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Summary 
 

In order to maintain the quality in a system it is important to be aware of the effects of 

the maintenance and how it is structured. The cost effectiveness of a system is measured 

with respect to the reliability, availability and maintainability (RAM) and the total life 

cycle cost (LCC). Integrated Logistic Support (ILS) is a method used for designing a 

maintenance solution for a system. The ILS identifies maintenance actions needed for 

maintaining the system ability to operate at a certain level. Maintenance actions are 

usually performed by both internal and external suppliers. The use of external suppliers 

can be connected to changes in the RAM and total LCC for the system.  

This study is developing a method for calculating the cost effectiveness of a system 

with respect to both RAM and LCC and focusing on the utilization of external 

maintenance suppliers. The method is calculating a cost effectiveness index which is 

useable for comparing different maintenance solutions with each other. The cost 

effectiveness index is also useable for investigating how changes in the input values are 

affecting the cost effectiveness of a system. The developed method was tested in a real 

logistic maintenance structure in a case study at the company Combitech AB. The 

results showed that the RAM values were not changing linear to the LCC. Therefore, it 

is important to be aware of the possible cost increase when the RAM maybe is 

unaffected. The main conclusion of the study is that it is important to be aware of the 

importance of how both the RAM and LCC is changing when the input values are 

changing. A further conclusion is the importance of equally comparing different 

systems or maintenance solutions in order to secure the reliability of the comparison.              

 

Key words: LCC, Maintenance, Maintenance plan, Cost effectiveness, ILS, RAM, 

LORA, CLS, Case study, Combitech 
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Sammanfattning 
 

För att upprätthålla kvaliteten i ett system är det viktigt att vara medveten om hur 

underhållet och dess struktur påverkar resultatet. Kostnadseffektiviteten i ett system är 

uppdelad i tillförlitlighet, tillgänglighet, underhållsmässighet (RAM) och de totala livs 

cykel kostnaderna (LCC). Integrerat Logistikstöd (ILS) är en metod för att utveckla en 

underhållslösning för ett system. ILS identifierar de underhållsåtgärder som behövs för 

att systemet ska kunna upprätthålla sin förmåga att leverera enligt en förutbestämd nivå. 

Dessa underhållsåtgärder kan utföras av både interna och externa 

underhållsleverantörer. Användandet av externa leverantörer kan ha koppling till 

förändringar i både RAM och de totala LCC för ett system.    

Denna studie utvecklar en metod som beräknar kostnadseffektiviteten för ett system 

med avseende på både RAM och LCC och fokuserar på utnyttjandet av externa 

underhållsleverantörer. Metoden beräknar ett kostnadseffektivitetsindex som kan 

användas för att jämföra olika underhållslösningar med varandra. 

Kostnadseffektivitetsindexet är också användbart för att undersöka hur ändringar i olika 

ingångsvärden påverkar systemets totala kostnadseffektivitet. Den utvecklade metoden 

testades i en verklig logistikstruktur i en fallstudie på företaget Combitech AB. 

Resultaten visade att värdena RAM inte varierade linjärt relaterat till LCC värdena. 

Därför är det viktigt att vara medveten om att kostaderna kan öka utan att effektiviteten 

i systemet gör det. Huvudslutsatsen i denna studie är att det är viktigt att vara medveten 

om hur både RAM och LCC förändras när ingångsvärdena ändras. Ytterligare en 

slutsats är att det är avgörande att jämföra olika system eller underhållslösningar på 

samma sätt för att jämförelsen ska vara tillförlitlig.         

 

Nyckelord: LCC, Underhåll, Underhållsplan, Kostnadseffektivitet, ILS, RAM, LORA, 

CLS, Fallstudie, Combitech   
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Definitions 
 

Availability: “Ability to be in a state to perform as and when required, under given 

conditions, assuming that the necessary external resources are provided”, SS-EN 

13306 (2010). 

 

Cost effectiveness: “The measure of a system in terms of mission fulfilment (system 

effectiveness) and total LCC cost”, Blanchard (2014). 

 

Dependability: “Ability to perform as and when required”, SS-EN 13306 (2010). 

 

Down state: “State of an item characterized either by a fault, or by a possible inability 

to perform a required function during preventive maintenance”, SS-EN 13306 (2010). 

 

Down time: “Time interval throughout which an item is in a down state”, SS-EN 

13306 (2010).  

 

Failure: “Termination of the ability of an item to perform a required function”, SS-EN 

13306 (2010). 

 

Failure Mode: “Manner in which the inability of an item to perform a required 

function occurs”, SS-EN 13306 (2010). 

 

Fault: “State of an item characterized by inability to perform a required function, 

excluding the inability during preventive maintenance or other planned actions, or due 

to lack of external resources”, SS-EN 13306 (2010). 

 

Integrated Logistic Support (ILS): “Management method by which all the logistic 

support services required by a customer can be brought together in a structured way 

and in harmony with an item”, IEC 60300-3-12 (2011). 
   
Life Cycle Cost (LCC): “Cumulative cost of a product over its life cycle”, IEC 

60300-3-3 (2004) 

 

Maintainability: “Ability of an item under given conditions of use, to be retained in, or 

restored to, a state in which it can perform a required function, when maintenance is 

performed under given conditions and using stated procedures and resources”, SS-EN 

13306 (2010). 

 

Maintenance: “Combination of all technical, administrative, and managerial actions 

during the life cycle of an item intended to retain it in, or restore it to, a state in which it 

can perform the required function”, SS-EN 13306 (2010). 

 

Maintenance contractor: “Contracting party (e.g. organization, joint venture, etc.) 

that has agreed to undertake responsibility for providing a given maintenance service 

and obtaining, when specified, supplies in accordance with a contract”, SS-EN 13269 

(2006) 

 

Maintenance outsourcing: “Contracting out of all or part of the maintenance 

activities of an organization for a stated period of time”, SS-EN 13306 (2010). 
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Maintenance plan: “Structured and documented set of tasks that include the activities, 

procedures, resources and the time scale required to carry out maintenance”, SS-EN 

13306 (2010). 

