no benchmark by which one can take repeated 
measures and establish reliability in the traditional sense (Merriam, 1988). The 
author is to some extent a part of the context in the studies. It is therefore im-
possible to achieve exactly the same result for another person who wants to re-
peat what the author of this thesis has achieved. Protocols or similar have not 
been used, but field notes have been used and stored in files. The information 
gathered has been collected from many different sources, which according to 
Patton (1988), increases both the validity and the reliability of evaluation data. 
It is the author's belief that other researchers, going through the same steps 
within the research process, would have come up with similar results. 

2.4 The research process 
The research project described in this thesis is performed within the research 
activities of the  Polhem  Laboratory. The  Polhem  Laboratory is a competence 
centre at  Luleå  University of Technology  (LTU)  initiated by the Swedish Na-
tional Board for Industrial and Technical Development (NUTEK). Participating 
organisations at the Pollaem Laboratory include 11 companies, several divisions 
of  LTU  and two research institutes. The centre focuses mainly on research in 
the area of concurrent engineering. The main goal of the research is to develop 
technologies for product development and manufacturing through integration of 
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design, manufacturing, materials and maintenance engineering for application 
in Swedish industry. The research is focused on the following fields': 

• Integrated mode of operation. 
• Simulation methodology. 
• Maintenance engineering. 

The research project described in this thesis was performed within the field of 
maintenance engineering, as described in figure 2.2. 

Figure 2.2. The research process performed by the author.  

ABB  Atom,  Vattenfall  AB  Vattenkraft  (a major power supplier in Sweden) and 
Volvo  Aero  Corporation (VAC) were the industrial representatives mainly in-
volved in the research project. Stated research needs from the participants were 
collected by a survey made by Dan  Larsson,  one of the project leaders within 
the  Polhem  Laboratory. Demand/Need-based maintenance  ("behovsstyrt  un-
derhåll"),  see the discussion in section 4.1, showed up to be of major interest to 

For more information about the  Polhem  Laboratory, see for example Klefsjö & Kumar 
(1997), and http://www.mt.luth.se/polhein/.  
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the industrial participants. The meaning of such a maintenance approach im-
plied decision support of the execution maintenance activities, by means of risk 
analysis, which constituted the basis of the research project performed by the 
author. The aims of the research, based on the statements given, were relatively 
unspecified, generating a broad approach for the following research process. 

Step 1. Initial studies of organisations and literature 
In the beginning of the research process, literature and initial studies at compa-
nies started up at the same time.  Vattenfall  AB  Vattenkraft  (further on called  
"Vattenfall")  and VAC have been the main participants in the research project. 
The role of  ABB  Atom was more as an observer. Visits to VAC and  Vattenfall  
were made in an early stage to discuss their views on the research performed by 
the author. The studies were also focused on analysis of the present situation 
considering the overarching maintenance approach at the companies. 

The main subject fields of interest were 'risk analysis', 'maintenance' and 'de-
cision support'. These fields could be divided into sub-areas or be a part of a 
major subject field. Further investigation, by means of literature studies, 
pointed out the following areas: 

• Risk analysis is a part of a major subject field called risk management. Risk 
management consists of risk assessment, dealing with risk analysis and risk 
evaluation, and risk reduction (see chapter 4). 

• Maintenance is a very wide subject field. Maintenance strategies, i.e. re-
design, preventive, corrective and condition-based maintenance, and main-
tenance management were of main interest for the research (see section 3.3). 

• Literature studies on decision support generated articles on decision theory, 
considered by the author as too theoretical, and not useful in the beginning 
of the research. 

The literature review focusing on risk management and maintenance continued 
throughout the whole research process. When searching for literature on main-
tenance strategies and risk management, reliability-centred maintenance (RCM) 
was frequently mentioned. RCM is a method (program, concept, etc, see a dis-
cussion on this matter in section 4.6) based on maintenance strategies and risk 
management principles to provide decision support of effective and efficient 
maintenance activities on technical systems. Naturally, the author started to 
look into the literature embracing RCM. During the initial study the author be-
came aware of the importance that management and organisational (M&O) as-
pects played for successful use of the method. The author began to make a 
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more thorough study of these aspects, with the aim of facilitating the introduc-
tion of such a method. 

Databases used during the literature research were Compendex, Science Cita-
tion Index, Applied Science and Technology Abstracts, IEEE/IEE Electronic 
Library, EMERALD (Emerald is a collection of academic and professional 
journals primarily from MCB University Press) and BIBDIA, a local database, 
placed at the library of  LTU.  However, using references within interesting arti-
cles and proceedings have been one of the best ways of finding valuable addi-
tional literature. 

Step 2. Analysis of the M&O aspects identified in the literature studies 
Findings in the literature on RCM considering M&O aspects of importance for 
the introduction of RCM, were gathered and analysed. RCM can be considered 
as an improvement method, with similarities to the other methods such as Total 
Productive Maintenance (TPM) and Total Quality Management (TQM), see 
section 5.1. The three improvement methods are compared to find additional 
M&O aspects, which could be valid for the introduction of RCM. Also, com-
parisons were made with some improvement methods and improvement work 
in general. 

Step 3. Performance of case studies 

In-depth studies  
Vattenfall  was at the time of the study about to introduce RCM for the first 
time, as a pilot study, in one of their hydro power stations. This was considered 
as a good opportunity to identify and understand M&O aspects affecting the 
introduction of the method. 

The literature review had pointed out that RCM was developed as a method 
within the aircraft industry. Most of the aircraft maintenance programmes in the 
world today are based on the Maintenance Steering Group revision 3 method 
(MSG-3), which is similar to RCM (see section 4.6.1). Therefore, studies of 
maintenance programmes within the aircraft industry were of interest. Such 
studies became possible through the contacts with VAC, since one of VAC' s 
activities is to maintain fighter aircraft engines for the Swedish Air Force. 
Within the study, M&O obstacles showed as being minimal in the aircraft in-
dustry, in general. Reasons for that are probably the long experience of working 
with MSG-3/RCM and the special surroundings that occur in a high-tech air-
craft industry (see discussion in section 5.2). Instead, VAC focuses on exten- 
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sive  condition based maintenance and information systems for obtaining dy-
namic maintenance decision support, based on MSG-3/RCM analysis. 

Complementary studies 
To gain increased knowledge of the practical work with military aircraft engine 
maintenance a contact was established with the  Norrbotten  Wing in  Luleå,  F21. 
They have been working partly with so-called out-phased maintenance, i.e. 
packing and executing of maintenance tasks in a flexible manner. This is an 
interesting approach to executing the great amount of maintenance tasks that 
RCM generates. 

During the research, the author attended a course dealing with aircraft mainte-
nance and reliability, and specially the principles of the MSG-3 method. The 
course was held in Clearwater, Florida, and visits were also made to some 
companies and universities in the state. Kennedy Space Center, NASA's (Na-
tional Aeronautics and Space Administration) launch and primary landing site, 
was one of the companies visited. Their high-risk environment implies major 
work with maintenance and risk management, which implies special conditions 
when introducing RCM. 

The literature research pointed out the nuclear industry as one of the major in-
dustries using risk-based maintenance (RBM), by means for example of RCM. 
The author visited  ABB  Atom at the end of the research to obtain additional 
information.  

Vattenfall  is performing risk studies for their hydro power plants with the pur-
pose of making proper decisions on major maintenance investments. Consult-
ants usually perform these risk studies, which implies less control of the proc-
ess by  Vattenfall.  To be able to control the risk studies to a greater extent a 
comparison was made between the results of and the procedure used by three 
different consultants, performing risk studies at one and the same hydro power 
plant. The author was involved in the analyses of the studies, and since risk 
studies form a vital part of the RCM methodology this was a valuable activity 
for the research. 

Step 4. Development of an RCM introduction step 
The findings on the M&O aspects in studies of organisations and literature are 
mainly in a planning and preparation phase. Therefore, an RCM introduction 
step is developed by the author focused on these M&O aspects. The intention 
of the introduction step is to facilitate the introduction of RCM in organisations 
managing complex technical systems. 
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23 The author's frame of mind 
According to Taylor & Bogdan (1984) the author's frame of mind is of interest 
when examining books and dissertations based on participant observation or 
qualitative interviewing. This procedure will also increase the internal validity, 
clarifying the researcher's assumptions, biases, and theoretical orientation, ac-
cording to section 2.3. 

The author assumes that maintenance is an important activity for all kinds of 
technical systems, and that these activities must be executed in a systematic 
manner when dealing with complex systems. The author's educational back-
ground is within Maintenance and Material engineering (B.Sc) and Manufac-
turing engineering (M.Sc). It is the author's belief that the educational back-
ground establishes a good basis for the research performed, and makes it suit-
able for using on-site observations and qualitative interviews. 
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3 SUSTAINED QUALITY BY MEANS OF 
MAINTENANCE 

In this chapter quality and maintenance will be discussed, as well as the con-
nection between these two subject fields. 

3.1 Quality 
Quality has become an increasingly important means for companies to compete 
on the world market. An important reason for the great success of many Japa-
nese companies is the strategic role quality has played (Bergman & Klefsjö, 
1994). The meaning of 'quality' differs between different persons and re-
searchers. Therefore, many definitions of 'quality' exist (Juran, 1992), (Davis, 
1997) & (Imai, 1986). The definition used in this thesis is "The quality of a 
product (article or service) is its ability to satisfy the needs and expectations of 
the customers", stated by Bergman & Klefsjö (1994). Other definitions of 
quality are, for example, "fitness for use", stated by Joseph M. Juran and 
"conformance to requirements", stated by Philip  B.  Crosby (Bergman & Klef-
sjö, 1994). 

One important element in modem quality work is to make decisions based on 
facts, not allowing random factors be of decisive importance (Bergman & Klef-
sjö, 1994). Therefore, a major characteristic of quality work is to reduce varia-
tion in systems and processes and thereby increase the capability. Some im-
provement methods that can be used together in a strategy aimed at mastering 
and reducing variation, creating capable processes are2  (Deleryd, 1997): 

• Control charts. 
• Design of experiments. 
• The seven management tools (Affinity diagram, Relation diagram, Tree dia-

gram, Matrix diagram, Matrix data analysis, Process decision program chart, 
and Arrow chart (Bergman & Klefsjö, 1994)). 

• Process capability studies. 
• Failure mode and effect analysis (FMEA). 

2  For more information of these quality tools and improvement methods, see, for example, 
Bergman & Klefsjö (1994), Mizuno (1988) & Rittner & Brassard (1998). 

-17- 



Chapter 3. Sustained quality by means of maintenance 

• The seven Quality Control (QC) tools (Control chart, Pareto chart, Histo-
gram, Ishikawa chart, Stratification, Scatter plot, and Data collecting 
(Bergman & Klefsjö, 1994)). 

The external demands on quality are continuously being increased. Continuous 
quality improvements of goods and services are therefore necessary. Also, con-
tinuous improvement of quality is needed from a cost point of view, since costs 
due to defects and other non-quality contributions are large today. Important 
tools for continuous quality improvements are for example the seven QC-tools 
(Bergman & Klefsjö, 1994). 

Quality was in the beginning a reactive and inspection-oriented discipline, to-
day, quality-related activities have broadened and are seen as essential for stra-
tegic success. The quality area has been developed in four distinct "quality ar-
eas "(Garvin, 1988): 

• Inspection 
• Statistical quality control 
• Quality assurance 
• Strategic quality management 

How these changes in the quality area emerge is described by Garvin (1988) 
and a summary based on these quality areas is given by  Hellsten  (1997). 

3.1.1 Total Quality Management 
The concept of Total Quality Management (TQM) has received considerable 
global attention during recent years. TQM is a management philosophy and a 
set of techniques and procedures, involving a total system approach to quality. 
This implies that quality is everybody's responsibly (Gunasekaran et al., 1998). 
A quality strategy in a company should be built on continuous and consistent 
commitment from the top management and might include the following im-
portant elements (Bergman & Klefsjö, 1994): 

• Focus on customers 
• Base decisions on facts 
• Focus on processes 
• Improve continuously 
• Let everybody be committed 
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TQM links product and service quality to total customer satisfaction (Newall & 
Dale, 1991). For more thorough descriptions of TQM, see, for example, Garvin 
(1988),  Hellsten  (1997) & Bergman & Klefsjö (1994), and the references 
therein. 

3.1.2 Product quality 

Product quality indicates that the product or service meets the specifications 
that were set during design or planning. It is becoming more and more impor-
tant to create conditions for high quality during the development of products 
(Bergman & Klefsjö, 1994). The cost of poor quality, i.e. costs that would dis-
appear if our products and processes were perfect, are huge. The cost can be 
difficult to determine, according to Juran (1992). However, Sörqvist (1998) es-
timates that poor quality costs on average are well over 20 percent. 

Two product quality aspects of major importance are product features and free-
dom from deficiencies. Higher quality regarding product features enables com-
panies, for example, to increase customer satisfaction, make products saleable 
and meet competition. Higher quality regarding freedom from deficiencies en-
ables companies, for example, to reduce error rates, inspections and increase 
capacity (Juran, 1992). The term product quality has many dimensions, some of 
which are (Bergman & Klefsjö, 1994): 

• Performance, suited to the customers on the intended market segment. 
• Reliability, which is a measure of how often trouble occurs and how serious 

these problems are. 
• Maintainability, which summarises how easy or hard it is to detect, localise, 

and take care of the problem. 
• Safety. 

Increasing mechanisation and greater technological complexity are some fac-
tors creating a need for finding ways to assure standardised product quality, i.e. 
quality assurance (Davis, 1997). 

3.2 Dependability 
Dependability is an important quality parameter, since it influences the process 
quality as regards efficiency and capability (Bergman & Klefsjö, 1994). De-
pendability is defined as "the collective term used to describe the availability 
performance and its influencing factors: reliability performance, maintainability 
performance and maintenance support performance." (IEC60050(191), 1990), 
see figure 3.1. Availability is defined as "the ability of an item, under combined 
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aspects of its influencing factors, to perform its required function at a stated 
instant of time or over a stated period of time" (BS4778). 

Figure 3.1. Dependability as a collective term used to describe the availability 
performance and its influencing factors: reliability performance, maintainabil-
ity performance and maintenance support performance. From SS4410505 
(1985). 

Reliability 
Reliability is defined as "the ability of an item to perform a required function, 
under given environmental and operational conditions and for a stated period of 
time." (BS4778). The concepts of quality and reliability are closely connected 
and reliability can be considered as a quality characteristic (Høyland &  
Rausand,  1994) & (Bergman & Klefsjö, 1994). Quality can be said to denote 
the conformity of the product to its specification as manufactured, while reli-
ability denotes its ability to continue to comply with its specification over its 
useful life (Høyland &  Rausand,  1994). Reliability engineering aims at 
(Bergman & Klefsjö, 1994): 

• Finding the causes of failures and trying to eliminate them. 
• Finding the consequences of failures and if possible reducing or eliminating 

their effects. 
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The meaning of the concept of "reliability" is not consistent, though (Bergman 
& Klefsjö, 1994). For example, the definition of dependability is sometimes 
synonymous with the definition of reliability. The dependability concept has, 
during the last few years, been introduced as an overall performance concept, 
as a replacement for reliability  (Heland  &  Rausand,  1994) &  (Rausand,  
1998a) 

Reliability technology has a potentially wide range of applications and the main 
objective of a reliability study should always be to provide information as a ba-
sis for decisions  (Rausand,  1998a). Some of the application areas are (1-10yland 
&  Rausand,  1994): 

1. Safety or risk analyses, see section 4.3.1. 
2. Environmental protection. 
3. Optimisation of maintenance and operation, see section 3.3.2. 
4. Engineering design, see section 3.3.6. 

Maintainability 
Maintainability is a measure of how easy it is to detect, localise and mitigate 
failures. It includes the engineering activities necessary to incorporate mainte-
nance features into the design (Anderson &  Neri,  1990). Maintainability is de-
fined as "the ability of an item, under stated conditions of use, to be retained, 
or restored to, a state in which it can perform its required functions, when 
maintenance is performed under stated conditions and using prescribed proce-
dures and resources." (BS4778). 

Maintenance support 
Maintenance support performance is defined as "the ability of a maintenance 
organisation, under given conditions, to provide upon demand, the resources 
required to maintain an entity, under a given maintenance policy." 
(IEC60050(191), 1990). From the definition it can be seen that maintenance 
support has not to do with product attributes, instead its focus is on the mainte-
nance organisation. 

3.3 Maintenance 
The ability to manufacture quality products depends upon whether the manu-
facturer is getting quality performance from the manufacturing machine sys-
tems (Rahman, 1996). To obtain such conditions, all equipment and technical 
systems require maintenance activities to some extent The importance of 
maintenance for obtaining dependable products and systems, and thereby con-
tributing to quality products, is illustrated in figure 3.2. 
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Product or system  

Feed-back  to design for 
maintenance and for main-
tenance optimisation 

Maintenance tasks based on the 
maintenance strategies: 
• Re-design 
• Preventive maintenance 
• Corrective maintenance 

, • Condition-based maintenance 

( 
Maintenance management 
• Carrying out maintenance tasks by means of a 

maintenance programme. 
• Measuring and evaluating maintenance performed. 

Figure 3.2. The importance of maintenance for obtaining dependable products 
and systems, and thereby contributing to quality products. The sentences with 
bold text indicates essential parts in the maintenance area, and will be dis-
cussed in the following sections. 

Maintenance is defined as "the combination of all technical and corresponding 
administrative actions, including supervision actions, intended to retain an en-
tity in, or restore it to, a state in which it can perform its required function." 
(1EC60050(191), 1990). Quality assurance will be impossible to achieve with-
out maintenance assurance. Well working maintenance is a prerequisite for 
dealing with objectives such as environment, production, quality and safety 
(Groote, 1994). The prime objective of maintenance is to maintain or improve 
the system reliability and operation regularity (1-10yland &  Rausand,  1994). 

3.3.1 Maintenance strategies 

When executing maintenance several strategies can be used: 

• Re-design 
• Preventive maintenance (PM) 
• Corrective maintenance (CM) 
• Condition-based maintenance  (CBM)  

-22- 



Chapter 3. Sustained quality by means of maintenance 

The field of application of these strategies may to some extent be overlapping. 
For example, inspection can be a preventive as well as condition-based mainte-
nance activity. Maintenance strategies can be planned/scheduled, or un-
planned/non-scheduled implying that we are, or are not, aware of the failure, 
letting it occur with subsequent repair (Nowlan & Heap, 1978) & (Thomas, 
1994). Also, there is a lack of universally recognised definitions in the mainte-
nance area according to Anderson (1998). The maintenance strategies men-
tioned are, for example, called differently by different authors, which will be 
exemplified further on in this chapter. 

Re-design 
Re-design, also called design-out or modification (Thomas, 1994) &  (Sandtorv  
&  Rausand,  1991), is not really a maintenance activity since maintenance only 
can improve a system's inherent reliability  (Rausand  & Vatn, 1998). However, 
re-design is usually considered as one of several maintenance options. Re-
design takes place when the other maintenance strategies are not applicable and 
the sub-system is necessary for the total system, involving unacceptable risks  
(Rausand  & Vatn, 1998) & (Nowlan & Heap, 1978). 

Preventive maintenance 
Preventive maintenance (PM) is performed to keep a system in a satisfactory 
operational condition and uses scheduled routine inspections and improvements 
to intercept failure (Tschuschke, 1997). PM is defined as "the maintenance car-
ried out at predetermined intervals or corresponding to prescribed criteria and 
intended to reduce the probability of failure or the performance degradation of 
an item." (BS4778). PM can also be said to comprise the total of all service 
functions aimed at maintaining and improving reliability performance charac-
teristics  (Sherif,  1982). According to  Rausand  (1998b) there are generally three 
main reasons for performing PM: 

• To prevent a failure. 
• To detect the degradation before a failure occurs. 
• To discover a hidden failure. A hidden failure, according to Moubray 

(1991), is a failure not evident to the operating crew under normal circum-
stances, when it occurs on its own. A hidden failure may generate multiple 
failure modes. Most of these failures are associated with protective devices 

A PM task can be considered applicable if it can eliminate a failure, or at least 
reduce the probability of occurrence to an acceptable level, or reduce the im-
pact of failures (Hoch, 1990). The task can be considered as cost effective if the 
cost for PM is less than the average cost of possible failure  (Rausand,  1998b). 
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The activities within PM can in practice imply, for example, lubrication, cali-
bration, refurbishment, and subsequent repair or replacement (Anderson &  
Neri,  1990) & (Blache & Lartdgraff, 1991), protection against vibration and 
corrosion, and cleaning (Tschuschke, 1997). Preventive maintenance generates 
advantages such as (Gits, 1992): 

• A reduction in the number of failures interrupting the production process. 
• Possible to choose when maintenance should be carried out, for example, 

during non-productive periods. 
• Time to solve the maintenance problem in an efficient manner. 

Preventive maintenance is usually executed with some regularity, for instance 
at certain intervals. One way to execute PM to use an approach where the 
maintenance object(s) is preventively maintained according to specific time 
intervals. When using time as parameter the activity can be called time-based 
or periodic maintenance (Tschuschke, 1997), (Gits, 1992) & (Blache & Land-
graff, 1991). If a specific number of cycles is to be executed before mainte-
nance one can speak of cyclic maintenance (Gits, 1992). However, both ap-
proaches make use of intervals and could therefore be called interval-based 
maintenance. Advantages of interval-based maintenance are, according to 
Tschuschke (1997), that the maintenance operation can be planned beforehand 
and it ensures a certain availability of an item. One disadvantage is the usually 
inadequate knowledge of the failure behaviour. Interval-based maintenance 
tasks can be achieved by means of scheduled discard tasks, also called sched-
uled replacement or simply discards. It entails discarding an item at or before a 
specified life limit, regardless of its condition at the time  (Rausand,  1998b), 
(Nowlan & Heap, 1978) & (Moubray, 1991). 

Overhaul is also an interval-based maintenance task. Overhaul refers to main-
tenance actions that improve the item's condition (Bloch, 1996). Scheduled 
overhaul is also called scheduled restoration (Moubray, 1991), overhaul hard 
time maintenance or simply hard time maintenance (Smith, 1993). According 
to Nowlan & Heap (1978) &  Rausand  (1998b) it implies rework of an item at 
or before some specified age limit. PM has to some extent been performed on 
the basis that equipment could be periodically restored to like-new equipment 
several times before it was necessary to discard it for a new, or improved, item. 
Overhauls were done at specified intervals, regardless of any other considera-
tion, therefore "hard time". 

Inspection implies examination of an item against a specified standard. The ba-
sic purpose of an inspection according to  Sherif  (1982), is to determine the state 
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of a system. Since a system's deterioration is generally stochastic, the condition 
of a system is known only if it is inspected. The aim of inspection is both to 
establish and to evaluate the actual state of an asset, to determine the causes of 
its wear-and-tear and its progress, and to specify the maintenance actions re-
quired (Tschuschke, 1997). Inspection can also be on-condition, implying that 
the items inspected are left in service (Moubray, 1991), (Nowlan & Heap, 
1978) &  (Rausand,  1998b). Another inspection activity, focused on hidden 
failures, is scheduled function test  (Rausand,  1998b). This activity, also called 
failure-finding inspections, entails a scheduled inspection of a hidden function 
to identify any failure. It implies the use of a prescheduled option to check and 
see if everything is in proper working order, i.e. to see if we have any hidden 
failures. This task can also be seen as a corrective maintenance task (Smith, 
1993), (Moubray, 1991) & (Nowlan & Heap, 1978). 

Maintenance packages 
Usually, the number of components in a system is so large that all of them can 
not be maintained according to optimal intervals. The various maintenance 
tasks have to be grouped into maintenance packages that are carried out at the 
same time, or in a specific time sequence  (Rausand,  1998b). The work of es-
tablishing such a group of maintenance tasks is also called clustering mainte-
nance (Gits, 1992). The benefit from clustering/packaging maintenance is the 
reduction of maintenance operations, i.e. set-up costs such as disassem-
bly/assembly activities. This advantage has to be compared with the cost of 
shortening a number of maintenance intervals (Gits, 1992). 

Maintenance-induced failures 
The application of PM is often misunderstood; it is easy to believe that the 
more maintenance an item or system receive, the more reliable it will be. Often 
the opposite is the case, due to maintenance-induced failures3  (Rausand,  
1998b). Also, maintenance in operation increases the problems related with the 
safe operation of the facilities (Valle, 1997). Some reasons for avoiding un-
planned shut downs are (Sutton, 1995): 

• During a shutdown, and the subsequent restart, the plant is in an unusual 
mode. Both staff and equipment are operating under unfamiliar and some-
times high-stress conditions. This increases the probability of equipment 
failure and/or human error. 

3  Several examples of maintenance-induced failures are described thoroughly in Perrow 
(1984). 
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• A shutdown is often a time when operating personnel are permitted to ig-
nore alarms and signals. 

• Once the plant is down, equipment will be opened for maintenance. Mainte-
nance activities such as moving equipment and welding can be hazardous. 

Corrective maintenance 
Corrective maintenance (CM) is defined as "the maintenance carried out after a 
failure has occurred and intended to restore an item to a state in which it can 
perform its required function." (BS4778). CM is also called breakdown or re-
active maintenance (Thomas, 1994), run to failure  (Rausand,  1998b) & (Smith, 
1993), repair (Bloch, 1996), and failure-based maintenance (Gits, 1992). When 
making use of CM the failure consequences must be accepted  (Rausand,  
1998b). 

Condition-based maintenance 
Often, failure modes are probabilistic and undetermined, implying that PM may 
not be suitable. A so-called predictive maintenance is therefore required 
(Thomas, 1994), (Blache & Landgraff, 1991) & (Bloch, 1996). It is so named 
because we are trying to predict whether, and if possible when, the item is go-
ing to fail on the basis of its present behaviour (Moubray, 1991). Condition-
based maintenance (Blache & Landgraff, 1991), on-condition maintenance 
(Moubray, 1991) or condition-directed maintenance (Smith, 1993) are other 
names used.  CBM  implies that the need for corrective or consequence-avoiding 
action is based on as assessment of the condition of the item (Moubray, 1991).  

CBM  uses condition-monitoring techniques to indicate discrepancies in a sys-
tem. Condition monitoring implies a measuring technique based on monitoring 
the real condition of an object. (Dekker, 1996) & (Hall et al., 1996). There is a 
rational approach behind machine condition-monitoring. Gathering as much 
accurate information as possible on the running condition of a machine, im-
proves our ability to determine if a breakdown is likely to occur. Furthermore, 
if we can predict the time of breakdown, we can better plan maintenance ac-
tivities. In this way we can leave machines running longer, which results in in-
creasing productivity  (Backlund  et al., 1998). Some advantages of  CBM  strat-
egy are: 

• Optimal use of permissible degree of wear, implying high availability of 
item (Tschuschke, 1997) & (Funge, 1995). 

