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Abstract 

Today, the perspective of business is shifting from a focus on physical products to 
service production delivered as functional products, often referred to as total care 
products. This thesis is concerned with the provision of functional products, that is, 
products that include both hardware and services. The 'seller' of the function must 
consider the long-tern1 implications of the function provided, including the effects of 
failure of any part of the functional product. In a functional product, it is necessary to 
consider the reliability of services as well as that of hardware in order to provide a 
reliable product. Hardware reliability is an established research area; however, little 
attention has been focused to date on the reliability of services. 

A case study consisting of a support system for aircraft engines is described and factors 
are identified that affect service reliability in the context of functional products. The 
reliability and maintainability of functional products are important factors in this case, 
because a customer is a guaranteed a certain level of availability of the functional 
product. Shortcomings of established techniques are highlighted and suggestions for 
suitable methodology that could be used to investigate failures of service systems are 
presented. 

Keywords service reliability, service system 



Thesis 

This thesis comprises an introductory part and the following papers: 

Paper A  
Nytomt  F., Alanso-Rasgado M. T.,  Persson  F., Thompson  G.  
"The reliability of services in the context of a total care product (functional) product" 
Submitted for journal publication 

Paper  B  
Persson  F., Alanso-Rasgado M. T.,  Nytomt  F., Thompson  G.  
"Concept design of a total care (functional) product for an aircraft engine support system" 
Submitted for journal publication 



Contents 

1 	Introduction .................................................................................... 1 

	

1.1 	Aim and purpose .......................................................................................... 2 

	

1.2 	Research question ........................................................................................ 2 

	

1.3 	Research method ......................................................................................... 3 

	

1.4 	Research approach 	 3 

2 Reliability literature review 	 4 

	

2.1 	Hardware and software reliability 	  ....................................... 4 

	

2.2 	Human reliability, human error .................................................................... 5 

	

2.3 	Service recovery ........................................................................................... 8 

3 Case study at Volvo  Aero 	 9 

	

3.1 	Research method 	 9 

	

3.2 	Aero  Engines service support system 	 10 

	

3.3 	Fault tree 	 14 

3.3.1 	Description of the fault tree 	 15 

3.3.2 	Fault Tree Analysis  	 17 

4 Factors that influence reliability 	  18 

	

4.1 	What is a failure of a service? 	  18 

	

4.2 	What causes the failure of a service? 	  19 

	

4.3 	Internal and external failures 	 21 

5 	Modelling and simulation of services   	 22 

6 Conclusions 	 25 

7 Future work 	 26 

8 References 	 27 



Figures 

Figure 1 Functional Product ...................................................................................... 1 
Figure 2 Top areas within Pilot RM12 	 10 

Figure 3 Pilot RM12 Service system 	 12 

Figure 4 Detailed level description of the material supply function 	 13 

Figure 5 Pilot RM12 Service system 	 14 

Figure 6 Fault tree Pilot RM12 	 16 

Figure 7 Service performance and expectations of the service 	 19 

Figure 8 Communication problems 	 20 

Figure 9 Different information is trusted in different ways. 	 20 

Figure 10 Failures can be both internal and external. 	 21 

Figure 11 Blueprint example of discount brokerage (Shostack L., 1982) 	22 

Figure 12 Simplified model of a service system 	 24 



---_______  ----- 

Service 

Hardware 

Service reliability and maintainability —  Fredrik  Nytomt  

1 Introduction 
Manufacturing companies have traditionally invested their efforts in the development 
and manufacture of hardware products. Today, the perspective of business is shifting 
from a focus on physical products to service production delivered as functional 
products that are often referred to as total care products. Instead of hardware products 
being sold separately, in isolation, customer-friendly product packages combining 
different hardware and service systems may be offered. Figure 1 illustrates the concept 
of functional products. 

------ 

Figure 1 Functional Product 

The functional product or total care product must be offered in an attractive way to 
potential customers. In the case of the functional product, the customer does not own 
the actual physical product and it is to the advantage of the supplier to continuously 
improve the hardware to lower the total life cost. This is also a competitive advantage 
for the customer, since he does not have to invest in capital-intensive hardware that 
could be outdated before he knows it. For the supplier to achieve delivery of an 
attractive functional product, it is necessary to have a good knowledge of both the 
hardware and services that should support the maintenance of its optimal condition 
and function. The lower the availability of the function the less economic benefit for 
the supplier, since the customer only pays for the function when it is used. With lower 
availability, the customer may try to find a different solution when it is time to renew 
the contract. The supporting service system has to be reliable if good working order of 
the hardware is to be maintained. 

This project concerns the reliability of services in the context of functional products or 
total care systems. Faults in either the hardware or the service system could result in 
failure of the functional product. This means that the reliability and maintainability of 
the service provision is just as important as the reliability and maintainability of the 
hardware. 

1 
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1.1 Aim and purpose 
For a functional product to be successful, the provider of that functional product must 
consider equally objectively the reliability and maintainability of the services that will 
be an integral part of that product. Also, when considering the safety of functional 
products, it is necessary to consider service failures. Failures in the support and service 
provision place the overall safety of the functional product in jeopardy. 

This project will consider the reliability and maintainability aspects of the service 
component of functional-product provision. The aim is to generate knowledge that 
will enable the functional-product provider to consider equally the reliability of all the 
constituent parts of the functional product. 

1.2 Research question 
To establish the general orientation of the research, a research question was 
formulated. 

• How can service reliability be predicted? 

The focus of the research is on the reliability of service support systems. Service 
reliability should be considered from a functional perspective; i.e., the probability that 
a service will generate defined functional outputs within prescribed limits, for a given 
period of time, using defined resources and under prescribed operational environment 
conditions. 

2 
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1.3 Research method 
There are several different approaches to scientific research. In general, there are two 
approaches: deductive and inductive. Deductive reasoning is the process of reaching a 
conclusion that is guaranteed to follow, if the evidence provided is true and the 
reasoning used to reach the conclusion is correct. Inductive reasoning, on the other 
hand, is the process of reasoning whereby a general rule is inferred from some set of 
specific observations. These approaches can also be combined, and there are numerous 
other approaches. 

In addition, other frequently used approaches are the qualitative and quantitative 
methods. The appropriate method depends on the type of question that is to be 
answered. The qualitative method is used to answer 'what', 'why' and 'how' 
questions. This is done by means of e.g., focus groups, content analysis and participant 
observation. Quantitative methods are concerned with numbers and anything that is 
quantifiable, and large numbers of variables and parameters are investigated to find 
statistical evidence. The deductive and inductive methods may be used in combination 
with either the qualitative or quantitative methods. 

This research is explorative, and owing to the nature of the phenomenon to be 
investigated, the inductive and qualitative methods are appropriate. 

1.4 Research approach 
It was first necessary to gain an overview of the existing work concerning reliability. 
The idea was to start from the hardware point of view, and then move to the area of 
service reliability to see if the same ideas were applicable. 

The step-by-step approach was as follows: 

• Study existing material regarding reliability principles 

• Map an existing service system 

• Determine the factors that influence the reliability of services 

• Create a model that predicts the reliability of the service 

3 
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2 Reliability literature review 
This is an overview of the research that has been undertaken or is ongoing in the field 
of reliability. 

2.1 Hardware and software reliability 
Although reliability has been an important consideration since the start of the 
industrial revolution, heightened awareness of reliability occurred in the late 1950s and 
the early 1960s with the development of the manned space flight programmes. In 
addition, this period saw innovations in computer technology used in military 
hardware, missiles and communications systems. These developing technologies 
demanded high reliability; a degree of reliability that surpassed what was achievable at 
the time. This prompted the military to start to demand higher reliability from 
suppliers, which was the catalyst for research in this area. The commercial world soon 
realised that reliability was a necessary consideration, and soon, reliability was no 
longer confined solely to the military sector. Some of the earliest commercial 
applications were in the fields of transportation and medical equipment, which had 
inherent reliability problems that impacted greatly on people's lives. Today, reliability 
touches almost every aspect of the commercial world, often being used as a 
competitive strength; to this end, reliability is becoming more and more important. 

Pioneers like Bazovsky [1], and Lloyd and Lipow [2] developed reliability techniques 
and theories to assess and provide reliable equipment. In 1961, Bazovsky published 
"Reliability Theory and Practice" [1], a text which contributed to a wider 
understanding of reliability. The book discusses the concept of reliability and the 
useful life of components. The reliability of individual components is considered in 
addition to the reliability of series and parallel systems using "Block Diagrams". Lloyd 
and Lipow [2] provided the fundamental concepts of reliability methods and 
management including the mathematics of reliability, reliability estimation, structure 
and growth models and testing. 

Traditionally, reliability has been split into hardware and software reliability. Many 
authors have written on the subject of hardware reliability. A.D.S. Carter [3] and 
Thompson [4] describe how to improve reliability at the design stage of the hardware 
product life cycle. Carter concentrates on the design of individual parts leading to the 
design of machines to meet a statistically quantified requirement of reliability. 
Thompson describes more general methods that can be used in the different design 
phases to improve both maintainability and reliability. The text approaches the 
subject of design for maintainability and reliability from a design perspective. The 
work of  J. D.  Andrews and T.  R.  Moss [5] is an up-to-date, comprehensive text that 
describes the main probabilistic methods that are currently employed in reliability and 
risk assessment, for example, fault tree analysis and failure mode and effect analysis. 
Additionally, four cases studies are presented to demonstrate the applicability of the 

4 
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techniques described in the text. Patrick O'Connor [6] explains that software and 
hardware reliability are different, in the sense that for software reliability, the failures 
are primarily due to design errors, in contrast to hardware, where failures can be due 
to design, production, maintenance, use (wear), etc. 	Copying software for 
distribution, and maintenance of software, such as interface modification and 
performance improvement, has a negligible effect on software reliability, since these 
operations do not contribute any changes to the underlying, fundamental code. 
Software failure is also not time-related and reliability cannot be improved by 
redundancy if written by the same team of programmers. Various aspects of reliability, 
maintainability and safety-related failures are discussed by David  J.  Smith [7]. The 
author also describes the impact of human error on reliability. In addition, some of the 
different techniques used for human error rate prediction are described, such as the 
Technique for Human Error Rate Prediction (THERP). 

Well-known methodologies for reliability analysis such as Failure Mode and Effects 

Analysis (FMEA), Failure Mode Effects And Critical Analysis (FMECA) Fault Tree 
Analysis (FTA) and Hazard and Operability Analysis (Haz0p) are described in the 
references [3-7]. In addition to these general techniques, methodologies that are more 
specific have been developed, for example, Reliability- Centred Maintenance (RCM) [8]. 