 

Maintenance resource: “Manpower, funds, materials, equipment, tools, space and 

time required to perform maintenance actions according to a maintenance plan”, 

Patton (1980).    

 

Maintenance task: “Range of elementary maintenance activity carried out for a given 

purpose”, SS-EN 13269 (2006) 

 

Operating state: “State when an item is performing as required”, SS-EN 13306 

(2010). 

 

Operating time: “Time interval throughout which an item is in operating state”, SS-

EN 13306 (2010). 

 

Quality: “The quality of a product is its ability to satisfy, and preferably exceed, 

customers needs and expectations”, Bergman & Klefsjö (2007).  

 

Reliability: “Ability of an item to perform a required function under given conditions 

for a given time interval”, SS-EN 13306 (2010). 

 

Resources: “Manpower, funds, materials, equipment, tools, space and time available 

for or required to accomplish specific objectives”, Patton (1980).   

 

Supplier: “Organization or an individual that enters into an agreement with the 

acquirer for the supply of a product or service”, IEC 15288 (2008).  

 

System: “Combination of interacting elements organized to achieve one or more stated 

purposes”, IEC 15288 (2008). 

 

Turn Around Time (TAT): That element of maintenance time needed to service, 

repair, and/or check out an item for recommitment. This constitutes the time that it 

takes an item to go through the complete cycle from operational installation through a 

maintenance shop and into the spares inventory ready for use”, Blanchard (2014).  

 

Up state: “State of an item characterized by the fact that it can perform a required 

function, assuming that the external resources, if required, are provided”, SS-EN 

13306 (2010). 

 

Up time: “Time interval throughout which an item is in an up state”, SS-EN 13306 

(2010). 

  



  
 

vi 

Abbreviations  
 

A Availability 

ADT Administrative Delay Time 

AHP Analytic Hierarchy Process  

CBM Condition Based Maintenance 

CBS Cost Breakdown Structure 

CE Cost Effectiveness 

CLS Contractor Logistic Support 

CM Corrective Maintenance 

FMECA  Failure Mode Effects and Criticality Analysis 

FPT Preventive maintenance rate 

ILS Integrated Logistic Support 

LCC Life Cycle Cost 

LCCA Life Cycle Cost Analysis 

LDT Logistic Delay Time 

LNU Linnaeus University 

LRU Line Replaceable Unit 

LSA Logistic Support Analysis 

LSC Life Support Cost 

LORA Level of Repair Analysis 

M Maintainability 

𝐌 Mean active maintenance time 

𝐌ct Mean corrective maintenance time 

MDT Maintenance Downtime 

𝐌𝐌𝐀𝐗 Maximum active corrective maintenance time 

𝐌pt Mean preventive maintenance time 

MTBF Mean Time Between Failure 

MTBM Mean Time Between Maintenance 

MTBR Mean Time Between Replacement 

MTTR Mean Time To Repair 

MWT Mean Wait Time 

OEM Original Equipment Manufacturer 

PM Preventive Maintenance 

R Reliability 

RAM Reliability, Availability and Maintainability 

RCM Reliability Centered Maintenance  

RPN Risk Priority Number 

SE System Effectiveness 

SEK Swedish crowns (Swedish currency)  

SRU Shop Replaceable Unit 

TAT Turn Around Time 
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1 Introduction 
The first chapter describes the background of the problem and how a problem 

discussion leads to the problem formulation. Also, the purpose, relevance, delimitation 

and limitations are presented. Last, a timeframe for the study is presented.    

 

1.1 Background 
Due to a constantly growing competition worldwide, companies and organizations 

repetitively have to consider the quality of their produced product or service to stay 

competitive. Products and services must be produced according to the customer’s needs 

and expectations and the production cost must be considered at all time. Already in the 

development phase of a product or service it is important to create conditions that 

enables high quality later on in the life cycle (Bergman & Klefsjö, 2007).  

 

According to Blanchard (1997) the complexity of the systems is increasing with new 

technologies. The operation and support cost for the systems is increasing, compared to 

the purchase cost. Therefore, focusing on system availability is crucial for keeping 

control over the total life cycle costs.           

 

An increasing trend is to use the original equipment manufacturer for maintenance using 

service contracts. This agreement guarantees the supplier a certain level of service at a 

periodic fixed cost, which is appealing both for the customer and supplier. The cost 

calculation for the customer gets less complicated partly with a fixed maintenance cost. 

The supplier has the opportunity to sell services and not only physical equipment 

(Basten, van der Heijden & Schutten, 2011) 

 

In order to control the production cost of a product or service the Life Cycle Cost (LCC) 

of the entire production system used must be identified. Most of the costs during the life 

cycle are future costs, which can be difficult to predict and calculate. The future costs 

are fixed early in the development phase of the system, and approximately 70% of the 

life cycle costs are fixed already in the projection phase (Hagberg & Henriksson, 2010). 

According to Seif & Rabbani (2014) ownership related costs of a system can be as 

much as 20-200 times the purchase cost. Therefore, it is important to analyse all phases 

in the entire life cycle at an early development stage in order to calculate future costs. 

According to Hagberg & Henriksson (2010) the possibilities to affect costs later on in 

the life cycle are limited, and when it is possible approximately 100-1000 times more 

expensive than in the early development stages.        

 

The importance of maintaining a system is crucial in order to sustain its ability to 

perform according to the stated demands. The availability of a system is depended on 

the accessibility of each component involved in the system. Consequently, the system’s 

availability is dependent on the maintenance actions done on each individual component 

(Hagberg & Henriksson, 2010).    

The cost of maintenance in the industry is, according to Salonen & Deleryd (2011), 

approximately 15% of the production cost. Simultaneously, maintenance should be 

considered a competitive resource and not only a cost.    

In order to achieve an effective maintenance in an organization it is crucial to develop a 

maintenance strategy. This strategy should describe a desired future position for the 

maintenance in the organization as well as describe guidelines for how the future 

position should be achieved. The strategy can be supported by maintenance concepts, 
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which is useful for solving the How questions in the strategy (Hagberg & Henriksson, 

2010).  