• Facilitating the planning of spare parts and minimising down time (Funge, 
1995) &  (Backlund  et al., 1998) 
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Some disadvantages are: 

• High quality requirements (Tschuschke, 1997). 
• Increased use of sensors and wiring, implying increased maintenance on the 

monitoring equipment  (Backlund  et al., 1998). 
• Limitations on mechanical components since the techniques are only appli-

cable to equipment that deteriorates in a detectable way (Hall et al., 1996) & 
(Dekker, 1996). 

• Many of the condition indicators available have short-term prediction ca-
pacity only, which does not leave much room for planning maintenance ap-
propriately (Dekker, 1996). 

According to Shrieve (1996) &  Backlund  et al. (1998) the use of  CBM  often 
implies the production of masses of data which nobody has the time to interpret 
effectively. Therefore, it is neither technically nor commercially defensible to 
apply condition-monitoring techniques to all areas of a plant. Condition moni-
toring must be focused upon critical functions that, should they fail, will impact 
upon production, safety, and environment (Dekker, 1996). Also, as more meas-
urement indicators become available, the challenge will be in selecting and 
monitoring the appropriate indicators that best measure and facilitate improve-
ments in efficiency and performance (Cummings, 1993). 

3.3.2 Maintenance optimisation 
Many PM tasks are to be performed at regular intervals. To determine optimal 
intervals is a very difficult task that has to be based on information such as 
(HOyland &  Rausand,  1994) &  (Rausand,  1998b): 

• The failure rate function, i.e. the rate at which failures occur as a function of 
time. 

• The likely consequences and costs of the failure the PM task is supposed to 
prevent. 

• The cost and the risk of the PM task. 

Traditional maintenance plans are often based on a combination of recommen-
dations from manufacturer, legislation and company standards, and to a minor 
extent on maintenance models and data  (Rausand,  1998b). Basically, a mainte-
nance optimisation model is a mathematical model in which costs and benefits 
of maintenance are quantified and in which an optimum balance between them 
is obtained (Dekker, 1996). Maintenance management has to be convinced to 
accept and demand quantitative methods as the basis for decision making, to 
make some quantification of (relative) costs related to the ultimate system per- 
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formance measures (Dekker, 1996) & (Vatn, 1996). A problem, though, is that 
under good maintenance practices there is little failure data available. Another 
problem, quite usual, is that maintenance problems are dealt with by people not 
familiar with reliability theory. However, there is scope for maintenance opti-
misation because of several reasons according to Dekker (1996). For example 
technological push, economical necessity and increased demands on perform-
ance of the system's quality, reliability and safety. 

3.3.3 Maintenance management 
The way maintenance is conducted has changed considerably over the past ten 
years, generating major challenges for management dealing with complex is-
sues. The environment is characterised by such things as reduced manning lev-
els, multi-skilled labour, new cultures and new techniques (Anderson, 1998) & 
(Groote, 1994). Simple technical, organisational or managerial solutions to ob-
tain well working maintenance routines just do not exist according to Groote 
(1994). Maintenance has also become an economic rather than just a reliability 
problem (Sherwin, 1999). It is, however, very difficult to balance the mainte-
nance budget with its contribution to company profits. Therefore maintenance 
is often seen as a cost function only, with all the associated negative implica-
tions (Dekker, 1996). However, a move towards maintenance as a significant 
investment activity has been possible due to various factors influencing this in a 
positive way (Groote, 1994): 

• The link between maintenance and total quality assurance. 
• The need for maintenance strategies in the framework of corporate master 

plans. 
• The evolution of the technical maintenance concept, aiming at better plan-

ning and better use of available resources. 
• The development of maintenance management information systems and of 

the related computer support. 
• The heightened awareness that good maintenance increases company profit. 

To become more proactive, according to Rahman (1996), maintenance manag-
ers must learn to understand the importance of maintenance planning, and learn 
to manage their inventory more efficiently. Aims and objectives of mainte-
nance must always be derived from pre-set corporate aims and objectives 
(Tschuschke, 1997). Maintenance management deals with issues such as meas-
uring and evaluation of maintenance performance, maintenance organisation, 
maintenance programmes, and new techniques, see figure 3.3. 
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Figure 3.3. Maintenance management deals with several activities, for exam-
ple, measuring and evaluating progress, handling new technologies, creating 
maintenance programme, and handling organisational issues. 

3.3.4 Measuring and evaluating maintenance performance 

Strategic maintenance decisions cannot be based solely on results from a tech-
nical maintenance or safety analysis. Successful maintenance programmes need 
to be supported by experience from operations and evaluations of maintenance 
performance, including systematic experience feedback (Simola et al., 1998). 
Therefore, to effectively control maintenance, all maintenance jobs must be 
measured (Rahman, 1996). Availability studies using generic data to identify 
potential problem areas can be worthwhile initially, but every plant, system, 
and item of equipment will have some unique features that will only become 
manifest during operation. It is necessary to measure and compare reliability, 
availability and maintainability performance of plant, system and equipment 
with original design expectations, past experience and 'best' industry-wide 
practice to show where the most cost-effective improvements can be made. 
However, statistics should be coupled with the experience of maintenance en-
gineers to become a force for continuous improvement. Some method of rank-
ing the performance indicators for different systems and equipment is also re-
quired. Examples of performance indicators are (Moss, 1997): 
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• Reliability characterised by Mean Time Between Failures (MTBF). 
• Maintainability characterised by Mean Time To Repair (MTTR). 
• Availability characterised by percentage downtime. 

A necessary condition for planning and controlling maintenance performance is 
to have a well-developed maintenance management information system  
(Jonsson,  1997). In addition, executive information systems can be used to re-
port on trends in any or all of the indicators being monitored within the organi-
sation' s computerised maintenance management systems. These systems to-
gether provide a performance measurement support. The challenge for mainte-
nance management is to equip these systems to monitor performance indicators 
that most appropriately measure their organisation's effectiveness (Cummings, 
1993). 

3.3.5 Maintenance programme 
A traditional view of performing maintenance has been that all failures are bad, 
and therefore all failures must be prevented (Horton, 1992). Also, the selection 
of maintenance tasks is often based on intuitive reasoning, for example  
(Sandtorv  &  Rausand,  1991): 

• "We have always done so, hence it must be correct". 
• "We stick to the recommendations from the manufacturer". 
• "We maintain as much as we can just to be on the safe side". 
• "We hire a consultant or use some in-house expert". 

Such reasoning may generate an enormous amount of maintenance tasks, some 
of them relatively unnecessary and where the execution may induce additional 
failure modes. Also, there is no documented rationale behind the selection of 
PM tasks, i.e. whether or not the selected tasks are technically correct and rep-
resent a wise allocation of resources. Designing out all problems would be ex-
tremely effective, but would also be costly. Relying on corrective maintenance 
would be ineffective since the consequences of breakdown would in most cases 
be unacceptable. The use of manufacturer recommendations could be a wise 
way to start with, but may not be optimal for the actual operating and environ-
mental conditions  (Sandtorv  &  Rausand,  1991). These recommendations are 
mainly developed on the basis of information from previous models of similar 
design with or without some modifications (Kumar, 1996) & (Choi & Feltus, 
1995). The common problem when making use of external help is that some 
years later nobody knows on what grounds the "expert" made his decisions  
(Sandtorv  &  Rausand,  1991). 
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A detailed analysis of an average industrial plant is likely to yield between 
three and ten thousand possible failure modes. Each of these failures affects the 
organisation in some way, concerning, for example, operations, product quality, 
customer service or safety (Moubray, 1991) & (Valle, 1997). What is needed is 
a framework to reduce routine maintenance to a minimum without decreasing 
plant performance, product quality, safety or environmental integrity (Horton, 
1992). Maintaining high levels of both productivity and safety are essential 
objectives for many industries, especially those that operate with safety-critical 
production systems such as nuclear power plants, offshore oil platforms, 
chemical plants, and space transport systems (Baron &  Paté-Cornell, 1999). 
Offshore and marine systems, for example, have in general become increas-
ingly complex to design, build, and maintain. At the same time the demands for 
reliability, safety, and cost-effectiveness have increased significantly  (Rausand,  
1998a), demands that in addition often are conflicting (Vatn, 1995). A chal-
lenge is to create the most cost-effective mix of maintenance techniques. Such 
a framework is called a maintenance strategy (Thomas, 1994), a concept (Gits, 
1992), or a maintenance programme (Nowlan & Heap, 1978). 

The author of thesis prefers the conception of maintenance programme, defined 
as a programme including scheduled maintenance tasks and intervals (Nowlan 
& Heap, 1978). However, designing a maintenance concept is a complex task 
(Gits, 1992). A systematic course of action is necessary to arrive at an effective 
and efficient maintenance programme  (Backlund,  1999). 

A maintenance programme supports a systematic and effective approach to 
executing the maintenance tasks, and is in that sense a decision support for 
maintenance management. There are several maintenance methodologies avail-
able, facilitating for the maintenance managers to obtain a well working main-
tenance programme. These are, for example, RCM, see section 4.6, and Total 
Productive Maintenance (TPM), see section 5.1.1. 

3.3.6 Design for maintenance 
Data and information from maintenance engineering play a significant role not 
only during the utilisation phase of a system (Tschuschke, 1997). It is docu-
mented from operators' experience that more than 50 % of machine troubles 
are due to the design errors (Kumar, 1990). Therefore, during the design and 
evaluation of systems, we must always consider availability, reliability and 
maintainability performance criteria  (Sherif,  1982). Reliability analysis tech-
niques are most effective when they are integrated into the design process of a 
new system. Such integration may be accomplished in a concurrent engineering 
framework. In too many cases however, reliability analysis is not introduced 
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until the design stage is completed. In such cases the reliability analysis is used 
only to verify that the concept meets acceptance criteria  (Rausand,  1998a). 
Therefore, scheduled-maintenance programmes should be developed for new 
equipment long before it enters service (Nowlan & Heap, 1978). However, a 
characteristic of European enterprises is poor integration between production, 
maintenance and design, especially compared to their Japanese counterparts  
(Karlsson  &  Ljungberg,  1995). 
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4 RCM, A RISK-BASED MAINTENANCE 
METHOD 

In this chapter, the use of risk management to facilitate decisions on executing 
maintenance tasks will be described. The maintenance method called reliabil-
ity-centred maintenance (RCM), which is based on risk management principles, 
will be more thoroughly described. 

4.1 Risk-based maintenance 
Inadequate maintenance exposes an organisation to unnecessary hazards and 
risks that may ultimately threaten its very existence (Townsend, 1998). Hazard 
is here defined as "source of potential harm or a situation with a potential 
harm" (IEC60300-3-9, 1995). A prerequisite for making good maintenance de-
cisions is a sufficient amount of information, as well an awareness of which 
objectives it is most essential to pursue (Thilander, 1992) & (Nowlan & Heap, 
1978). A problem is how to balance equipment reliability and risk, against the 
maintenance resources afforded (Knowles, 1995). Obviously, the risks of sys-
tem failures have received attention by engineers and researchers related to the 
field of maintenance, and have become a major issue when making investment 
decisions. Using risk-based criteria helps to develop a methodology for evalu-
ating the reduction in and to decide and evaluate the maintenance need of a 
system (Kumar &  Svanberg,  1999) & (Valle, 1997). To be able to control 
maintenance activities according to safety, economic and environmental as-
pects, some kind of risk assessment seems to be necessary (Kumar, 1998). 

In Sweden we talking about a maintenance approach called  "Behovsstyrt  un-
derhåll",  used in, for example, internal reports at VAC. The translation into 
English is not obvious, but maintenance based on demands, or demand-based 
maintenance  (Backlund  et al., 1998) is one way to put it. Another way to ex-
press the concept in English might be need-based maintenance (Kumar, 1996). 
The maintenance approach implies that maintenance activities should be based 
on demands on, for example, availability, safety and costs. Since the mainte-
nance approach, in some extent, has to be based on risk assessment, risk-based 
maintenance might be a better concept to make use of. 

4.2 Risk management 
It is necessary for the management to understand the absolute levels of risk the 
organisation is accepting, and how these risks change as a result of the operat-
ing conditions (Hunt & Wierman, 1990). Systematic and cost-effective man- 
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agement of the risk of equipment failure and integration of these efforts into 
existing improvement and management structures is necessary (Knowles, 
1995). Weighting of the probability and consequences of a potential undesir-
able event is usually a way of expressing the risk (Campbell, 1998). Undesir-
able events can occur as a result of component and subsystem failures and 
might lead to loss of human life, personal injury, damage to the environment or 
loss of economic values (Aven, 1992). 

Risk management, illustrated in figure 4.1, can be defined as "a management 
function with the object of protecting people, assets and earnings by avoiding 
or mitigating the potential for loss from risk, and the provision of funds to re-
cover from losses that do occur" (IEC60300-3-9, 1995). According to 
Townsend (1998) risk management is a term that is often confused with risk 
analysis. 

RISK 	 RISK 
ASSESSMENT MANAGEMENT 

Figure 4.1. Risk management and assessment, and their integral parts. From 
IEC60300-3-9 (1995). 

The process of risk management incorporates many different tasks (IEC60300-
3-9, 1995): 

• Initial identification and analysis of risk. 
• Evaluation of its tolerability and identification of potential risk reduction 

options. 
• Selection, implementation and monitoring of appropriate control and reduc-

tion measures. 
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If we can understand the nature of risk better, we may be able to reduce or even 
remove these dangers. Risks can never completely be eliminated though. How-
ever, we might stop blaming the wrong people and the wrong factors, and stop 
trying to fix systems in ways that only make them riskier4  (Perrow, 1984). 

4.3 Risk assessment 
Risk assessment is the overall process of risk analysis and risk evaluation 
(IEC60300-3-9, 1995). For some authors, risk assessment implies the entire 
process from identifying hazards and risks, estimating the risks and eliminating 
or reducing them. See for example  Schlechter  (1995), Campbell (1998) & 
Kumar &  Svanberg  (1999) who describe such risk assessment processes. 

4.3.1 Risk analysis 

Before a risk can be effectively managed, it should be analysed. 

What can go wrong? 

This is answered through haz-
ard identification. 

How likely is this to happen? 

This is answered through fre-
quency analysis. 

What are the consequences? 

This is answered through con-
sequence analysis. 

Figure 4.2. A risk analysis attempts to give answers to three fundamental ques-
tions. From IEC60300-3-9 (1995). 

4  For more thorough description of risk management and its integral parts, the author rec-
ommends 1EC60300-3-9 (1995). 
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Risk analysis5  is defined as a "systematic use of available information to iden-
tify hazards and to estimate the risk to individuals or populations, property or 
the environment" (IEC60300-3-9, 1995). A risk analysis attempts to give an-
swers to three fundamental questions (IEC60300-3-9, 1995), illustrated in fig-
ure 4.2. 

Frequency analysis is used to estimate the likelihood of each undesired event 
identified at the hazard identification stage. Consequence analysis is used to 
estimate the likely impact if an undesired event should occur. The risk can 
thereby be expressed in, for example, frequency versus consequence plots 
(IEC60300-3-9, 1995), see figure 4.3.  

FREQUENCY 

Figure 4.3. Example of estimating risks by means of a consequence versus fre-
quency plot. From Kumar &  Svanberg  (1999). 

When estimating risk, the length of time for exposure to the undesired event 
needs to be taken into account. Also, a thorough knowledge of the system and 
of the analysis methods used is required. Many systems are too complex to be 
fully understood by one person and a group of analysts will be required to carry 
out the work (IEC60300-3-9, 1995). 

The results of a risk analysis can be used by a decision-maker to help judge the 
tolerability of risk and aid in choosing between potential risk-reduction or risk- 

Risk analysis is sometimes also referred to as safety analysis (IEC60300-3-9, 1995). 
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avoidance measures (Aven, 1998). Such a decision can be made as a part of the 
wider risk management process, through the comparison of results of risk 
analysis with tolerable risk criteria. Some of the principal benefits of risk 
analysis6  are (IEC60300-3-9, 1995): 

• Systematic identification of potential hazards. 
• Systematic identification of potential failure modes. 
• Quantitative risk statements or ranking. 
• Identification of the important contributors to risk and weak links in a sys-

tem. 
• Better understanding of the system and its installation. 
• Identifications and communication of risks and uncertainties. 
• A basis for preventive maintenance and inspection to be rationalised. 
• Post-accident investigation and prevention. 

4.3.2 Risk evaluation 
Risk evaluation is defined as "a process in which judgements are made of the 
tolerability of the risk on the basis of risk analysis and taking into account fac-
tors such as socio-economic and environmental aspects." When dealing with 
risk evaluation we are looking into risk tolerability decisions and analysis of 
options (IEC60300-3-9, 1995). Acceptance criteria or tolerable risk criteria are 
verbal or numerical statements/quantities, which express the level of risk, or 
reliability considered acceptable or desired (Aven, 1992). The overall subject of 
tolerable risk criteria is very complex and can involve social, economic and 
political considerations (IEC60300-3-9, 1995). Examples of acceptance criteria 
are (Aven, 1992): 

• Statistical average for the industry. 
• Risk levels compared to levels for similar plants. 
• A certain number of accidents per year. 
• Economic optimisation with respect to damage to material assets and pro-

duction loss. 
• Governmental or company requirements. 

6 Risk analysis is also used for 'business risks' as distinct from 'technical risks', see Webb 
(1994b) & Webb (1994a). 
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4.3.3 Risk control 
Risk control is defined, according to IEC60300-3-9 (1995) as "the process of 
decision-making for managing and/or reducing risks; its implementation, en-
forcement and re-evaluation from time to time, using the results of risk assess-
ment as one input." The need for risk-reducing measures is assessed with refer-
ence to the acceptance criteria. 

4.4 Risk-assessment methods 
Many risk assessment methods with varying degrees of complexity exist. 
Choosing the right assessment method, which will provide the information 
management will need to address the facility's risk, is often the most difficult 
part in the whole assessment process. Some of the most common methods in 
the different phases of performing risk assessment are  (Schlechter,  1995) & 
(Aven, 1992): 

• Coarse or preliminary risk analysis. 
• Hazard identification methods: What-if research, safety audit, walk-

throughs, checklists, hazard and operability studies (HAZOP), and FMEA. 
• Frequency assessment methods: Historical records, fault and event-tree 

analysis, FMEA, human-reliability analysis, common-cause failure analysis, 
and external-events analysis. 

• Consequence assessment methods: Cause-consequence analysis/event-tree 
analysis, effect models, etc. 

• Risk evaluation methods: Risk matrix, F-N-curve, risks profile, and risk in-
dex. 

Engineers, scientists, and decision-makers are advised either to use more than 
one technique or to perform sensitivity studies on the input parameters (Frank, 
1995). These techniques, and other useful techniques, are described and dis-
cussed in extensive literature, see for example Aven (1992) & Frank (1995). 
Applications specific to the fault-tree technique, see for example Fragola 
(1996), Champoux et al. (1995) & Stewart & Sider (1990). Application and use 
of HAZOP, see for example  Schlechter  (1995) & Sutton (1995). Application 
and use of FMEA, see for example Laakso et al. (1995),  Paté-Cornell & 
Fischbeck (1993) & Hunt & Wierman (1990). Historically perspectives on the 
use of risk-based techniques are given in, for example, Fragola (1996) & 
Chapman (1994). 
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4.5 Quality aspects of risk management and assessment 
The benefits that are likely to arise from risk assessment have their origin in the 
structured and systematic process it imposes on the identification of potential 
problems and the possible routes to their solution. These benefits are to a large 
extent independent of the actual procedure used (Campbell, 1998). Quality as-
pects of safety/risk analysis should continuously be addressed, since the appli-
cability depends on their quality. The major quality problems can generally be 
addressed by means of three questions (Rouhiainen, 1993): 

• How well has the analysis identified hazards and their contributors? 
• How accurately and reliably has the analysis estimated the risks of a sys-

tem? 
• How effectively has the analysis revealed the remedial measures needed in 

the system? 

In assessing the quality of a safety analysis, an opposite issue is whether the 
analysis is too detailed or exact, i.e. what is the cost-effectiveness of the analy-
sis? Less ambitious or systematic methods might weaken the results, but also 
be more cost-effective. The cost-benefit approach can be used to illustrate the 
optimisation of safety analysis (Rouhiainen, 1993). Factors affecting the quality 
of safety or risk analysis, see figure 4.4. 

To eliminate unwanted variability in results from one analysis to another, 
guidelines or standards related to methods and data are required, and all ele-
ments of the analysis must be properly documented (Aven, 1998), (Rouhiainen, 
1993) & (Gits, 1992). The documentation, as a critical part of the risk analysis 
process, should include (IEC60050(191), 1990): 

• Risk estimates expressed in understandable  tenns.  
• The strengths and limitation of different risk measures used should be ex-

plained. 
• The uncertainties surrounding estimates of risk should be set out in language 

appropriate to the intended reader. 
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QUALITY OF 
SAFETY/RISK 
ANALYSIS 

Estimation of acci-
dent consequences 

Documentation 

Hazard identifica-
tion 

Estimation of acci-
dent frequencies  

Risk estimation 

Accident modelling 

Measures after 
analysis 

Planning of the 
analysis 

Figure 4.4. Factors affecting the quality of safety or risk analysis. From 
Rouhiainen (1993). 

Some of the major reasons why a safety/risk analysis fails are (Rouhiainen, 
1993): 

• Limitations in methods identifying hazards, which have not been taken into 
account. 

• Inadequate study of the effects of the assumptions made when restricting an 
object and in calculations. 

• Inadequate examination of hazards caused by failures (e.g. failures outside 
the system and common-cause failures) and human errors (e.g. in testing 
and in maintenance). 

• Inadequate evaluation and presentation of the factors affecting the reliability 
and accuracy of the quantitative results. 

• Unsystematic documentation of the analysis, and in insufficient detail. 

Some studies have made it clear that the results depend on the analyst or analy-
sis team. Differences are caused mainly by the initial assumptions, by restric- 
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tion of the object, by the consequence models and by the failure data employed 
(Rouhiainen, 1993). Sensitivity analysis is a way to obtain some estimate of the 
uncertainty of the final result. Sensitivity analysis can identify potential major 
contributors to overall uncertainty from a larger list of incidents. It can also 
identify which models, assumptions, and data are important to the final risk es-
timate (CCPS, 1989). 

Efficiency of the risk management process requires an integrated approach in-
cluding both organisational and technical solutions. That can, for example, be 
concluded from the Presidential Commission that investigated the loss of the 
space shuttle Challenger in 1986 (Baron &  Paté-Cornell, 1999). The Commis-
sion concluded that organisational factors were at the root of the technical fail-
ure that led to the disaster and thereby major contributors to the overall risks. 
Some organisational factors could be traced to weak communications, mis-
guided incentives and resources constraints, which in  tum,  could be linked to 
the rules, structures, and culture of the organisation (Pat&Comell & Fischbeck, 
1993). 

4.6 Reliability-Centred Maintenance 
The RCM method is based on priority of maintenance activities in relation to 
the risk involved (Nowlan & Heap, 1978), where the risk assessment is a vital 
part (Moubray, 1991). The RCM methodology provides a practical and struc-
tured approach to obtaining a maintenance strategy for each component in a 
system (Vatn et al., 1996). Each scheduled maintenance task is generated for an 
identifiable and explicit reason. The consequences of each failure possibility 
are evaluated, and the failures are then classified according to the severity of 
their consequences. The principles of RCM arise from a rigorous examination 
of certain questions that are often taken for granted (Nowlan & Heap, 1978): 

• How does a failure occur? 
• What are its consequences? 
• What good can preventive maintenance do? 

A misdirected interest in merely keeping the equipment operational will neglect 
functional requirements. The result can be maintenance efforts which fail to 
maximise plant effectiveness (Pujadas & Frank, 1996). The primary objective 
of RCM is to preserve system function (Choi & Feltus, 1995) & (Nowlan & 
Heap, 1978). That implies knowing what the expected output is supposed to be, 
and that the primary task is preserving that output (function). RCM basics 
premise is "Preserve function", not "preserve equipment" (Smith, 1993). Fail-
ure prevention has more to do with avoiding or reducing the consequences of 
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failure than with preventing the failures themselves (Horton, 1992). In sum-
mary the RCM methodology is completely described in four unique features 
(Smith, 1993) & (Anderson &  Neri,  1990): 

• Preserve functions. 
• Identify failure modes that can defeat the functions. 
• Prioritise function need, via the failure modes. 
• Select only applicable and effective PM tasks. 

Basically, RCM does not contain any new principles for performing mainte-
nance, it is more a structured way of utilising the best of several methods and 
disciplines  (Sandtorv  &  Rausand,  1991) & (Sutton, 1995). RCM can in many 
respects be compared with quality assurance defined as: All systematic actions 
required to plan and verify that the efforts spent on preventive maintenance are 
applicable and cost effective  (Sandtorv  &  Rausand,  1991). RCM is used to de-
velop efficient scheduled preventive maintenance programmes for complex 
equipment. It is called reliability-centred maintenance because the method is 
centred on achieving the inherent safety and reliability capabilities of equip-
ment at minimum cost (Nowlan & Heap, 1978). 

Several papers and books have been published on RCM and the opinions about 
'what RCM is' differ between different authors. For example, RCM is a main-
tenance strategy (Harris & Moss, 1994), a maintenance management strategy 
(Briggs, 1994), a concept  (Sandtorv  &  Rausand,  1991), a qualitative mainte-
nance concept (Gits, 1992), a disciplined logic or methodology (Hollick & Nel-
son, 1995), a technique (Choi & Feltus, 1995), a maintenance philosophy and 
planning process (Smith, 1993), a philosophy (Bowler et al., 1995), or a main-
tenance optimisation method (Vatn et al., 1996). According to  Rausand  (1998b) 
RCM is a method for maintenance planning, a technique for developing a PM 
program, and also a concept. As can be seen, there are several opinions on what 
RCM is. However, the meanings of different definitions such as 'concept' and 
'strategy' might be the same. 

The author prefers to call RCM a maintenance method since it provides means 
to develop a maintenance programme. NowIan & Heap (1978) calls a mainte-
nance programme developed by means of RCM for an RCM programme, de-
fined as " A scheduled maintenance programme consisting of a set of tasks 
each of which is generated by the RCM analysis." 
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4.6.1 RCM, based on maintenance steering group documents 
RCM was developed in the USA, in the 1970's, by the Air Transport Associa-
tion (ATA), the Aerospace Manufacturers' Associates (AMA), and the US 
Federal Aviation Administration (FAA) (Moubray, 1991). The licensing of an 
aircraft type requires, among other things, that FAA approve the preventive 
maintenance programme specified for the particular aircraft type. The devel-
opment of the Boeing 747 civil aircraft implied many technologically advanced 
systems and structures. As a result, a traditional PM approach would make the 
Boeing 747 so expensive to maintain that no airline could operate it profitably. 
This situation led the commercial aircraft industry to essentially undertake a 
complete revaluation of preventive maintenance strategy. A new technique for 
structuring PM programs was defined in the document Maintenance Steering 
Group, revision 1 (MSG-1) for the 747, and was subsequently approved by the 
FAA (Smith, 1993). The document was also published under the title 
"Handbook: Maintenance Evaluation and Program Development" (NowIan & 
Heap, 1978). 