2.2 Human reliability, human error 
Human reliability is an important aspect that requires careful consideration. The aim 
of human reliability research is to quantify human elements in the same way as 
reliability engineers quantify the hardware elements [7]. In 1962, the first prototype 
human reliability bank (now referred to as a database) was developed and simply called 
the Data Store. These databases led to the construction of human error models, 
whereby rates could be estimated by assessing relevant factors such as stress, training 
and complexity of the task [7]. This area of reliability continued to generate only 
relatively mild interest until the Three Mile Island nuclear power plant incident in 
1979, after which interest increased significantly as can be witnessed by publications 
such as Man-Made Disasters [9] among many others. Since then, considerable work has 
been done to develop data and methodologies for assessing human reliability, 
especially in the nuclear industry [10]. 

There have been several attempts to develop databases of human reliability 
information, but these have met with limited success [10]. Creating human reliability 
databases requires collation of a vast body of experience in order for meaningful 
statistics to emerge. In addition, organizations have problems in committing the 
necessary resources to data collection [7]. Data collection concentrates on recording 
the event rather than analysing the causes. Events focus on the action or process itself; 
"I forgot to check the oil level", while causes focus on the outcome of the error; "The oil 
spill was caused by human error". Different methodologies have also been developed for 
determining human reliability via so-called Human Reliability Analysis (HRA). 

5 
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Probably the most well-developed and widely spread methodology is the Technique for 
Human Error Rate Prediction (THERP) [11]. THERP is a detailed procedure for 
analysing a complex operation by breaking it down into smaller parts. The basic 
assumption of THERP (as in most other decompositional approaches to HRA) is that 
the operator's action can be regarded in the same light as the success or failure of a 
given pump or valve. THERP is clearly described in the Handbook of Human 
Reliability Analysis with Emphasis on Nuclear Power Plant Application by Swain and 
Guttman [11] and in other publications [12]. Additional techniques include Confusion 
Matrix [13], Socio Technical Assessment of Human Reliability (STAHR) [14], Human 
Cognitive Reliability (HCR) [15], Success Likelihood Index Methodology (SLIM) [16] and 
Systematic Human Action Reliability Procedure (SHARP) [17]. These methodologies are 
so-called behavioural analyses and focus on the operator's external actions and their 
consequences. However, they ignore high-level errors in cognition, understanding 
and mental representation of the system and physical phenomena. 

As modern technology has evolved, the nature of human error has changed.  
Rasmusen  [18] pointed out that modern technology has removed many of the 
repetitive manual tasks and that human error is now more related to supervisory and 
troubleshooting tasks. When the role of operators shifted more towards supervisory 
tasks, it was no longer sufficient to study observable aspects of human performance; 
cognitive processes also needed to be considered [19]. Consequently, so-called 
cognitive methods have been developed for looking at high-level functions, such as 
decision-making and diagnostic processes for problem solving. In addition, new 
second-generation methods in the area of HRA have been developed [20]. These 
include methods such as A Technique for Human Event Analysis (ATEANA) [21],  
HERMES  [22],  MERMOS  [23] and Cognitive Reliability and Error Analysis Method 
(CREAM) [24]. The common feature of all these methods is that they focus on the 
context of human actions. This type of analysis allows, for example, the development 
of ad-hoc training programmes, the correct definition of safeguards, and additionally, 
learning from past errors. Human and organisational factors are therefore closely 
integrated, and a full safety assessment will require examination of both factors in 
addition to a system analysis. 

6 
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Human reliability is inextricably linked to human error and has been used to refer to 
methodology, a theoretical concept and a measure. A human reliability methodology 
is a procedure for a quantitative analysis to predict the likelihood of human error [25]. 
Important research in the area of human error has been undertaken by of  Rasmusen,  
whose Skill-Rule-Knowledge (SRK) Framework [26,27] is a model of how human action 
is regulated. At the skill-based level, human performance is governed by stored 
patterns of pre-programmed instructions; at the rule-based level, humans tackling 
familiar problems, and at the knowledge-based level, humans use stored knowledge to 
tackle problems. With increasing experience, the focus moves from knowledge-based 
towards skill-based levels. The three levels could also co-exist at any time. Prof.  J.  
Reason at the Department of Psychology, University of Manchester, has also 
performed extensive research into human error [28,30]. In his work on Human Error 
[28], he has produced a major theoretical integration of several previously isolated 
studies, and much of the theoretical structure is new and original. Particularly 
important is the identification of cognitive processes common to a wide variety of 
error types. One model that has been developed to take into account the multiple 
threads of reliability is the SHEL model proposed by Edwards [31]. SHEL is an 
acronym for Software, Hardware, Environment and Liveware. Environment 
represents the socio-political and economic environment in which the different 
components of a process interact. Liveware is the human component in its relational 
and communicational aspects. The SHEL model concentrates on the interfaces 
between human and system components. SHEL has been developed further; for 
example, Frank Hawkins [32] produced a modified SHEL model called SHELL [32-
34], where the last L stands for people's interaction with other people in the system. 
Simplified SHEL methods have also been developed, such as SHELFS [35]. SHELFS 
is a proactive method for managing safety issues that is articulated in three phases; 
definition of the process, identification of the critical issues and identification of 
possible solutions. 

A comprehensive text on Human Factors is the Handbook of Human Factors and 
Ergonomics [36] with over 2000 pages and over 100 contributors presenting views from 
their areas of expertise, probing the theoretical bases and practical applications of 
human factors, psychology and ergonomic products. Human factors related to 
ergonomics and human errors are particular focuses of the text. Of particular interest 
are the contributions from M.R. Lehto (Purdue University, USA), K.S. Park (Korea 
Advanced Institute of Science & Technology) and  J.  Rasmusen  (HURECON, 
Denmark), in which they discuss "Decision making" and its elements, "Human error" 
and the skill-rule-knowledge (SRK) framework, respectively. 

7 
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2.3 Service recovery 
When a service has not worked as expected, 'service recovery' may be an important 
consideration. This may have a potentially positive impact on customer satisfaction. 
Some research has been done in this area in relation to services for consumers. R.A.  
Spreng  [37] states that the service recovery could be even more important than the 
original service failure that led to the service recovery interaction. Reliability-based 
analysis of service recovery has been done by J.V.  Simson  Jr. [38] and provides a tool 
for analytically evaluating a system's needs for recovery measures or assessing the 
potential benefit of recovery measures. 

However, the concept of service recovery in relation to services for consumers 
referred to above probably differs from the concept of service recovery in a business-
to-business context, particularly in the case of functional products, which are the 
subject of this thesis. 

8 
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3 Case study at Volvo  Aero  
To gain an understanding of functional products, a case study was done on a business 
proposal called 'pilot RNI12'. Volvo  Aero  Corporation (VAC) offers the Swedish 
material administration (FMV) a total care package for the military jet engine RM12 
in the aircraft  JAS  39  Gripen.  Earlier, VAC had similar contracts for the civil market 
and wanted to try this in a military application as well. 

Today, VAC has two main types of contract with FMV. With a 'type service' 
contract, VAC evaluates engine systems and responds to technical issues to maintain 
high air safety, high availability and low maintenance cost. 'Maintenance' contracts 
specify what type of engine maintenance and measures VAC should perform. The 
many contracts of today are often specified in detail. 

To improve efficiency, VAC wants to take responsibility for all the engines to be able 
to optimize total- systems solutions. For a functional product, the customer has higher 
requirements. In this case, this means that VAC should be able to take more of their 
own decisions, which leads to greater efficiency and the possibility of giving better 
support to the customer. 

3.1 Research method 
The research approach in the case study of the Pilot R1VI12 was explorative. As a basis 
for the data gathering in the research, different internal documents were studied and 
interviews were conducted with personnel in different functions within VAC. To 
eliminate misunderstandings, the interviewees were given the opportunity to give 
feedback on the results. 

When case studies are used, one must bear in mind that every case is unique and that 
it is impossible to repeat the same investigation with the same conditions. This makes 
repetition of the investigation for the purpose of verification of results problematic. 
The researcher also affects the results, a factor that must be considered during the 
gathering and analysis of data. 

9 
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3.2  Aero  Engines service support system 
A service support system is the "how to" solution for keeping the hardware system 
operational and available. A team of engineers from different functions within VAC 
were commissioned to create a system for the Pilot RM12 that could fulfil this. 

All the different necessary functions already existed within VAC and the essential 
thing to do was to change the structural composition and manage the flow of 
information between the functions. Earlier, all the functions were working almost 
separately, and to be able to deliver a total service of availability, those functions 
needed to be incorporated with each other. 

The team decided to divide the functions into 9 different areas, with one person 
responsible for each area. Figure 2. 

Availability 
planning 

Configuration 
control 

Modifications 

Material 
provision 

Decision of 
action 

Maintenance 
plan 

development 

Maintenance 
production 

Support 
system 

Education 

Figure 2 Top areas within Pilot RNI12 
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Availability planning 
Availability planning is responsible for the logistical planning of all approved 
engines in storage or with the customer. They have the responsibility for 
ensuring that the right engine is always in the right place at the right time. 

Material provision 
Material provision provides consumables and spare parts for maintenance and 
service. Transportation, storage and procurement are also included here. 

Maintenance 
Maintenance is the area that deals with all the "actions" performed on the 
engine. Maintenance includes everything from changing oil to repairing cracks. 
All inspections, maintenance and repairs that can be performed without 
dismantling the engine from the aircraft are done at the airfield. Remanufacture 
is when engines are returned to the factory for strip down, inspection, parts 
replacement and rebuild to 'as good as new' condition. 

Configuration control 
Configuration control is the area responsible for ensuring that all configuration 
data about every engine is correct and up to date. 

Decision of action 
'Decision of action' decides what to do with an engine that either has an 
unexpected (stochastic) failure or a planned maintenance/repair. If an engine 
has an unexpected failure, it can either be repaired, replaced or, in the case of a 
deviation decision, be allowed to continue to fly (if it is a non-critical failure or 
false alarm). 

Support system 
Support system takes care of the test facilities for remanufactured engines. 
Engines are tested prior to return to duty. 

Modifications 
Modifications is responsible for developing engine hardware components and 
software. This can be done after a request from the maintenance plan 
development area. Modifications also create new maintenance directions and 
publications. 

11 
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Maintenance plan development 
Maintenance plan development, as the name suggests, provides support for 
maintenance plan development. The area is responsible for performing the 
product review (follow-up). In addition, the area is also responsible for the 
running and evaluation of lifetime development programs (test engines). 

Education 
Education trains people in different areas when needed. This could include 
training of pilots in flight procedures or how a technician should change a part 
during maintenance or any other area where people require training in order to 
perform their tasks in a more effective way. 

Interviews were conducted with the team to collect information about the input they 
needed to perform their function, and to determine what they thought they delivered 
to the other functions. The activities were represented graphically in the form of a 
function block diagram, Figure 3. 
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After the first level was finished, the rest of the subsystems could be investigated and 
all vague issues between the subsystems could be resolved. An example of the 
subsystem of 'material supply' function is given in Figure 4. 