Integrated Logistic Support (ILS) is a methodology used for developing a maintenance 

plan for a defined system. ILS identifies the maintenance activities needed for 

maintaining the ability of the system to operate at a certain availability level. The 

activities have to be supported by both spare parts supply and other resources like 

trained staff and relevant information (Blanchard, 2014).    

 

1.2 Problem discussion  
The use of external suppliers is increasing both in maintenance and several other 

business areas (Basten, van der Heijden & Schutten, 2011; Hagberg & Henriksson, 

2010). The reasons behind the decision to let external suppliers handle all maintenance 

or only parts of it can be several. Examples of these reasons can be the lack of internal 

competence, the fact that maintenance is not the main activity or the expectation of a 

reduced maintenance cost. However, there are other aspects that have to be considered 

when external suppliers become a part of the maintenance organization. How should the 

external maintenance integrate with the organization? Is it possible to separate and 

calculate costs in order to decide whether the external maintenance is cost effective or 

not? The questions are various, and they all have to be considered as well as part of both 

the general and the maintenance strategy of the organization (Hagberg & Henriksson, 

2010).         

 

According to Tysseland (2007) it can be problematic to select the most cost effective 

alternative in a life cycle perspective even though a clear guideline within the 

organization exists. The problem can be divided into two parts. First, the long-term cost 

effective alternative must be supported by the organization. This is important in order 

for no individual decision to have negative consequences due to selection of the higher 

initial procurement cost, which in the long-term has the lowest life cycle cost. Secondly, 

the procurement manager has competence and an understanding about LCC to be able 

to select the most suitable alternative according to the given system criteria.  

 

In a procurement process with external suppliers, a contract has to be constructed. This 

contract must contain all information needed to regulate what the involved parties 

expect and demand from each other. It has to specify the expected demands on the 

procured system, verify how reliability demands should be achieved, inform what 

economic consequences a deviation of the contract lead to, and finally, how the system 

is secured for the future. To design a contract with an external supplier in a LCC 

perspective is crucial (H Driftsäk, 2006). Hagberg & Henriksson (2010) has stated that 

possibilities to affect the total life cycle cost after the design phase is very restricted. 

That is why it is important that the maintenance contract with external suppliers is based 

on reliable LCC calculations.    

 

In 2014 the Swedish government resolved about a new investment strategy regarding 

defence material. The present investigation showed that the previous procurement 

strategy did not consider the total cost for the procured materials life cycle in a 

satisfying way. Governmental decisions regarding new material procurement were made 

based more on purchase costs than the entire life cycle costs. The new investment 

strategy suggests that a clear connection to the future operative conditions for the 

system should be identified early in the procurement process to be able to make a more 

long-term economic effective procurement decision (SOU 2014:15).  
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The Swedish government decided in June 2012 that the Swedish Defence should reduce 

internal material supply and logistic costs. FMV is the technical provider for the 

Swedish Defence and is a civil authority under the Swedish Ministry of Defence. The 

Swedish Defence together with FMV should develop a plan to be able to reduce costs 

with 760 million SEK annually. As a comparison, the turnover for FMV 2014 was 19,9 

billion SEK and the annual saving corresponds about 3,8%. According to the FMV 

annual economic report for 2014 changes are mainly done in the human resource 

organisation, property assets and procurement strategies. In detail, some spare parts 

storage facilities has been moved, liquidated or taken over by external supplier. In other 

words, the logistic conditions for material supply in Swedish Defence is about to change 

(FMV, 2015).  

 

1.3 Problem presentation 
Today, the Swedish Defence Industry is focusing more on the total life cycle costs of a 

system than just the initial purchase cost. A part of the Life Cycle Cost Analysis 

(LCCA) is to develop a maintenance plan for the system that considers demanded 

system availability and maintenance costs. This strategy is developed by the 

methodology Integrated Logistic Support (ILS). One step in the ILS analysis is the 

Level of Repair Analysis (LORA). This analysis identifies when a part within a system 

should be repaired or replaced and where in the maintenance organization it should be 

done. Due to the changes in the Swedish Defence organization and the will to save costs 

more maintenance activities for part of or entire systems is done by external suppliers. 

This fact changes the conditions for the maintenance analysis. With external suppliers it 

is possible to contract system or subsystem availability. However, it gets more 

complicated to calculate as well as to assure the total system availability and quality.      

 

1.4 Problem formulation 
The problem is formulated in one question:  

 

How is it possible to evaluate maintenance solutions, including external suppliers, in a 

system with respect to cost effectiveness? 

 

This research question is considered during the entire study and will be answered in the 

chapter 8 Results.  

 

1.5 Purpose 
The purpose of the study is to develop a method that can be used to determine if a part 

within a system should be replaced or repaired, and in which level in the organization it 

should be done. The method should also consider the possibility of using external 

suppliers for maintenance activities. Furthermore, the method should identify the most 

cost effective solution, and this with respect to the demanded availability of the defined 

system.    

 

1.6 Relevance 
According to previous research, there is an uncertainty in how the use of external 

maintenance resources affects both the costs and effectiveness of a system. Further, the 

use of external maintenance suppliers has drastically increased the last decades. 

Consequently, the problem in this study is theoretically relevant due to the following 

statements. Tysseland (2007) proved that organizations have problems with considering 

the LCC perspective in procurement processes despite clear strategies that advocates the 
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importance of considering the entire life cycle. H Driftsäk (2006) states the complexity 

in designing contracts with external suppliers that predicts and considers the entire life 

cycle of the system. Hagberg & Henriksson (2010) states the difficulties in changing 

conditions after the design phase in the LCC and the dramatically increasing costs a late 

change in the LCC means. Finally, Bergman & Klefsjö (2007) states the importance of 

maintaining a high quality of the produced product or service in order to stay 

competitive in a worldwide increasing competition. 

Further practical relevance arguments are that maintenance engineers indicates an 

uncertainty in how the system effectiveness is affected by procurement of external 

suppliers. This is the weakest link in the maintenance analysis. 