Subsequent improvements in the so-called logic decision diagram (see section 
4.6.3) led to a second document, MSG-2: "Airline/Manufacture Maintenance 
Program Planning Document" (NowIan & Heap, 1978). The MSG-1 and MSG-
2 documents revolutionised the procedures followed in developing maintenance 
programs for transport aircraft. However, their application for other types of 
equipment was limited by their brevity and specialised focus. Also, the problem 
of establishing task intervals was not addressed, the role of hidden function 
failures was unclear, and the treatment of structural maintenance was inade-
quate. Solving these problems, ATA published the "Airline/Manufactures 
Maintenance Planning Document", MSG-3 (Anderson &  Neri,  1990). MSG-3 
remains to this day the process used to develop and refine maintenance pro-
grams for all major types of civil aircraft (Moubray, 1991). In 1975 the ideas 
from MSG-3 were labelled Reliability Centred Maintenance (RCM) by United 
Airlines under the Department of Defence (DOD). In 1978, United Airlines 
produced the initial RCM "Bible", written by S. F. Nowlan and  H.  F. Heap 
(Smith, 1993). 

4.6.2 Outcomes of RCM 
The RCM methodology makes it obvious that not all maintenance, not even all 
preventive maintenance, is necessarily good maintenance (Horton, 1992). RCM 
has been applied with considerable success for more than 20 years; first in air-
craft industry, and later in the military forces, the nuclear power industry, the 
offshore oil and gas industry, and many other industries  (Rausand,  1998b). If 
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RCM is correctly applied to existing maintenance systems, it can reduce the 
amount of routine work, usually by 40% to 70% (Moubray, 1991). The cost-
benefit payoff with RCM has been dramatic with its impact on commercial 
aviation, and potentially offers similar dramatic payoffs in other areas where 
complex plants and systems are routinely operated (Smith, 1993). 

The advantages of using RCM are several and have impact on operational, 
safety, logistics, configuration, and administration (Smith, 1993). According to 
(Nowlan & Heap, 1978) RCM provides a structured, systematic mix of experi-
ence, judgement, and operational data and information to identify and analyse 
which type of maintenance task is both applicable and effective for each sig-
nificant item. Some of the more specific advantages are: 

• Improved operating performance, for example, output, product quality and 
customer service (Moubray, 1991). 

• High plant availability and reliability (Moubray, 1991) & (Horton, 1992). 
• Design solutions found non-optimal from the safety and plant economic 

viewpoint  (Sandtorv  &  Rausand,  1991). 
• Ensuring that all safety-critical parts and their failure modes are considered 

in the development of maintenance requirements (Anderson &  Neri,  1990). 
• Reduced requirement for spare parts and a much clearer view for deciding 

what spares should be held in stock (Moubray, 1991) &  (Sandtorv  &  
Rausand,  1991). 

• Reduction in planned maintenance workload (Horton, 1992). 
• On-line information exchange among engineering and maintenance staff, 

and management (Anderson &  Neri,  1990). 
• A broader and more attractive way of working with maintenance than what 

sometimes is common today  (Sandtorv  &  Rausand,  1991). 
• Educational capabilities (Harris & Moss, 1994). 
• A common language and processes which allowed people who do not nor-

mally work together to communicate (Ryan, 1992). 
• A trigger for quantitative analysis and optimisation by means of the decision 

logic diagram (Horton, 1992). 
• Significant reductions in PM costs while maintaining, or even improving, 

the availability of the systems  (Sandtorv  &  Rausand,  1991). 

Full benefit of the RCM concept can only be achieved when we have access to 
reliability data for the items being analysed, considering the optimising of PM 
intervals. The operating organisation must be prepared to collect and respond to 
real data throughout the operating life of the equipment (Nowlan & Heap, 
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1978) & (Vatn et al., 1996). But once a system has been through the RCM pro-
cess, it produces a base-line definition of the PM program for that system 
which needs only periodic updating to account for new information and system 
changes (Smith, 1993). In the long run, it is also of key importance to have a 
mutually supportive partnership between the personnel responsible for equip-
ment design and the personnel responsible for equipment maintenance if 
maximum RCM results are to be achieved (Nowlan & Heap, 1978). 

The use of RCM is not worthless if no data or very poor data is available in the 
beginning. The RCM approach will provide useful information for assessing 
the type of maintenance task suitable  (Sandtorv  &  Rausand,  1991). For exam-
ple, RCM was developed to help airlines draw up maintenance programs for 
new types of aircraft before they enter service. It is an ideal way to develop 
maintenance programs for new assets, especially complex equipment, where no 
historical information is available (Moubray, 1991). As a result of an RCM 
analysis we know whether  (Sandtorv  &  Rausand,  1991): 

• The failure involves a safety hazard to personnel, environment or equip-
ment. 

• The failure affects production availability. 
• The failure is evident or hidden. 

Traditionally, PM programmes tend to be "cemented". After some time one 
hardly knows on what basis the initial decisions were made and therefore no 
motive exists for changing existing maintenance tasks. In an RCM programme 
one should go back and see on what basis the initial decisions were taken, and 
adjust the tasks and intervals based on operating experience. This is especially 
important for initial decisions based on insufficient data  (Sandtorv  &  Rausand,  
1991). If a maintenance program already exists, the result of an RCM analysis 
will often be to eliminate inefficient PM tasks  (Rausand,  1998b) & (Laakso et 
al., 1995). The RCM methodology can also be used to evaluate existing main-
tenance programmes. A model developed for nuclear power plants, which can 
also be used for other types of power plants and technical systems, is described 
by Simola et al. (1998). 
The tangential benefits realised from an RCM process may well turn out to be a 
major factor in the economic picture. For example, an RCM analysis at a gen-
eration station showed, to the surprise of the managers, that more than half of 
the failure modes were hidden. The savings from the findings of hidden failures 
could equal or exceed the maintenance savings on some entire systems. With-
out a comprehensive analysis process, these items would not have been discov-
ered (Delzell et al., 1996). 
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Rausand  (1998b) consider the RCM concept as a way to reduce the isolation 
between practitioners and researchers by building "bridges" over the gap be-
tween the maintenance practitioners, the reliability engineers, and the statisti-
cians and operation researchers working with maintenance optimisation mod-
els. By using this bridge, the statisticians and operations researchers may get 
help to establish more realistic models and methods, and transform these into 
practical tools for the maintenance practitioners 

4.6.3 The RCM methodology 
The RCM methodology is exhaustively described in books by, for example, 
Nowlan & Heap (1978), Smith (1993) & Moubray (1991), the standard on 
RCM published in IEC60300-3-11 (1999), and articles such as  Rausand  
(1998b), Vatn (1996) &  Rausand  & Vatn (1998). The methodology will there-
fore be only briefly described in this thesis. 

Moubray (1991) makes use of seven questions during an RCM process, asking 
about the asset or system under review as follows: 

1. What are the functions and associated performance standards of the asset in 
its present operating context? 

2. In what way does it fail to fulfil its functions? 
3. What causes each functional failure? 
4. What happens when each failure occurs, i.e. what is the failure effect? 
5. In what way does each failure matter, i.e. what is the failure consequence? 
6. What can be done to predict or prevent each failure? 
7. What should be done if a suitable proactive task cannot be found? 

The questions are answered through a number of structured steps described 
below. They are mainly performed by an RCM group under the guidance of a 
highly trained specialist in RCM, called a facilitator. The group analyses the 
context in which the asset is operating, and then completes the RCM informa-
tion in some kind of worksheet (Moubray, 1991). The group should preferably 
consist of four to six people, with different experience. However, both mainte-
nance and operation people must be present. See for example Smith (1993) & 
Moubray (1991) for more thorough examples of the structure and skills needed. 
The order and the number of the steps during the analysis might differ some-
what, due to different authors' recommendations, but the approach is usually 
quite similar. According to Smith (1993) satisfactory completion of the steps 
will provide a basis of PM tasks on a system. This will come together with a 
well-documented record of exactly how those tasks were selected and why 

-46- 



Chapter 4. RCM, a risk-based maintenance method 

there are considered to be the best selections among competing alternatives. 
The steps are, for example, Moubray (1991), Smith (1993) & Kumar (1996): 

1. Select system to be analysed 
The best way to select equipment or system is to apply RCM to the assets that 
are most likely to benefit from this process (Moubray, 1991). To select the 
system or equipment to be analysed, several approaches can be used, for exam-
ple, by making use of: 

• The plant's "bad actor" system (Delzell et al., 1996), or items which cause 
availability bottlenecks (Horton, 1992). 

• Failure effects significant in terms of safety, production loss, or mainte-
nance cost  (Sandtorv  &  Rausand,  1991) & (Smith, 1993). 

• System complexity above average  (Sandtorv  &  Rausand,  1991). 
• Equipment with the largest maintenance budget (Horton, 1992) or systems 

with a high content of PM tasks and/or PM cost. (Smith, 1993) 
• Systems where management judgement indicated that PM optimisation 

benefits could be derived (Smith, 1993). 

Also, a plant or system should be divided into suitable levels for the analysis. 
For example, divided into major divisions, systems, subsystems, assemblies 
and parts (Nowlan & Heap, 1978). 

2. Define system functions, performance standards and boundary defini-
tion 

Organisations acquire physical assets for one, possibly two, seldom more than 
three main reasons. Primary functions are the reasons why an asset exists at all. 
Most assets are expected to fulfil one or more functions in addition to their 
primary functions, these are known as secondary functions. A function defini-
tion is not complete unless it specifies the level of performance desired by the 
user. Performance can be defined in two ways (Moubray, 1991): 

• Desired performance, i.e. what the user wants the asset to do. 
• Built-in capability, i.e. what it can do. 

System boundary definition is important, according to two major reasons 
(Smith, 1993): 

• There must be a precise knowledge of what has or has not been included in 
the system so that potentially important functions are not inadvertently ne-
glected, or, conversely, do not overlap with an adjacent system. 
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• More importantly, the boundaries will be the determining factor in estab-
lishing what comes into the system by way of power, signals, flow, heat, 
etc, and what leaves the system. 

3. Determine the ways in which the system functions may fail 
A failure is an unsatisfactory condition (Nowlan & Heap, 1978). A functional 
failure is defined as the inability of any asset to fulfil a function to a standard of 
performance. All the functional failures associated with each function should 
be recorded (Moubray, 1991). An example of a functional failure is shown in 
figure 4.5. 

4. Determine the significant failure modes 
A failure mode is any event that causes a functional failure. The best way to 
show the connection and the distinction between functional failures and the 
events which could cause them, is to list functional failures first, then to record 
the failure modes which could cause each functional failure, see figure 4.5. 

FUNCTION FUNCTIONAL 
FAILURE 

FAILURE MODE 

1 To transfer A Unable to transfer 1 Bearing seizes 
water from any water at all 2 Impeller comes 
tank  X  at not 3 adrift 
less than 800 
litres/minute 

4 Impeller jammed by 
foreign object  

B  Transfers less than ....etc 
800 litres per min- 1  
ute  2 Impeller worn 

Partially blocked 
suction line 

Figure 4.5. Example of functions, functional failures, and failure modes of a 
pump. From Moubray (1991). 

When drawing up a list of failure modes it is not practicable to list every single 
failure; it is necessary to consider the possibility of its likelihood. Though, if 
the consequences are likely to be very severe, less likely failure possibilities 
should be listed and subjected to further analysis (Moubray, 1991). 
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5. Assess the effects and consequences of the failures 
A failure effect is what happens when a failure mode occurs. The failure conse-
quence implies in what way each failure matters (Moubray, 1991). The extent 
to which each failure matters depends on the operation context of the asset, the 
performance standards that apply to each function, and the physical effects of 
each failure mode. This combination of context, standards and effects means 
that every failure has a specific set of consequences associated with it. This 
points out that the consequences of failures are more important than their tech-
nical characteristics. The RCM process classifies consequences in four groups 
(Nowlan & Heap, 1978) & (Moubray, 1991): 

• Hidden failure consequences. Hidden failures have no direct impact, but 
they expose the organisation to multiple failures with serious, often cata-
strophic, consequences. 

• Safety and environmental consequences. A failure has safety consequences 
if it could hurt or kill someone. It has environmental consequences if it 
could lead to violations of any corporate, regional, national, or international 
environmental standard. 

• Operational consequence. A failure has operational consequences if it af-
fects production. 

• Non-operational consequences. Evident failures, which fall into this cate-
gory, affect neither safety nor production, so they involve only the direct 
cost of repair. 

To identify the failure modes and their failure effects, an FMEA form is usually 
used. The basic idea in FMEA is to systematically think out the possible failure 
mechanisms and their effects on the system and list them in tabular form on 
specially designed worksheets (Laakso et al., 1995). An FMEA becomes a fail-
ure mode, effects, and criticality analysis, FMECA, if criticalities or priorities 
are assigned to the failure mode effects  (Heland  &  Rausand,  1994). When 
using an FMECA, probabilities can be added to help determined component 
criticality (Taylor, 1989) and provide a critical item lists  (Paté-Cornell & 
Fischbeck, 1993). These critical items are items with significant failure effects 
on safety, production availability, or maintenance cost, and are usually called 
maintenance-significant items,  MSI  (Laakso et al., 1995) &  (Sandtorv  &  
Rausand,  1991), or functional-significant item, FSI (Nowlan & Heap, 1978). 
Items are also judged to be significant if they contain hidden functions whose 
failures would expose the organisation to a multiple failure with significant 
safety, environment or operational consequences  (Sandtorv  &  Rausand,  1991). 
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To identify MSIs/FSIs, analysis of consequences and probabilities, i.e. per-
forming risk analysis, is necessary. The risks identified have also to be as-
sessed, i.e. performing risk assessment. This step is a very important one since 
it forms the basis for which failure modes that will be exposed for maintenance 
activities. 

6. Identifications of maintenance tasks by means of decision-logic scheme 
The RCM decision-logic scheme is a guide to ensuring consistent decision-
making (Horton, 1992), see figures 4.6 and 4.7. The inputs to the decision logic 
scheme are the MSIs or FSIs from the FMECA  (Rausand,  1998b). 
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operational capability? 
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Is the occurrence of a 
failure evident to the op- 
erating crew during per- 
formance of normal du- 
ties? 

NO 

Does the failure cause a loss 
of function or secondary 
damage that could have a 
direct adverse effect on op- 
erating safety? 

YES 

NO YES 

Safety con- 7-  Operational 
7- 

Non-operational 
7- 

7:

,. 

 
sequences 

) 
consequences consequences 

Hidden failure 
consequences 

Figure 4.6. The initial part of the RCM decision-logic scheme. These questions 
must be asked for each type of functional failure listed for the item. The first 
three questions determine the consequences of that failure, and hence the ob-
jective of preventive tasks. From Nowlan & Heap (1978). 
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For each type of failure consequence, maintenance tasks are selected according 
to the maintenance strategies re-design, preventive and  CBM.  

Is an on-condition task 
to detect potential fail-
ures both applicable and 
effective? 

7.  

Safety 
consequences 
\ 	  

YES NO 

On-condition task 
Is a rework task to re-
duce the failure rate 
both applicable and ef-
fective? 

YES NO  

Rework task 
(Overhaul) 

Is a discard task to 
avoid failures or reduce 
the failure rate both ap-
plicable and effective? 

YES 

•  
Discard task 

Is a combination of pre-
ventive tasks both appli-
cable and effective? 

NO 

YES NO 

Combination of tasks 	Redesign required 

Figure 4.7. Example of scheduled maintenance required to reduce the risk of 
failure to an acceptable level of safety consequences. Final action when no 
preventive task is available depends on failure consequence. From Nowlan & 
Heap (1978). 
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The decision-logic scheme facilitates the evaluation of the maintenance re-
quirements for each significant item in terms of the failure consequences and 
selecting only those tasks which will satisfy these requirements (Taylor, 1989) 
& (Nowlan & Heap, 1978). For items where no applicable and effective task 
can be found, re-design is recommended if safety is involved, otherwise no 
scheduled maintenance (Nowlan & Heap, 1978). 

The RCM decision-logic scheme can look different between different users. 
For example, the scheme described in figures 4.6 and 4.7 does not take envi-
ronmental aspects into consideration, which is the case in a decision-logic 
scheme described by, for example, Moubray (1991). 

7. Identification of maintenance tasks interval 
The RCM methodology focuses only on what tasks should be executed and 
why. When the tasks should be executed is derived from separate analyses that 
must consider and utilise combinations of company and industry experience to 
establish initial task frequencies. Statistical tools should be used when data is 
available (Smith, 1993). For a practical execution of these interval-based 
maintenance tasks, they should be grouped in maintenance packages (Nowlan 
& Heap, 1978) & (Worledge, 1993). 

8. Auditing, implementation and feedback 
Immediately after the review has been completed for each asset by the RCM 
group, senior managers with overall responsibility for the plant's equipment 
must evaluate the decision made by the group, a procedure called auditing. Af-
ter each review is approved, the recommendations are implemented by incorpo-
rating maintenance (Moubray, 1991). Updating of the analysis results is im-
portant due to the fact that nothing remains constant  (Rausand  & Vatn, 1998). 
Some reasons for continuing the RCM activity to obtaining full potential of the 
process are (Smith, 1993): 

• An imperfect system analysis process. 
• Increased knowledge, both in terms of understanding of how the plant 

equipment behaves and how new technology can increase availability and 
reduce operating and maintenance costs. 
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A requirement to periodically rationalise the applicability and effectiveness of 
individual preventive maintenance tasks is that items may (Hollick & Nelson, 
1995): 

• Fail in a way which was unexpected.  
e Not fail at all. 
• Fail in an expected way, but tasks are not effective in preventing failures. 
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5 INTRODUCTION OF RCM AND SIMILAR 
METHODS 

In this chapter management and organisational aspects of affecting the intro-
duction of RCM will be identified. RCM is a maintenance improvement method, 
with similarities to other improvement methods such as TQM and TPM. Some 
aspects affecting the introduction of these two methods will be identified. 

5.1 TQM and TPM, methods with similarities to RCM 
Considering the introduction of improvement methods, there are a lot of "look-
how-we-did-it" examples, but research efforts on obstacles that turn up are rare, 
according to Deleryd et al. (1999), encouraging researchers to focus on the im-
plementation aspects of improvement methods. RCM is, as well as TPM, con-
sidered as a maintenance improvement method (Geraghty, 1996). TQM is an-
other improvement method, not focused on maintenance. RCM, TQM and 
TPM complement each other, which will be described further on. They have 
also several similarities since they all are improvement methods that usually 
affect an entire organisation. 

Commitment from management and personnel is of vital importance to suc-
cessfully introduce an improvement method such as RCM (Smith, 1993). That 
demands some essential management and organisational characteristics. Man-
agement must understand the principles of an improvement method and the re-
sources needed to introduce it. Personnel have to understand the method as 
well, but also experience acceptance, believe in the well-being of the company, 
ownership and meaningfulness, to be motivated (Kelly, 1992), (Clark, 1991) & 
(Deleryd et al., 1999). To supplement the findings concerning the M&O aspects 
of importance when introducing RCM, see section 5.3.1, a small literature 
study of reported M&O aspects when introducing TQM and TPM was con-
ducted. The research on TQM and TPM is not of the same extent as for RCM, 
but the papers used on these methods are mainly based on several studies. 

5.1.1 TPM 
TQM has been described in section 3.1.1. TPM is a qualitative approach to 
maintenance (Dekker, 1996) using a people-oriented approach to resolve 
maintenance problems. The technique emerged first in Japan in the manufac-
turing industry in the early 70s (Kelly, 1992). TPM is defined as a system to 
maximise overall equipment effectiveness and to eliminate all kinds of losses 
for the entire life span of the production system. TPM has been developed in 
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order to provide both effective and efficient maintenance, hence productive 
maintenance. TPM addresses the elimination of six losses (Pradhan, 1994) & 
(Kelly, 1992): 

Downtime losses 	Speed losses 	 Defect losses 
• Failures 	 • Idling and minor 	• Defects in process 
• Set-up and ad- 	 stoppages 	 • Reduced yield 

justments 	 • Reduced speed 

In essence TPM tries to fulfil "total effectiveness" in equipment maintenance 
by predictive and preventive maintenance. It encourages total employee in-
volvement in the maintenance process, to include senior management and the 
grassroots work force (Pradhan, 1994) & (Geraghty, 1996). TPM focuses on 
integration and co-operation among the technical functions in an enterprise  
(Karlsson  &  Ljungberg,  1995). To learn more about TPM, see for example 
Nakajima (1986), Nakajima (1988) & Wireman (1991). 

5.1.2 RCM and TPM, supporting TQM objectives 
TPM is a manufacturing-led initiative that is a derivative of TQM (Miyake et 
al., 1995). According to Kelly (1992) TPM has been developed to provide both 
effective and efficient maintenance in response to the needs of TQM. Conse-
quently, it is a global philosophy, a fundamental strategy, just like TQM  
(Karlsson  &  Ljungberg,  1995). RCM programmes also supports corporate 
TQM objectives since any corporation that requires the use of complex facili-
ties, in order to produce its customer's product, realises that PM plays a key 
role in their TQM approach (Smith et al., 1991). Many people regard RCM as 
"TQM applied to physical assets" (Moubray, 1991). 

TPM and RCM have two different origins both geographically and also with 
regard to industry area. TPM was developed in Japan for the manufacturing 
sectors, while RCM was developed by the high-risk aerospace industries in the 
USA. TPM focuses on the human aspects of the implementation process and is 
sensitive to the organisational culture and people's background. RCM is more 
directed towards technology and is less sensitive to the organisational and per-
sonnel culture and background (Kumar, 1996). Usually, TPM is implemented 
as a part of a larger total quality management programme. However, while ade-
quate for simple assets, TPM does not work for today's increasingly compli-
cated physical assets. Here, RCM offers a sound basis for assessing these 
maintenance requirements (Geraghty, 1996). There should be parallel goals, to 
improve operating performance by using TPM, and to improve the efficiency of 
maintenance by using RCM (Briggs, 1994) & (Pradhan, 1994). Today, many 
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companies are looking into the modem concept of need-based maintenance 
strategies where the concept of TPM and that of RCM are integrated (Kumar, 
1996). 

5.2 Difficulties when introducing improvement methods 
Section 4.6.2 pointed out a great amount of beneficial outcomes when making 
use of RCM. The main steps of the RCM analysis, as described in section 4.6.3, 
are easy to comprehend and perform by practitioners according to  Rausand  
(1998b). However, most of the utilities involved in introducing RCM experi-
ence some level of difficulty in taking the RCM-based tasks to the floor. In 
some cases these difficulties have been so severe that the RCM programme has 
never been fully implemented (Smith, 1993). Some of the difficulties occurring 
when introducing RCM are technical in nature, but the majority are organisa-
tional according to Moubray (1991). A more professional approach, involving 
better customising, is needed (Groote, 1994). 

The introduction of RCM implies significant costs and it may take a long time 
before the benefits from the new system outweigh the initial cost  (Rausand,  
1998b). It is therefore important that a company must see to it that all effort and 
expense in the process does not become just another "dust collector on the 
shelf' (Smith, 1993). Common causes in some observed cases, where RCM 
was tried and abandoned, was that it demanded much larger resources of time 
and manpower than originally anticipated. Obtaining the commitment of the 
great resources needed is much more difficult in power, process and manufac-
turing (PP&M) industries than in the airline sector, where RCM/MSG-3 has 
been successfully introduced and applied. There are several reasons for this, 
according to Harris & Moss (1994), see table 5.1. 

As for RCM, the introduction of TQM and TPM is also facing some obstacles. 
For example, there is a considerable amount of literature on TQM but it lacks 
the information on the problems that companies might expect to encounter 
during the introduction, development, and advancement of TQM (Newall & 
Dale, 1991). People read popular literature or hear a TQM briefing and often 
obtain a general understanding of the TQM philosophy, but no specific direc-
tions on how to get started. The elements of TQM are rather straightforward but 
its execution is difficult (Bajaria, 1995). The situation is quite similar for TPM 
introduction. Most of the literature dealing with applying TPM is in the form of 
handbooks on how TPM should be applied under optimum conditions. Very 
often, case studies of its success are presented, but the problems are not de-
scribed, nor is the environment or cultural context analysed as factor of major 
importance for the implementation process  (Karlsson  &  Ljungberg,  1995). 
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RCM in the airline industry RCM in the PP&M industry 
Aircraft systems are clearly specified 
and standardised with much system 
redundancy. The collection of data on 
reliability, availability and maintain- 
ability can be achieved relatively rap-
idly. Therefore, RCM assessments for 
similar systems already in operation 
can be used. 

PP&M-plants have usually a unique 
design and few standard systems. It is 
difficult to make use of analysis on 
other systems. 

The RCM approach has been applied 
at the design stage. 

RCM is mostly being tried out on 
already operating plants. 

RCM is implemented with few re- 
sources constraints, provided that it is 
effective in controlling reliability. 

RCM is usually implemented due to 
need for reduction and rationalisa-
tion. 

Specialists have done the RCM analy- 
sis,  an arrangement typical of a high- 
technology sector. 

RCM is usually undertaken co-
operatively and in-house by facilita-
tor-led teams. 

Table 5.1. Differences in the conditions using RCM between PP &M and the 
airline sector. From Harris & Moss (1994). 

During literature research on M&O aspects of the three improvement methods, 
other improvement aspects showed up, mainly from the quality area, consider-
ing introduction of improvement methods and major changes within an organi-
sation. These findings will be described with the purpose of further increasing 
the research for M&O aspects also valid for the introduction of RCM. Some 
aspects focusing on major changes within an organisation are gathered from 
Schaffer & Thomson (1992), Beer et al. (1990), Newall & Dale (1991),  
Karlsson  &  Ljungberg  (1995) & Draycott (1997). The growing interest in TQM 
has created a new and intensified interest in different quality-improvement 
methods such as design of experiments (DoE). Strategies for introducing DoE 
throughout the organisation are described by  Sandvik-Wiklund  (1992) &  
Garvare  &  Wiklund  (1997). Another quality method, frequently used in indus-
try, is process capability studies (Deleryd et al., 1999). It has been found that 
the theoretical aspects of how to conduct process capability studies are often 
violated. This fact is in one way or another caused by different obstacles when 
implementing process capability studies. Many of these obstacles can almost 
certainly be related to the implementation of other "hard" methods of TQM, 
since they are often more or less theoretically complicated and time consuming 
(Deleryd, 1996). Aspects on quality techniques and methods in general are 
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given by McQuater et al. (1995). The contents in each of these references, on 
major changes within an organisation and improvement methods and work in 
general, are mainly based on several studies 

5.3 Management and organisational aspects of importance 
To increase the chances of obtaining the commitment needed to success with 
the introduction of an improvement method, different M&O aspects that can be 
of importance will be described in this section. The purpose of the reviews in 
this chapter is to create a basis consisting of areas including M&O factors of 
importance when introducing RCM. Therefore, analysis of the findings, 
summed up in chapter 6, will be discussed from an RCM introduction perspec-
tive. 