2. Material provision (Hardware supply) 

- Material requirement Maintenance production 
- Repair status Maintenance production  

- Individual engine usage data Availability planning 
- Time of delivery External Supplier, OEM 
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Transport 
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Figure 4 Detailed level description of the material supply function 

When the material and information flow information has been collected, it is possible 
to identify the missing functions. All the different functions will together perform the 
overall f-unction, in this case, availability of engines. 
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3.3 Fault tree 
The Pilot RM12 project, as described earlier, consists of 9 different areas at the top 
level, Figure 5. In the construction of the fault tree, only six areas are represented. 
This is due to the fact that the Modifications, Maintenance plan development and 
Education areas were excluded, as they do not have any direct impact on the top 
event failure, which has been defined as "Not possible to carry out mission". 

1. Availability 
planning 

4. 
Configuration 

control 

2. Material 
provision 

5. Decision of 
action 

3. 
Maintenance 
production 

6. Support 
system 

7. 
Modifications 

8. 
Maintenance 

plan 
development 

9. Education 

Figure  5 Pilot  RM12  Service  systern  

The service system of the Pilot RM12 project will be able to work without 
Modification, Maintenance plan development and Education areas in the short term; 
however, these three areas will be indispensable and important for the long-term 
success and development of the service system. Assuming that there is existing 
hardware and an associated maintenance plan, the remaining six areas will be able to 
take care of any problems that the service system may be required to deal with; for 
example, problems may arise which cause a significant reduction in the performance 
of engines, in which case the service system integrated by these six areas shown in the 
system will be able to provide a solution to the problem, that solution being to 
increase the stock of spare engines through additional purchases. Nevertheless, this is a 
short-term solution that soon becomes prohibitively expensive. 	A long-term 
economically viable solution to this problem can only come from the three areas not 
considered in the fault tree analysis, because by utilizing the Modification and 
Education areas, it may possible to find a practical solution such as a simple design 
modification which could improve the performance of the engine and consequently 
reduce cost. On the other hand, the Maintenance plan development area could be 
employed to monitor the engines in the system in order to forecast difficulties before 
they develop into major problems requiring expensive solutions. 
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3.3.1Description of the fault tree 
Figure 6 shows a part of the fault tree that was derived for the service system. The top 
event comes from the main requirement from the customer to be able to carry out 
their planned missions. In a fault tree, this will be opposite to the failure "Not 
possible to carry out mission", which becomes the top event failure in this case. 

The fault tree describes single events or multi events that could have an impact on the 
top event failure. With hardware, it is easier to see how the tree is built up, since 
hardware is often physically linked. With services, this is somewhat more difficult and 
could be done in several ways, depending on how the different services are grouped. 
A single definitive way is difficult to define. 

In the fault tree, 
Figure 6, it can be seen that there are different events that could separately affect the 
top event: "Not possible to carry out mission"; "Planned action to restore engine not 
performed", "Engine with wrong performance or insufficient time" or "Engine failure 
during mission". 

"Planned action to restore engine not performed" depends on "No commission 
engine in aircraft" (e.g., the maintenance is not performed) and there is "No spare 
engine on site" available. If both those two failures are contemporaneous, there will 
become a top event failure. Below those two events, there are a lot of other events 
affecting them, and at the bottom, there are a number of base events. It is here that the 
actual maintenance, with its different actions, comes into play. 

"Engine with wrong performance or insufficient time" can, as seen in the fault tree, 
be directly linked to the availability planning area and "Incorrect availability 
planning". Availability planning, as described above, is responsible for the logistical 
planning of all approved engines in storage or with the customer. Failures in the 
availability planning area can both depend on failures in the actual function to create 
the availability plan, input to it or a combination of these. 

"Engine failure during mission" could depend on different things. There may be a 
"foreign object collision" or a "stochastic failure on hardware", things that are difficult 
to influence or "life limited part failures on hardware" that could depend on "wrong 
decision on deviation", "wrong life cycle prediction in development" or perhaps a 
"stochastic failure on hardware" that in turn depends on different "handling errors" or 
"production errors" at the same time as "Inadequate inspection". 
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3.3.2 Fault Tree Analysis 
To perform a fault tree analysis a Minimal Cut Sets calculation of the fault tree is 
required. A part of the fault tree is shown in Figure 6. The Minimal Cut Sets 
calculation aims to identify the minimum combination of base events that could cause 
a top event failure. In the case of the service system Pilot R.M12 project, the fault tree 
consists of almost exclusively "OR" gates, with just two "AND" gates found in 
different branches. The calculation of the Cut Sets results in the identification of 66 
distinct base events which when combined give a total of 673 different cut sets; 10 are 
single base events that will cause a top event failure and the remaining 663 are a 
combination of two different base events that will cause a top event failure. External 
factors exist that are not directly related to any of the areas mentioned, for example, 
"foreign object collision" and "stochastic hardware failure". 

In this case, the minimal cut set calculation identifies Availability planning and Decision 

of action as the only areas where one base event failure will cause the top event failure. 
Note that Availability planning occasionally has the ability to correct failures that have 
occurred in other areas by using a provisional solution. 

From the analysis of the fault tree of the service, it might be concluded that 'failure' 
has a different meaning in a service context than when used in a hardware context. 
When analyzing hardware systems, physical components can fail and this can cause the 
system to fail in the carrying out of its primary function. In contrast, when dealing 
with service systems such as in the Pilot RM12 project, 'failure' does not necessarily 
mean that the service system fails to carry out its primary function; in this context, 
'failure' relates to the quality and the increased time to provide the service rather than 
the inability of the system to provide the service. Consequently, the failures will 
mostly slow down the system rather than cause a direct top event failure. However, a 
combination of numerous failures could slow the system to the extent that the service 
cannot be provided. This information is very difficult to obtain from a fault tree 
analysis, due to fact that a fault tree analysis only gives information about the areas that 
will fail and does not provide information related to quality or time to process the 
service. To be able to obtain this type of information a simulation of the service 
system is required. 
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4 Factors that influence reliability 
Several factors that influence service reliability differ from factors influencing hardware 
reliability. The most obvious is that where services are concerned, humans are 
involved; they interact both with each other and, in the case of the functional 
product, they also interact with the hardware. Here, human interactions that have a 
bearing on reliability are often referred to as 'human factors'. Human reliability is also 
inextricably linked to human error and has been used to refer to methodology, a 
theoretical concept and measure. A human reliability analysis is a quantitative analysis 
procedure for predicting the likelihood of human errors. One issue is to collect this 
information in a correct way to be able to use it in the design of a functional product. 

Several questions arise when talking about service reliability. What is a failure of a 
service and what are the things that affect the reliability of services? 

A workshop was run on a creative problem-solving basis to explore the overall 
problem of reliability of service systems and to zero in on specific factors that influence 
the reliable provision of the services. The workshop produced a better understanding 
of the factors that influence service reliability in this context. 

4.1 What is a failure of a service? 
To be able to answer the question "how can a reliable service be provided?" the 
question about what constitutes a failure of service must first be considered. This 
question does not have only one answer. The answer depends on the expectations of 
the service from the user's point of view, Figure 7. The buyer may have one reference 
from the perspective that he has defined the lines in a contract that quite clearly tell 
whether the service reliability is above the predefined level of performance. For the 
end user of the service, this might be something else, since the end users probably 
have higher expectations and are often the people who have to deal with problems 
that affect their overall impression of the service. The producer of the service might be 
able to deliver a reliable service in accordance with the contract, but if the end user 
thinks it is unreliable, it might be difficult to sell the function when it is time to renew 
the contract. 
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Time 

Figure 7 Service performance and expectations of the service 

4.2 What causes the failure of a service? 
Problems in communication are an important contributor to the failure of a service. 
There are a lot of different causes that could give rise to problems in communication, 
including: 

• Errors in the information supplied 
• Misunderstandings 
• Language and culture in international business 
• Interpretation of imprecise information 
• Wrong information in package 
• Information not trusted (could be either correct or incorrect information) 
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If the information is not fully trusted, verification action will be taken and this will 
result in loss of time, Figure 8. The information is checked against a reference and if 
the information is not trusted, then there may be an iteration between sender, 
reference and receiver. Competence is needed when checking the information. If the 
information is wrong/possibly wrong, there will be iteration to the sender of the 
information to crosscheck. 

Reference 

++ No Trust 

C!ender  
Information 

Receiver 

Trust 

Figure 8 Communication problems 

Different information is also trusted in different ways, as shown in Figure 9. Cost and 
time are considered unreliable input and will be treated as unreliable, which will result 
in even more time delays. If the basis for cost and time are presented, the reliability 
increases. 

Trusted 	Technical 
information 
Field data 
Simulation 

Mistrusted • Money 

Figure 9 Different information is trusted in different ways. 
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4.3 Internal and external failures 
Types of failures may differ with respect to why they appear as well as to where they 
appear. Failures can be external as well as internal, Figure 10. External failures are 
those that will affect the customer and are often seen as failures that are related to time 
and quality. Internal failures are related to inefficiency and money, and if they can be 
handled internally, it is possible that the customer may not necessarily identify them as 
internal failures. 

In the short term, it is more important to take care of the external failures; but still, the 
internal failures cannot be neglected. Internal failures cause inefficiency and will cost 
the company a lot of money, and if there are many of them, the result is often a 
subsequent external failure. 

Fai  External 

Internal 	failures 
do not have to 
result in an 
external failure. 

Problems 
External 	Internal 
Quality 	Money 
Time 	Inefficiency 

Figure 10 Failures can be both internal and external. 
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5 Modelling and simulation of services 
One useful approach should be to create a model of the service system to simulate the 
service reliability. Little attention has been focused on system modelling, even though 
it has been widely recognised as an important part of the development of service in 
the context of functional products. This may be because system development is 
fundamentally different from product development and it may be due to the high 
levels of detail and complexity of proposed services. Another problem is the time and 
resources required and the inability to accurately describe human behaviour, an 
important factor in service or functional product development. 

Attempts to model service have been limited to developing methodologies to describe 
the structure of the service by mapping the various elements involved and describing 
the interconnections between them. Such methods are e.g., Molecular Modelling and 
the Service Blueprinting approach proposed by Shostack [39]. The molecular 
modelling approach provides a mechanism for visualising the system in an organic way 
rather than as static bits and pieces. Service combinations can then be viewed like 
'atoms' connected in unique 'molecular' configurations. Blueprinting's strength is to 
visualise the service and its consistency. A line of visibility is drawn: on one side are 
the activities that the customer is involved in; on the other are the actions of the 
provider of the service with which the customer has no contact. 
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Figure 11 Blueprint example of discount brokerage (Shostack L., 1982) 
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Another alternative is a top-down methodology proposed by Congram and Epelman 
[40]. The authors investigate the structured analysis and design technique (SADT), a 
graphical language for the blueprinting of systems, as a possible suitable methodology 
for service modelling. The authors correctly point out that the SADT methodology 
suffers from the same drawback as the Molecular Modelling and Blueprinting 
approaches proposed by Shostack in that sense that they are static modelling 
techniques that are unable to consider system behaviour over time. 