 

The more society and global relevance of this study is connected to political economics 

and the promotion of democracy. The ILS is mainly used in military defence 

organizations which are economically supported by individual nations. The 

development and cost optimization in those defence organisations enables the nations to 

invest more money in other areas like healthcare and education which increase the 

welfare. More available and effective defence organisations worldwide improve their 

possibilities to cooperate and counteract against terrorism and dictatorships which 

globally promotes democracy and human rights.           

 

1.7 Literature search 
The search for scientific articles is done in the databases Emerald and Business Source 

Premier according to recommendations, due to the main subject Terotechnology, done 

by the University Library at Linnaeus University. The search result is presented in table 

1. The search phrases are searched for in the entire articles. Except for the search phrase 

“maintenance” in search 3, which only were searched for in the abstract of the articles.      

 
Nr Date Search phrase Database Hits Comments Relevant 

hits 

1 150330 +lcc 

+maintenance 

Emerald 297 To many hits, 

further search 

limitation is 

needed.  

- 

2 150330 +lcc +ils Emerald 19 Good search result, 

manageable 

number of hits. 

2 

3 150331 +lcc 

+maintenance 

(abstract) 

Emerald 60 Good search result, 

manageable 

number of hits. 

2 

4 150331 +maintenance 

+procurement 

Business 

Source 

Premier 

1620 To many hits, 

further search 

limitation is 

needed. 

- 

5 150331 +maintenance 

+procurement 

+lcc 

Business 

Source 

Premier 

1 Good search result, 

manageable 

number of hits. 

- 

 

Table 1. Literature search results 

 

The difficulties in the literature search were to find the most suitable combination of 

search phrases. Too few search phrases provided too many and irrelevant hits while too 

many search phrases, sometimes, generated no hits at all.   Another difficulty during the 

search process is all abbreviations used in the current study area, for example ILS and 
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LCC. Those abbreviations are sometimes standing for something else which 

complicates the search process.   

 

When the number of hits was below 50 all titles were carefully read and approximately 

10% was selected for further reading of the abstract of the article.   

The search result shows that current research regarding the combination of maintenance 

procurement and LCC is strictly limited which further proves the relevance of this 

study.    

Search 1 and 4 generated to many hits. Search 5 did not generate any relevant hits.  

Search number 2 generated the articles Tysseland (2007) and Galloway (1996) which 

was very useful in the ILS subject.  

Search number 3 generated 60 hits but was analysed anyway because of several relevant 

hits already in the beginning of the list. One example is Seif & Rabbani (2014). 

A special search for the author Blanchard was made in both Emerald and Business 

Source Premier because Blanchard is a known and established author in the subjects 

LCC and ILS. This search generated the articles Blanchard (1991), Blanchard (1992) 

and Blanchard (1997).  

 

Further, some of the used articles were found in the references of the articles found in 

the literature search.   

 

The search of books has mainly been done at University Library at Linnaeus University 

which increase the reliability of the literature. Many of the books by the authors: 

Blanchard, Hagberg & Henriksson, Bergman & Klefsjö and Thomas Saaty are also 

previously recommended course literature at Linnaeus University which further increase 

the reliability.   

 

The search of standards has been done in the database E-nav provided by the University 

Library at Linnaeus University.  

 

1.8 Delimitations 
The ILS methodology consists of several analysis steps and this study will focus on the 

LORA. In the LCC only the LSC will be considered. Further, the developed method 

will be customized for small and middle size systems and will be delimited to the first 

level of external maintenance supplier. Hence is the connection between the first level 

of external supplier and first level of external sub-supplier not considered. The possible 

cost saving related to the use of external maintenance suppliers is not considered.     

 

1.9 Limitations 
The study is time limited with 10 weeks available. The method developed will due to 

the short timeframe only be tested once with following evaluation. There are limited 

access to empirical information due secrecy about parts of the case company and its 

customers. Therefore the logistic structure and other input will not be entitled with the 

real names and concepts at all time. Further the available information will be adjusted to 

simulate several different logistic structures to enable comparison of them in the method 

test process.       

 

1.10 Timeframe 
A timeframe for the study is created and presented in Table 2. The different activities 

are presented in the left column and marked with a blue field when they are planned to 



  
 

6 

be performed. There are three submissions planned which are marked with a red field in 

the table and with the submission date written in it. Submission 1 regards chapter 1-4. 

Submission 2 regards chapter 1-7.     

 

 
 

Table 2. Timeframe for the study 
  

Week 12 13 14 15 16 17 18 19 20 21 22

Introduction

Research methodology

Theory

Submission 1 17/4

Model development

Empirical findings

Model testing

Submission 2 8/5

Analysis

Results

Conclusions & recommendations

Adjustments

Final submission 25/5

MayMarch April
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2 Research methodology 
The second chapter describes the scientific research approaches and methods. The ones 

used in this study are selected and motivated.   

 

2.1 Research approaches 
There are different kinds of research approaches available, which all represent different 

ways of performing research. The two most common approaches are positivism and 

hermeneutics, which are both further described below (Patel & Davidson, 2003). 

 

Positivism is based, and most used, in natural science. The approach was founded in the 

19th century by the sociologist August Comte. Positivism research is proved by 

empirical evidences and should be described in a concrete and logical way, in 

opposition to philosophical assumptions that can be very open for individual 

interpretation. Furthermore, the approach contributes to positive knowledge that 

develops the society in a positive direction. Thereof it was named positivism. One of the 

basic ideas with this approach was to standardize the way research results was described 

in order to be able to compare different results with each other. Another advantage 

would be the possibility to divide big complex research areas in smaller more 

manageable parts. The deduction research method is often used because it is frequently 

based on already existing theories and tries to develop further knowledge (Patel & 

Davidson, 2003).  

 

Hermeneutics is a more humanistic research approach that strives to explain the more 

interpretable subjects, such as social and human disciplines. This approach tries to 

understand conditions rather than trying to explain them. Further, the hermeneutics 

approach strives to understand the whole perspective of a research area in opposite to 

positivism that gladly divides the area in sub-areas.  A typical research method used in 

hermeneutics is abduction, because the approach wants to understand and describe a not 

yet explored condition (Patel & Davidson, 2003).  