5.3.1 M&O aspects when introducing RCM 
When studying RCM literature, focusing on M&O aspects of importance for 
the introduction of RCM within an organisation, the following M&O areas 
were revealed: 

Communication 
Communication is one key feature obtaining commitment (Taylor, 1989). Good 
communication ensures that personnel understand the importance of the RCM 
project and the importance of their role in it. To improve communication, dis-
cussions can be held with each person at all levels of the organisation. Other 
issues are the use of is using periodic newsletters sent to plant personnel in-
forming them of the status of the project, and monthly reports to senior man-
agement indicating the project's status (Worledge, 1993). It is easy to overlook 
the importance of information to the "people outside" the RCM process. That 
leads to people not understanding what RCM is, and what it cannot do. Poor 
understanding of the method may lead to lack of confidence and disuse (Taylor, 
1989). 

Computer support 
An RCM study generates a significant amount of information that must be re-
corded, a computer based system improves accessibility (Thomas, 1994). Also, 
facilities must have effective information-management practices (Klein &  
Klopp,  1992), for example, a maintenance-management-information system 
(Smith, 1993). 
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Documentation 
It is vital to document all the activities incorporating the RCM introduction. 
This will help at later stage either to review "a not so successful approach" or 
to point out the advantages (Kumar, 1996). Also, such a document helps pro-
vide consistency among analyses, as well as being useful for later training and 
indicating on program improvements (Taylor, 1989). It is important to help 
people to understand why documentation is necessary, and how it benefits them 
in the long run (Smith, 1993). 

Education and training 
Insufficient training and practice usually result in too superficial on application. 
It often results in a set of tasks, which are almost the same as they were to be-
gin with (Moubray, 1991). It is important to provide sufficient training so that 
all personnel understand the aims of the RCM study being introduced (Thomas, 
1994). 

External support 
Even if the major part of an analysis is performed "in-house", it can be wise to 
let a consultant provide a micro-environmental analysis of each specific line 
route (Beehler, 1997). However, letting manufacturer or equipment vendors 
apply RCM on their own or using outsiders to apply RCM is not a way to be 
recommended. Most outsiders know little about the dynamics of the organisa-
tion. Also, when they are finished, there is no-one left with a sufficiently strong 
sense of ownership of the analyses and their outcomes to ensure that they stay 
alive (Moubray, 1991) & (Taylor, 1989). If properly trained insiders apply 
RCM, their own jobs often depend on each analysis. This will increase a feel-
ing of ownership and generate long-term commitment, implying that the analy-
sis will be dealt with appropriately (Moubray, 1991). 

Facilitator 
Of all the factors that affect the ultimate quality of the analysis, the skill of the 
facilitator is the most important. The facilitator's ability can easily change the 
group's rate of progress by a factor of two or more. A facilitator needs an un-
usual set of skills, for example an in-depth grasp of RCM, the ability to control 
a review group and achieve consensus (Horton, 1992). For more thorough dis-
cussion of the skills needed, see for example (Moubray, 1991) & (Smith, 
1993). One main issue is to decide if an outside consultant should be used as 
facilitator or someone of the personnel be trained in the skills required 
(Thomas, 1994). 
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Goals and objectives 
Everyone within the organisation has to understand what the objectives and 
goals are when introducing RCM, since it is very easy to deviate from the in-
tended direction (Taylor, 1989) & (Smith, 1993). 

Information and data 
Gathering of necessary information and data, for example, on plant design, op-
erational requirement and experiental data, is very resource-demanding (Harris 
& Moss, 1994) & (Ryan, 1992). The full benefit of the RCM concept can only 
be achieved when we have access to reliability data for the items being ana-
lysed  (Sandtorv  &  Rausand,  1991). However, several RCM projects have 
shown that documented equipment histories are often not available (Knowles, 
1995) & (Taylor, 1989). Specific documents and information typically required 
for each system by the RCM analyst are described by, for example, (Smith, 
1993), (Moubray, 1991) & (Klein &  Klopp,  1992). 

Involvement 
Increased involvement of personnel responsible for the PM program, and more 
direct involvement of the analyst who did the RCM analysis, is necessary 
(Worledge, 1993). The sales and education process should continue over a long 
period of time, maybe for two years or more, to involve everyone at the plant 
(Smith, 1993). 

Long- and short-term approach 
A long-term approach when introducing RCM implies improved knowledge 
and motivation of individuals, and improved teamwork between the operators 
and the maintainers, in addition to improving the performance of the assets 
themselves. The main advantage is that it secures a much more broadly based 
long-term ownership. The main disadvantages of a long-term approach are that 
it is slower, more difficult to manage, and needs a much greater commitment of 
resources and management time than the short-term approach. A short-term 
approach focuses on assets and processes, with less emphasis on people. The 
main disadvantage of a short-term approach is that it does nothing to secure the 
long-term involvement and commitment of all the people in the organisation 
(Moubray, 1991) & (Smith, 1993). According to Beehler (1997) the analysis is 
best performed using both a short-term and a long-term strategy. 

Maintenance department 
If maintenance staff do not understand why RCM is a better way to do things, 
they may find means to assure that the old way prevails. Another aspect is the 
awareness of RCM's capability of reducing PM tasks, implying feelings of less 
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maintenance work, thus generating loss of jobs. That awareness probably af-
fects the ambition of the maintenance personnel in a negative way (Smith, 
1993). Another problem will occur when using the maintenance department on 
its own to apply RCM, implying less involvement of the other departments 
(Moubray, 1991). Quite often, though, there exist conflicts between operations 
and maintenance departments, and failure to get such co-operation and integra-
tion can doom an RCM programme (Smith, 1993). If maintenance/operating 
staff are not being released from normal duties this may result in an incomplete 
maintenance programme, which may lack credibility with the people expected 
to carry it out (Thomas, 1994) & (Taylor, 1989). 

Maintenance tasks 
The step in the RCM process where greatest resistance has come is the selec-
tion of maintenance tasks. People are conservative and will, if allowed, include 
non-effective maintenance tasks (Knowles, 1995). Existing PM tasks come 
mainly from the original equipment manufacturer, the insurance companies, 
and the regulators. Most of these tasks are considered as unchangeable by the 
personnel (Smith, 1993). Equipment in warranty may also be an obstacle to 
changing maintenance routines (Thomas, 1994). 

Making use of other analyses 
Making use of results from other analyses can have quite serious drawbacks 
from a motivational viewpoint. This is because the operators and maintainers of 
the subsequent assets are being asked to accept decisions made by others, 
which naturally reduces their sense of ownership. In extreme cases, they may 
even reject the initial analysis out of hand because "it was not invented here" 
(Moubray, 1991). Also, PP&M-plants usually have a unique design and few 
standard systems, making it difficult to use an analysis on other systems (Harris 
& Moss, 1994). 

Management 
The return on investment has usually to be looked upon in a long-term per-
spective, something that senior management is not always willing to support. 
However, making use of RCM demands that there must be a clear and visible 
support from senior management (Smith, 1993). An RCM introduction should 
start by giving senior and middle managers the opportunity to learn what RCM 
is all about, to assess for themselves what resources are and to judge for them-
selves what potential benefits RCM offers in their areas of responsibility 
(Moubray, 1991), (Ryan, 1992) & (Smith, 1993). 
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Pilot projects 
For companies unfamiliar with RCM, it is best to initially use one or two pilot 
studies. Experience gained is, for example, increased understanding of the dy-
namics of the whole RCM process, resources needed, how to assess the benefits 
and how to plan implementation on a wider scale (Thomas, 1994) & (Moubray, 
1991). However, before undertaking any pilot project, it is essential to asses the 
resources required to do it in relation to the likely benefits, and to plan the proj-
ect as thoroughly as possible (Moubray, 1991). The choice of systems exposed 
for a pilot project is important. It is not possible to draw accurate conclusions 
from a pilot project if it is carried out on systems whose failure has little or no 
effect on the overall system availability (Ryan, 1992). 

Planning 
The successful application of RCM depends on meticulous planning and prepa-
ration. The key elements when planning are to decide which assets are most 
likely to benefit from the RCM process, assess the resources required, decide 
who is to audit each analysis, and ensure that the operating context of the asset 
is clearly understood (Moubray, 1991). 

Progress and results 
The usually long time-span in applying RCM may imply economic uncertainty, 
resulting in decreased interest (Bowler et al., 1995). It is therefore important to 
review at intermediate points to keep the analysis on track (Taylor, 1989). De-
fining clear project aims makes it possible to assess the benefits of performing 
an RCM study, and to better understand the costs that will be incurred to justify 
the investment in time and resources (Thomas, 1994). According to Beehler 
(1997) the resources required to fully implement a comprehensive RCM pro-
gramme are difficult to quantify. There is also a widespread inability by poten-
tial practitioners to evaluate the financial efficiency of RCM applications. By 
regarding RCM as an investment decision, rather than "an act of faith", the 
economic viability of a potential application can be determined before vital re-
sources are committed (Bowler et al., 1995). The importance of visualising the 
costs and the benefits can not be understated. For further discussions see for 
example (Phillips, 1992), (Bowler et al., 1995) & (Bowler & Leonard, 1994). 

RCM group 
If a single individual applies the RCM analysis, the resulting maintenance 
schedules nearly always die when they reach the shop floor. A review of the 
maintenance requirements of any asset should be done by small teams, which 
include at least one person from the maintenance function and one from the op-
eration function (Moubray, 1991). It is of vital importance that they are made 
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available to carry out the review without interruptions (Thomas, 1994) & 
(Taylor, 1989). The members should have a thorough knowledge of the asset 
under review and each group member should also have been trained in RCM 
(Moubray, 1991). 

Resources 
Common to several cases where RCM was tried and abandoned was that it de-
manded much larger resources of time and manpower than originally antici-
pated (Harris & Moss, 1994) & (Ryan, 1992). Even if the course of action of 
applying RCM might be clear, many times no one had time to follow it. For 
example, when new equipment and operator training is required, resources are 
seldom available. Whatever method is chosen, it is important that it is used as 
simply as possible and without a large expenditure of time and resources 
(Smith, 1993). 

Skills 
To fully utilise the benefits of the RCM concept, one needs contributions from 
a wider scope of disciplines than what is common practice (Smith, 1993). The 
RCM way of planning and updating maintenance requires more professional 
skill, and is therefore a greater challenge for skilled engineers  (Sandtorv  &  
Rausand,  1991). An RCM analysis requires contributions from system and reli-
ability analysts, maintenance and operation specialists, and designer and manu-
facturer, working closely together. All these categories do not, however, need 
to take part in the analysis in full time engagement. They should, however, be 
deeply involved in the process during pre- and post-analysis review meetings, 
and quality review of final results (Smith, 1993). 

System review 
If the RCM analysis is performed at too low a level, which is not unusual in the 
early stages of RCM analysis, it takes far longer than it should (Moubray, 
1991) & (Ryan, 1992). It may imply review of hundreds or thousands of failure 
modes (Horton, 1992). The situation results in a massive increase in paperwork 
and the quality of the decision deteriorates substantially (Moubray, 1991). Such 
an approach results in slow progress in the review groups and disappointment 
with the RCM process (Horton, 1992). One must decide which assets are most 
likely to benefit from the RCM process, and if so, exactly how they will benefit 
(Moubray, 1991). To select the system/equipment to be analysed, several ap-
proaches can be used, see section 4.6.3. 
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Union 
If the unions are overlooked in the sell-in process, i.e. obtaining initial com-
mitment, they may only see RCM as a means for the managers to rationalise 
among craft workers. That can lead to the craft workers declining to participate 
in the RCM project on the advice of their unions. Senior union representatives 
should be invited early into the communication process, as this avoids any pos-
sibilities of misunderstanding the process (Ryan, 1992). 

5.3.2 M&O aspects when introducing TQM 

When performing literature studies on TQM, focusing on introducing and ap-
plying TQM within an organisation, the following M&O aspects were revealed: 

• Analysis of present situation. Before starting up an improvement drive, the 
company must realise that a problem exists (Newall & Dale, 1991). Too of-
ten, companies begin developing a plan for improvement without under-
standing the organisational problems. TQM frequently fails when compa-
nies fail to define their problems. Collect information about the organisation 
before the introduction and identify where improvement will have the great-
est impact (Clark, 1991). 

• Communication. Good communication is needed to co-ordinate the people 
in various sections of the company to achieve the TQM objectives 
(Gunasekaran et al., 1998). A gap in communication makes personnel feel 
isolated and they do not develop a sense of organisational purpose or loy-
alty. Some organisations increase communication openness and teamwork 
by using newsletters (Clark, 1991). 

• Education and training. Education and training is a vital stage in the im-
plementation of TQM, to gaining the total commitment of the senior man-
agement and developing a common level of TQM understanding (Newall & 
Dale, 1991). 

• Facilitator. Key people such as facilitators should be appointed on a full-
time and long-term basis (Gunasekaran et al., 1998). The facilitator should 
be able to train people in TQM and organisational development. These 
newly trained facilitators then serve in their own organisations. It is best to 
use facilitators who are not part of the management group that is initiating 
the TQM effort. Facilitators should have the independence and authority to 
run the programme as approved (Clark, 1991). 

• Goals and objectives. Everyone has to understand what the problem is, 
why it has occurred and why the company is embarking on TQM (Newall & 
Dale, 1991). 
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• Involvement. Above all, the commitment and involvement of workers to 
the implementation of TQM are fundamental (Gunasekaran et al., 1998). 

• Long- and short-term approach. Emphasis on short-term profitability ap-
pears to be widespread in companies, making it difficult to achieve long-
term goals (Newall & Dale, 1991). 

• Management. TQM frequently fails when companies fail to make sure that 
senior managers understand and support the objectives, the methodology 
and the processes involved (Clark, 1991), (Gunasekaran et al., 1998) & 
(Newall & Dale, 1991). The president has to get personally committed on 
many TQM fronts (Bajaria, 1995), and support activities regarding quality 
financially, morally and with management resources (Bergman & Klefsjö, 
1994). The development of a plan for improvement, which involves all 
managers in a proper scheme of training and communication is needed 
(Clark, 1991). Too often, companies begin developing a plan for improve-
ment without adequate support from lower levels of management. There 
must be strong endorsement by managers at all levels, and these managers 
must infuse a sense of enthusiasm for the programme in their subordinates 
(Clark, 1991). However, management is usually too busy with other daily 
problems. This is perhaps one of the most common reasons why a TQM 
programme fails (Deleryd, 1996). 

• Planning. The lack of detailed planning before the quality improvement 
process is introduced has a negative effect on its development and subse-
quent advancement. Many companies do not identify stages or phases that 
their quality improvement process must pass through before it is established 
(Newall & Dale, 1991). 

• Progress and results. If the measures of productivity and quality developed 
are not meaningful and acceptable to everyone involved, people will follow 
orders, but they do not truly support the programme. This may result in ar-
bitrary or invalid performance data. The result is a reduction in productivity, 
quality and morale (Clark, 1991). It is vital that the process is assessed con-
tinually during its introduction and subsequent development. Without this 
constant monitoring, the process can easily lose its "edge" and effective-
ness. The assessment of progress is a key feature in renewal of faith and fu-
ture planning activities (Newall & Dale, 1991). Quality progress is often de-
scribed in soft terms or intermediate results instead of hard terms/results. 
Once such a practice is considered acceptable, it almost becomes the norm. 
It is better to require progress reports in hard terms (Bajaria, 1995). 

• Resisting change. Some people resist any type of organisational change. 
They do not want to start a TQM programme or any other programme 
(Clark, 1991). 
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• Vision, strategy and policy. It is essential that the quality improvement 
process has a stable and well planned base from which it can be developed. 
Consolidation of present quality strategies, initiatives, policies, etc. will en-
able this to be achieved (Newall & Dale, 1991). Top management has to in-
clude quality aspects in the company vision (Bergman & Klefsjö, 1994). 

5.3.3 M&O aspects when introducing TPM 

When executing literature research on TPM, focusing on introducing and ap-
plying TPM within an organisation, the following areas including M&O as-
pects were revealed: 

• Campaign. Carry out a campaign though poster and slogans, and build up 
an atmosphere for commencing TPM (Nakajima, 1988). 

• Education and training. Carry out education and training at each level so 
that all employees from the top down to shop-floor workers can correctly 
understand TPM (Nakajima, 1988). 

• Goals and objectives. In several projects it has been found that either there 
has been a lack of objectives, or the objectives have not been quantified in a 
measurable way. Lack of technical goals is also very common. For example, 
capacity, flexibility, reliability, quality and production planning have to be 
described in quantifiable terms. The new concept is not always clearly un-
derstood and hence people tend to stick to their old habits when the new di-
rection is not clear  (Karlsson  &  Ljungberg,  1995). 

• Involvement. TPM will not work without the participation of all concerned 
(Kelly, 1992). 

• "Kick-off". When preparations are completed TPM is "kicked off', i.e. its 
introduction is commenced (Nakajima, 1988). 

• Local conditions. Companies that have succeeded with TPM have not fol-
lowed the method rigorously. They have adapted its ideas to the specific 
conditions of their plant and personnel. The importance of adapting the 
TPM project to local conditions cannot be over-emphasised.  (Karlsson  &  
Ljungberg,  1995). 

• Long- and short-term approach. It is important that corporate manage-
ment believes in the importance of maintenance and understands that some 
resources have to be expended for long-term gain (Kelly, 1992). 

• Management. The implementation should be started by the top manage-
ment and focus on the production department. The outcome of TPM de-
pends on the top management itself filially resolving to introduce TPM and 
announcing this intention to all the employees (Nakajima, 1988). 
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• Maintenance department. Difficulties arise if most maintenance activities 
come from within the maintenance department because of the lack of sup-
port of other organisational and functional groups. However, it can also be a 
major difficulty to obtain support from the maintenance department (Kelly, 
1992). 

• Pilot project. The best way to receive full commitment from top manage-
ment is to demonstrate that the TPM activities can provide substantial bene-
fits to the company, e.g. via a pilot project on a small part of the plant 
(Nakajima, 1988). 

• Planning. Draw up a schedule for each of the activities that forms the pil-
lars in the TPM process (Nakajima, 1988). 

• Resisting change. People tend to resist change of any kind if they cannot 
see how they can benefit from it  (Karlsson  &  Ljungberg,  1995). 

• Simultaneous activities. In large enterprises there usually are other projects 
of the same or even greater extent going on at the same time as the intro-
duction of TPM, for example several strategies for change such as TQM. 
That implies people wanting to devote resources to these projects instead  
(Karlsson  &  Ljungberg,  1995). 

• Team approach. TPM promotes improved maintenance through small 
group autonomous activities (Kelly, 1992). 

• Union. In some cases, where union leaders have not been sufficiently in-
formed and involved to understand that TPM requires major changes from 
their members, the union has been a barrier to change  (Karlsson  &  Ljung-
berg,  1995). 

• Vision, strategy and policy. Formulating a clear vision, strategy or policy 
for the TPM activities  (Karlsson  &  Ljungberg,  1995). 

5.3.4 M&O aspects when introducing some other methods 

When carrying out the literature research on improvement aspects considering 
introduction of improvement methods and major changes within an organisa-
tion, the following M&O aspects were revealed: 

• Belief in the method. If the implementation of previous improvement 
methods more or less failed, the belief in the success of implementing a new 
improvement method is almost immeasurable (Deleryd, 1996). 

• Communication. Tell people what is going on, listen to them and respond. 
This is the way to avoid misunderstanding of intentions. Be open about in-
tentions to avoid accusations of hidden agendas, and let people communi-
cate. The first thing on people's minds when hearing of change is job secu- 
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rity. This is natural; an insecure workforce will immediately act defensively. 
Therefore, people need information quickly (Draycott, 1997). 

• Company conditions. Implementation strategies must be company ad-
justed, there are no package solutions  (Sandvik-Wiklund,  1992). 

• Company-wide change programme. Obstacles occur when changes 
needed come about through company-wide change programs (Beer et al., 
1990). A change should not start from programmes, but should focus on the 
work itself  (Karlsson  &  Ljungberg,  1995). 

• Computer support. By using computers, the operator can focus more on 
analysing the results than on making measurements and calculations 
(Deleryd et al., 1999). 

• Education and training. All personal development activities will need to 
include both education and training. Educating people will help to resolve 
the problems associated with change, whereas training will contribute to 
improving the skill base of individuals. This combination will ensure that 
people have skills appropriate to the business, and give individuals more 
confidence in themselves. Increasing confidence will reduce the fear for job 
security (Draycott, 1997). 

• Examples. The mental barriers are not seldom well cemented, and the best 
way to handle this is by extensive information and illustration of successful 
implementation examples from other companies  (Garvare  &  Wiklund,  
1997). Use practical examples from within the organisation to reinforce the 
immediate relevance of a tool or a technique (McQuater et al., 1995). 

• Facilitator. When using a new method within an organisation it is often 
wise to make use of persons with expert knowledge of the subject involved, 
called "facilitators" (Deleryd et al., 1999). 

• Involvement. Involvement will allow personnel to feel more comfortable 
with the prospect of change. 'Done by us rather that done to us' is a power-
ful source of motivation to counter the fear of change. The participation 
strategy is essential for achieving the objectives (Draycott, 1997). 

• Kick-off. Kick-off is an important step, with the aims to convince as many 
as possible within the organisation that the improvement method will bene-
fit the organisation and its employees (Deleryd et al., 1999). 

• Local conditions. Senior management's temptation to force new insights on 
the entire organisation results only in minor change. It's better to let each 
department "reinvent the wheel", to find its own way to the new organisa-
tion (Beer et al., 1990). Improvement programmes are usually designed by 
staff specialists, external consultants, or other experts, rather than by oper-
ating managers (Schaffer & Thomson, 1992). An approach to change based 
on starting at the periphery and moving steadily toward the corporate core, 
is the most effective way to achieve enduring organisational change. Senior 
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managers being committed to change does make a difference; when it 
comes to changing an entire organisation, such support is essential (Beer et 
al., 1990). 

• Long- and short-term approach. Training in long-term projects, facilitated 
by internal or external experts, tends to have a dramatic effect on the im-
plementation possibilities and people's attitudes. However, many small and 
medium sized enterprises are primarily focused on short-term planning and 
have difficulties in allocating resources for long-term projects  (Garvare  &  
Wiklund,  1997). 

• Management. Weak commitment from senior management leads directly to 
insufficient resources being allocated to implement and conduct improve-
ment methods. The lack of appropriate resources results directly in a short-
age of knowledge about how to conduct the improvement process (Deleryd, 
1996). Managers reform the way they work with each other and with em-
ployees. The expectation is that these steps will lead to better business per-
formance. But managers rarely make explicit how the activity is supposed to 
lead to results and senior managers never specified which performance pa-
rameters they want to improve (Schaffer & Thomson, 1992). 

• Pilot projects. One way to convince as many as possible that the organisa-
tion and the employees can benefit from using an improvement method is to 
use pilot projects (Deleryd et al., 1999). 

• Planning. Action plans have to be developed, which identify key mile-
stones, resources and implementation time frames (Newall & Dale, 1991). 

• Progress and results. Employees need to experience success in their im-
provement programmes since this builds confidence and skills for continued 
improvements. By constantly assessing how each improvement step con-
tributed to meeting deadlines, management can make performance im-
provement less an act of faith and more an act of rational decision making 
based on evidence. There is no motivator more powerful than frequent suc-
cess (Schaffer & Thomson, 1992). Also, operators have to feel that it is 
meaningful to measure and initiate improvements. The meaningfulness can 
be experienced on two levels. Operators can feel that the study is meaning-
ful since it benefits the organisation and since it improves the operators' 
own working environment (Deleryd et al., 1999). It has also been observed 
that most companies implementing total quality or continuous improvement 
fail to achieve the anticipated benefits. They focused on results rather than 
on activities  (Karlsson  &  Ljungberg,  1995). 

• Quality department. If the improvement work is conducted mainly by the 
quality department, this leads to a modest interest in the concept among co-
workers (Deleryd, 1996). 
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• Resisting change. Major changes to a corporate culture always meet resis-
tance and generate conflict  (Karlsson  &  Ljungberg,  1995). One cause of re-
sistance is fear of changes and new methods  (Sandvik-Wiklund,  1992). 

• Resources. Change programs take energy away from efforts to solve key 
business problems, therefore, many general managers don't support pro-
grams even when they acknowledge that their underlying principles may be 
useful (Beer et al., 1990). 

• Several methods. There is no single method that can solve every difficulty 
within an organisation. It is much more likely that change is accomplished 
when several methods are used together in a suitable way (Deleryd et al., 
1999) & (Miyake et al., 1995). 

• Simultaneous activities. Most companies perform too many activities si-
multaneously across the entire organisation (Schaffer & Thomson, 1992). 

• Team approach. Just because a company issues a philosophy statement 
about teamwork doesn't mean its employees necessarily know what teams 
to form or how to function within them to improve co-ordination. Team-
work asks more of employees, who need more support from management 
(Beer et al., 1990). 

• Timing. The sequence of steps in introducing an improvement method is 
important because activities appropriate at one time are often counterpro-
ductive if started too early. Timing is everything in the management of 
change (Beer et al., 1990). 

-71- 



Chapter 6. Analysis of the introduction of RCM 

6 ANALYSIS OF THE INTRODUCTION OF 
RCM 

In this chapter are the M&O areas identified, affecting the introduction of the 
improvement methods described in chapter 5, analysed. 

6.1 Affinity between M&O areas 
An affinity diagram is one of the seven management tools mentioned in section 
3.1, making it easier to analyse verbal data. The principle of an affinity dia-
gram7  is shown in figure 6.1. 

Comprehensive 
heading for (A) 

and  (B)  

Comprehensive 
heading A for (a) 

and  (b)  

Comprehensive 
heading  B  for  (c)  

and  (d)  

Verbal data Verbal data Verbal data Verbal data 
(a) (b)  (c) (d)  

Figure 6.1. The principle of an affinity diagram. From Bergman & Klefsjö 
(1994). 

Some of the M&O areas identified in the previous chapter are more related to 
each other than other areas. To be able to see the affinity between the different 
areas, and thereby identify the core areas of importance for the introduction of 

7  For more information about affinity diagrams, see for example, Bergman & Klefsjö (1994). 
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the improvement methods, an affinity diagram is used. The identification of 
core areas, resulted in four major areas, see figure 6.2. 

Core areas of importance when intro- 
ducing improvement methods 

Personnel categories 

Maintenance/Quality department 
Management 
Union 
Facilitator 
RCM group 

Personnel aspects 

External support 
Skills 
Involvement 
Belief in the method 
Team approach 
Kick-off 

Management aspects 

Objectives and progress 
Company or local conditions 
Information and communication 
Several methods 
Resources 
Planning 

  

RBM methodology aspects 

System review 

 

Figure 6.2. Core areas, including M&O aspects, revealed from literature 
studies on RCM, TQM, TPM, and improvement methods and work in general, 
gathered in four major areas by means of an affinity diagram. 
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The M&O areas, for which the core areas in figure 6.2 are based upon, are 
summed up in table 6.1. When several M&O areas are related to each other 
they constitute the basis for a core area. When studying the table, note that: 

- The literature study on RCM has been more comprehensive than the ones 
performed on the other improvement methods and work. 