The above-described methodologies are useful for understanding and gaining insight 
into the structure of the development of a service system. However, a different 
methodology should be sought to be able to simulate the service support system over 
time. 

We refer again to the definition of service reliability stated in Section 1.2: 

The probability that a service will generate defined functional outputs within prescribed limits, 
for a given period of time, using defined resources and under prescribed operational environment 

conditions. 

To be a useful model of service reliability, a model must accommodate the two main 
variables of a service system. Simplified from the above, these could be described as 
'the time taken to perform the service' and 'the quality and flow of information within 
the system'. The model must also be able to take care of many inputs at the same time 
and address different information to the right functions in the system. Those functions 
will have different failure rates depending on the input, and the time to perform the 
function will also depend on the type of input. 

A solution to this is to place different flags on the input so that the function can 
address the 'difficulty' that affects the failure rate of the functions and the time that is 
needed for such a task depending on the resources available. The flag should also 
contain information about the 'priority' of the problem, since some problems need to 
be solved immediately while other can wait. A simplified model of the idea is shown 
in Figure 12. 
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Figure 12 Simplified model of a service system 

By creating a model of the system in this way, functionality testing and sensitivity 
testing of the system are enabled. A partial or full implementation of the system could 
be tested. The model will identify the areas of the service support system that are 
prone to failure or poor performance. Those areas could then be subjected to analysis 
in greater detail and corrective action could be suggested and investigated at low cost 
to the developer. 
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6 Conclusions 
Service reliability is very important in the context of functional (total care) products, 
since a guarantee of availability is a key selling point. If the supplier cannot deliver the 
specified performance level within specified conditions over the contract life, he may 
face serious financial consequences and it is unlikely that the contract will be renewed. 
The possibility to achieve high reliability for the functional product depends on the 
reliability of the hardware and service support system 

Service reliability is in this context quite new. Still, there are a number of reliability 
methods that may be applied to services. The fault tree has been investigated and 
shown to be feasible. Constructing a fault tree facilitates understanding of the service 
and in particular, understanding of the relationship between different functions within 
the service. In contrast to hardware, which is tangible, the connection between the 
functions in a service system is less clear. In the case of services, the failure of a 
component of the system will not, in general, cause the failure of the whole as a 
superficial inspection of the fault tree might suggest. Instead, the service performance 
will slow down and different combinations of failures may slow the system sufficiently 
to drop the performance level below contract service levels. What constitutes a service 
failure depends on the user's point of view. Different users have different expectations 
of the service and the buyer certainly has a different view than the end user. To have a 
completely satisfied customer, all the different users have to be satisfied. 

The causes of service failures have been investigated, and undoubtedly, the 
consequences of failure can lead to total system failure, e.g., if a decision not to replace 
a time-limited hardware component is made. More often, the result is a reduction in 
the speed of the service provision. Time may be spent checking information that is 
not trusted, errors may be found later, and the service process re-enacted to correct 
the problem without the customer knowing about the problem. Therefore, particular 
errors in the service tend to lead to time delays rather than total  systern  failure. The 
sum of several time delays can, of course, lead to a total  systern  failure. Two different 
kinds of failure were also identified. Internal failures, not visible to the client, are 
concerned with inefficiency and involve cost to the supplier. External failures are 
failures that are seen by the client and involve performance levels and the timely 
response of the service provider. 

Modelling and simulation of services is an important part of service reliability and a 
model must be capable of taking into consideration the two main variables of the 
system: those being; 'the time taken to perform the service' and 'the quality and flow 
of information within the system'. The time-dependent nature of a service suggests 
that stochastic modelling is an attractive method for studying the reliability of services. 
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7 Future work 
Simulation of failures could be one important step to achieving a better understanding 
of service reliability. During the project, a very simple model has been made. 
Modelling could identify areas of the service support system that are prone to failure 
or poor performance. Such areas may then become the focus of a more detailed 
analysis. Modelling is one aspect of service reliability that needs further investigation. 
To be able to create an excellent model that could give adequate data it is also 
necessary to be able to collect data pertaining to failure rate and time for the different 
functions. Difficulties could be encountered, especially in collecting the failure-rate 
data, since people are generally reluctant to admit their mistakes. In order to provide 
reliable services, such difficulties must be overcome. 

As this is a new area, this contribution should not be seen as a final solution, but as a 
small step on the way. A better understanding of service reliability is necessary. 
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THE RELIABILITY OF SERVICES IN THE CONTEXT OF 
A 'TOTAL CARE PRODUCT (FUNCTIONAL) PRODUCT' 

F.Nytomt, M. T.Alonso-Rasgado, F.Persson and G.Thompson 

ABSTRACT 

Functional products consist of the integration of hardware and services, the customer pays 
only for the function and in some cases the supplier retains ownership of the hardware and 
at the same time performs all the actions that are necessary to keep the hardware 
operable. The complete support system for the hardware is known as 'services'. 

In the era where long term business to business relationships are very important, 
functional products play an important role because they are themselves long term 
concerns. The reliability and maintainability of functional products are important factors in 
this case because a customer will be given a guarantee of a certain level of availability of 
the Functional product. Hardware reliability is an established research field, however,  to-
date  little attention has been focused on the reliability of services. Where the literature on 
services does touch on reliability it tends to be concerned with qualitative studies 
concerning customer satisfaction e.g. in consumer surveys. 

This paper is concerned with identifying the factors that affect service reliability in the 
context of functional products. A particular method that can be applied to deal with service 
reliability is identified and applied to a case study consisting of a support system for aircraft 
engines 

In order to understand the factors that affect the service reliability in this case study a 
workshop was held, attended by key personnel involved in providing the support system 
for the aircraft engines and who had experience of comprehensive service provision. The 
findings of the workshop are discussed in detail in this paper. To further investigate the 
factors affecting failure of the service system, various modelling approaches are 
discussed. The short comings of established techniques are highlighted and suggestions 
for a suitable methodology that could be used to investigate failures for service systems in 
the context of Functional products is presented. 

1. INTRODUCTION 

Functional products have been created from the need for new innovations in the way that 
products are offered. Instead of hardware products being sold solely on their own, in 
isolation, customer-friendly product packages began to be offered which comprised 
different combinations of hardware and service systems. These novel product package 
offers are often referred to as total care Product (TOP) or functional products (FP). Figure 
1 illustrates the concept of functional products. The packages are 'customer-friendly' due 
to the fact that customers are able to purchase a product that particularly suits their 
business needs. 
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Figure 1. Functional Products 

The total care product or functional product must be offered such that it is competitive and 
attractive to potential customers. To achieve this, the supplier has to have knowledge not 
only of the hardware that will be supplied, but additionally the supplier must provide an 
efficient service support system that will support the hardware in an optimal condition. 

The service support system plays an important role in the context of functional products 
because, in the absence of an efficient service system, the supplier will not be able to 
support the hardware adequately and the commitment of availability will therefore not be 
reached. The lower the availability of the function, the less economically beneficial it is for 
the supplier since the customer only pays for the function when it is used. In order to 
reach the guaranteed availability of the Functional product the supplier has to depend on 
the reliability of the service support system in order to maintain the hardware in good 
working order. 

The focus of this paper is on the reliability of service support systems, an area that has 
received relatively little attention from researchers compared with the reliability of 
hardware, which by contrast is an area that has been discussed by numerous researchers. 
Service reliability should be considered from a functional perspective, i.e. 

The probability that a service will generate defined functional outputs within 
prescribed limits, for a given period of time, using defined resources and under 
prescribed operational environment conditions. 

The defined functional outputs may be contractual agreements. Functional product 
provision must include monitoring of quantitative performance measures that determine if 
the level of functional provision reaches, or exceeds, the levels specified in the contractual 
agreement. 

The next section deals with a description of service design in the context of Functional 
products, followed by a discussion of the importance of availability for functional products 
and the important connection with the reliability of service support system.. Section 5 
describes a service support system of an aircraft engine which is used as a case study. A 
fault tree analysis of this service support system is the subject of section 6. Section 7 
investigates the factors that can affect the reliability of the service system using the results 
of a workshop and modelling and simulation is discussed. Finally conclusions are 
presented. 
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2. SERVICE SUPPORT SYSTEMS IN THE CONTEXT OF FUNCTIONAL PRODUCTS 

The difference between hardware and services is readily apparent. As Shostack (1984) 
pointed out, hardware can be defined by its existence in both space and time, and is 
tangible. On the other hand a service does not have a spatial element to it, but can be 
defined in time. It consists primarily of processes and can only be experienced or 
participated in. A service is produced and consumed simultaneously, consequently the 
quality of the service by its nature will therefore be variable. Johne et al (1996) correctly 
noted that services have a limited life and consequently, unlike hardware, cannot be held 
in stock. Cowell (1984) pointed out that service developments are not patentable and the 
situation remains the same today. . This has lead to little expenditure being directed 
towards innovation in this area. Instead, any investment has gone towards improving 
existing services rather than developing innovative new concepts. 

A total care (functional) product is a novel way to offer a product. The supplier of the total 
care product (TCP) in some cases retains the ownership of the hardware and provides the 
service system support. Different levels of service support can be envisaged, ranging from 
periodic support interventions by the supplier to full, comprehensive support in which the 
operator has little to do but use the equipment supplied. In the case of the most 
comprehensive service support, the supplier will handle everything including emergency 
events. 

An example of a TCP can be found in the aerospace industry, where aircraft engines are 
increasingly supplied to the airline operator but the supplier retains ownership of the 
engines and is responsible for service support of the engine. In this case the customer 
pays for the number of hours flown. Also, there are many companies now interested in 
providing service systems to support hardware which may not be owned by the service 
provider. In this case, a service system is combined with hardware to create a form of 
TCP comprising hardware plus support service. An example of this type of TCP can be 
found in the supply of equipment to the baking industry, where the supplier can sell the 
bread making equipment to the bakery, but then provides service support to the hardware 
sold. In this case there is a trade-off between supplier and customer with the supplier 
offering the hardware at reduced cost but with the proviso that the customer buys service 
support along with the hardware. Another example of this type is an estate agency, where 
of course the principal business is the selling of properties, however, they may also offer 
service support which may include legal services for the purchase of the property and 
maintenance of the property for a fixed time. 