 

2.2 Research methods 
There are three main types of scientific methods, which are Deduction, Induction and 

Abduction. These three methods represent different ways of research actions and 

characteristics, which generates different kinds of information or knowledge (DePoy & 

Gitlin, 1998). The methods are further described below.    

 

The deduction method is based on existing theories, and already existing truths are 

initially accepted. The research method consist of collecting empirical information and 

compare it with stated hypothesis according to the existing theory. The next step is to 

conclude if the empirical findings match the theories or not. In this way it is possible to 

prove whether a hypothesis is true in the actual case. This approach does not develop 

any new theories. Only already existing theories are tested, and in some cases further 

proven due to the study contribution of reality testing (DePoy & Gitlin, 1998).    

 

Inductive method is when existing theories are observed in broader perspective based on 

empirical information in the research. The researcher is looking for patterns in the 

empirical information and develops new solutions on the problem if possible. The initial 

attitude is no acceptance of existing truths. The inductive approach develops new theory 

according to the conclusions stated (DePoy & Gitlin, 1998).        
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The abductive method develops theoretical propositions on empirical observations that 

no existing theory or proposed theory can explain. The collected empirical information 

is tested according to initially stated hypothesis. In some cases this research results in 

new theory. However, in other cases, the proposed theory may not be possible to prove 

further at the moment, and will therefore remain as proposed theory. It is possible for 

future research to further proving of existing proposed theories (DePoy & Gitlin, 1998).    

 

2.3 Qualitative and Quantitative research 
There are different ways of processing empirical information that is collected in 

research. Further descriptions of the qualitative and the quantitative method are 

presented below (Patel & Davidson, 2003).  

 

Qualitative research material is text in any form that describes a context. However, the 

text material can be both answers on questions in a questionnaire or simply notes from a 

verbal interview. The analysis of qualitative material is usually an ongoing process that 

start early in the collection of empirical information. This can be an advantage because 

it gives an indication of the direction and the next step in the research (Patel & 

Davidson, 2003). Additionally, the qualitative method is practical when the goal is to 

create deeper knowledge in a research area. Focus is not put on proving or disproving 

hypothesis in the collected empirical information (Holme & Solvang, 1997). 

 

Quantitative research material is statistic information about the research area. These 

statistics is further divided in descriptive and hypothesis testing. Descriptive statistics 

gives a description about the collected material, which makes it possible to decide how 

big parts of the material that behaves in a certain way. It is not necessary to process or 

collect material from an entire population in order to make conclusions out of it. A 

statistic sample can be chosen to represent the entire population. In contrast to 

descriptive testing, hypothesis testing urges to prove or disprove a possible condition in 

the research area (Patel & Davidson, 2003).   

 

2.4 Data collection methods  
There are different kinds of methods available for collecting data. Common to all 

methods is that collected information should be relevant and suitable in order to answer 

the research questions. The selection of methods should also contribute to high 

reliability and validity of the study (DePoy & Gitlin, 1998).  

  
2.4.1 Qualitative data collection methods 

The qualitative data collection methods case study, observation and interview are 

further described below. 

 

A case study is a research method where a limited problem is studied during a relatively 

short time frame. It is a suitable method when hypothesis, based on existing theories, 

should be tested in reality. The purpose can both be proving the hypothesis or study if 

the chosen case matches existing theory (Bell, 2006).  

 

Observation as a data collection method is when the researcher is present in a situation 

where the content is interesting for the study. Examples of situations are meetings or 

manufacturing processes. The observations can be structured or unstructured and 

participatory and non-participatory (Bell, 2006). The observation process includes the 

three activities watching, listening and recording (DePoy & Gitlin, 1998). The 
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difference between structured and unstructured observation is that the structured is 

based on initial observation criteria. The unstructured observation is used when the 

expected observations are more unclear and it is difficult to predict observation criteria. 

The difference between participatory and non-participatory is the presence of the 

researcher. If the researcher asks questions during the observation or is a natural part of 

the situation the method is considered participatory observation. It is considered a non-

participatory observation when the presence of the researcher is as little as possible. The 

researcher should try to affect the situation as minimal as possible (Bell, 2006). One 

disadvantage with the observation method is that the result of the data collection can be 

subjective. This is because different people can easily observe different things in a 

situation, especially if the observation is unstructured. One way of reducing the 

subjectivity is to have several observers and compare the observed information (Bell, 

2006).      

 

Interview is a data collection method when questions are asked to either one individual 

or smaller groups. The person or group answering questions in an interview is also 

called respondent. The interview can be structured or unstructured. The structured 

interview is strictly controlled by a predetermined list of questions. The interviewer has 

to ask the questions exactly as it is written and in the right order. The interviewer’s 

possibilities to affect the formulation of the questions or the interviewed individual 

should be as minimal as possible. The questions asked are usually closed ended 

designed so the possibility to make interpretations of the answer is as limited as 

possible. Both the interviewer and the participant of the interview have bigger 

possibilities to affect the result if the interview is unstructured. The questions asked 

should be open ended were the answer can be something else than simply yes or no. The 

interviewer has possibilities to ask relevant supplementary questions that is not 

predetermined (DePoy & Gitlin, 1998). The advantage with an interview as a data 

collection method is that it is possible to collect a lot of information in addition to the 

predetermined questions, both thru relevant asked supplementary questions and thru the 

observed body language of the interview individual. But the interview method can also 

be considered subjective just because of the possibilities of the interviewer to affect the 

results. Further, the method is also time consuming, and the possibilities to interview 

several individuals can be limited depending on the study limitations (Bell, 2006).       

 

2.5 Reliability, Validity & Generalization 
Reliability is the ability of a measurement method to achieve the same result if the 

measure was performed more than once but with the same conditions. An example is 

how a research question is formulated. If the answer on the same question differs from 

one situation to another the method is not reliable (Bell, 2006). The reliability of a 

research method is important so it is possible to determine that it is the measured 

variable that changes. Thus, the difference in the research result is not due to an 

unreliable research method, which then is inappropriate for the research situation 

(DePoy & Gitlin, 1998).   