- "o" implies that M&O area has been find in the literature study on a par-
ticular improvement method. 

- "0" implies that one or more M&O areas have been find in the literature 
study, due to affinity, gathered in a core area. 

- Rows in grey mark a core area. 

Personnel categories 
M&O and core areas RCM TQM TPM Other 
Maintenance/Quality department: • • • 
- Maintenance department o o 
- Quality department o 
Management • • • 6 
Union • • 
RCM group • 
Facilitator 	 _ • • • 

Personnel aspects 
M&O and core areas RCM TQM TPM Other 
External support • 
Team approach • • 
Skills: • • • • 
- Education and training o o o o 
-Pilot project o o o 
-Skills o 
- Making use of other analyses o 
Involvement • • • • 
Belief in the method: • — • • • 
- Resisting change o o o 
-Examples o 
- Belief in the method o 
- Maintenance tasks o 
Kickoff: a • 
- Kick-off o o 
- Campaign o 
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Management aspects 
M&O and core areas RCM TQM TPM Other 
Objectives and progress: • • 6 • 
- Progress and results o o o 
- Goals and objectives o o o 
- Long- and short-tenn  approach o o o o 
- Simultaneous activities o o 
- Analysis of present situation o 
- Vision, strategy and policy o o 
Company or local conditions: • • 
- Local conditions o o 
- Company conditions o 
- Company-wide change programs o 
Information and communication: • • o 
- Documentation o 
- Communication o o o 
- Information and data o 
- Computer support o o 
Several methods a 
Resources a • 
Planning: a • a • 
- Planning o o o o 
-Timing o 

RBM methodology aspects 
M&O and core areas RCM TQM TPM Other 
System review • _ 

Table 6.1. An illustration of M&O areas revealed from literature studies, di-
vided in four major areas and several core areas. 

6.2 Discussion of the M&O areas 
As mentioned earlier, the literature study on RCM has been more comprehen-
sive than for the other improvement methods and work. That implies that addi-
tional findings on, for example, TQM and TPM can probably be revealed. It is 
the author's opinion that the most important M&O areas should have been 
identified though, since the references in themselves are based on several stud-
ies. The approach of dividing the research findings on M&O aspects into areas 
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is aimed at facilitating the analysis of the information gathered. How to deter-
mine these areas containing verbal information, with clear limitations between 
each other, is not obvious. However, it is the information given in each M&O 
area that is of importance when introducing an improvement method, and that 
is available independent of which M&O area it is put into. 

According to table 6.1 approximately half of the M&O areas revealed consid-
ering the introduction of RCM are also of importance for the other improve-
ment methods and work. Some comments on the findings: 

• The major area 'personnel aspects' includes important categories of person-
nel to focus on when starting up, and during the introduction. The personnel 
category 'operators' is an important area not identified though. However, 
the importance of operators and remaining personnel is mentioned in other 
M&O areas, as 'involvement'. 

• The major area 'personnel aspects' includes several M&O areas of impor-
tance to be considered with regard to the employees within an organisation. 

• The major area 'management aspects' includes several M&O areas of im-
portance due to managing the introduction within an organisation. 

• The major area `RBM methodology aspects' includes conditions of impor-
tance when making use of risk-based principles. 

• The core areas 'management', 'planning', 'involvement', 'skills', 'belief in 
the improvement method' and 'objectives and progress' are all supported by 
four dots. The core areas 'maintenance or quality department', 'information 
and communication' and 'facilitator' are supported by three dots in table 
6.1. All these core areas can probably be considered as important in general 
for the introduction of improvement methods or work. 

• M&O areas of importance for RCM only are probably 'RCM group', 'sys-
tem review', and 'maintenance tasks'. However, the area 'RCM group' is 
similar to the area 'team work'. The other areas could also be valid for 
TPM, though TPM is more focused on the organisation and dealing with 
relatively simple maintenance tasks. 

• The areas 'campaign' and 'kick-off' might be more suitable for TPM than 
for RCM, particular for the Japanese organisations with a culture more suit-
able for such activities, according to Robinson & Ginder (1995). 

Several core areas and M&O areas are not found in the literature study on 
RCM. These areas might include M&O aspects affecting the introducing of 
RCM, due to the similarities with TQM, TPM and improvement work in gen-
eral, as discussed in section 5.1 and 5.2. It is the author's opinion that these 
M&O areas are valid and of importance for the introduction of RCM. The 

-76- 



Chapter 6. Analysis of the introduction of RCM 

question is why these have not been revealed during the literature research on 
RCM? 

RCM is more technology-oriented compared with TQM and TPM, as men-
tioned in section 5.1.2. That might have resulted in a general focus among 
practitioners and researchers on the technological aspects, overshadowing the 
effects of M&O aspects really bring about when introducing RCM within an 
organisation. That can be a main reason why obstacles occur when introducing 
RCM since facilitating measures are focusing too much on technological as-
pects instead of organisational and management aspects. 

Another explanation why not so many M&O areas on RCM revealed might be 
find in the evolution of using RCM, where its use as a management function 
not been recognised in a larger extent. A comparison can be made with the 
evolution of the quality area, mentioned in section 3.1, which have been devel-
oped from a focus on inspection and quality assurance to a strategic quality 
management focus. According to  Sandtorv  &  Rausand  (1991), mentioned in 
chapter 4.6, RCM can be compared with quality assurance defined as: All sys-
tematic actions required to plan and verify that the efforts spent on preventive 
maintenance are applicable and cost effective. The use of RCM might be in 
the same phase as the quality area when focus was on quality assurance, and 
the importance of strategic management not yet was recognised. 

6.3 Some introduction models 
Another interesting observation from the literature studies is that for TQM, 
TPM and improvement methods and work in general, introduction models fo-
cusing on management and organisational aspects are available. Such models 
do probably facilitate the introduction of these improvement methods and 
work, and are exemplified below. 

TPM 
The introduction of TPM is usually divided into two parts, a preparatory stage 
and an implementation stage. Each stage contains several steps and all together 
usually ten (Wireman, 1991) to twelve steps (Nakajima, 1988). According to 
Nakajima the preparatory stage involves: 

Preparatory stage 
1. Announcement by top management of decision to introduce TPM. 
2. Education and campaign on the introduction of TPM. 
3. Creation of basic policies and goals of TPM. 
4. Establishment of basic policies and goals of TPM. 
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5. Formulation of master plan for evolving TPM. 
6. "Kick-off'. 

Implementation stage 
7. Improvement of effectiveness of each peice of equipment 
8. Formation of an autonomous maintenance set-up. 
9. Creation of planned maintenance set-up in the maintenance department. 
10. Training to improve operation and maintenance skills 
11. Creation of a set-up for initial management of equipment 
12. Perfect implementation and increased TPM level. 

TQM 
Newall & Dale (1991) carried out a study in eight companies located in the 
UK, considering the implementation of TQM. In the introduction and devel-
opment of the quality improvement process, the companies had passed through 
the same basic stages: 

1. Awareness. 
2. Education and training. 
3. A consolidation stage. 
4. Planning, problem identification and problem solving. 
5. Implementation of quality improvement plans. 
6. Assessment. 

Improvement work in general 
General managers at the business unit or the plant level can manage the intro-
duction through a sequence of six overlapping but distinctive steps (Beer et al., 
1990): 

1. Mobilise commitment to change through joint diagnosis of business prob-
lems. 

2. Develop a shared vision of how to organise and manage for competitive-
ness. 

3. Foster consensus for the new vision, competence to enact it, and cohesion to 
move it along. 

4. Spread revitalisation to all departments without pushing it from the top. 
5. Institutionalise revitalisation through formal policies, systems, and struc-

tures. 
6. Monitor and adjust strategies in response to problems in the revitalisation 

process 
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The models described are to a great extent focusing on management and or-
ganisational issues, see in section 5.3.1, which are of importance when intro-
ducing RCM. That kind of models should probably facilitate the introduction of 
RCM. However, the author has not found any introduction model, focusing on 
management and organisational aspects, developed for the introduction of 
RCM. 
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7 STUDIES OF ORGANISATIONS WORKING 
WITH RBM 

In this chapter the in-depth and complementary case studies will be described. 
The studies give information about the different organisations considering their 
views and experiences of RBM and RCM. The studies were peiformed mainly 
at organisations connected with the  Polhem  Laboratory. 

7.1 In-depth studies and complementary studies 
Case studies based on empirical findings, both in-depth and complementary, 
have been performed. The strength of case studies is the ability to reveal a total 
picture, which makes it possible to understand social processes and context, 
according to the discussions in chapter 2. The studies described in this chapter 
are based on information obtained from observations and interviews at the or-
ganisations. Discussions and conclusions made by the author will be given in 
chapter 8. 

7.1.1  Vattenfall  AB  Vattenkraft:  Introduction of RCM  
Vattenfall  is one of the largest energy groups in the Nordic countries. The  Vat-
tenfall  Group consists of  Vattenfall  AB, the parent company, and more than 90 
subsidiary companies. The role of the group is to be a supplier of energy solu-
tions, power generator and network operator. Most of the electricity is pro-
duced at hydro and nuclear plants, with back-up from various other energy 
sources8. 

Background 
As one of several improvements projects going on within  Vattenfall  AB  Vat-
tenkraft  (from now on just called  "Vattenfall"),  the use of RCM was evaluated 
by means of a pilot project. The overarching aims with introducing RCM were, 
according to senior management, to make the maintenance more efficient and 
focus maintenance activities where they are most needed. Today, some plants' 
availability is higher than needed, implying too much maintenance performed. 
The evaluation of the pilot study should lead to a decision whether or not RCM 
should be carried out on other hydro power plants. From the evaluation of the 
pilot project, senior management later on decided to continue with the intro-
duction of RCM at three other hydro power plants. However, the decision was 
not an obvious one, due to overarching results, difficult to evaluate. 

s Source: http://www.vattenfall.se/webb99/international/index.htm  
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The aim of the study 
The aim of the study was to follow the introduction of RCM at a plant and 
thereby identify and understand the M&O aspects that affected the introduction 
work. 

Method 
The author was involved in an early stage of the introduction process at the hy-
dro power plant, started up in October 1997. A final statement of account was 
completed in December 1998. The author participated in an introduction course 
given to the RCM group and to representatives of the middle management. 
During the introduction the author visited the plant four times, usually for one 
day. On one occasion the visit lasted three days to get a closer look into the 
work with RCM. Also, the author visited personnel during seminars consider-
ing the actual RCM process. Discussions have also to some extent taken place 
at different seminars in connection with the activities within the  Polhem  Labo-
ratory. Additional information was also received by discussion with an engi-
neer, and instructor, at the  Jokkmokk  Training Centre (JTC), in charge of edu-
cating Vattenfall's personnel in RCM. 

Observations 

Commitment 
A two-day introduction course was given to the RCM group and the middle 
management that were in charge of the introduction process. Also, the manager 
in charge of the RCM process selected by senior management participated. 
Later on, a one-day seminar was held for the remaining personnel at the hydro 
power plant and personnel at other plants in the region. A representative of the 
union participated on both occasions and further on in meetings focused on the 
progress of the RCM process. At the two-day course and in several meetings 
considering the RCM pilot project, a representative from JTC participated. Per-
sonnel at JTC would carry out education on RCM at other plants if the results 
from the pilot project were satisfactory. The plant personnel, and the union rep-
resentative, were from the start positive to the RCM concept and interested in 
executing the pilot project. 

The decision to start up the pilot project was made by senior management be-
fore the author started his study. Therefore, the author could not participate in 
discussions among senior management, considering their view on RCM. How-
ever, the author did experience some managerial obstacles due to lack of com-
mitment among senior management. For example, during the introduction pro-
cess resources required were questioned. Senior management was probably not 
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prepared for the great amount of resources needed (i.e. time and personnel). 
Also, stated aims of the implementation were experienced as ambiguous among 
plant personnel. These factors resulted in decreased enthusiasm among the 
RCM group, and later on also among other personnel at the plant. The intro-
duction at the plant started at the same time as reduction of personnel was an-
nounced within the organisation of the power supplier. The awareness among 
personnel that RCM was aimed to make maintenance work more efficient, and 
this in turn would most likely result in less demand for maintenance personnel, 
affected the personnel's attitude in a negative way towards the use of RCM. 
Facing the problems, senior management did later on proclaim that nobody 
would lose his or her job due to the implementation of RCM. 

The analysis work 
During the work at the hydro power plant, only one RCM group was estab-
lished, consisting of three persons, with an additional person from the organi-
sation who was changed every second week. The group leader was educated in 
RCM at the same level as the other team members and did not have experience 
from earlier work with RCM. Also, he had a management position at the plant 
and his participation in the work with RCM was limited. Due to that situation, 
it became difficult for him to take time to control the work within the RCM 
group. The other team members had their daily work to do besides the work 
with the RCM introduction. The situation resulted in difficulties in gathering 
the group, which generated individual work instead of in-group working. Due 
to these obstacles, the work within the RCM group went relatively slowly. 

Some other problems were that no clear approach was stated on which parts of 
the system the analysis should start with. Also, due to an overarching approach 
to performing the analysis sufficient depth was not obtained. Another problem 
involved was the risk assessment phase, where the consequence levels of a fail-
ure mode must be determined. Acceptance criteria given from senior manage-
ment, which are necessary to be able to evaluate the risks, were not stated. The 
situation implied that the risk evaluation couldn't be completed and was instead 
based on intuition. Maintenance tasks recommended by the decision logic 
might therefore be misleading. 

During the RCM analysis, documentation proved to be relatively poor with in-
sufficient updating and spread to many different places. The RCM group expe-
rienced gathering of documentation as one of the most time-consuming tasks. 
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External support and attention  
Vattenfall  took help from a person working as a facilitator during RCM imple-
mentation for hydro power plants in Norway. He was one of the educators 
during the two-day introduction course and later on did a review of the work 
done at the hydro power plant in question. The author, together with other rep-
resentatives from the university, played the role of objective observers during 
the RCM work. That situation implied that the personnel could freely discuss 
problems and thoughts arising during the work with the RCM introduction. 

During the introduction the manager of the RCM process encouraged papers to 
be written, and to be presented at conferences and in journals. The aim was to 
get attention to the process and thereby increase the personnel's interest and 
ambitions. The author has, for example, written one conference proceedings 
considering the RCM process  ((Backlund,  1999)), and other articles have been 
written in more local papers focusing on power plants. 

Results 
The RCM process was relatively widely implemented within the plant, gener-
ating overarching results that were difficult to evaluate in the form of decreased 
risks and maintenance tasks. This situation resulted in the next stage in senior 
management questioning the benefits of the RCM process. 

Discussions with personnel at  Jokkmokk  Training Centre 
When the RCM process had continued for some time, JTC looked into the fu-
ture education in RCM. The personnel at JTC have long experience of mainte-
nance issues within hydropower. From discussions with one of their instructors 
interesting aspects where revealed. His opinion was that the simplicity of the 
RCM process was an important factor to make it work in reality. For example it 
was not advisable to have too much paper work since that creates resistance to 
using the method among personnel. He also stressed the importance of some 
kind of quality assurance being needed to ensure that the RCM programme 
would be a living programme. The use of RCM was considered to generate 
lower maintenance costs, and, to be used as education material. Personnel 
looking into the RCM methodology learn a lot about the assets and their func-
tions, which is valuable when performing maintenance tasks. A disadvantage of 
the RCM method was considered to be the lack of investigating or discovering 
problems within the organisation, the so-called soft maintenance problems. 

7.1.2 VAC, Military Engines: Engine maintenance support 

Volvo  Aero  Corporation (VAC) includes seven business areas, Military En-
gines, Commercial Engines, Engine Services, Space Propulsion, Land and Ma- 

-83- 



Chapter 7. Studies of organisations working with RBM 

rine Gas Turbines, Aviation Support Services and Vehicle Components. For 
over fifty years VAC has been the main supplier of single-engine systems for 
fighter aircraft to the Swedish Air Force  (SAF).  The core business of VAC is 
the development, production and maintenance of aircraft engines. Also, a wide 
range of operations has emerged, covering production and maintenance of 
commercial aircraft engines and gas turbines, and development and production 
of components for space vehicles. 

The Military Engines division has as its main task to provide the fighter aircraft 
of the  SAF  with engines. VAC, in co-operation with General Electric Co. of the 
US, is for example delivering the RM12 engine for the  JAS  39  Gripen  Swedish 
fighter aircraft. Before the development of the RM12, VAC delivered the RM8 
engine for the  Viggen  37aircraft. The Military Engines Division is responsible 
for development, manufacturing and product support of the aircraft engines. In 
close co-operation with the  SAF,  Military Engines have developed a total 
commitment concept in which they take full responsibility for engine programs 
throughout their entire life cycles9. 

Background 
The maintenance organisation of fighter aircraft engines within the  SAF  exe-
cutes maintenance on three levels. The different levels are the flight-line (A-
level) where maintenance is executed at the flight unit, the intermediate level 
where maintenance is executed at the wing repair shop  (B-level) and the depot 
level where maintenance is executed at the central repair shop  (C-level). These 
levels will be changed to two levels, a front/operational and a back/support 
level in the future. These changes will give more recourses to maintaining the 
aircraft in field conditions, and thereby give increased flight availability. To 
make it possible to develop this new organisation of the air force, new routines 
and new techniques need to be available for the maintenance organisation. 

Maintenance of aircraft engines is executed according to a maintenance plan, 
which is built up by means of in-depth maintenance analysis as Maintenance 
Steering Group-3 (MSG-3). However, an extensive use of condition-based 
maintenance  (CBM),  by means of condition monitoring techniques, is being 
sought by the  SAF.  The maintenance philosophy within the  SAF  has mostly 
concerned preventive maintenance activities such as time-based maintenance 
(TBM), where engines and other technical equipment are to a great extent con-
trolled by TBM schedules. These schemes are based on solid mechanic statisti- 

9 For more information about VAC and Military Engines Division, see 
http://www.aero.volvo.se  
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cal calculations and experiments, to see how engines and the equipment react to 
the loads they are exposed to. In other words, maintenance is performed on the 
assumption on which the maintenance schedule is based, not on the real condi-
tion of the engine  (Johansson  & Snis, 1998). A desire to increase the use of  
CBM  implies, among other things, an increased flow of information and data. 
That creates an improved basis for making reliable decisions, but at the same 
time it makes it more difficult to point out the information most important for a 
certain situation. Here a decision support is needed, facilitating for technicians 
and other personnel when making maintenance decisions. 

The study does not give any clear answer on how a decision support of mainte-
nance activities should look. The author experienced that the maintenance or-
ganisation and the maintenance activities within the  SAF  were relatively diffi-
cult to grasp. The study therefore became time-consuming and more of de-
scriptive nature, but still gave some interesting aspects of maintenance deci-
sions support. 

The aims of the study 
RCM/MSG-3 was developed within the aircraft industry (see section 4.5.1) and 
most of the aircraft maintenance programs in the world are today based on the 
principles of RCM/MSG-3. Therefore, studies of maintenance programmes 
within the aircraft industry are of interest. The aims of the studies at VAC are: 

• To get more insight into the use and applications of RCM/MSG-3. 
• To understand and learn about the existing and future maintenance perform-

ance of military aircraft engines. 
• Evaluate the stated need of a decision support for maintenance activities. 

Method 
The study is based mainly on qualitative interviews with personnel and reading 
of internal reports from Volvo  Aero  Corporation, Military Engines Division 
(from now on called "VAC"). Visits to VAC have taken place during a period 
from 1996 to 1998. Altogether six visits have been made. The visits usually 
took two days, on one occasion five days. Other secondary sources have been 
the Internet and information pamphlets. Discussions have also to some extent 
taken place at different seminars in connection with the activities within the  
Polhem  Laboratory. On-site observations have been made at the central repair 
shop at VAC, and also made under VAC auspices at the wing at Såtenäs, F7. 
An aircraft is subjected to a large amount of maintenance. In this study the fo-
cus are on the engine since VAC maintain the engine. 
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During interviews and in subsequent following discussions Mats Rhen, Divi-
sion of Machine Elements,  Luleå  University of Technology, has assisted the 
author. The author has documented a more exhaustive description of the study 
in an internal report for Military Engine Division, still a final draft though. 

Observations 

Technical and organisational changes 
Maintenance of aircraft has, during a long period of time, been carried out in 
the same way, with few changes. Due to alterations in technology, manage-
ment, politics and economics, the  SAF  faces extensive changes, both technical 
and organisational. Policies for the future air force have been outlined in 
changes such as: 

• Maintenance actions on three levels will be changed into two levels; a front 
level/operational level and a back level/support level. 

• Increased demands on technical competence. 
• The need of a more cost-effective organisation in peace time. 

Work has been concentrated to the areas of condition monitoring, fault local-
isation and electrical manuals, for the front level. These areas are considered to 
be the most important ones, in order to increase the availability of the aircraft.  

JAS  39  Gripen 
Gripen  is the first aircraft in Sweden used for interception, ground-attack and 
reconnaissance (hence the Swedish abbreviation  JAS,  Combat  (J,  "jakt"),  At-
tack (A, "attack") and Reconnaissance (S,  "spaning")),  and is now replacing the  
Viggen.  The  Gripen  aircraft is the first single-engine multi role aircraft of the 
next generation of aircraft, combining superior operational effect with low life-
cycle cost (LCC). Compared with the  Viggen,  JAS  will carry the same weapon 
load but with half the weight of the  Viggen,  and with a significantly lower 
LCC. The need to minimise maintenance costs imposes special demands on 
design, where the RM12 engine is simpler than its predecessors. 

The aircraft engines 
Both  JAS  39  Gripen  and  Viggen  37 are single-engine aircraft. The reasons for 
using only one engine instead of two on these two types of aircraft are several. 
One is of course to bring down the costs. Another reason is to keep the weight 
down, which for example implies that less fuel will be consumed during a 
flight. The advantages have to be compared with the disadvantages of using 
only one engine, specially considering the safety aspects. With a one-engine 
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system, the demands on reliability are considerable higher, compared to the re-
dundancy of two-engine systems. However, a single engine implies lower in-
vestment, lower operating cost and lower maintenance cost per flight-hour. 
Systems monitoring the aircraft and the engine condition raise the safety level. 
These systems make it possible to attain flight safety standards fully compara-
ble to the best results of a twin-engine aircraft. All these advantages have been 
confirmed by growing interest on a global basis in light cost-effective single-
engine aircraft, while the twin-engine alternative finds its given role in larger 
aircraft meeting high load and extreme range requirements. 

The RM12 engine is approximately four metres in length and weighs about one 
tonne. The RM12 is a derivative of the F404-402 engine from General Electric. 
FMV and the  SAF,  together with VAC, have developed the F404-402 to meet 
the special needs of the single engine in  JAS  39  Gripen.  The engine consists of 
seven modules; the fan module, the high-pressure compressor module, the 
combustor module, the high-pressure turbine module, the afterburner module, 
the accessory module and the gearbox module. 

The complex user profile for military engines 
Military aircraft are subjected to high performance levels, tough user profiles 
and maintenance actions in stationary and mobile maintenance stations. The 
aim with military flights, in time of war, is to quickly reach enemy targets, ef-
fectively act against the target and be off as soon as possible. The approach to 
the target usual needs to be executed at the lowest possible altitude and at high 
speed, so as not to be detected by the enemy. High flight speed mostly implies 
that high, and in intervals maximum, throttle levels have to be used. If the flight 
altitude is at the same time low the engine will be exposed to increased stress, 
due to increased operating temperature. Another reason for high stress is large 
and quick adjustments of the engine's rotational speed (rpm). The degree of 
wear to the integral parts of an aircraft engine and/or the probability of distur-
bance of the functions of the engine, increases with the degree of utilisation of 
the available capacity of the engine. The many aspects to be considered during 
a mission result in a complex flight profile for military engines. 

Levels of maintenance 
At the A-level, service, inspection, troubleshooting and replacement of the en-
gine are carried out. A technician is in charge of decisions on maintenance 
measures and fault localisation. Replacement of modules, troubleshooting using 
external test equipment and minor repairs can be handled at the wing repair 
shop at the  B-level. It is possible to change modules at the A-level, but it re-
quires a lot of equipment. An engine is sent to the central repair shop (at the C- 
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level) for major repairs and maintenance measures, if the operating time is at-
tained or if failure damage has occurred. At the time when this study is docu-
mented, the reorganisation into two levels of maintenance is still going on and a 
complete picture of the future organisation is therefore not availablem. 

The maintenance plan 
Maintenance tasks at the A-,  B-  and  C-level are described in a document called 
the Maintenance Plan. In-depth analysis such as MSG-3 forms the basis for the 
maintenance plan. Aircraft engine maintenance is based on maintenance sched-
ules which are gathered in the maintenance plan and describe maintenance 
measures in advance. The plan proposes time intervals for inspection and ex-
change of units and components in the engine. For each type of engine a spe-
cific description of the engine maintenance is available. The intention with the 
maintenance plan is to secure routines for flight safety and cost-efficient care of 
the equipment. The maintenance plan describes all the necessary maintenance 
tasks that should be take care of during the period of use. A complete mainte-
nance plan is an extensive collection of tasks. To perform the right maintenance 
task at the right time, according to the maintenance plan, it is necessary to have 
a reliable system tracking flight time. The maintenance plan has to be a living 
document, where maintenance intervals always should be open for adjustments. 

MSG-3 analysis 
MSG-3 analyses form the basis for the overarching maintenance plan and it is 
therefore important that be executed properly. MSG-3 analyses performed at 
VAC have been focused on the fuel system of the RM8 and on the unique parts 
of the RM12 (i.e. the parts not similar to the original F404-402 engine). Based 
on discussions with a project leader in charge of several of the MSG-3 analy-
ses, some important issues when performing the analysis are described below. 

MSG-3 analyses for military aircraft engines are performed, for example, by 
the regulation authority and demands from customers. The goals and aims of 
performing MSG-3 analysis are considered very important; they must be de-
fined clearly and interpreted similarly by all those involved. By this means, the 
analysis group can at an early stage discover if the analysis is heading in the 
right or wrong direction. The meaning of the analysis, definitions of terminol-
ogy, and understanding of the decision logic within the group are critical for 
progress with the analysis. The MSG-3 group members must be well informed 

10 More knowledge about maintenance performance at the different levels within the  SAF,  
see  Johansson  & Snis (1998). 
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on the hardware. The group should be relatively small; based on experience, 
four to five persons have been considered suitable to perform the analysis in an 
efficient manner. The group members involved should have major experience 
in their respective profession since the analysis is built up on that experience. 

An example of results generated by one of the analyses was that major over-
hauls were not justified. The result implied that overhauls were removed from 
the maintenance plan and replaced by function checks. MSG-3 is considered to 
give a good initial maintenance plan and is also performed as structure analysis, 
on composites and corrosion. MSG-3 is considered of great significance since 
the maintenance aspects can be considered already at the design stage. 