Hardware design has been the subject of much research for many decades. In order to 
provide a Total Care Product, companies must be able to create products that are 
combinations of hardware and services. Therefore, service design should be treated 
equally as important as hardware design. Without an efficient and effective service support 
system the supplier of a Functional product will be unable to guarantee a level of 
availability and reliability of the hardware. 
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3. AVAILABILITY OF A FUNCTIONAL PRODUCT 

The functional product is a modern way to do business. Availability is one of the principal 
characteristics of a Functional product; others include customer definition of support level, 
life-cycle cost, sustainable hardware design and product knowledge. 

It is very important that the suppliers commit themselves in terms of availability of the 
function supplied and provided at a competitive cost. There is an incentive for the supplier 
to improve the availability of the Functional product, since the customer only pays for the 
function when it is used, and therefore income will not be generated during any periods 
that the function is unavailable. In addition, penalty clauses regarding unavailability of a 
function further focus the supplier on the importance of high availability. Availability is 
closely related to the reliability of the hardware and service support system. A reliable 
system enables the supplier to fulfil the availability guarantees of the function given to the 
customer. In order to reach a certain level of reliability and consequently availability it is 
necessary to understand the factors that affect the failure of the function. 

Three approaches that can be used to obtain a deeper understanding of the factors that 
affect the reliability of service support systems are:  

(i) by applying well known methodologies developed for predicting hardware failure 
modes; 

(ii) by simulating the service support system by employing a modelling technique 
that accurately describes the behaviour of the system; 

(iii) by holding workshops that involve personnel experienced in the service support 
system under consideration. 

These approaches are discussed in detail in the following three sections, with the objective 
being to find the factors that contribute to the reliability and hence availability of a service 
support system for an aircraft engine, as a case study. 

4. REVIEW OF FAILURE MODES METHODS 

Many authors have written on the subject of hardware reliability. Carter A.D.S (1997) and 
Thompson  G  (1999) describe how to improve reliability at the design stage of the 
hardware product life cycle. Carter A.D.S concentrates on the design of individual parts 
leading to the design of machines to meet a statistically quantified requirement of 
reliability. Thompson  G  describes more general methods that can be used in the different 
design phases to improve both maintainability and reliability. The text approaches the 
subject of design for maintainability and reliability from a design perspective.  J. D.  
Andrews and T.  R.  Moss (2002) provide an up to date comprehensive text that describes 
the main probabilistic methods that are currently employed in reliability and risk 
assessment for example fault tree analysis and failure mode and effect analysis. 
Additionally four case studies are presented to demonstrate the applicability of the 
techniques described in the text. 

A number of established methods for investigating how a hardware system can fail have 
been developed. The investigation of failure modes of hardware or service systems is an 
important factor in the drive towards obtaining increased reliability. Failure mode 
approaches can vary in complexity, however, even a relatively simple approach can prove 
extremely beneficial in terms of the reliability of the system. 
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The numerous failure mode analysis approaches in use today are a result of the differing 
directions taken by the researchers in the field during their development. For example 
approaches such as FMEA or FTA could be used for a risk assessment of items as an aid 
to the selection of a component for use in hardware design. 

4.3 FAULT TREE ANALYSIS (FTA) 

In a Fault Tree Analysis (FTA) a particular failure mode of the system is taken and 
analysed to produce the combination(s) of component failures that together may cause the 
system to fail, FTA_ Andrews and Moss (2002). It is a top-down approach that starts with a 
system failure mode and then poses the question, 'what combination or sequence of 
failures must occur to result in this mode of failure?'. 
This is in contrast to other approaches such as the FMEA, a bottom-up method that begins 
with a detailed list of the system components and then poses the question, 'What are the 
consequences if these components fail?. The top of the event tree in a FTA analysis is the 
system failure mode. The fault tree is then developed below this, showing the causes of 
the failure in what are termed 'branches'. The branch is terminated when a basic event, a 
component failure, is encountered. Information on the basic event probabilities enables an 
analysis of the fault tree to be undertaken. Two distinct types of output can be gleaned 
from such an analysis, namely:  

(i) Qualitative: the combination(s) of basic events which cause a top event failure 
are identified. 

(ii) Quantitative: the performance of the system is predicted in terms of the 
performance of the components. 

In addition, the analysis gives a measure of the contribution that each component makes 
to the system failure and by doing so critical areas in a design review can be identified. 

5.  AERO  ENGINES  SUPPORT SYSTEM  

This section describes the service support system for aircraft engines which will be used 
as a case study in the following sections. The service support system is described in 
detail. In the following section a Fault Tree Analysis (FTA) is constructed for this system 
with the objective to investigate the factors that can cause the system to fail and in addition 
to indicate which components contribute to the failure of the system. Hence, a deeper 
understanding of the reliability of the system can be obtained and critical areas can be 
identified. 

The service support system consists of 9 different top level areas as shown in Figure 2. A 
description of each of these areas follows. 
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Figure 2. Pilot Service system 

Availability planning: is responsible for the logistic planning of all approved engines in 
storage or with the customer. 

Material provision: provides consumables and spare parts for maintenance and service. 
Transportation, storage and procurement are included here. 

Maintenance and remanufacture: this area deals with all the "action" performed on the 
engine. Maintenance includes everything from changing oil to repairing cracks. All 
inspections, maintenance, and repairs that it is possible to perform without dismantling the 
engine from the aircraft are done at the airfield. Remanufacture is when engines are 
returned to the factory for strip down, inspection, parts replacement and rebuild to 'as good 
as new' condition. 

Configuration control: this is the area that makes sure that all configuration data about 
every engine is correct and up to date. 

Decision making: takes decision about what to do with an engine that either has an 
unexpected (stochastic) failure or a planned maintenance/repair. If an engine has an 
unexpected failure it can either be repaired, replaced or have a deviation decision and fly 
on for a while (if it is a non critical failure or false alarm). 

Support system: the support system is the engine test facility for remanufactured 
engines. Engines are test prior to return to duty. 

Modifications: this area is responsible for developing engine hardware components and 
software. This can be done after a request from the maintenance plan development area. 
Modifications also create new maintenance directions and publications. 

Maintenance plan development: in effect this area provides support for maintenance 
plan development. The area is responsible for performing the product review (follow up). In 
addition the area is also responsible for the running and evaluation of life time 
development programs (test engines). 

Education: educates peoples in different areas when needed. This could include training 
of pilots in how they should fly or how a technician should change a part during 
maintenance. 
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6. FAULT TREE 

In the construction of the fault tree only six areas are represented, this is due to the fact 
that the Modifications, Maintenance plan development and Education areas were excluded 
as they do not have any direct impact on the top event failure, which is defined as "Not 
possible to carry out mission". 

The service system will be able to work without the Modification, Maintenance plan 
development and Education areas in the short term, however, these three areas are 
indispensable and important for the long term success and development of the service 
system. Assuming that there is existing hardware and an associated maintenance plan 
then the remaining six areas will be able to take care of any problems that the service 
system may be required to deal with. For example, problems may arise which cause a 
significant increase in the failure rate of engines. The service system integrated by these 
six areas above the line shown in Figure 2 will be able to provide a solution to this problem 
but the solution will be to increase the stock of spare engines through additional 
purchases. This is a short term solution which soon becomes prohibitively expensive. A 
long term economically viable solution to this problem can only come from the three areas 
not considered in the fault tree analysis. By utilising the Modification and Education areas 
it may possible to find a practical solution such as a simple design modification which 
could improve the performance of the engine and consequently reduce cost. On the other 
hand the Maintenance plan development area could be employed to monitor the engines 
in the system in order to forecast difficulties before they develop into major problems 
requiring expensive solutions. 

6.1 Fault Tree Description 

Figure 3 shows a part of the fault tree that was derived for the service system described in 
the section 5 and shown in figure 2.The top event comes from the main requirement from 
the customer to be able to carry out their planned missions. In a fault tree this will be 
opposite to the failure "Not possible to carry out mission" that becomes the top event 
failure in this case. 

The fault tree describes what causes will have impact on the top event failure. The causes 
could be single events or multi events. With hardware it is more easy to see how the tree 
is built up from the hardware architecture since elements of the system are often physically 
linked. With services this is a little more difficult and could be done in several ways. It 
depends on how the different services are grouped. 

In the fault tree, figure 3, it can be seen that there are different events that separately 
could affect the top event: "Not possible to carry out mission"; "Planned action to restore 
engine not performed", "Engine with wrong performance or "Engine failure during mission" 
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"Planned action to restore engine not performed" depends on whether there is "no 
commissioned engine in aircraft" (e.g. the maintenance is not performed) and there is "no 
spare engine on site" available. If both those two failures exist at the same time there will 
become a top event failure. Below those two events there are lots of other events affecting 
those and in the bottom there are a number of base events. It is in this part that the actual 
maintenance operations is a key part. 

"Engine with wrong performance" can as seen in the fault tree directly be linked to the 
availability planning area and "Incorrect availability planning". Availability planning as 
described above is responsible for the logistic planning of all approved engines in storage 
or with the customer. Failures in the availability planning can both depend on failures in the 
actual function to create the availability plan, input to it or a combination of those. 

"Engine failure during mission" could depend on a number of different things: a 
"foreign object collision", a "stochastic failure on hardware", "life limited part failures on 
hardware due to a failure to replace a component", "wrong life cycle prediction' "handling 
errors", "production errors" or "Inadequate inspection.> 

6.2 Minimal Cut Set 

To perform a fault tree analysis a Minimal Cut Sets calculation of the fault tree is required. 
The minimal cut sets aim to identify the fewest combination of base events that will cause 
a top event failure. In the case of the service system for the case study, the fault tree 
consists of almost exclusively "OR" gates, with just two "AND" gates found in different 
branches. The calculation of the Cut Sets results in the identification of 66 distinct base 
events which when combined give a total of 673 different cut sets; 10 are single base 
events that will cause a top event failure and the remaining 663 are a combination of two 
different base events that will cause a top event failure. External factors exist that are not 
directly related to any of the areas mentioned, for example foreign object collision and 
stochastic hardware failure. 

In this case the minimal cut set calculation identifies that Availability planning and Decision 
of action are the only areas where one base event failure will cause the top event failure. 
Note that occasionally Availability planning has the ability to correct failures that have 
occurred in other areas by using a provisional solution. 

6.2 Nature of the service system failures 

From the analysis of the fault tree it might be concluded that the service system could 'fail' 
as a result of any one of a large number of individual failures. However, service systems 
do not actually 'fail' due to the individual events. It can be concluded that 'failure' has a 
different meaning in a service context than when used in a hardware context. When 
analysing hardware systems physical components can fail and this can cause the system 
to fail in the carrying out of its primary function. In contrast, when dealing with service 
systems such as in the case study, 'failure' does not necessarily mean that the service 
system fails to carry out its primary function, in this context 'failure' relates to the quality 
and the increased time to provide the service rather than the inability of the system to 
provide the service. 