 

Validity is the ability of a search method to actually measure what it is supposed to 

measure. The purpose with using a valid research method is to make it possible to state 

a reliable conclusion according to the results of the research. If the validity is not 

acceptable, the stated conclusion might not be true (Bell, 2006).       

 

Generalization is the ability of research results and conclusions stated in a study to be 

able to be adapted in other similar situations. This is especially important in case 
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studies. Normally the conclusions from a case study are more or less customized to the 

current case. The generalization level is high if the conclusions also are useful and 

possible to adapt in other similar cases (DePoy & Gitlin, 1998). 

 

2.6 Literature review  
A literature review (also called theory presentation) is a presentation of existing 

research and knowledge needed to understand and be able to solve the problem 

formulation. The reader should be able to follow the development process in the study 

and with presented theory be able to test if the results are correct performed. The 

literature should be relevant according to the stated problem including background, 

analysis and result (Patel & Davidson, 2003).   

 

2.7 Methodology used in this study 
The study is a Qualitative research where the collected empirical information will be 

used together with existing relevant theory in order to develop new knowledge. The 

empirical information will mainly consist of qualitative data which will be processed 

according to the positivism research approach. Quantitative research or the 

hermeneutics approach is not used because no bigger quantitative empirical data will be 

collected and the purpose is not to prove or disprove any patterns in the empirical 

information.       

 

The research method of this study is mainly inductive. Existing theories about mainly 

LCC, ILS and Maintenance are used as a base in order to develop new theory for cost 

effectively contracting external maintenance suppliers. The development process of the 

method will be further described in chapter 4 Method development. The deduction 

approach is partly in question because the empirical information will also be tested 

according to existing theories. The abductive approach is not in question when no 

empirical information is discovered that cannot at all be explained by already existing 

theories. 

 

The methods for collecting data will mainly be unstructured interviews and case study. 

The number of relevant individuals possible to interview is initially limited which 

argues for unstructured interview in order to achieve as much relevant information as 

possible. All interviews will be documented and presented in Appendix A.   

The developed method will be tested at a company which argues for the case study 

method.       

 

Both the reliability and validity of the measurement methods is increased by letting at 

least two engineers review collected empirical information.     

The generalization of the study is secured because the developed method will be usable 

in any similar maintenance organization. The connection to the case company is this 

study is mainly for testing the developed method in a real and relevant environment.    

 

The literature review is quite comprehensive in order to give the reader a deep 

understanding of the problem. Relevant presented theory areas is LCC, Maintenance, 

ILS, Quality and decision making methods. The literature search process is further 

described in paragraph 1.7 Literature search. 
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3 Theory 
The third chapter presents relevant theories needed to understand the content of the 

study.  

 

3.1 Life Cycle Cost (LCC) 
Life Cycle Cost (LCC) is the sum of all costs for a system thru its entire life cycle. The 

life cycle is divided in six phases which are Conceptual Design, Preliminary System 

Design, Detail Design and Construction, Production and/or Construction, Utilization 

and Support and finally Retirement and Disposal (Blanchard, 2014). The phases are 

illustrated in figure 1.  

 

    
 

Figure 1. The life cycle phases 

 

The purpose with the LCC model is to represent a real scenario of s systems life cycle 

and develop structures for the different costs that occur in the life cycle phases. A 

system usually contains hidden costs thru its life cycle more than the initial purchase 

cost. The model can be customized to the actual system and it is possible to focus more 

or less on the different phases (IEC 60300-3-3, 2004). 

 

All costs in the system total life cycle are difficult to predict and calculate in an initial 

phase. The LCC iceberg illustrated in figure 2 show the complexity of predict future 

hidden costs. Both those costs have to be identified but also be calculated early in the 

design phase (Blanchard, 1991; IEC 60300-3-3, 2004).    

 

 
 

Figure 2. The LCC iceberg 
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All costs during the system life cycle have to be structured and categorized in a Cost 

Breakdown Structure (CBS). This structure starts with four main cost areas which are 

connected to the life cycle phases. The cost areas are Research and Development Cost, 

Production and Construction Cost, Operations and Maintenance Support Cost and 

finally Retirement and Disposal Cost. However, there are six phases in the LCC process 

and only four phases in the CBS example illustrated in figure 3. Despite that are all 

costs in the LCC covered somewhere in the CBS (Blanchard, 2014). 

 

 
 

Figure 3. An example of a Cost Breakdown Structure (CBS) 

 

The different categories can be customized to suit the current system. That is why the 

CBS example in figure 3 only shows four phases. Depending on what kind of system is 

being analysed there will be focus on different kinds of costs in different areas in the 

CBS (Blanchard, 2014).     

 
3.1.1 Life Support Cost (LSC) 

The Operation and Maintenance Support Cost category, illustrated in figure 5, is also 

called Life Support Cost (LSC). This is costs related to sustaining and maintaining the 

operational ability of the system during the entire operation and maintenance phase of 

the life cycle (Blanchard, 2014). 

 
3.1.2 Disadvantages and difficulties with LCC 

Despite all positive arguments of performing a LCC calculation for a system there are 

negatively aspects to consider. First the LCC collects economic calculation both from 

present time (initial procurement cost) and the future (LSC). The difficulties are to 

predict and calculate future costs which can be affected of factors like future inflation 

and interest changes. Further is the LCC model dynamic and usually customized to fit 

the current situation. This is important to consider when for example two LCC 
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calculations of the same system are compared. A normal situation like that is when 

several suppliers offers the same system solution and delivers their own LCC 

calculation. Every supplier will probably customize their LCC analysis in order to 

highlight the advantages with their system (Norman, 1990)   

 

3.2 Cost Effectiveness 
A system consists of both costs and desired functions. The LCC is only considering 

costs related to the life cycle of the system. But those costs must be compared to what 

the system actually performs. Both the economic and technical perspective has to be 

considered. The technical performance of a system can be divided in three parts which 

are System performance parameters, Availability and Dependability.  