Condition-based maintenance of aircraft engines 
The control of maintenance actions should be based on the flight/operation pro-
file. For example, the different mission categories such as combat, attack and 
reconnaissance give different flight profiles. The development of the fighter 
aircraft engines at VAC, as regards maintainability, has occurred in four gen-
erations: 

• Time-based maintenance 
• Condition-based maintenance 
• Module system and demand-based maintenance 
• Decision support and knowledge-based systems 

The ambition of the  SAF  is to use a maintenance approach which is mainly 
condition-based. This creates the necessary conditions for a maintenance ap-
proach adjusted to the demands of the new maintenance organisation. Condi-
tion monitoring, trend analysis of function parameters, counting of cycles and 
individual follow-up of components will together provide a dynamic mainte-
nance programme. When using  CBM  it is desirable to reduce the maintenance 
costs, and at the same time increase quality and safety. This is difficult to 
achieve but is not a contradiction. Improved condition monitoring results in 
safer usability of the engine, and the aircraft. A continual supervision and con-
trol over the components' condition in the engine increases the possibilities for 
successful maintenance activities. 

Engine condition-monitoring system 
The aircraft engine is integrated with different systems, where in  tenns  of  CBM  
the condition-monitoring system is of great interest. Nowadays, powerful com-
puters are readily available, which offers great ability to make complete analy-
sis of the engine condition, with the help of CM, in flight-based and ground- 
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based systems. Therefore,  JAS,  Viggen  and other military aircraft are equipped 
with different kinds of condition-monitoring systems. Input data, to facilitate 
engine maintenance, is obtained from the integrated engine condition monitor-
ing system (ECMS). This system transfers engine data based on parameters 
from functional monitoring to the system computer, which monitors engine 
performance and generates maintenance reports. The ECMS is integrated with 
the aircraft system, including cockpit indicators and displays, memory, surviv-
able memory and ground equipment. 

Maintenance information systems 
By establishing close links for informational exchange with pilots and service 
personnel, the performance of the engine can be improved throughout its entire 
flight envelope and maintenance programs can be designed to suit a given mis-
sion mix. The aim of the maintenance information systems is to store and ana-
lyse different data received from the aircraft and its engine, directly from the 
engine monitoring system or via maintenance activities to the aircraft on the 
ground. The maintenance information systems should provide picture data 
bases and support configuration and maintenance tasks of the  JAS  39  Gripen.  

When making use of information systems it is of vital importance that available 
input data and information are correct and recorded. VAC has experienced 
some difficulties in obtaining such input data and information from the central 
repair shop. 

Engine maintenance 
The complex systems of a fighter aircraft engine demand intensive maintenance 
action with high demands on availability and quality. The aircraft have become 
more complex and expensive, with demands on improved maintenance meas-
ures to obtain higher availability. 

Service and supervision 
Maintenance is to a great extent performed at time intervals, in the form of 
service, supervision and overhauls. The engine will be removed from the air-
craft in case of overhauls. The RM12 does not need overhauls and supervisions, 
as does the RM8. It is desirable to reduce the length of the time based mainte-
nance (TBM) intervals and thereby obtain more flight time. Therefore, fixed 
time for intervals such as  B  service,  E  supervision and major engine overhaul 
can be changed, when sufficient information to confirm that is available. 
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on the hardware. The group should be relatively small; based on experience, 
four to five persons have been considered suitable to perform the analysis in an 
efficient manner. The group members involved should have major experience 
in their respective profession since the analysis is built up on that experience. 

An example of results generated by one of the analyses was that major over-
hauls were not justified. The result implied that overhauls were removed from 
the maintenance plan and replaced by function checks. MSG-3 is considered to 
give a good initial maintenance plan and is also performed as structure analysis, 
on composites and corrosion. MSG-3 is considered of great significance since 
the maintenance aspects can be considered already at the design stage. 

Condition-based maintenance of aircraft engines 
The control of maintenance actions should be based on the flight/operation pro-
file. For example, the different mission categories such as combat, attack and 
reconnaissance give different flight profiles. The development of the fighter 
aircraft engines at VAC, as regards maintainability, has occurred in four gen-
erations: 

• Time-based maintenance 
• Condition-based maintenance 
• Module system and demand-based maintenance 
• Decision support and knowledge-based systems 

The ambition of the  SAF  is to use a maintenance approach which is mainly 
condition-based. This creates the necessary conditions for a maintenance ap-
proach adjusted to the demands of the new maintenance organisation. Condi-
tion monitoring, trend analysis of function parameters, counting of cycles and 
individual follow-up of components will together provide a dynamic mainte-
nance programme. When using  CBM  it is desirable to reduce the maintenance 
costs, and at the same time increase quality and safety. This is difficult to 
achieve but is not a contradiction. Improved condition monitoring results in 
safer usability of the engine, and the aircraft. A continual supervision and con-
trol over the components' condition in the engine increases the possibilities for 
successful maintenance activities. 

Engine condition-monitoring system 
The aircraft engine is integrated with different systems, where in terms of  CBM  
the condition-monitoring system is of great interest. Nowadays, powerful com-
puters are readily available, which offers great ability to make complete analy-
sis of the engine condition, with the help of CM, in flight-based and ground- 
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based systems. Therefore,  JAS,  Viggen  and other military aircraft are equipped 
with different kinds of condition-monitoring systems. Input data, to facilitate 
engine maintenance, is obtained from the integrated engine condition monitor-
ing system (ECMS). This system transfers engine data based on parameters 
from functional monitoring to the system computer, which monitors engine 
performance and generates maintenance reports. The ECMS is integrated with 
the aircraft system, including cockpit indicators and displays, memory, surviv-
able memory and ground equipment. 

Maintenance information systems 
By establishing close links for informational exchange with pilots and service 
personnel, the performance of the engine can be improved throughout its entire 
flight envelope and maintenance programs can be designed to suit a given mis-
sion mix. The aim of the maintenance information systems is to store and ana-
lyse different data received from the aircraft and its engine, directly from the 
engine monitoring system or via maintenance activities to the aircraft on the 
ground. The maintenance information systems should provide picture data 
bases and support configuration and maintenance tasks of the  JAS  39  Gripen.  

When making use of information systems it is of vital importance that available 
input data and information are correct and recorded. VAC has experienced 
some difficulties in obtaining such input data and information from the central 
repair shop. 

Engine maintenance 
The complex systems of a fighter aircraft engine demand intensive maintenance 
action with high demands on availability and quality. The aircraft have become 
more complex and expensive, with demands on improved maintenance meas-
ures to obtain higher availability. 

Service and supervision 
Maintenance is to a great extent performed at time intervals, in the form of 
service, supervision and overhauls. The engine will be removed from the air-
craft in case of overhauls. The RM12 does not need overhauls and supervisions, 
as does the RM8. It is desirable to reduce the length of the time based mainte-
nance (TBM) intervals and thereby obtain more flight time. Therefore, fixed 
time for intervals such as  B  service,  E  supervision and major engine overhaul 
can be changed, when sufficient information to confirm that is available. 
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Fault localisation and diagnosis 
Increased information about parameters, such as the stream and the oil status, is 
available due to the development of new sensors and transducers. Increased 
continuous condition monitoring results in more reliable diagnosis, but also in-
creased maintenance costs. To increase the reliability in judgement of changes 
in performance, the quantity of measure points can be increased; i.e. increased 
number of sensors. However, this results in a deterioration of the engine 
strength, due to an increase in the number of cables. Another problem is the 
increased costs of installations and some of the sensors. The advantages of in-
creased quantity of transducers have to be compared with the increased costs 
and other consequences. 

Modules 
Due to high maintenance costs, engines are today to a large extent constructed 
to facilitate future maintenance measures. A first step is to bring the functional 
components together in modules. The modules should be easy to inspect, in 
order to detect external and internal damage, and should also be easy to replace 
if needed. A prerequisite for lower maintenance costs is to make the replace-
ment of modules easy, and to be able to make changes as near the aircraft as 
possible. When a module has been built up, the components with the shortest 
remaining lifetime will decide the terms for use of the module. A similar rea-
soning is applied when connecting modules to form a complete engine. The 
module that first reaches its lifetime limit will cause the first planned mainte-
nance in the engine. 

Configuration 
One of the maintenance tasks concerning the engine is to decide the configura-
tion due to limited-lifetime parts (LLBs). Configuration means the availability 
to maintain LLBs and other parts of the engine in an efficient way, i.e. to 
maintain as many parts as possible at the same time. To reach an efficient con-
figuration two aspects have to be considered; the lifetime of an individual com-
ponent compared with lifetimes of the engine's remaining parts. When an en-
gine is to be installed, with different values for the LLBs and the different val-
ues of the failure rate individuals, the following goals should be met: 

• Each engine/module should be working as long a time as possible before the 
next maintenance period. 

• As many parts as possible, within a module, should be maintained at the 
same time. 

• All parts, that are maintained/exchanged, should be as close as possible to 
their maximum operation time. 
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Maintenance specific to the RM12 
Since the RM12 is a relative new engine, extensive data concerning failures is 
not available. This makes it difficult to predict future discrepancies due to fail-
ures. Deterministic analysis of components' lifetimes is used to decide time for 
exchanges and inspection intervals for parts. A risk analysis is performed when 
a sufficient amount of data is available. An expert and knowledge-based system 
is also available for the technician to decide upon suitable maintenance actions. 
When a failure is detected during flight, it will generate a failure report which 
propose suitable measures 

Maintenance specific to the RM8 
The RM8 engine is not built up of modules, considering the maintenance as-
pects, to the same extent as the RM12. The RM8 engine is primary constructed 
to give maximum thrust with as small as possible a weight, without direct con-
cern for maintenance costs. Time-based maintenance has been the overall 
maintenance philosophy, independent of the flight profile. This approach has 
resulted in high maintenance costs; almost one third of the maintenance costs 
have been due to LLBs. 

Out-phased maintenance  
IG  JAS  ("Industrigrupp  JAS"),  of which VAC is one part, together with the  
SAF,  is looking into a new maintenance concept called out-phased mainte-
nance11  (OPM).  The general idea is that less expensive maintenance tasks can 
be performed somewhere during an extended time interval. Such an approach 
needs more accurate and well-analysed support considering the maintenance 
planning. That is a critical factor for success when making use of the new con-
cept. 

The new maintenance concept is being tested on the  Viggen  aircraft  JA  37. 
Using this experience  IG  JAS  and FMV are looking into the possibilities to 
extend the use to  JAS  39. The name of the new maintenance concept is not 
clearly stated, but out-phased maintenance should be compared to phased 
maintenance, or blocked maintenance, which is the common maintenance 
practice today. 

The aim of using out-phased maintenance is to obtain increased system avail-
ability, to decrease costs, and 100% availability of the complete aircraft fleet in 
case of a war situation. To accomplish these aims, one opinion is that the plan- 

"Fasat underhåll"  in  Swedish.  

-92- 



Chapter 7. Studies of organisations working with RBM 

ning function needs increased competence and resources. The experiences from 
the tests of out-phased maintenance are: 

• Increased flexibility with respect to the work planning at the companies (A-
level). 

• Increased availability of aircraft. 
• Increased knowledge at the companies. 
• Decreased total resource demands at A- and  B-level. 

7.1.3  Norrbotten  Wing, F21: Out-phased Maintenance  

Norrbotten  Wing trains a number of units including, for example, air combat 
squadrons, air transport squadrons, and maintenance units. The aircraft work-
shop maintains and repairs aircraft and helicopters. In addition, they serv-
ice/modify selected types of military helicopters and are responsible for the 
maintenance of all base vehicles and machinery12. 

Background 
The work with  OPM  within the  SAF  started up at the wing in  Ronneby,  F17, in 
1994. The work has spread to other wings and F21 is one of them. For a more 
thorough background, the author refers to the previous section. 

The aims of the study 
The study at VAC generated information about their view on maintenance of 
military aircraft engines. It gave a picture of the existing maintenance activities 
and some insight into future demands. The studies pointed out condition-based 
maintenance  (CBM)  and also the handling of preventive maintenance activities 
as a major area of development, called out-phased maintenance  (OPM).  The 
study focused on the work with  OPM  at F21, since it can be considered as one 
naturally step to optimise the preventive maintenance tasks generated by the 
maintenance plan, which is based on the MSG-3 methodology. A visit to a 
wing, observing the work with  OPM  in reality, was therefore considered as 
valuable by the author. As with the study at VAC, it is the aircraft engine 
maintenance that is in focus, not the entire aircraft. 

Method 
The study at the wing at  Luleå,  F21, is of a descriptive nature and is mainly 
based on qualitative interviews. The persons interviewed were the head of a 
service platoon, some technicians and the head of the wing repair shop, also in 

12  Source: http://www.f21.mil.se/norrbotten_wingjwing_page1.htm1.  
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charge of  OPM  at the wing and one of the participants in the reference group 
working with  OPM  within the Swedish Air Force  (SAF).  On-site observations 
where made, looking into the maintenance work at the wing repair shop, a 
flight turn-around, and the flight unit working with a so-called monthly pack-
age (an activity within  OPM).  F21 was visited four times, generally for one 
day, during the time period 1997 to 1998. 

Observations 

Aircraft maintenance and  OPM  
A military aircraft is on the ground for a larger amount of time to be exposed 
for different maintenance measures. The deeper these measures or maintenance 
activities are performed, the longer time will the aircraft stay on the ground, 
which implies less flight time available. Compared to military aircraft, civil air-
craft are in duty (in the air) most of the time.  "OPM"  was started up by civil 
aircraft companies who wanted to increase flight accessibility by performing 
maintenance when it was most suitable for the companies, i.e. between flight 
missions.  

OPM  implies that the maintenance of an aircraft is divided into minor pack-
ages, which results in decreased time on ground for the aircraft. In the exten-
sion that implies that aircraft can be quickly taken into use if need arises. To-
day, military aircraft maintenance mainly is performed in blocks, consisting of 
supervisions, services, and sometimes overhauls. Some of the supervisions can 
take as long as two to three months. The use of  OPM  will reduce these long 
time periods where aircraft are not available for flight missions.  OPM  implies 
that some maintenance intervals will be extended to fit into the dynamic main-
tenance process.  

OPM  at F21 
The work with  OPM  at F21 started with the replacement of the traditional  E-
supervision, which is performed after 300 flight hours, on the  JA  37  Viggen.  
This maintenance activity is now executed in 32-moth packages. The blocks 
performed within  OPM  differ constantly from each other due to what are con-
sidered to be most suitable measures at the time. The instructions described are 
very detailed though. 

Preparation and planning of the contents of the monthly maintenance activities 
are performed by the company's service platoon. The planning stage implies 
more administration due to the great amount of maintenance activities spread 
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out over a long period of time, and all the parts that will be followed up. But 
the procedure also generates better control over the activities at the company. 

Most of the engine's parts are followed up by calendar time. Since some of the 
parts of the aircraft are too critical it is not yet possible to use calendar time for 
all parts. However, using calendar time for most parts is a necessity to make 
use of  OPM  considering the administration and follow-up activities. The main 
activities within  OPM  are inspections and control. If actions have taken place 
due to corrective maintenance the interval for the specific maintenance action 
will be put forward. 

The experience with  OPM,  applied on the  Viggen  aircraft, will be used for the 
future introduction of  OPM  on the  JAS  aircraft. However, experience, such as 
failure data obtained from the use of  JAS,  are not available to the same extent 
as for the  Viggen.  These data are necessary for develop an  OPM  programme 
where length of maintenance intervals must be based on failure data and test-
ing. 

The advantage of using  OPM  is several and the work will continue at the  SAF.  
The disadvantages of  OPM  are mainly within administration, which probably 
could be reduced or mitigated with improved computer support, to control the 
calendar for example, and through increased experience of administering  OPM.  
According to the personnel, advantages of working with  OPM  are: 

• Increased flight availability, since the engine is not stripped down to such 
deep levels as before, this implies that the aircraft could be flying in a very 
short time after performed inspection and maintenance. 

• The military preparedness has increased, due to the increased flight avail-
ability. 

• Improved conditions for maintenance planning, at the Service Company and 
also better control over the maintenance activities 

• Increased competence among military personnel, since maintenance is re-
moved from the repair shops (at the  B-level) to the flight units (companies). 

• Maintenance costs have decreased, due to increased use of the maintenance 
resources at the field (front) level. 

• Synergy effects, when performing  OPM  other components/equipment can be 
maintained at the same time. The narrower maintenance intervals imply that 
exchange of equipment is more flexible, and thereby increase availability. 

• More dynamic maintenance work, using  OPM  implies that maintenance ac-
tivities can be executed when suitable, for example when the weather is bad 
or where there is a lot of personnel available. 
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• Varied work tasks and increased responsibility, appreciated by the techni-
cians. 

Some disadvantages of using  OPM  can be: 

• More service places needed, due to increased frequency of maintenance ac-
tivities. 

• More tools and spare parts needed, due to more service places. 
• More accurate planning needed, compared with maintenance performed in 

blocks (inspections, supervisions and overhauls). 
• Maintenance planned even if aircraft is on ground (not in mission), due to 

the use of calendar time. 
• Increased man-hours, implying that increased crew are needed. That is a 

problem for the  SAF  since it is today difficult to get as many employees 
(technicians) as they need. According to personnel at F21, F17, the Wing in  
Ronneby,  has a lot of overtime, a disadvantage due to the  OPM  implemen-
tation 

• Overhauls still necessary for the  Viggen  aircraft, even if  OPM  is in use. 

Condition-based maintenance 
During the observations at one of the companies, the opportunity arose to look 
into their condition-monitoring system used for diagnosis of the engine. The 
system generates information making it possible to execute preventive mainte-
nance activities. One experience of the system, according to the personnel, was 
the enormous lists of information generated, which implied time-consuming 
analysis. Another disadvantage was the relatively large number of false warn-
ings. 

7.1.4  ABB  Atom: Views on RCM  
ABB  Atom has more than 40 years' experience in the development and supply 
of nuclear power plants, nuclear fuel, related services, and inspection technol-
ogy.  ABB  Atom has manufactured reactors for all the Swedish nuclear plants 
(11 units), placed at  Barsebäck  (2 units), Forsmark (3 units),  Oskarshamn  (3 
units),  Ringhals  (1 unit). Also two reactors have been manufactured for Finnish 
nuclear plants, Olkiluoto 1 and 2 (0L1 and 0L2). The reactors are of a type 
called BWR, boiling water reactor, compared with the PWR, pressure water 
reactor, which is more common in for example the USA. 
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Background 
There is always an owner of a nuclear plant, with the responsibility for the op-
erations and safety of the plant. In the Swedish nuclear plants the owner dele-
gates the operations of different parts of the plant, for example the reactor, the 
turbine and the generator to  ABB  Atom,  ABB Stal  and  ABB  Generation, re-
spectively. Earlier conditions for the Swedish nuclear industry were character-
ised by few restrictions when making investments in maintenance or safety is-
sues. Nowadays most plant owners are focusing on decreasing maintenance 
costs due to the increased competition on the power market. 

The aim of the study 
The aim of the complementary study performed at  ABB  Atom was to obtain 
information from the nuclear industry's long experience in the maintenance 
field and of dealing with high-risk performance.  ABB  Atom is for example 
looking into the use of RCM, and minor applications of the methodology have 
been performed. 

Method 
There are two divisions at  ABB  Atom: Fuel and Service Division. Only the 
Service Division was visited since they have the major maintenance responsi-
bilities for the activities at  ABB  Atom. The visits have been achieved twice, 
discussing with different personnel at  ABB  Atom. However, the study is 
mainly based on discussion with the manager of component maintenance. 

Observations 

Maintenance in the nuclear industry  
ABB  Atom entered the maintenance area relatively late since the intention at 
the beginning of their business was mainly to produce reactors, not to deal with 
maintenance aspects Therefore,  ABB  Atom was in the beginning of its business 
the only partner to its customer/the plant owner. Today,  ABB  Atom experi-
ences competition from companies such as Siemens and General Electric also 
working in the maintenance area. Due to the increased competition on the 
power market,  ABB  Atom, and the customers, are all trying to find cost-
effective solutions for the maintenance needs. To ensure that stated safety lev-
els will not be affected, the central authorities SKI  ("Statens  Kärnkraftinspek-
tion"),  supervises the managing of plants. Even if the savings in maintenance 
can be questioned to some extent, too much preventive maintenance is gener-
ally executed on Swedish nuclear plants. 
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RBM and RCM  
ABB  Atom uses the expression Risk Based Maintenance (RBM). However its 
is not used in the same context as the author uses the expression. For  ABB  
Atom, RBM is used in connection with maintenance work and inspections of 
welds, pipes and structures. 

The use of RCM within  ABB  Atom is in an initial phase, but the methodology 
has been used when maintaining some equipment. Thoughts of using the RCM 
concept have emerged within the organisation, mainly from the management 
within the service division. Some experiences from the work of introducing 
RCM to the organisation and its customer are described below. 

The aims of the RCM analysis must be stated, otherwise the work is meaning-
less. Well-described aims indicate which people should join the analysis group. 
However there is a lack of knowledge how an RCM group should think and 
work. RCM should be started up with a requirements specification considering 
the perspective from which the analysis should be seen, i.e. what "function" the 
different members in the RCM group should represent. The production per-
spective should be the one used in an RCM analysis, therefore the participation 
of production people critical in an analysis. Remaining members should have 
an expert perspective. 

The meaning of "risk" must also be stated in a requirements specification be-
fore reducing maintenance activities. If maintenance activities are reduced, are 
production or economic personnel aware that an increased risk can appear in 
some other area, for example the economical or safety area? 

Sufficient education of the group members is also essential to obtain useful re-
sults. For example, there should be an active decision on where an RCM analy-
sis should be ended, i.e. optimisation of maintenance. It should not be ended 
due to lack of competence. Some organisational problems arising when trying 
to introduce RCM in the nuclear industry are: 

• "Language". At senior management level RCM is a method for "saving 
money, cutting maintenance costs". At the shop-floor level, maintenance im-
plies "not doing maintenance". The different meanings of the concept do not 
make it easier to introduce RCM to an organisation, therefore it is necessary 
to get different levels of people to talk the same "language" regarding RCM. 

• New situations. The maintenance shop floor people in the nuclear industry 
have lived in a static environment for a long time, not affected by competi-
tion and maintenance reductions. They do not see the benefit of using RCM. 
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• Communication. Between production, maintenance and technology people 
there are usual communication problems. 

• Selling. It is difficult to sell in RCM to senior management and the plant 
owner. They are usually focused on cutting maintenance costs and do not 
comprehend the potential with RCM. 

As the situation is today in the nuclear industry, some aspects should be con-
sidered to increase the chance of successful introduction of RCM within the 
organisation: 

• It is necessary to find goals with RCM that are accepted by everyone in the 
company. RCM should be communicated considering with whom you are 
talking, the economist, the production personnel, or the senior manager. 

• Every level/department in the company must by themselves understand the 
use of RCM. Introduce the idea to the different departments, but let them 
discover the need for it. If they will not figure it out by themselves it will 
not work. 

Experiences from Swedish nuclear plants are that necessary recording in data-
bases, to obtain statistics on failure data, differs between the different nuclear 
plants. This probably depends on the respective senior management's clearness 
on the issue. They have to explain to the maintenance personnel why recording 
should be done. RCM projects are executed at Swedish nuclear plants, for ex-
ample at BKAB in  Barsebäck,  using RCM methodology as a maintenance 
analysis tool, see (Simola et al., 1998). One of the experiences is the impor-
tance of keeping the work as simple as possible. The method used also indi-
cates that decreased maintenance activities decrease induced failures to the 
equipment. In the future, they will look more into the human aspect considering 
its influence on failures induced when performing maintenance. 

7.1.5 KSC: RCM in a safety-driven environment 
The John F. Kennedy Space Center (KSC) is the National Aeronautics and 
Space Administration's (NASA) centre of excellence for launch and payload 
processing. KSC is responsible for the checkout, launch and landing of the 
space shuttle and its payloads. The Safety and Mission Assurance Directorate is 
one part in the KSC organisation and ensures the safety, reliability, maintain-
ability, and quality of every launch. Reliability engineering is one activity 
within the Safety and Mission Assurance Directorate, analyses primarily as- 
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sures  that all critical ground support equipment (GSE) and facility systems 
meet the appropriate programme reliability design requirements13. 

Background 
KSC faces enormous consequences if anything goes wrong during the launch 
of a space shuttle, especially for the flight systems. The potential effect of fail-
ure can involve loss of life, for astronauts and the public, and loss of more than 
two billion U.S. dollars (value of the shuttle plus payloads). It is possible that 
such a potential undesired event implies termination of the entire manned space 
program. The demonstrated reliability of the space shuttle, 1 failure in 94 
launches, is the highest of any launch vehicle in the world. The huge economi-
cal values of a shuttle and people losing their lives are not the only conse-
quences NASA will face. Other consequences are the work searching for 
causes of an accident and looking over the processes, which can take years. 
That was the case when the space shuttle Challenger was lost in 1986. Further 
on, political issues and bad-will in a global perspective are other consequences. 
Reliability issues at KSC can be divided into three areas: 

• Safety-based reliability, is the key focus of KSC reliability efforts, imple-
mented via FMEA and critical item list (CIL) processes. 

• Mission reliability, primarily focused on launch countdown timeframe, re-
dundancy provided for select launch pad systems, quantitative reliability 
modelling and analysis for new Checkout and Launch Control Systems 

• Support reliability activity, includes RCM program, which seeks to develop 
and monitor a maintenance plan, centred on achieving inherent safety and 
reliability capabilities of equipment at minimum cost. 

The aim of the study 
The space industry is dealing with high technology risks with extreme conse-
quences, where KSC is one part of the USA space industry. RCM is used by 
KSC for the ground support equipment. The study gave opportunity to gain 
better insight into their work with reliability, maintenance and safety issues. 

Method 
The study at KSC was performed during two days, based on on-site observa-
tions and discussions with two NASA reliability engineers at NASA Safety and 
Mission Assurance. 

13 Source: http://www.ksc.nasa.gov/admirilorgiorganization.html  
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Observations 
Due to the enormous consequences, safety issues are dealt with extremely thor-
oughly. The situation generates an environment called 'Safety driving reliabil-
ity' by the NASA representatives. They believe there are significant challenges 
in creating an effective RCM program when safety issues are in such an ex-
treme focus. The potential catastrophic consequences necessitate high caution 
in changing maintenance tasks/intervals. 

FMEA, VITA and HAZOP are methods used to find weak links within the shut-
tle systems. They are performed by contractors and supervised by NASA. 
There are three prime contractors at KSC performing reliability tasks: United 
Space Alliance, focusing on shuttle ground support equipment (GSE) and fa-
cility systems, Boeing, focusing on space station and payload GSE and facility 
systems, and Space Gateway Services (SGS), focusing on general base support 
equipment and facility systems. 