Consequently the failures will mainly slow down the system rather than cause a direct top 
event failure. However, a combination of numerous failures could slow the system to the 
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extent that the service cannot be provided according to contract conditions. This 
information is very difficult to obtain from a fault tree analysis due to fact that a fault tree 
analysis only gives information about the areas that will fail and does not provide 
information related with quality or time to process the service. To be able to obtain this 
type of information modelling and simulation of the service system is required. 

7. UNDERSTANDING OF FAILURES 

Failures of services are different to failures of hardware and the most obvious thing is 
human factors. Human reliability is inextricably linked to human error and has been used 
to refer to methodology, a theoretical concept and a measure. A human reliability 
methodology is a procedure for a quantitative analysis to predict the likelihood of human 
error Meister  D.  (1984) Skill-Rule-Knowledge (SRK) Framework  ,Rasmusen  (1993)(1988), 
is a model of how human action is regulated. One issue is to collect this information in a 
correct way to be able to use it in the designing of a functional product. 

7.1 Workshop 

A workshop was run on a creative problem solving basis to explore the overall problem of 
reliability of services system and converge on specific factors that influence the reliable 
provision of the services. The workshop produced a better understanding of the factors 
that influence service reliability in this context. The results of the workshop are as follows. 

7.1.1 What is a failure of a service? 

The question about what is a failure of a service is important to consider. This depends on 
the expectations of the service from the viewers' point of view. The end user may have 
another reference and expectation than the buyer of the service, figure 4. 

Performance  

Service perf. 

Customer 
expectations 

---- User 
Buyer/contract 

Time 

Figure 4. Service performance and expectations of the service 

Failures could be external as well as internal failures, figure 5. External failures are those 
who affect the customers and are often seen as time and quality. Internal failures are 
inefficiency and money and if they can be handled internally such that the customer does 
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not necessary see the internal failures. If the internal failures exist then often this results in 
an external failure later.  

e  
Failure 
	

External 

Internal failures do 
not have to result 
in an external 
failure. 

Problems 
External 	Internal 
Quality 	Money 
Time 	Inefficiency 

Figure 5. Failures could be both internal and external. 

7.1.2 What causes the failure of a service? 

Problems in communication is an important contibution to the failure of a service. There 
are a lot of different causes that could give rise to problem in the communication, 
including: 

• Errors in the information supplied 
• Misunderstandings 
• Language and culture in international business 
• Interpretation of imprecise information 
• Wrong information in package 
• Information not trusted (could be either right or wrong information) 

If the information is not 100% trusted there will be verification action is taken and this will 
result in loss of time, figure 6. The information is checked against a reference and if the 
information is not trusted then there may be an iteration between sender, reference and 
receiver. 
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Figure 6. Communication problems 

Some kind of competence is needed when checking the information. Is the information 
wrong/possibly wrong there will be iteration to the sender of the information to cross-
check. 

Different information is also trusted in different ways as shown in figure 7. Cost and time is 
considered to be unreliable input and will be treated as unreliable which will result in even 
more time delays. If the basis for cost and time are presented the reliability increases. 

	

Trusted 	Technical information 
Field data 
Simulation 
Money (estimations) 

	

Mistrusted 	Time (estimations) 

Figure 7. I Hierarchy of information trust. 

7.2 Modelling and simulation 

Little attention has been focused on Service system modelling over the years, despite the 
fact that it is widely recognised as being an extremely important stage in the development 
of a service in the context of Functional product. A number of possible reasons for this 
have been put forward including the fact that new service development is fundamentally 
different in many aspects from new product development. Other reasons include the high 
levels of detail and complexity of proposed services, the time and resources required and 
the inability to accurately describe human behaviour, an important factor in service or 
Functional product development. The lack of an appropriate methodology for services is 

12 



certainly one of the main contributing factors to the relatively low level of research  to-date  
into the modelling of service systems for functional products. 

Attempts to model services have concentrated on developing methodologies to describe 
the structure of the service by mapping the various elements involved and describing the 
interconnections between them. 	To this end, Shostack proposed two alternative 
approaches, Molecular Modelling (1981) and Service Blueprinting approach (1985). The 
molecular modelling approach provides a mechanism for visualising the manner in which 
both tangible and intangible elements of the service support system fit together in 
providing the final service support offer. The service blueprint approach is essentially 
concerned with mapping the structure of a service objectively and in an explicit manner 
and utilises a combination of methodologies that had previously been developed to deal 
with processes such as PERT and methods engineering. 

Congram and Epelman (1995 ) propose a top-down methodology that satisfies what they 
see are eight criteria essential for any modelling methodology that is to be applied to 
services. The authors investigate the structured analysis and design technique (SADT), a 
graphical language for the blueprinting of systems, as a possible suitable methodology for 
service modelling. They evaluate its suitability in terms of how well the method fulfils the 
eight criteria presented in the paper. The authors correctly identify that the SADT 
methodology suffers from the same drawback as the Molecular Modelling and Blueprinting 
approaches proposed by Shostack in that it is basically a static modelling technique that is 
unable to deal with the systems behaviour over time. 

All the methodologies described so far are useful in that they are able to provide further 
insight and structure in the development of the service support system of a functional 
product, the fact that they are unable to simulate the systems behaviour over time 
however, severely limits their usefulness, and indicates that a different modelling 
methodology should be sought. 

Any computational model that is to be used to construct a representation of the service 
system must be capable of taking into consideration the two main variables of the system 
essential for any simulation, those being the time taken to perform the service and the 
quality and flow of information within the system. If these variables are included in the 
model then the results from the simulation can be compared against data distributions of 
measured or observed times and qualities obtained from existing systems enabling service 
performance times and data quality and flow to be investigated and providing a sense or 
indication of quality and time. 
Modelling of the system will thus enable the functionality and sensitivity of the system to be 
tested prior to partial or full implementation. In addition, modelling will identify those areas 
of the service support system that are prone to failure or poor performance. Such areas 
may then become the focus of a more detailed analysis. Corrective action may then be 
suggested and investigated at low cost to the developer. 

In addition, modelling can be used to identify and investigate the factors that can cause the 
system to fail, enabling a measure of the reliability of the system to be obtained. The effect 
that changes in the service support system have on the overall reliability can be evaluated. 
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8 CONCLUSIONS 

Functional (Total Care) Products have a guarantee of availability as a key selling point to 
the customer. Unless the supplier can deliver a specified performance level within 
specified conditions over the contract life of the functional product, then there will be 
serious financial consequences to the supplier. Therefore, the reliability of a functional 
product is very important. The achievement of high reliability depends on the reliability of 
the hardware and the reliability of the service support system. Hardware reliability alone is 
not sufficient. 

There are a number of reliability methods that may be applied to services. Fault tree 
analysis has been investigated and the construction of a fault tree for a service has been 
shown to be feasible. The process of constructing a fault tree made a very large 
contribution to the appreciation of the service and, in particular, to the understanding of the 
relationships between different functions of the service. In contrast to hardware where the 
component architecture is visible (and tangible), the connections and relationships 
between the functions in a service system are less clear. However, the analysis of the 
fault tree is less helpful in the quantification of failure. In the case of services, the failure of 
a component of the system will not, in general, cause the failure of the whole as a 
superficial inspection of the fault tree might suggest. Instead, the service performance will 
slow down and different combinations of failures may slow the system sufficiently to drop 
the performance level below contract service levels. 

The causes of services failures were investigated. Two kinds of failure were identified: 
internal and external failures. Internal failures, not visible to the client, are concerned with 
service production efficiency and involve cost to the supplier. External failures are failures 
that are seen by the client and involve the timely responses of the service and 
performance levels. The causes of failures are errors in the information supplied, the 
wrong information supplied, misunderstandings, language and  mis-trust of information. 
Information referring to cost and time estimates are trusted least, technical field is trusted 
most. The consequences of failure can lead to total system failure, e.g. if a decision is 
made not to replace a time limited component on hardware, but more often the result is a 
reduction in the speed of the service provision. Time may be spent checking information 
that is not trusted and errors may be found later and the service process re-enacted to 
correct the problem without the customer knowing of the problem. Therefore, particular 
errors in the service tend to lead to time delays rather than total system failure. The time 
dependent nature of a service suggests hat stochastic modelling is an attractive method to 
study the reliability of services . 
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ABSTRACT 

A total care or Functional Product is a way to offer comprehensive products in a 
competitive and attractive manner within a market entity where the emphasis is on 
businesses becoming leaner and fitter. Functional products comprise hardware and 
services, where service is defined as the set of functions that enable the hardware to be 
supported, that is to say the totality of activities that enable the hardware to be integrated 
into a total functional provision. In Total Care systems a guarantee of a certain level of 
availability will be given to the customer. 

The creation of functional products stems from an interactive process between customer 
and supplier where the customer is heavily involved throughout the design process. A 
close business relationship is required between customer and supplier in order for an 
economically efficient functional product to be created. 

The aim of this paper is to investigate the customer supplier interactions which lead to the 
creation of a functional product. A case study from the aerospace industry is utilised to 
gain an understanding of the collaborative process that occurs between customer and 
supplier in the development of functional products. Each stage of the process in the 
development of the functional product in the case study is described. The nine areas of 
the service system that support the hardware, collectively forming the functional product, 
are identified and discussed. 

1. INTRODUCTION. 

Functional products are a new way to do business where the hardware is not sold solely 
on its own, instead the hardware is integrated with a support system as is illustrated in 
Figure 1 where this support system is known as 'services'. In Functional products the 
supplier requires a reliable service support system in order to keep the hardware operable. 
The supply of aircraft engines is an example of functional products in which a customer 
does not buy the engine but pays only for the power used. Another example of functional 
products can be found in the bakery industry, in which ovens are both supplied and 
maintained by the oven manufacturer. 

In this type of product a commitment of availability has to be reached. This can only be 
achieved when, as a part of the functional product, a reliable support system is integrated 
into the product. Availability is an important issue in Functional Product design. From an 
economic view point, low availability is not beneficial for the supplier due to the fact that 
the customer only pays for the function when it is used. 
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Figure 1. Total Care product. 

Functional products are beneficial to both customer and supplier. Some benefits include, 
amongst others, 

For the customer:  
(i) no high capital investment is required. 
(ii) there is a predictable periodic expenditure associated with guaranteed 

availability. 
(iii) the best possible equipment is made available; equipment does not become 

dated. 
(iv) the customer should have confidence in the fact that the hardware will always be 

kept in working condition. 

For the supplier:  
(i) there is a guaranteed income; 
(ii) there is a long term relationship with the customer and good feedback for 

hardware and service improvement; 
(iii) there is the benefit of sustainable design plus competitive advantage; 
(iv) the supplier will further increase their knowledge of the product in the working 

environment; this in turn will lead to reduced product failures and increased 
availability. 