1. System performance is the capacity of the system described in terms of number of 

items processed, weight carry capacity or range capacity.    

2. Availability is the difference between expected operation time and actual operating 

time (actual operation time - downtime) of a system.  

3. Dependability is how well a system performs when it is supposed to and how easy it 

is to maintain and support.    

The combination of these three parameters represents the technical ability of a system. 

The cost effectiveness of a system is achieved when this technical perspective (system 

effectiveness) is compared to the economical perspective (LCC) (Blanchard, 2010). 

 

 
 

Figure 4. How Cost effectiveness is divided in LCC and System effectiveness  

 

How the LCC and System effectiveness together contribute to the total Cost 

Effectiveness is illustrated in figure 4 (Blanchard, 2014).  
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3.3 Maintenance 
Maintenance is all actions needed to maintain the ability of a system to perform 

according to stated requirements. There are different perspectives of looking at 

maintenance. Traditionally, maintenance has usually been considered something 

technical and costly. But the last decade’s companies and organizations have become 

more interested in the bigger perspective of maintenance. Especially the economic 

perspective were the total life cycle cost, including maintenance costs, for the system is 

more important than only the maintenance cost alone. It is actually the lack of 

maintenance that is costly in a life cycle perspective (Hagberg & Henriksson, 2010).    

 
3.3.1 Maintenance plan  

A maintenance plan is a strategy for how the maintenance should be planned, performed 

and followed up in order to reach organizational stated goals. Important is that the 

maintenance plan is a part of the main strategy of the organization. Most important is 

that no sub strategy counteracting another sub strategy or the main strategy. When the 

development of a maintenance plan is initiated the current situation must be analysed 

first so reachable and relevant initial goals can be stated. A final goal for the 

maintenance organization should also be stated that is a part of the main strategy. Then 

the plan has to be developed and methods suitable for achieving stated goals and 

required resources have to be identified, customized and implemented (Hagberg & 

Henriksson, 2010).    

 
3.3.2 Maintenance resources   

Resources in a maintenance organization can be anything that is required to perform 

maintenance actions according to the maintenance plan. Examples of maintenance 

resources are personnel, tools, spare parts, facilities and time (Patton, 1980).  

 
3.3.3 Maintenance methods 

Maintenance actions can be planned and performed in mainly two different ways which 

are Corrective Maintenance (CM) and Preventive Maintenance (PM). CM is when the 

maintenance actions are performed after a breakdown or a reduction of the system 

ability to perform according to the requirements. PM is when the maintenance actions 

are done before a failure mode or reduction of the system ability (Pintelon & Puyvelde, 

2006).  

 

 
 

Figure 5. Maintenance structure 
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In figure 5 the maintenance structure is presented. CM and PM are further described in 

the following paragraphs.  

 

The most effective maintenance with respect to cost effectiveness and availability of the 

system is usually a combination of CM and PM (Hagberg & Henriksson, 2010).   

 

Corrective Maintenance (CM) is maintenance action performed after an unexpected 

failure mode already has occurred. Furthermore CM can be divided in deferred and 

immediate maintenance. Deferred maintenance is when a maintenance action is deferred 

until it is more suitable for a planned production stop and the maintenance action can be 

performed. The reasons can for example be that the system can perform at reduced 

capacity until it is more suitable to stop. But if a fault in a vital item causes a failure 

mode for the entire system the maintenance action must be performed immediate and 

that is called immediate CM (Hagberg & Henriksson, 2010).       

 

Preventive Maintenance (PM) is maintenance activities that are performed according to 

predetermined intervals in order to reduce the probability of a future failure mode. The 

interval for maintenance activities can be determined by either Condition Based 

Maintenance (CBM) or Predetermined Maintenance (Hagberg & Henriksson, 2010).  

 

CBM is based on the actual condition of an item. A maintenance activity is performed 

when it is necessary according to a predetermined value or situation. Condition 

parameters are constant or regularly measured and a deviation from a determined 

interval generates relevant maintenance action. CBM is most used in systems with high 

availability demands where an unplanned failure mode causes safety risks or major 

economic losses (Pintelon & Puyvelde, 2006).   

Techniques used in CBM are for example shock pulse measurement, vibration 

measurement, thermography, oil analysis and ultrasound. The advantage with CBM is 

the possibility to monitor the condition of an item during operation. Another advantage 

is that maintenance is only performed when an actual need occurs with reduce of 

possible costly maintenance actions were the interval is determined by calendar time or 

amount of running time. The difficulties with CBM are to determine control limits on 

the measured value which should control maintenance actions with respect to 

availability and cost effectiveness. The control limits should indicate a possible fault 

when there still is time to be able to plan a maintenance stop before the failure mode 

occurs (Hagberg & Henriksson, 2010).  

 

Predetermined Maintenance (also called time based maintenance) actions are 

determined by intervals in calendar time or amount of running time. A maintenance 

action can be performed for example once a week or after 100 running hours. An 

advantage with predetermined maintenance is that it is easy to implement with low 

initial investment costs. Furthermore is it relatively easy to determine maintenance 

intervals but there is a risk of performing unnecessary maintenance action with 

economic losses as a result. Another risk with predetermined maintenance is that 

unusual faults not related to usual wear-out can occur between planned maintenance 

actions with an unexpected failure mode as a result (Pintelon & Puyvelde, 2006).         