There are approximately 7000 items appearing on KSC's CIL. The safety effect 
of failure, not the effects on economics or processing time, determine the criti-
cality. KSC has engineering responsibility for ground systems. This engineer-
ing responsibility includes responsibility for maintenance requirements and the 
authority to change these requirements. For flight systems, such as the Space 
Shuttle Orbiter, the Johnson Space Center in Houston has engineering respon-
sibility and controls the maintenance requirements. These maintenance re-
quirements are implemented at KSC during ground processing. As a result, 
there is added organisational co-ordination and a more involved approval proc-
ess for changes to flight system maintenance tasks. The administrative burden 
to get a change approved can sometimes discourage attempts for improve-
ments, particularly for items seen as minor improvements in which the admin-
istrative cost to get the change approved is high compared to the projected 
savings from the change. The Challenger accident may have been a catalyst to 
the extreme focus on safety issues, making it even harder to make changes 
within well-established maintenance routines. 

The extreme focus on safety has implied that the introduction of RCM has been 
difficult to achieve. The closer to the shuttle RCM will be used, the longer time 
will it take to implement them. Another problem has been that the senior man-
agement does not believe in RCM as a methodology. However, the current 
maintenance appears to be effective at KSC, demonstrated by measured success 
rate. Since the consequences of ineffective maintenance are so severe, there is 
reason behind the reluctance to change things. However, it does appear that 
economic forces and upcoming flight rates are providing increasing impetus for 
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change. United Space Alliance, the contractor with responsibility for the Space 
Shuttle, has had growing success over the past six to nine months in selling the 
soundness and benefits of an RCM programme to senior management. They 
have developed an extensive training programme so that people understand 
what RCM can do and have performed a pilot project applying RCM tech-
niques on a space shuttle subsystem. The results of this pilot project were pre-
sented to management and well received. Management now is supportive of 
developing a robust RCM program, and activities are under way to make this 
happen. The time-consuming work of introducing RCM gave rise to valuable 
experiences: 

• It is very important that the maintenance personnel are involved within the 
development of a new maintenance programme such as RCM. One of the 
reasons that it did not work the first time was that maintenance personnel 
were not involved. 

• When maintenance personnel were involved, they were afraid of losing their 
jobs due to the effectiveness that RCM was supposed to provide, which 
generated difficulties when implementing RCM. 

• The maintenance personnel do not appreciate all the paperwork involved 
with RCM. Dissatisfaction is expressed that gathering of necessary data is 
missing or "wrong data" is gathered. One way to mitigate this problem is to 
involve maintenance personnel when developing procedures for the paper-
work. 

Approximately 2400 NASA employees have worked at KSC at the same time. 
Due to saving demands, approximately 1400 are working at KSC today. There 
are substantially more contractors working at KSC than NASA employees. 
However, the number of contractor employees has also been reduced over the 
last several years, but not lately as has been the case for the NASA employees. 
These reductions of personnel have had the result that: 

• NASA is involved within a major work documenting the accumulated expe-
rience in the fields of reliability and maintenance among the personnel, to 
capture corporate knowledge before it "walks out the door". Such kinds of 
work are described in Technical Manual 4322 "NASA Reliability Preferred 
Practices for Design and Test"14. 

• Employee morale during a time of personnel reductions has to be carefully 
managed as it affects trust and communication, both of which are needed for 

14  The document is available at http://www.hq.nasa.gov/office/codeq/lqstech.htm.  
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an effective RCM program. NASA saw this in implementing RCM for 
ground systems a couple of years ago, and much effort had to be expended 
in developing the appropriate levels of trust and communication between 
various organisations and types of workers so that RCM could be imple-
mented. 

NASA has also experienced other kinds of organisational problems due to the 
savings. Extensive reductions at NASA contribute to some mistrust extent 
among the personnel. The view of engineers and management is that they only 
focus on efficiency without considering the problems and damage that it gener-
ates in the organisation/craftsmen. 

7.1.6  Vattenfall  AB  Vattenkraft:  Analysis of risk studies 
The analysis of risk studies performed at a hydro power plant owned by  Vatten-
fall  AB  Vattenkraft  is based on information documented in files. The study can 
not be considered as a case study in the general meaning, and is therefore 
placed last of the studies described in this chapter. For information about  Vat-
tenfall  AB  Vattenkraft  has been provided in section 7.1.1. 

Background  
Vattenfall  execute risk studies for their hydro power plants to gain necessary 
information about the plants' condition. That creates a basis for investment de-
cisions on major modification and maintenance activities to the plants. Con-
sultant companies usually perform these risk studies, which results in some re-
strictions of their usability for  Vattenfall.  When making use of the results the 
documentation of a risk study can be difficult to interpret, which makes it diffi-
cult to estimate the reliability of the results. Therefore, it is a desire from  Vat-
tenfall  to gain better understanding and knowledge about the use of risk studies, 
to know how they should be performed. 

In 1998  Vattenfall  carried out a comparative risk study involving three different 
consultant companies specialised in performing risk studies. Each company 
performed their own risk analysis independent of the others. The companies 
knew that they would be compared with other companies, but not the identity 
of these. The companies involved were given limited resources, i.e. time and 
money, to perform their risk study for the specific hydro power plant. Due to 
the limited resources, the risk studies could not be considered as complete risk 
studies; the focus was on identification of risk sources within the plant. When 
the three risk studies were performed a comparison between the studies and 
analysis of the results took place. The analysis was to be used to gain better un-
derstanding and knowledge about the use of risk studies. The analysis of the 
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risk studies was performed by the author, and another post-graduate student 
involved with research on risk-based maintenance at  Vattenfall.  The analysis 
led to some interesting results described further on. 

The aims of the study 
Risk studies are a very important step when making use of RCM. Risk assess-
ment within RCM is a fundamental step to assure that maintenance activities 
are performed where it is most important, i.e. where the most serious risks oc-
cur. Risk assessment is similar to risk studies making use of risk analysis and 
risk evaluation. The work of analysing and compare three risk studies gave 
valuable information. 

Method 
The author analysed the risk studies, together with another postgraduate stu-
dent,  Jesper Hannu,  at the Division of Machine Elements, at  LTU.  The analysis 
is based on the final reports that each company generated after completing their 
risk study. A more exhaustive description of the study is documented, in 
Swedish, in a report publish for  Vattenfall  with the title  "Analys  av  riskstudier  
på  Långbjörns  kraftstation".  

Observations 

Experiences of performing risk studies 
The experience of performing risk studies within the hydro power industry dif-
fered between the companies involved. One of the companies had performed 
risk studies at the actual plant, another company had never executed risk stud-
ies in the hydro power industry. These circumstances must be borne in mind 
when comparing the results of the different risk studies. 

Gathering of information 
Each company pointed out that available information considered the plant's 
different systems and statistics of failure data were insufficient. The criticism 
refers to poor updating of drawings and that information in general is not gath-
ered in an accessible manner. 

Risk identtfication 
As a basis for identify risks the companies, used checklists, descriptions of the 
plant's system, fault trees and observations on-site in different combinations. 
Each company claims that they used the experience of the plant personnel. One 
of the companies used specialists within different fields, for example mechani- 
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cal and electric, when doing the on-site observation. Every company did on-site 
observations. 

Analysis of consequence and frequency/probability 
All companies based their analysis of potential consequences on their own ex-
perience and competence. When estimating the frequencies, one company fo-
cused on statistical data, such as input to fault trees focused on some of the 
plant's systems. The other companies used qualitative judgements for both the 
consequence analysis and the frequency analysis. These judgements were 
translated into numerical values and later on used in risk matrices. Risks were 
interpreted in different ways; as individual risks and group risks. Also the ex-
posure time for a risk was considered. One of the companies did not take the 
time of exposure into consideration when estimating the risk. 

Method 
As mentioned, one company focused on statistical analysis of data and the oth-
ers more on qualitative data from experience gained in the on-site observations. 
The choice of method seems to have some connection with the respective com-
pany's experience of performing risk studies in industry. Using methods based 
on statistical measures usually demands a long period to gather data. The com-
pany focusing on statistical data used their experience from previous risk stud-
ies at the actual plant. The other companies could not obtain so much of data in 
the limited time for completion of the study. The companies using qualitative 
data found some difficulties gathering personnel when identifying the risk 
sources within the plant. It was both companies' opinion that more risk sources 
would have been identified with more personnel from the plant involved. 

Risk evaluation 
To be able to evaluate the risk sources that occurred at the plant, acceptant cri-
teria had to be stated. Such criteria considering the physical risks, for example 
considering machine and equipment were not stated by  Vattenfall.  

Results 
Due to the limited resources, the risk studies could not be considered as com-
plete risk studies; the focus was on identification of risk sources within the 
plant. Systems containing serious risks should be analysed further, according to 
the companies. Notably, the results generated from the companies' risk studies 
differed relatively much from each other. These differences probably depend 
on the fact that 1) the same risk sources have not been identified and 2) risk 
sources that have been identified by more than one company have not been 
evaluated in the same way. The results generated by each company, i.e. identi- 
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fled risk sources and the estimated severity of them, have a tendency to be in 
the area of the particular company's special competence. 

Documentation 
The final reports generated by the companies did not completely describe the 
motives why different steps had been taken within the study. Neither did they 
completely describe how the different steps were executed. However, one re-
port was documented more thoroughly than the others. 
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8 ANALYSIS OF THE ORGANISATIONS 
STUDIED 

This chapter contains discussion, and some conclusions, on the studies de-
scribed in the previous chapter. A comparison is also made between the M&O 
areas given in chapter 6, based on literature studies, and those revealed in the 
studies of organisations. 

8.1 M&O areas identified from the studies at organisations 
The division of the findings in the studies of organisations will be based on the 
four major areas and the identified core areas within these, generated from the 
affinity diagram in section 6.1. Therefore, the information obtained from each 
organisation studied will be gathered under the following headings: 

Personnel categories 
Personnel aspects 
Management aspects 
RBM methodology aspects 
M&O areas revealed from the study, not found in the literature studies 

8.1.1  Vattenfall  AB  Vattenkraft:  Introduction of RCM 

Personnel categories 
• Management. The commitment among senior management did not generate 

sufficient resources for the RCM group. That implied that the RCM group 
did not receive sufficient time and education to approach the analysis in an 
efficient manner. 

• Maintenance/quality department: 
Maintenance department. The introduction of RCM it was experienced as a 
threat to the maintenance personnel to some extent, seeing it as a method for 
decreasing maintenance activities. 

• Union. A representative from the union participated in the introduction pro-
cess, which implied good relations between management and the union con-
sidering the introduction of RCM. 

• Facilitator. The group leader was educated in RCM at the same level as the 
other team members and had no earlier experience of RCM. He had also a 
management position at the plant. The situation implied that he could not 
really be considered as a facilitator. 

• RCM group. The team members had their daily work to do besides the work 
with the RCM implementation. This situation resulted in difficulties in gath- 
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ering the group, which generated individual work instead of in-group 
working. Due to these obstacles, the work within the RCM group was rela-
tively slow. 

Personnel aspects 
• External support. Half-way trough of the review process, a person with ex-

perience in RCM made a review of the results received from the RCM proc-
ess. However, no external help was used during the analysis. 

• Skills: 
- Education and training. In the long run the RCM process faced a negative 

atmosphere due to ambiguous support from senior management and lack of 
continuous information and training. RCM can be used as material for edu-
cation, since personnel looking into the RCM methodology learn a lot about 
the assets and their functions, which is valuable when performing mainte-
nance tasks 
Pilot project. The RCM analysis was performed on an overarching level 
within the plant, generating results that were rather difficult to evaluate. The 
actual plant was, according to the personnel, working relatively well, im-
plying that clear results could be difficult to obtain. 

Management aspects 
• Objectives and progress: 
- Goals and objectives. Stated aims of the introduction were experienced as 

ambiguous among plant personnel, generating decreased enthusiasm for the 
introduction. 
Simultaneous activities. The pilot project at the actual hydro plant was one 
of several improvement projects going on within  Vattenfall  at their different 
plants. Therefore, visible progress was of importance for receiving continu-
ous support. 

• Information and communication: 
- Information and data. Documentation proved to be relative poor with insuf-

ficient updating and spread to many different places. The RCM group expe-
rienced gathering of documentation as one of the most time-consuming 
tasks. 

• Resources. During the introduction process resources required were ques-
tioned by senior management, probably not prepared for the large amount of 
resources needed. 

• Planning: 
- Planning. The aims of the RCM introduction were not clearly stated, a 

situation that generated ambiguous support and resulted in the pilot project 
not being sufficiently planned. 
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RBM methodology aspects 
• System review. The RCM group did not have a clear approach on which 

system parts to start the analysis. Also, due to an overarching approach, per-
forming the analysis in sufficient depth was not achieved. 

M&O areas revealed from the study, not found in the literature studies 
• Acceptance criteria. Senior management did not state acceptance criteria, 

which is necessary to evaluate the risks. Therefore, the risk evaluation could 
not be completed properly, resulting in difficulties in assessing the results 
and thereby evaluating the pilot project in its entirety. 

• Attention. During the introduction, the manager responsible for the RCM 
process encouraged papers to be written and presented at conferences and in 
journals. The aim was to draw attention to the process and thereby increase 
the personnel's interest and ambitions. 

• Neutral party. A neutral part, i.e. a part not connected with management, 
observing the RCM process was positive for the work within the RCM 
group, increasing their motivation for the analysis. 

• Quality assurance. Some kind of quality assurance is considered important, 
i.e. some procedure focusing on continuously working with RCM, obtaining 
a living maintenance programme. 

• Reduction of personnel. The implementation at the plant started at the same 
time as reduction of personnel was announced within the organisation, 
which surely affected the personnel's attitude in a negative way towards the 
RCM introduction. 

• Simplicity. The simplicity of the RCM process is an important factor for 
making it work in practice. For example it was not advisable to have too 
much paper-work, which seems to be a usual situation in several RCM im-
plementations. 

8.1.2 VAC, Military Engines 

Personnel categories 
• M&O areas within personnel categories are lacking. 

Personnel aspects 
• Skills: 
- 

	

	Making use of other analyses. The MSG-3 analyses performed at VAC have 
only been performed on parts at the RM12 engine not similar to the original 
F404-402 engine. For the other parts the outcomes from already executed 
analysis have been used. 
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Management aspects 
• Information and communication: 
- Information and data. Since the RM12 is a relatively new engine, the 

amount of experience data available is not large. This makes it difficult to 
predict future discrepancies due to failures. 

- Computer support. The conditions for increased use of  CBM  are very good, 
since powerful computers, which are of vital importance for condition 
monitoring and diagnostics of complex systems, are relatively cheap. 

Rini methodology aspects 
• M&O areas within RBM methodology are lacking. 

M&O areas revealed from the study, not found in the literature studies 
• MSG-3 group. Conditions necessary for a successful MSG-3 analysis are 

that the RCM group members must be well informed on the hardware. The 
people involved need to be experienced since the analysis is built up on that 
experience. The goals and aims of MSG-3 analysis performed are consid-
ered very important. They must be defined clearly and interpreted similarly 
by all parties involved. By doing so, the analysis group can at an early stage 
discover if the analysis is heading in the right or wrong direction. The 
meaning of the analysis, definitions of terminology, and understanding of 
the decision logic within the group are critical for progress with the analysis. 

• Safety focus. The MSG-3 analysis and review process for the RM12 has 
mainly focused on safety. With new demands, for example on availability, 
performance and maintenance costs, the review process has to be focused on 
these areas too. 

• Information and analysis system. By establishing close links for informa-
tional exchange with pilots and service personnel, the performance of the 
engine can be improved throughout its entire flight envelope and mainte-
nance programs can be designed to suit a given mission mix. 

8.1.3  Norrbotten  Wing, F21 
Personnel categories 
• M&O areas within personnel categories are lacking. 

Personnel aspects 
• Skills: 
- Skills. The competence among the military personnel will increase since 

maintenance is removed from the repair shops to the units. The varied work 
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tasks and increased responsibility that such an approach implies are appreci-
ated by the technicians. 

- Pilot project. The work with  OPM  is only replacing some earlier mainte-
nance blocks so far, so as to be able to analyse and evaluate the advantages 
and obstacles associated with  OPM.  

Management aspects 
• Objectives and progress: 
- Result and progress. The  OPM  procedure generates better control over the 

maintenance activities. 
• Information and communication: 
- information and data. The experience from  OPM,  applied on the  Viggen  

aircraft, will be used for the future implementation of  OPM  on the  JAS  air-
craft. However, experience data from the  JAS  engine are not gathered to the 
same extent as for the  Viggen,  implying some restrictions on its use so far. 

- Computer support. Difficulties with  OPM  are mainly within administering, 
which probably could be reduced/mitigated with improved computer sup-
port, and through increased experience of administrating  OPM.  

• Planning: 
Planning. More accurate planning is needed, compared with maintenance 
performed in blocks (inspections, supervisions and overhauls). 

• Resources. More service places, and thereby tools and spare parts are 
needed, due to increased frequency of maintenance activities. Increased 
man-hours, implying that increased crew are needed. 

REM methodology aspects 
• M&O areas within RBM methodology categories are lacking. 

M&O areas revealed from the study, not found in the literature studies 
• Administration. The planning stage implies more administration due to the 

large amount of maintenance activities spread out over a long period of 
time, and all the parts that will be followed up. 

8.1.4  ABB  Atom 
Personnel categories 
• Management. To a great extent senior management focus on decreasing 

maintenance costs, due to the increased competition and pay less attention 
to making improvements of a plant. This is not a proper approach for effi-
cient maintenance performance in the long run. 

• Maintenance/Quality department: 
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- Maintenance department. Maintenance shop-floor people, who for a long 
time not have been affected by competition and maintenance reductions, do 
not see the benefits of using RCM. There are also communication problems 
between technology people and maintenance people. 

• RCM-group. Well-described aims indicate what personnel categories 
should be included in the RCM group. However, there is a lack of knowl-
edge on how an RCM group should think/work. RCM should be started up 
with a requirements specification regarding the perspective through which 
the analysis should be seen, i.e. what "function" the different members in 
the RCM group should represent. 

Personnel aspects 
• Skills: 
- Education and training. Sufficient education of the group members is es-

sential to obtain useful results. 

Management aspects 
• Objectives and progress: 
- Goals and objectives. It is considered necessary to find aims and goals for 

the introduction of RCM that are accepted by everyone in the company. 
• Company or local conditions: 
- Local conditions. Every level/department in a company must by themselves 

understand the use of RCM. Introduce the idea to the different departments, 
but let them discover the need for it. If they will not figure it out by them-
selves it will not work. 

• Information and communication: 
- Communication. People at different levels in the organisation do not talk the 

same "language" regarding RCM. Therefore, RCM should be communi-
cated with a view whom you are talking to, such as the economist, the pro-
duction engineer and the manager. However, communication problems be-
tween technology people and maintenance people are an obstacle that makes 
it difficult to introduce RCM. 

- Information and data. The necessary recording in databases, to obtain sta-
tistics on failure data, differs noticeably between different nuclear plants. It 
depends probably on the respectively management's clearness on the issue, 
it is important that senior management explain why recording must be done. 

RBM methodology aspects 
• M&O areas within RBM methodology aspects are lacking. 
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M&O areas revealed from the study, not found in the literature studies 
• Information and analysis system. To obtain a dynamic RCM programme, 

access to a comprehensive and user-friendly analysis tool is necessary. It 
takes too much time to seek information and data in files, and it is difficult 
to update in an efficient manner. 

• Simplicity. It is important that the use of RCM is simple and with as little 
paperwork as possible, for it to be accepted among plant personnel. 

8.1.5 KSC 
Personnel categories 
• Management. A problem has been, and still is to some extent, that senior 

management does not believe in the use of RCM. 
• Maintenance/Quality department: 
- Maintenance department. When maintenance personnel were involved, they 

were afraid of losing their jobs due to the effectiveness that RCM was sup-
posed to provide, which generated difficulties when implementing RCM. 

Personnel aspects 
• Skills. 
- Education and training. United Space Alliance, the contractor with respon-

sibility for the Space Shuttle, has had growing success over the past six to 
nine months in selling the soundness and benefits of an RCM program to 
senior management. They have developed an extensive training program so 
that people understand what RCM can do. 

- Pilot project. United Space Alliance has performed a pilot project applying 
RCM techniques on a space shuttle subsystem. The results of this pilot proj-
ect were presented to management and well received. Management now is 
supportive of developing a robust RCM program, and activities are under 
way to make this happen. 

• Involvement. Maintenance personnel should be involved in the development 
of a new maintenance programme such as RCM. One of the reasons that it 
did not work the first time was that maintenance personnel were not in-
volved. 

• Belief in the improvement method: 
- Maintenance tasks. Since the consequences of ineffective maintenance are 

so severe, there is reason behind the resistance to changing things. However, 
it does appear that economic forces and upcoming flight rates are providing 
increasing support for change. 
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Management aspects 
• Information and communication: 
- Communication. Good communication is considered as vital for obtaining 

an effective RCM program. 
- Documentation. NASA is involved in major work documenting the experi-

ence gathered in reliability and maintenance among the personnel, to cap-
ture corporate knowledge before it "walks out the door". 

- Information and data. The maintenance personnel do not appreciate all the 
paperwork involved with RCM. Dissatisfaction is expressed that gathering 
of necessary data is lacking or that "wrong data" is gathered. One way to 
mitigate this problem is to involve maintenance personnel when developing 
procedures for the paperwork. 

• Several methods. Both quantitative and qualitative methods have been used 
to find weak links within the ground support equipment and shuttle systems, 
for example FMEA, PTA and HAZOP. 

REM methodology aspects 
• M&O areas within RBM methodology aspects are lacking. 

M&O areas revealed from the study, not found in the literature studies 
• Administration. The administrative burden to get a change approved can 

sometimes discourage attempts at improvements particularly for items seen 
as minor improvements, where the administrative cost to get the change ap-
proved is high compared to the projected savings from the change. 

• Personnel reductions. Employee morale during a time of personnel reduc-
tions has to be carefully managed as it affects trust and communication. 
Also, due to the extensive reductions mistrust occurred among personnel in 
their view of engineers and management. They were considered as focusing 
only on efficiency, not considering the problems and damage generated 
among the organisation/craftsmen. 

• Safety focus. KSC can face enormous consequences if something goes 
wrong during the launch of a space shuttle. Safety issues are therefore dealt 
with extremely thoroughly. The situation generates an environment called 
'Safety-driving reliability' by the NASA representatives. They see signifi-
cant challenges in creating an effective RCM program when safety issues 
are in such an extreme focus. There are approximately 7000 items appearing 
on KSC's critical item list. Safety effects of failures determine the critical-
ity, not effects on, for example, economics or processing time. The ex-
tremely focus on safety has implied that the introduction of RCM has been 
difficult to achieve. The closer to the shuttle itself the RCM principles are 
used, the more difficult it is to introduce them. 
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8.1.6  Vattenfall  AB  Vattenkraft:  Analysis of risk studies 
Personnel categories 
• M&O areas within personnel categories are lacking. 

Personnel aspects 
• External support. Consultant companies usually perform risk studies for  

Vattenfall.  That generates some restrictions on the usability for  Vattenfall  
since the documentation of a risk study is often difficult to interpret. 

• Team approach. The different studies were to a great extent characterised 
by individual work. 

• Involvement. All three companies claimed that they make use of the plant 
personnel's experience, which is important since they are the ones who 
know the plant's systems, and will also execute the proposed maintenance 
tasks. Very few people were, however, available during the on-site observa-
tions. 

Management aspects 
• Objectives and progress: 

Results and progress. The results generated from the companies' risk stud-
ies differed relatively much from each other depending on that 1) the same 
risk sources were not identified and 2) risk sources identified by several 
companies were not evaluated in the same manner. Also, results generated 
by each company have a tendency to be in the area of that particular com-
pany's special competence, such as focus on fire or electrical issues. The 
lack of a thoroughly systematic approach, usually rather time-consuming, 
could be due to the limited resources available for the analysis. The differ-
ences in results, between the three companies, could also have been caused 
by the lack of teamwork, since comparisons between individual work results 
differed more, generally, than comparisons between different team works. 

• Information and communication: 
Documentation. To make it easier for the user to understand the approach 
and the different steps taken within a risk study, it is important that it is 
documented properly. The documentation performed by the companies did 
not properly describe the reasons why different steps had been taken in the 
study, or how the different steps were executed. This is remarkable, since 
the companies knew that their studies would be analysed and evaluated 
thoroughly by  Vattenfall.  

- Information and data. There were difficulties in gathering information and 
data, due to poor documentation and updating. 
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• Several methods. The companies have mainly focused on a qualitative or a 
quantitative approach. When estimating the probabilities, one company fo-
cused on analysis of statistical data and the other companies on qualitative 
judgements. 

RBM methodology aspects 
• M&O areas within RBM methodology aspects are lacking. 

M&O areas revealed from the study, not found in the literature studies 
• Acceptance criteria.  Vattenfall  did not clearly state acceptance criteria con-

sidering the physical risks, i.e. machines, constructions, equipment, etc. 
Therefore, it was not possible to evaluate the risks identified and thereby 
complete the risk assessment properly. 

• Initial analysis. An initial analysis estimating the risks coarsely within the 
different plant systems is lacking in each risk study. 

8.2 Discussion and conclusions of the M&O aspects identified 
The M&O areas revealed from the studies of organisations are summed up in 
table 8.1. Before discussing the findings, some remarks should be made con-
sidering the studies: 

• Focus. The studies at  Vattenfall, ABB  Atom and KSC were mainly focused 
on RCM and RBM. The risk study at  Vattenfall  is focused on risk studies, a 
vital part of the RCM method. The studies at VAC and F21 were focused on 
work, based on MSG-3 analysis, with dynamic decision support and an ef-
fective execution of maintenance tasks generated. 

• Environment. VAC, F21,  ABB  Atom and KSC are working in high-risk en-
vironments, compared with  Vattenfall  which act in a more traditional engi-
neering environment. 

• Depth. The studies at  Vattenfall,  regarding the introduction of RCM, and the 
study at VAC were more in-depth compared with the other studies. 

• Petformance. The interviews have been of a discussion character, with no 
use of interview schemes based on the specific M&O areas revealed from 
literature studies. 

8.2.1 Discussion on the studies of organisations 
Owing to the different conditions for the studies performed, generating relative 
low validation of the M&O areas revealed, a detailed comparison and analysis 
of each area is of minor value. However, general conclusions is given below. 
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CBM  and information systems. As one part of risk-based maintenance, con-
dition monitoring and information systems are of importance. Information sys-
tems create the necessary conditions for obtaining a flexible and dynamic 
RBM. This is typical of high-risk industries, facing large consequences, and 
where parts are extremely expensive compared with, for example, engineering 
plants. Therefore, an extensive amount of relatively complex  CBM  systems and 
information systems are built into high-tech systems. For example, VAC strives 
for high availability and low life-cycle costs for military aircraft engines by 
means of an extensive use of  CBM.  A  CBM  approach demands extensive 
monitoring systems, which supervise the engine. Increased continuous condi-
tion monitoring results in more safety diagnosis, but also increased mainte-
nance costs. To increase the reliability in judgement of changes in performance, 
the quantity of measuring points can be increased, i.e. increased number of sen-
sors. However, this can result in a deterioration of the engine strength, due to 
an increase in the number of cables. Another problem is the increased costs of 
installations and that  CBM  systems need maintenance of the system itself. In 
less high-tech industries, the use of  CBM  might not be cost-effective to use to 
the same extent. Their environment might also be more stable and easier to 
predict. However, the use of  CBM  and information systems seems to be in-
creasing, due to complex systems and increased availability of computer power. 
The increased use of condition monitoring implies an increased flow of infor-
mation and data, creating an improved basis for making reliable decisions. At 
the same time it is more difficult to point out the information most important 
for a certain situation, i.e. the decision-making process. Therefore, considerable 
efforts have to be put into making an user-friendly system. A decision support 
that does not work properly will not be used in the long run, with decreased 
possibilities of performing preventive maintenance as consequence. For exam-
ple, the experience at F21 in making use of a condition-monitoring system was 
the enormous lists of information generated, which implied time-consuming 
analysis and relative many false warnings. Such a non-user-friendly system 
does not constitute a support for the analyst. 