In general services and hardware the design process is similar in nature  [Bitran  et. al., 
1998]. These processes start by obtaining an understanding of customer's needs [Ulrich el 
al. 2000, Andersen, 1983, Von, 1986]. Once the customer's needs have been identified 
the following step involves the specification of the requirements [Swan et. al, 2002] and 
then the concept design phase begins [Pugh, 1990, Ulrich el al. 2000]; this process is 
illustrated in Figure 2. In functional products design a sequential, step by step approach is 
not appropriate due to the fact that customers do not have in-depth knowledge of the 
options open to them. Consequently it is impossible to obtain a detail description of 
customer needs prior to the concept design stage. It is important therefore that the 
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customer and supplier should together investigate the possible options for the creation of 
the functional product during the concept design process. Hence an interactive process 
between customer and supplier is required in the creation of functional products. 

Figure 2. Hardware Design Process. 

It is important that a close relationship be established between the customer and supplier. 
This is essential in order to gain trust and for the supplier to understand in depth the 
requirements of the customer. 
The iterative process can be started by either supplier or customer. Once the process has 
been initiated the customer and supplier pass together through a number of different 
stages in which increasingly detailed information and requirements emerge regarding the 
design of the new functional product. In this process the direct contact between supplier 
and customer ensures that the customer's needs and requirements are fully understood. 
In addition the customer's expectation of the functional product will be more precise. 

Both parties present their initial ideas during the first iteration. As the iterations between 
customer and supplier progress the concept of the functional product is created and 
refined. This iterative process is shown schematically in Figure 3. As the concept 
develops both parties are able to ensure that their needs and requirements are fully met. 
In the creation of a functional product the design of services and hardware are considered 
at the same time; the effect of one on the other is addressed. The resulting functional 
product should be better able to satisfy both customer and supplier needs. 
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Figure 3. Functional Product Design Process. 

The focus of this paper is to investigate the different stages which the customer and 
supplier go through in order to create a functional product. The case study utilised here 
involves the creation of a Total care product for military aircraft jet engines. The 
information regarding the case study was obtained from the analysis of the minutes of 
meetings between the customer and supplier and associated documentation. The supplier 
in this case is Volvo  Aero  Corporation (VAC) who is the original engine supplier of a 
military aircraft jet engine called the RM12; the customer is the Swedish Defence Material 
Administration (FMV), who has the responsibility to perform all purchases for the Swedish 
Air Force. 

2. OVERVIEW OF THE RM12 PROJECT 

The origins of the RM12 project can be traced back to early nineteen eighties when a 
contract was signed for the development of a military aircraft, called the  JAS  39  Gripen.  
This signatories of the contract were the Swedish Defence Material Administration (FMV) 
and  IG  JAS,  an industry group consisting of the following companies: Saab AB, Volvo  Aero  
Corporation (VAC),  Telefon  AB  LM  Ericsson, Saab Tech AB and AerotechTelub AB where 
Volvo  Aero  Corporation (VAC) was given the responsibility for developing the jet engine for 
the  JAS  39  Gripen.  This aircraft is currently being widely used within the Swedish Air 
Force. Outside Sweden, the aircraft will be exported. Today,  IG  JAS  provide on-going 
technical support to the aircraft, in addition,  IG  JAS  are funded by the Swedish Defence 
Material Administration to continue to improve and develop the aircraft systems. 

In 2000 Volvo  Aero  Corporation signed a contract regarding the depot level maintenance 
of the RM12 jet engines. The maintenance contract consisted of fixed prices for 
maintenance and spare parts, with VAC financing the supply of spare parts themselves. 
However, the Swedish Defence Material Administration retained overall responsibility for 
the engine and the service support system, consequently VAC had less opportunity to 
increase efficiency and profits. VAC proposed that  IG  JAS  should consider taking on a 
larger commitment, therefore giving them the opportunity to increase efficiency whilst at 
the same time enabling alignment with the Swedish Defence Material Administrations 
material supply policy. At the time, the policy was to give an increased responsibility for 
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material provision and storage to subcontractors.  IG  JAS  was not ready for the 
commitment but suggested that as the engine is a relatively independent system on the 
aircraft then it could act as a pilot project. Volvo  Aero  Corporation then took on the 
responsibility of running the RM12 pilot project ahead of other  IG-JAS  system projects. On 
the other hand FMV were interested in investigating the possibility of an external 
organisation, in this case VAC, taking on a significant portion of the former duties of FMV. 

The RM12 pilot project consists of the creation of a Functional product where VAC will 
take complete responsibility for the engine and associated service support system, 
therefore VAC will be able to make to the customer an offer whereby availability is 
supplied at a fixed price per hour of flight. The company makes an undertaking to ensure 
that the Swedish Air Force always has engines available and in operational condition. 
Both customer and supplier should benefit from this agreement. Instead of having a 
number of often conflicting contracts, VAC will benefit from having a single, unified 
agreement, as a consequence VAC will have an incentive to increase efficiency and 
reduce cost, which will reflect in the economy of RM12 engine pilot project. 

The difference between the pilot RM12 project and similar projects in the civil aviation field 
is that VAC will have more control in both the development and manufacturing stages. 
Providing a fixed price for the functional product encourages the supplier to reduce 
operational costs, the need for spare parts and maintenance. 

Current Material Supply Chain 

Figure 4. The Swedish Defence Material Administrations strategy for material supply. 
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The supplier, customer and end-user relation functions within the Pilot RM12 are as 
follows: The Swedish air force being in this case both the customer and the user, performs 
preventive maintenance and minor repairs. The air force have maintenance resources and 
a technical department that on a high level manage the order of maintenance, 
modifications, technical support, technical development and procurement. Procurement is 
performed through the Swedish Defence Material Administration (FMV), which is the 
supplier. FMV makes sure that that the laws of public procurement are followed and acts 
as a procurement authority in the air force's service. Figure 4 shows a schematic 
representation of the material supply chain for the jet engine before and after 
implementation of the RM12 pilot project. It can be seen upon examination of this figure 
that implementation of the RM12 pilot project will result in Military logistic being removed 
from the supply chain. 

The RM12 pilot project aims to create a win-win situation in the context of maintaining the 
status of the engines for the Swedish military air force by taking a larger responsibility and 
optimising the logistics of the maintenance and material provision. In addition, the project 
will enable the possibility of obtaining a lower life cycle cost for the RM12 jet engine by 
identifying problems and possible improvements in the maintenance plan. 

3. ITERATIVE PROCESS FOR THE CREATION OF A FUNCTIONAL PRODUCT: 
CASE STUDY OF THE RM12 JET ENGINE 

3.1 BACKGROUND 

With a history of numerous contracts existing between VAC and FMV, in particular for the 
maintenance of the military RM12 jet engines, VAC expressed their interest to FMV in 
creating a Functional product of the RM12 jet engine. Before the initialisation of the 
iterative process between customer and supplier leading to the creation of the Total care 
product, a meeting was held between VAC and FMV. In this meeting VAC presented their 
vision of the current market situation and their ability as a persistent supplier of technical 
support to the RM12 engine. VAC presented their intention of signing a contract with FMV 
concerning a total commitment for the RM12 engine and presented a business case to 
support this intention. In this meeting it was decided that a group from VAC and FMV 
should evaluate the business case. The business case describes how the total 
commitment will be obtained in terms of the functions that will be provided to ensure the 
commitment of availability is achieved and the changes in the current system that are 
required to be performed in order for this to take place. In the preparation of the business 
case, different scenarios were considered by VAC which included: the engine needs work 
due to planned maintenance, unplanned failure during flight, higher failure rate than 
expected and lower failure rate than expected. 

FMV requested that VAC present their proposals for the Total care product in the form of 
contractual commitments and prices to make it possible for FMV to perform their business 
evaluation prior to committing themselves to a full implementation of the functional 
product. 

3.2 WORK APPROACH 

The iterative process between customer and supplier consisted of a series of meetings 
held between the evaluation teams of the Swedish Defence Material administration (FMV) 
and Volvo  Aero  (VAC). A close relationship was established between the two parties in 

6 



order to identify the customer needs. In general, five members from each team attended. 
In addition one member of the Air Force was also present in these meetings. The meetings 
were held regularly to agree upon a detailed business case to produce a Functional 
product which VAC would offer to FMV. The partners were in accordance with the work 
approach that was to be taken before the iterative process between customer and supplier 
for the creation of the functional product started. They agreed that to obtain the best 
results, the work between FMV and VAC should be performed systematically and in a 
spirit of cooperation. The starting point in the process is to understand the existing working 
process as a whole and this is best achieved by both parties gathering questions and 
submitting them to the other party 

From the iterative process between customer and supplier that led to the creation of the 
total care product of the case study a number of distinct stages are identified  

Stage one. This stage basically consisted of a brain storming and 
question interchange exercise with the objective of each party fully 
understanding the existing working process. 

(ii) Stage two. Both parties then concentrated on obtaining a mutually 
agreed definition of availability commitment, as a main characteristic 
of the functional product. 

(iii) Stage three. This stage involved refining the definition of availability 
commitment and capturing it in a draft contract. 

(iv) Stage four. Once the draft had been accepted, the attention turned 
to discussions about pricing and price models. 

In the section that follows the above mentioned stages will be discussed in detail. 

3.2.1 Stage One - Brainstorming and Question Interchange 

In this stage a brainstorming session was held involving customer and supplier. A series 
of questions were posed by both sides in order to obtain a comprehensive understanding 
of how the existing process works. 

FMV was concerned about what measure of the service support system risk will be utilised 
and wanted a breakdown of the existing risks on the engine. They wanted to know what 
other existing VAC contracts consisted of. Duration of the contract was a big topic for 
discussion. VAC required that the contract be for at least 7-10 years in order for it to be a 
profitable undertaking for them. On the other hand, FMV were concerned about 
investigating possible complications due to the long duration. In addition the project had to 
be looked at in the context of governmental legal regulations and FMV's procurement 
strategy. In addition FMV required a clear, concrete description of what will be provided 
and how. 

One important point that stood out in the initial discussions was that a commitment of 
availability must be defined. It was noted that the availability of the aircraft must not 
depend upon that of the engine i.e. there must always be a spare, functioning engine. In 
addition, FMV stipulated that the work `around' the engine, for example engine testing, 
must not increase from the existing level as a result of the change. Initially, a proposition 
on availability was taken to mean a commitment to cover the fleet's requirement for 
available engines. 

(i)  
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A series of questions was posed by VAC including: How much will the engines be used? 
(they requested a model to take into account variations in hours and profiles of missions). 
Do international operations mean different maintenance actions? Are the available 
resources adequate? What are the risks involved with the work not progressing? 

Both parties were concerned with how abnormally high failure rates can be prevented and 
what level of performance should be maintained on engines, should it be different from 
existing levels? In addition, it was noted that commitment means in general terms, 
availability with a certain level of system risk. The manner in which engine status at the 
beginning and end of the contract is to be handled was discussed. 