High-risk versus PP&M industries. Differences between M&O areas found 
in the high-risk companies and  Vattenfall  are observed in some cases, for ex-
ample 'union', 'documentation', 'result and progress' and 'making use of other 
analysis'. As mentioned in section 5.2, the conditions for high-risk industries, 
such as the aircraft industry, differ from those for the PP&M industries. For 
example, the high-risk companies are very much involved with major legisla-
tion demands, creating relatively non-dynamic organisations, where the work is 
to a great extent based on extensive routines. That implies that introduction of 
new improvement methods takes a long time where employees, and the union, 
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have time to be familiar with the new routines such a change implies. Also, 
problems with documentation seem not to be a major issue in high-risk envi-
ronments, and the use of previous analysis is taken for granted, within VAC for 
example. However, due to serious consequences and legislation demands, a 
cost-effective maintenance programme can be difficult to obtain. 

External support. In the introduction of RCM at a hydro power station no ex-
ternal help was used during the analysis. In this case, when RCM was to be in-
troduced for the first time, an external expert, i.e. facilitator, would most likely 
have speeded up and established a better control of the process. 

System review. The RCM analysis when introducing RCM at a hydro power 
plant was performed on an overarching level, generating results that are rather 
difficult to evaluate. A study focusing on some more specific parts of the plant 
would probably have given more concrete results. The actual plant was, ac-
cording to the personnel, working quite well. The pilot project should maybe 
have been performed at some other plant, not working so well, to obtain 
quicker results, easier to measure, and accordingly more useful experience. 

Team approach. A performer of a risk study should be able to point out that a 
broad competence will be used during the analysis. Performing analysis within 
a group, among individuals with different professional backgrounds, is much 
more powerful than individual work. The differences in results, between the 
three companies performing risk studies at a hydro power plant could have 
been caused by the lack of teamwork. Comparisons between individual work 
results differed more, generally, than comparisons between different team's 
work. 

Initial analysis. An initial analysis estimating the risks coarsely within com-
plex systems is valuable considering the priority of resources between the dif-
ferent sub-systems, especially when resources such as time and money are lim-
ited, as for the companies performing risk studies at a hydro power plant. 

Acceptance criteria. The determination of acceptance criteria was a very im-
portant issue in both the studies at  Vattenfall.  It is a difficult task, but funda-
mental for obtaining reliable and thereby useful results. 

A short-term maintenance approach. In common for all organisations stud-
ied is the necessity to decrease maintenance costs. At hydro power and nuclear 
industry plants the availability was considered to be even too high in some 
cases, implying that too much maintenance was done. It might be wrong to say 
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too much maintenance, it is probably more correct to say that the maintenance 
resources are spent on the wrong systems or parts. Nowadays, personnel in the 
maintenance departments have usually been reduced, and further reductions in 
personnel, to decrease maintenance costs, are not a wise approach in a long-
term perspective. The use of RCM will instead facilitate execution of mainte-
nance where it is most needed. The focus on decreasing maintenance costs can 
be too narrow when management does not appreciate improvement of their 
plants, by means of RCM for example. 

Computer support. Computer support is of vital importance in many areas, for 
example administration tasks, condition-monitoring systems, and information 
and analysis systems. For example, as can be seen in the study at VAC, who 
have been working with MSG-3 for a long time, the development of a dynamic 
maintenance support is mainly by means of some kind of computer-based sys-
tems. Different kinds of computer support will probably be, and are, of major 
importance for all kinds of industries trying to realise major maintenance pro-
grammes. 

Information and analysis systems. VAC works on the development of infor-
mation systems,  CBM  systems and electronic tools. Improvements in the han-
dling of information are made, for example electronic transferring and storage 
of information, in graphical and in text form. This will generate more dynamic 
decisions on maintenance measures, since the information so far has been 
available in file systems. To obtain a working and dynamic RCM programme, 
access to comprehensive and user-friendly information and analysis tools, 
based on databases, is necessary. This is something both  ABB  Atom and VAC 
are paying attention to. 

Focus on safety. The MSG-3 analysis of the  JAS  aircraft engine has focused 
mainly on safety. This is also the case for the system analysis performed at 
KSC, which focused on the safety aspects due to the extreme consequences. 
With new demands on, for example, increased availability, performance and 
decreased maintenance costs, the analysis has to be focused on these areas too. 

Communication. An important issue when using RCM groups is that the 
members should collaborate, making use of the experience gathered. However, 
difficulties in making operators and maintenance personnel communicate with 
each other seem to be a problem in many organisations. 

Input information and data. To obtain reliable results from a risk study, the 
input information and data are a determining factor. If erroneous information 
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and data are used, the analysis will generate misleading results independent of 
the method used. Available and correct information drastically reduces the time 
needed for the analysis, which leads to reduced costs. This is of great impor-
tance when making use of databases. VAC, NASA and  ABB  Atom mentioned 
problems occurring due to personnel not collecting and recording useful data in 
a correct manner. Here management must make clear to personnel why re-
cording in necessary. 

Another aspect of the importance of input information is the involvement of 
plant personnel. In the risk studies performed for one and the same hydro 
power station, the companies involved stated the importance of making use of 
the plant personnel's experience. However, very few people were available 
during the on-site observations. The companies should have focused more on 
the preparation of the risk studies, involving plant personnel, before visiting the 
plant. If the identification of risk sources is not thoroughly performed the result 
of a risk study will not be reliable. 

Qualitative and quantitative methods. A complex product, for example an 
aircraft engine, is impossible to develop with optimised maintenance intervals 
given already at such an early stage. The designers of the different engine parts 
will most likely use some kind of safety-factors, resulting in unnecessary long 
maintenance intervals. Also different kinds of user environments affect these 
intervals in different ways. Quantitative and qualitative methods should be used 
when developing a maintenance programme. Statistical methods make use of 
operating data to optimise the maintenance tasks generated from qualitative 
methods used when no data or only poor data is available. 

Maintenance department. The introduction of RCM to an organisation might 
be experienced as a threat to the maintenance personnel, convinced that the 
method introduced will decrease maintenance activities. Maintenance personnel 
are the ones who to a great extent perform the RCM analysis and execute the 
maintenance tasks revealed from the RCM analysis. The analysis will most 
likely not be properly done when maintenance personnel have the feeling that it 
might result in loss of jobs. Managers should see to the advantages RCM gen-
erates, and thereby understand that a successful introduction and use of RCM is 
of more value for them than possible personnel reductions. Before starting up 
an RCM programme, senior management should proclaim that nobody would 
lose his or her job due to the improvement programme. Another aspect is that 
the use of RCM might imply increased maintenance activities. For example, an 
increased use of preventive maintenance tasks to prevent the occurrence of hid- 
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den failures, which not have been recognised by the organisation before per-
forming RCM analysis. 

Quality assurance. As could be seen in the risk studies at  Vattenfall,  the qual-
ity of the study is of great importance if it is to be possible for the user to 
evaluate and make use of the results. This seems to be a major issue for appli-
cations of risk management, as could be seen in chapter 4. Thus, it is a major 
issue for the use of RCM, where risk assessment is a vital part of the method. 

8.2.2 Studies of organisations versus literature 
How the different conditions when performing the studies of organisations af-
fect the analysis of the studies, described in the beginning of the previous sec-
tion, is difficult to say. The different focuses and environments should increase 
the findings of M&O aspect, but generate validity aspects to a lesser extent. 
The use of interview schemes would probably have revealed more information 
on the same M&O areas in the different studies, increasing the validity. How-
ever, such an approach could have prevented findings on new M&O aspects, 
focusing too much on findings already revealed. It is the author's opinion that 
identifying new aspects is of greater interest in this stage of the research. The 
approach of dividing the research findings on M&O aspects into areas is aimed 
at facilitating the analysis of the information gathered according to section 6.1. 

The M&O areas revealed from the studies of organisations are summed up in 
table 8.1, where core areas have been identified by means of affinity diagram. 
The table is based on the core and M&O areas identified in the literature stud-
ies in chapter 6. However, some additional M&O areas and core areas have 
been revealed from the studies of organisations. When studying table 8.1, note 
that: 

- "o" implies that M&O area has been identified in one of the studies of or-
ganisations. 

- "*" implies that one or more M&O areas have been identified in the studies 
of organisations, and due to affinity with other M&O areas are gathered in a 
core area. 

- "*" implies that an M&O area, or core area, is identified in the studies of 
organisations, but not in the literature studies 

- Rows in grey mark a core area. 
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Personnel categories 
M&O and core areas VV 

Pilot 
VAC F21  ABB  KSC VV 

Risk 

Maintenance/ uality department: • • • 
- Maintenance department o o o 
- Quality department 
RCM/MSG-3 group: 6 • • 
- RCM group o o 
- MSG-3 group* o 
Management • • • 
Union • 
Facilitator  e  

Personnel aspects 
M&O and core areas VV 

Pilot 
VAC F21  ABB  KSC VV 

Risk 

External support o • 
Team approach • 
Skills: • • • • 6 
- Education and training o o o 
- Pilot project o o o 
-Skills o 
- Making use of other analyses o 
Involvement • • 
Belief in the method: • 
- Resisting change 
- Examples 
- Belief in the method 
- Maintenance tasks o 
Reduction of personnel* • • 
Motivation*: • 
-Attention* o 
-Neutral party* o 
Kick-off: 
- Kick-off 
-Campaign 
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Management aspects 
M&O and core areas VV 

Pilot 
VAC F21  ABB  KSC VV 

Risk 

Objectives and progress:  ir  • • • 
- Progress and results o o 
- Goals and objectives o o 
- Long- and short-term approach 
- Simultaneous activities o 
- Analysis of present situation 
- Vision, strategy and policy 
Company or local conditions: • 
- Local conditions o 
- Company conditions 
- Company-wide change programs 
Information and communication: • • ii • • • 
- Documentation o o 
- Communication o o 
- Information and data o o o o o o 
- Information and analysis systems* o 0 
- Simplicity* o o 
- Administration* o o 
- Computer support o o 
Resources • • 
Planning: • • 
- Planning o o 
- Timing 
Several methods • • 
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RBM methodology aspects 
M&O and core areas VV 

Pilot 
VAC F21  ABB  KSC VV 

Risk 

System review • 
Acceptance criteria* 9 • 
Quality assurance* • 
Safety focus* • • 
Initial analysis* • 

Table 8.1. A summary of the areas, including M&O aspects, revealed from the 
studies of organisations. M&O and core areas have been identified by means of 
affinity diagrams. The table is based on the core and M&O areas identified in 
the literature studies in chapter 6. However, some additional M&O-areas and 
core-areas have been revealed from the studies of organisations. 

A remark made earlier was that the M&O areas identified in the studies of or-
ganisations had a relatively low validity. That can be seen in table 8.1, where 
many different areas are identified, but each M&O area is supported mainly by 
only one or two studies. Core areas that are distinguished from the others, i.e. 
including six to three dots in the table are: 

• Maintenance/Quality department 
• RCM/MSG-3 group 
• Management 
• Skills 
• Objectives and progress 
• Information and communication 

All of these are found in traditional engineering industry, i.e.  Vattenfall,  and 
high-risk environments. Therefore, the M&O aspects in these areas can be con-
sidered as important for organisations in general when introducing RBM and 
RCM. The core area 'information and communication' includes the M&O areas 
'information and analysis systems' and 'computer support'. These two are only 
identified in the high-risk industries. However, these areas should be of impor-
tance for all facilities making use of major maintenance programmes, and 
probably occur in most industries to some extent. However, such systems are 
probably more important in high-risk industry, where a thorough control of the 
risks is necessary due to very severe consequences and legislation demands. 
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The core areas that that are distinguish in the literature studies (four to three 
dots in table 6.1) are the same as for the studies of organisations. The core area 
'RCM/MSG-3' is specific for the methods RCM and MSG-3, but have to do 
with team work. These can therefore be considered to be similar with the core 
area 'Team approach', which together with the M&O area 'RCM-group' is 
supported by three dots in table 6.1. The conformity between the core areas 
distinguished in studies of organisations, and literature, confirms that these core 
areas are of major importance. 

However, additional distinguished core areas found in the literature studies, not 
found in the studies of organisations are: 

• Facilitator 
• Involvement 
• Belief in the method 
• Planning 

These core areas, together with the core areas in table 8.1 supported only by 
one or two dots, confirms the conclusion already made in section 6.2. That is, 
the focus on management and organisational aspects when introducing RBM 
methods such as RCM is not as comprehensive as for the other similar im-
provement methods, like TQM and TPM. The core area lick-off is not found 
in any study of the organisations. However, according to the discussion in sec-
tion 6.2, this core is not considered to be suitable for an RCM introduction. 

Core areas only revealed in studies of organisations 
Core areas only identified in the studies of organisations are: 

• Reduction of personnel 
• Motivation, based on the M&O areas 'attention' and 'neutral party'. 
• Safety focus 
• Acceptance criteria 
• Quality assurance 
• Initial analysis 

As can be seen, the core areas 'quality assurance', 'initial analysis' and 'ac-
ceptance criteria' have been mentioned in the theory chapters 3 and 4. These 
chapters deal with maintenance issues, which is the basis for RCM. These core 
areas can therefore be considered as valid and probably of importance for an 
RCM introduction as well. The core areas within the major area `RBM meth-
odology aspects' are only identified in the studies at  Vattenfall.  However, these 
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issues are of the same importance, if not even more, for the organisations in 
high-risk industries. The relative overarching level of the complementary stud-
ies, and the study at VAC, is probably the reason why these aspects were not 
observed in more studies. A question is why the M&O areas not are identified 
in the literature studies? The core areas, in the major area `RBM methodology 
aspects', are valid mainly for RBM methods and should have been identified in 
the literature study focused on RCM. Conceivable causes why they have not 
might be: 

• The areas 'acceptance criteria', 'quality assurance' and 'initial analysis', are 
mainly issues within the risk management area. That might explain why 
these areas have not been identified in literature focusing specifically on 
RCM. 

• The areas 'attention' and 'neutral party' are quite similar, both aiming at 
increasing the motivation within the RCM group. Such support should be of 
minor importance if senior management was following the progress and 
showing their support continuously. Also an open atmosphere within an or-
ganisation, facilitating the discussion of M&O aspects, would probably de-
crease the need for a neutral party. In the literature, the importance of senior 
management is mentioned frequently, focusing on that as the only alterna-
tive to increase motivation. 

• Reduction of personnel is an aspect affecting organisations in general, and is 
therefore not considered specifically in RCM literature. Nowadays, how-
ever, reduction of personnel is very common, and especially for mainte-
nance personnel due to a general focus on reducing maintenance costs. 
Therefore, this is an important aspect to deal with when considering the in-
troduction of RCM. 

• Safety issues are considered in the RCM methodology, but the conditions 
may be different when dealing with extreme consequences, as is the case for 
KSC. In such an environment RCM is introduced very slowly, not affecting 
an organisation to such a great extent compared with organisations within 
less risky environments. 

The core areas 'reduction of personnel' and 'motivation' are not identified in 
literature studies focused on the other improvement methods and work. The 
cause might be the same as for the study focused on RCM. 

8.2.3 M&O areas of importance when introducing RCM 
The different M&O areas of importance for an RCM introduction, described in 
the literature study section 5.3.1, are also identified during the studies at or-
ganisations, summed up in table 8.1. That indicates that the M&O areas on 
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RCM found in the literature study should be of importance when introducing 
RCM. However, the M&O area 'long- and short-term approach' is not identi-
fied in the studies of organisations. But a similar issue was discussed at  ABB  
Atom, where the narrow focus on decreasing maintenance costs was considered 
as a short-term approach. 

From the discussion in section 6.2, the M&O areas found in the literature on 
improvement methods such as TQM and TPM, and improvement work in gen-
eral, should also be valid for the introduction of RCM. The M&O areas only 
revealed in the studies of organisations are most likely also valid for the intro-
duction of RCM, due to their focus on RBM. Due to the affinity between dif-
ferent M&O areas, and core areas, the M&O aspects revealed from studies of 
organisations and literature are divided into four major areas. All considered to 
be of importance when introducing RCM, see figure 8.1. 

 

Major areas to be focused on when 
introducing RCM 

  

 

Personnel categories 

Personnel aspects 

  

 

Management aspects 

RBM methodology aspects 

     

Figure 8.1. Four major areas, including different M&O areas considered to be 
of importance when introducing RCM in an organisation. 
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The steps generally 
focused on when 
introducing RCM 

Planning and preparation 

Review and analysis 

Auditing and implementation 

Assessment and adjustment 

 

 

 

  

   

Chapter 9. An RCM introduction step 

9 AN RCM INTRODUCTION STEP 
In this chapter an RCM introduction step is described, based on the areas in-
cluding M&O aspects of importance when introducing RCM. 

9.1 Focus on planning and preparation 
The preparation is something many organisations often neglect, being caught 
up in the spirit of starting a new programme. For example, the TPM prepara-
tory activities, described briefly in section 6.3, are disciplines that must be in 
order before starting up the TPM programme. The intention of these activities 
is to give the organisation the necessary information, structure and discipline 
when introducing TPM. The implementation stage begins when the preparatory 
stage is completed (Wireman, 1991). Examples of steps to be achieved during 
the RCM process are given in section 4.6.3. These steps are focus mainly on 
the review and analysis of a system, and in some extent on the assessment and 
implementation, but with less regard to planning and preparatory activities, see 
figure 9.1. Even if some authors, for example  Rausand  & Vatn (1998), discuss 
a preparation step within the RCM process, the extent of such a step is very 
limited. 

Figure 9.1. The steps to be achieved during the RCM process are usually fo-
cused on the review and analysis of a system, and in some extent on the as-
sessment and implementation, but with less regard to planning and preparatory 
activities. 
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As has been seen from fmdings in studies of organisations and literature, there 
is a need for focusing on the M&O aspects when introducing a risk-based 
maintenance improvement method such as RCM. These aspects are mainly in a 
planning and preparation phase, i.e. activities before the RCM analysis begins, 
see figure 9.1. 

Planning and preparation 

Personnel categories 

• Management 	• Union 
• Facilitator 	 • RCM group 
• Maintenance department 

Personnel aspects 

• External support 	• Belief in the method 
• Team approach 	• Reduction of personnel 
• Skills 	 • Motivation 
• Involvement 

Management aspects 

• Objectives and progress 	• Safety focus 
• Resources 	 • Planning 
• Information and corn- 	• Several methods or tech- 

munication niques 
• Company or local conditions 

Risk-based methodology aspects 

• System review 	• Quality assurance 
• Acceptance criteria 	• Initial analysis 

Figure 9.2. An RCM introduction step intended to facilitate the introduction of 
RCM by focusing on M&O aspects of importance. 
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Therefore, an RCM introduction step is developed by the author, focused on 
these M&O aspects, see figure 9.2. The RCM introduction step has the same 
function as the TPM preparatory stage, described in section 6.3, namely, to en-
sure that M&O aspects that must be in order before starting up the review and 
analysis work are focused on 

The approach when introducing an improvement method should usually be 
adapted to the specific organisation. Therefore, the M&O and core areas in the 
RCM introduction step are not ranked or placed in time sequences. Some M&O 
areas probably overlap and some have to be focused on continuously. However, 
most important is the awareness of the M&O aspects within the areas, dealing 
with them before starting up the review and analysis. The contents of the M&O 
areas are described in chapter 5 and 8. 

Several M&O aspects in the RCM introduction step should be valid for other 
improvement methods, since some of the M&O areas are based on introduction 
aspects in the literature on, for example, TQM and TPM. Core areas specific to 
the introduction of RBM methods such as RCM, are the ones gathered in the 
major area `RBM methodology aspects'. This major area is of great importance 
for being able to make use of any RBM method at all. 
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10 DISCUSSION AND CONCLUSIONS 
The chapter contains discussion and conclusions on the research described in 
the thesis. 

The use of RCM can generate major benefits for organisations, however several 
managerial and organisational aspects play a vital role for a successful intro-
duction of the method. The research described in the thesis has focused on 
identifying these M&O aspects with the intention of facilitating the introduc-
tion of RCM. The research has focused on fulfilling the aims stated in section 
1.4: 

• To identify management and organisational aspects of importance when or-
ganisations are going to introduce RCM. 

• To develop an RCM introduction model based on the management and or-
ganisational aspects of importance. 

M&O aspects of importance when introducing RCM have been identified, as 
described in chapter 8.2.3. The development of an RCM introduction model has 
instead become focused on an RCM introduction step, with the intention to fa-
cilitate the introduction, see figure 9.2. The introduction step completes the 
other steps in the RCM process, described in section 4.6.3 and illustrated in 
figure 9.1. The M&O and core areas in the introduction step are not ranked or 
placed in time sequences, since the approach when introducing an improvement 
method should usually be adapted to the specific organisation. Most important 
is the awareness of the M&O aspects within the areas, dealing with them before 
starting up the review and analysis. 

The RCM introduction step proposed is based on M&O aspects identified in 
studies of organisations and literature. The introduction step has not been tested 
in an organisation introducing RCM. Therefore, it is not possible to point out 
some specific kind of industry where the introduction step should be valid. 
However, the author believes that most of the M&O aspects identified are of 
importance to organisations in general going to introduce RCM. RCM is a 
method used for achieving an effective maintenance programme. Its principles 
are based on well-known maintenance strategies and risk assessment. Several 
of the M&O aspects, and the introduction step proposed, will probably be in 
common with the introduction of other risk-based maintenance methods. 

-131- 



Chapter 10. Discussion and conclusions 

Several M&O aspects, identified during literature studies on the introduction of 
different improvement methods, have not been revealed in the studies of lit-
erature and organisations focused on RCM. An explanation is that RCM is 
more technology-oriented compared with, for example, TQM and TPM. That 
might have resulted in a general focus among practitioners and researchers on 
the technological aspects, overshadowing the affects M&O aspects really bring 
about when introducing RCM in an organisation. Another explanation might be 
found in the evolution of using RCM, where its use as a management function 
not been recognised to a larger extent. An interesting observation from the lit-
erature studies is that for TQM, TPM and improvement methods and work in 
general, introduction models focusing on management and organisational as-
pects are available. Such models do probably facilitate the introduction of these 
improvement methods and work. The author has not found introduction models 
of that kind developed for the introduction of RCM. The RCM introduction 
step developed by the author, and described in chapter 9, should therefore, most 
likely, facilitate the introduction of RCM. 

Maintenance is a complex discipline, difficult to comprehend. This making it 
difficult to see the important steps to perform obtaining an efficient and effec-
tively maintenance programme. During the research work and particularly 
when writing the licentiate thesis, it has become clear to the author that one key 
issue for success with a maintenance programme, is to obtain a holistic view of 
the different parts of maintenance and how they interact. However, difficulties 
also arise due to unclearness of definitions. Definitions and meanings in the 
maintenance area differ between different authors. Terms such as corrective 
maintenance and preventive maintenance may have different meanings between 
people and within various schools of theory. The same vague boundaries can be 
experienced between different maintenance activities, such as inspection, over-
haul and repair. This situation generates confusion among practitioners as well 
as among researchers. Ultimately it leads to reduction in the potential effective-
ness of the maintenance effort. Confusion regarding terminology does also ex-
ist within the quality and risk-management area, which makes it even more 
confusing when looking into RBM methodologies such as RCM. 

RCM is a method for improving maintenance performance, but is not the an-
swer to all maintenance-related problems. The use of RCM provides a good 
basis for a major maintenance programme, which should be adapted to each 
type of organisation. The connection to TQM, TPM and several other im-
provement programmes is obvious, where integration with RCM probably is of 
great value for an organisation. RCM can be looked upon as one part in an 
overarching culture for improvement. 
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11 FURTHER RESEARCH 
In this chapter ideas for further research are described, which have evolved 
during the research process. 

The RCM introduction step proposed in chapter 9 is based on M&O aspects 
identified in studies of organisations and literature. Some aspects are probably 
of more importance in some industries than in others. It would be valuable to 
carry out a survey of the aspects identified in the research to several kinds of 
organisations, in different industry areas, trying to see patterns considering the 
importance of the M&O aspects in different kinds of industries. A survey 
would probably also validate the aspects revealed and come up with additional 
findings. The RCM introduction step proposed has not been used by companies 
introducing RCM. Therefore, it would be interesting to test the step in industry. 

During the research process, some issues of importance when making use of 
RCM have come up to the author's mind. These are briefly described with re-
gard to conceivable further research: 

• Developing of the RCM methodology in itself. 
• The introduction of RCM in the design stage. 
• Quality assurance of risk assessment work. 
• Dynamic maintenance programmes. 
• Selecting and monitoring of appropriate indicators when using  CBM.  

Development of the RCM methodology in itself has not been dealt with in this 
thesis. There are, however, several organisations making their own way of us-
ing RCM, usually with some changes. It would be interesting to look into this 
more closely and see if there are any common aspects, for example due to, the 
size of the organisation, or the type of industry in which RCM is used. 

Papers on RCM used in PP&M industries are mainly focused on analysis of 
already existing plants. Best potentials is revealed if RCM is used already in the 
design stage. How to introduce and apply RCM in this early stage would be 
interesting to study. 

RCM is a risk-based methodology, implying that risk assessment is an impor-
tant part. As mentioned in section 4.5, there are several difficulties when per-
forming risk assessment, making the result difficult to interpret and question-
able considering its reliability. How to standardise such a procedure, to  im- 
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prove and increase the use of such an analysis, would be an interesting research 
area. 

Even if a maintenance programme based on RCM is managed correctly, it may 
be difficult to manage in a dynamic manner due to the larger volume of activi-
ties. Quick changes in, for example, productivity, availability and safety call for 
a dynamic maintenance programme. Because of this, the use of information and 
condition-monitoring systems has increased. Ways to improve the interaction 
of such systems, their user-friendliness, and their reliability, and thus improve 
the use of  CBM  are interesting and challenging research areas. 

Extensive use of  CBM  usually implies masses of data difficult to interpret ef-
fectively. Therefore, condition monitoring must be focused upon critical func-
tions that, should they fail, will impact upon production, safety and both envi-
ronmental and financial performance. As more measurement indicators become 
available a challenge will be to select and monitor the appropriate indicators 
that best measure and facilitate improvements in efficiency and performance. 
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