VAC pointed out that they felt that it was very important for the source of each need or 
requirement to be recorded, as this would avoid confusion and aid feedback in the future. 

3.2.2 Stage Two — Definitions of Availability and Commitment 

The second stage concentrated on agreeing upon a definition of availability commitment; 
the main characteristic in the functional product. Discussions concerning the contract and 
pricing structures also took place. The perceived risks involved with implementing a 
contract based on availability commitment were identified. 

The important topic of availability as a principal characteristic of the Total care product was 
extensively discussed and a criteria for evaluating an availability commitment was 
accepted by the customer and supplier, and they recognised that this criteria will lead to 'a 
better overall economy' for the RM12 project. The risks associated with an availability 
commitment were noted to be:  

e The inability to prepare for changes in the world;  
e Difficulty in defining the commitment;  
e Loss of competence at FMV;  
e Increased costs. 

A definition of availability for the total care product was agreed by the customer and 
supplier. Availability is defined in terms of a functional commitment that can be measured 
easily. 

What must be done jointly to reach the availability commitment was debated. The 
following points were mentioned:  

e Transition regulations must be produced and a reasonable transition time must be 
allowed when the contract is agreed upon so as to get new routines functioning;  

e VAC intends to deliver material without asking the customer/customer 
representative;  

e Flight safety campaigns must be allowed to interrupt the availability. 

The perceived risks of starting an availability commitment contract were discussed, those 
included amongst others:  

e Lack of commitment from stakeholders;  
e Legal matters;  
e Employment issues regarding the effect of new responsibilities lines/interfaces, 

different tendencies towards change; 
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e Overlap with existing contracts;  
e Incomplete transitional regulations;  
e Insufficiently controlled routines and lines of responsibility. 

In terms of the contract itself, conventional requirements on the structure of the contract 
were discussed. To be able to minimise the risk involved with implementation of the 
contract the stakeholders are expected to be involved were identified. A grade of flexibility 
in the contract was considered; the places where flexibility was thought to be required in 
the contract were considered. It was agreed that flexibility should include: flight time and 
general usage, international missions, and coordination, in particular the coordination of 
profits from export. 

Different price structures were considered. It was felt that the price structure should be 
able to handle flexibility concerning the number of engines in the system and their use. 

3.2.3 Stage Three — Draft Proposal 

After a lengthy iterative process between customer and supplier regarding needs and 
requirements from the customer and offerings from the supplier, VAC produced a draft 
document outlining its proposed commitment and the required prerequisites for such a 
commitment. Further meetings were held to discuss the draft document. The document 
underwent two additional revisions before the final draft was agreed upon. 

Availability is one of the main commitments; this ensures that an RM12 jet engine with 
approved data and system security requirements will be available to every planned flight 
mission. 

In order for VAC to meet the availability commitment, it must take control of and be 
responsible for a number of sub-processes. These sub-processes collectively define 
prerequisites for VACs main commitment and can be sub-divided into three categories, 
namely, superior, operative and support processes. The list of prerequisites is:  

(i) Material supply. 
(ii) Decision making. 
(iii) Maintenance planning, control of all engines, modules, and actions. 
(iv) Maintenance plan development, continuous operation analysis and maintenance 

plan updating. 
(v) Maintenance and remanufacturing operations.  
(vi) Education. 
(vii) Modifications, preventative maintenance and technical data, for flight safety and 

long term availability. 
(viii) Storage and quality of all data for the engine and operations. 

A number of general prerequisites for an availability commitment were identified. Firstly, 
that all activities must be carried out with a high level of coordination and agreement 
between the parties. VAC commits to continue to work in the spirit of cooperation that has 
been created during the years between themselves and FMV. Secondly, VAC commit to 
abide by the rules of military aviation and technical product responsibility, in particular they 
commit to continuously follow up and process all relevant data for problem/possibility 
identification and adapt systems for traceability of decisions and actions. Finally, both 
parties must commit to the mutual exchange of information. VAC must have continued 
access to data in the systems that the customer owns. 
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It was stipulated that the length of the pilot RM12 contract will be determined by its 
connection within the  IG  JAS  framework, which effectively means that the contract should 
not exceed seven years in duration. 

3.2.4 Stage Four — Pricing and Price Models 

Once the availability commitment had been agreed upon, attention was turned to 
pricing and price models. FMV stated that it required sufficient economical insight in 
addition to technical insight. They proposed a fixed price on a minimum level and a 
standard price on the rest. In terms of price construction, FMV felt that it should reflect the 
following factors: stable and low price, insurance/access, insight, export discount and an 
incentive to lower the cost. On the other hand VAC felt that the following factors should be 
reflected in the price construction: money for base resources, planned/smooth cover in 
workshop, reasonable profit. VAC presented several price model variants. FMV requested 
that a correlation between flight time and price be implemented. VAC recommended a 
model with fixed, semi fixed and variable parts, which FMV also thought was attractive. It 
was agreed that the variable part should be relatively small in comparison with the other 
parts. However, FMV saw some difficulty with connecting the variable part to a wear 
parameter since it implies that a technical model has been agreed upon. Some way of 
managing wear was thought necessary so VAC would not have to take too large a risk if 
the customer started to fly much' harder'. 

3.3. Conclusion of the case study RM12 

For the creation of a functional product concerned with the RM12 jet engine an intensive 
iterative process between customer (FMV) and supplier (VAC) was carried out. As 
described in section 3 the customer was heavily involved in the iterative process therefore 
both parties were able to ensure that their needs and requirements were fully met. In 
addition, as part of the iterative process, the service support system of the hardware was 
designed according with the requirements of the availability that the customer needs for 
their business. Once the functional product was created and consequently the customer's 
and supplier's needs and requirements were satisfied, a draft contract, pricing and price 
models were obtained. 

The draft of the contract included amongst other things, the specification of the availability 
commitment, general prerequisites for the availability commitment, the sub-processes 
necessary to satisfy the prerequisites for the availability commitment, pricing and price 
models. 

Another important aspect that can be extracted from this case study is that some common 
interests for the customer and supplier can be identified, namely, high operative availability 
on aircraft, reduction of the cost under use and further development of the system, cost 
effective support systems, common use of investments, competence in the industrial 
market, secure critical resources, experience of operating in other environments, 
advantage in international operations, and the ability to implement the changes in defence 
and responsibility between the Air Force, FMV and industry. 

The creation of the total care product in this case study involved the customer and the 
supplier spending many hours in meetings; this required a significant investment in time 
and human resources from the supplier. The discussions involved personnel from several 
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different departments of the company with the objective of offering to the customer a 
functional product that satisfies fully the business needs of the customer. If the supplier 
could implement a relatively quick mechanism, for example a computational tool to 
facilitate the process, to create a functional product this would be of economic benefit. 
Human resource requirements would thus be reduced and at the same time the company 
will be able to demonstrate efficiency right from the start of the process. The computational 
tool would not replace the need for a close relationship between the customer and 
supplier, in fact it would give more time to strengthen this relationship. This could be an 
issue for future research. 

4. DESCRIPTION OF THE SERVICE SUPPORT SYSTEM 

This section describes the service support system required for the RM12 jet engine. This 
system emerged during the creation of the functional product in the case study described 
in the above section. Figure 5 illustrates the hardware (RM12 jet engine); its corresponding 
service support system is shown in Figure 6, where the top-level of the system can be 
seen. The service support system consists of nine areas. The main functions of the nine 
areas are described below 

Figure 5. Hardware utilised in case study. 
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Y Support system: 

Y Modifications: 

Provides test equipment for remanufactured engines. 
lnspection and decide on action requires on hardware and 
software for test equipment. 

Development of engine hardware components and software. 
lncludes: Problem analysis solution determination and 
validation of hardware and software. 

Y Maintenance plan development: 

Y Education: 

Performs product reviews and the running and evaluation of lite 
time development programs. 
ldentifies needs for education where is required 

Provides education where required e.g. pilots, technicians and 
maintenance planners. 
Creates courses and carries out follow ups. 

These nine areas comprise the service support system for the RM12 pilot project and are 
required in order to guarantee the commitment of availability that was discussed in section 
3.2.3. In Figure 6 the nine areas and their corresponding input and output functions are 
illustrated. Each area performs specific functions in relation to the service support system 
of the RM 12 jet engine and the interactions between the areas can be seen upon 
examination of Figure 6. From the nine areas six were identified as being primary areas, 
these being: Availability planning, Material provision, Maintenance and remanufacture, 
Configuration control, Decision making and support system. The remaining three areas, 
Modification, Maintenance plan development and Education, do not have an impact on the 
short term performance of the service support system. However, they are necessary for 
the long term success and development of the system. 

An efficient service support system is prerequisite to achieving high levels of availability. 
The service support system consists in a series of functions, that can be only defined in 
time [Shostack 1984, Edvardsson 1996]. Two important factors that must be considered if 
an efficient support system is required are: time to perform each function and quality of 
information passed between areas. 

5 CONCLUSIONS 

The creation of a Functional Product involves a close dialogue between the customer and 
provider that extends beyond the customer/client interactions that are normally associated 
with the early phases of hardware and general service design, i.e. the identification of 
customer needs and evaluation of potential solutions. In the case of Functional Products, 
the generation of potential solutions, initially at a high level and then increasing in 
complexity and detail, is an important contribution to the creation and development of 
customer needs. Therefore, the 'identification of customer needs and specification of 
requirements' and the 'conceptual design' stages of conventional design are replaced by 
an iterative process of solution potential and business development possibilities coupled 
with customer/supplier cost-benefit analysis. Thus the customer needs and requirements 
are identified and developed simultaneously as the service concept develops (as 
illustrating in Figure 3) 
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Availability is a key performance driver in the conceptual design of functional products. 
Therefore, ways in which availability can be incorporated quantitatively into the 
development of potential solutions is required. At the conceptual stage, the simulation of 
high level models of the total product is attractive to ensure that the design and decision 
making processes include the availability of functional provision. 

A design process that involves lengthy, protracted discussions of requirements and 
potential solutions is an inefficient way to develop functional products. There is a need to 
demonstrate potential business solutions quickly and effectively in order to stretch the 
solution horizon of customers and to facilitate the rapid development of novel solutions by 
the supplier and customer working together. There is also a need to incorporate availability 
modelling into solution demonstration at an early stage of design, Therefore, a design 
process that based on the modelling and synthesis of sub-function solutions is an 
attractive prospect. A variety of total design solutions can be created by the synthesis of 
sub-functions in order to demonstrate potential to customers. 	Simultaneously, the 
interactions of the sub-functions are defined. A simulation of the total functional provision 
can be performed quantitatively, which is effectively a functional availability model, to 
determine where resources (and hence costs) need to be allocated to achieve contractual 
performance levels. 
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