 
3.3.4 Reliability 

According to Blanchard (2014) reliability of a system is the probability that it will 

perform according to expected demands at expected time. A measurement used is Mean 
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Time Between Failure (MTBF). In order to calculate MTBF the failure rate (λ) has to be 

calculated according to this formula: 

 

𝜆 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑎𝑖𝑙𝑢𝑟𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒
 

 

The MTBF is then calculated according to this formula: 

 

𝑀𝑇𝐵𝐹 =  
1

𝜆
 

 

The operating time is the time when the system is performing as required. Reliability 

(R) is calculated according to this formula where (t) is operating time:  

 

𝑅(𝑡) = 𝑒−𝜆𝑡 
 

Reliability of a system with items with series relationship is calculated according to this 

formula: 

 

𝑅𝑆𝑌𝑆𝑇𝐸𝑀 = (𝑅𝐼𝑇𝐸𝑀 𝐴)(𝑅𝐼𝑇𝐸𝑀 𝐵)(𝑅𝐼𝑇𝐸𝑀 𝐶) 

 

Reliability of a system with two items with parallel relationship is calculated according 

to this formula: 

 

𝑅𝑆𝑌𝑆𝑇𝐸𝑀  =  𝑅𝐼𝑇𝐸𝑀 𝐴 +  𝑅𝐼𝑇𝐸𝑀 𝐵 − (𝑅𝐼𝑇𝐸𝑀 𝐴)(𝑅𝐼𝑇𝐸𝑀 𝐵) 
 

Reliability of a system with three or more items with parallel relationship is calculated 

according to this formula: 

 

𝑅𝑆𝑌𝑆𝑇𝐸𝑀  = 1 − (1 − 𝑅𝐼𝑇𝐸𝑀 𝐴)(1 − 𝑅𝐼𝑇𝐸𝑀 𝐵)(1 − 𝑅𝐼𝑇𝐸𝑀 𝐶) … (1 − 𝑅𝐼𝑇𝐸𝑀 𝑛) 
 
3.3.5 Maintainability 

According to Hagberg & Henriksson (2010) maintainability is the ability of a system to 

discover, localise and correct a fault. According to Blanchard (2014) there are several 

factors contributing to the total maintainability of a system. The most common 

measurement for maintainability is Mean Time To Repair (MTTR) which sometimes 

also are called Mean corrective maintenance time (𝐌ct). This is the time required for 

performing a corrective maintenance action. The other factors that contribute to the 

maintainability are describes below:   

Mean preventive maintenance time (𝐌pt) is the time when preventive maintenance 

actions are performed.  

Mean active maintenance time (𝐌) is the time needed to perform all maintenance 

actions, both corrective and preventive. M is calculated according to this formula: 

 

𝑀 =  
(𝜆)(𝑀𝑐𝑡) + (𝑓𝑝𝑡)(𝑀𝑝𝑡)

𝜆 + 𝑓𝑝𝑡
 

 

λ is the failure rate and fpt is the preventive maintenance rate.  

Maximum active corrective maintenance time (𝐌𝐌𝐀𝐗) is the maximum allowed 

downtime for performing a corrective maintenance action.  
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Logistics Delay Time (LDT) is the downtime when spare parts are delivered to the 

maintenance facility, the system is transported to the maintenance facility. Important is 

that LDT does not include any active maintenance actions, only the logistics supporting 

the main maintenance action. 

Administrative Delay Time (ADT) is downtime related to administrative reasons such 

as lack of personnel or other priority of resources.  

Maintenance Downtime (MDT) is the sum of time needed to repair and restore the 

system to full operating condition. MDT consists of M, LDT and ADT (Blanchard, 

2014). 

 
3.3.6 Maintenance Frequency Factors 

The calculation of reliability is focusing on identifying the frequency of the need of 

corrective maintenance to correct unexpected failure modes. The preventive 

maintenance actions are supposed to reduce the need of cost-ineffectively corrective 

maintenance action. But it is also important to identify the frequency of preventive 

maintenance actions in order to develop the most cost effective maintenance. The 

frequency of all maintenance actions are calculated by Mean Time Between 

Maintenance (MTBM) and Mean Time Between Replacement (MTBR) which are 

further described below (Blanchard, 2014).    

 

Mean Time Between Maintenance (MTBM) is the mean time between all 

maintenance actions such as both preventive and corrective. MTBM is calculated 

according to this formula: 

 

𝑀𝑇𝐵𝑀 =  
1

1/𝑀𝑇𝐵𝑀𝑢 +  1/𝑀𝑇𝐵𝑀𝑠
 

 

MTBMu is the mean interval between unscheduled maintenance and MTBMs is the 

mean interval of scheduled maintenance (Blanchard, 2014).  

 

Mean Time Between Replacement (MTBR) is the mean time between replacement of 

an item in a system. This measurement is also useable for determine spare parts 

requirement (Blanchard, 2014).  

 
3.3.7 Availability 

Availability is the ability of a system to be ready when it is required for use. There are 

different ways of calculating the availability depending on the desired function that 

should be measured. Inherent Availability (Ai), Achieved Availability (Aa) and 

Operational Availability (Ao) are further described below (Blanchard, 2014).  

 

Inherent Availability (Ai) is the probability that a system will perform according to 

expected demands in an ideal support environment. Factors like preventive maintenance 

action, administrative delay time and logistic delay time. It is only the mean corrective 

maintenance time that is considered. The inherent availability is calculated according to 

this formula:  

 

𝐴𝑖 =  
𝑀𝑇𝐵𝐹

𝑀𝑇𝐵𝐹 +  𝑀𝑐𝑡
 

 

Achieved Availability (Aa) is the probability that s system will perform according to 

expected demands in an ideal support environment with all maintenance actions 
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considered, both preventive and corrective. The achieved availability is calculated 

according to this formula:  

 

𝐴𝑎 =  
𝑀𝑇𝐵𝑀

𝑀𝑇𝐵𝑀 +  𝑀
 

 

Operational Availability (Ao) is the probability that a system will perform according to 

expected demands in its actual environment. All factors are considered such as 

maintenance delay time (both preventive and corrective), administrative delay time and 

logistic delay time. The operational availability is calculated according to this formula:   

 

𝐴𝑜 =  
𝑀𝑇𝐵𝑀

𝑀𝑇𝐵𝑀 + 𝑀𝐷𝑇
 

 

(Blanchard, 2014) 

 
3.3.8 Reliability Centered Maintenance (RCM) 

Reliability centered maintenance (RCM) is a methodology for identifying preventive 

maintenance actions needed for maintaining the reliability of a system. The initial 

requirements for the system are used as a base in the analysis. RCM was first developed 

in the American airline industry in the 1960´s and 1970´s. The methodology is focusing 

on develop a preventive maintenance plan which eliminates failures that can affect the 

reliability and safety of a system negatively. But the maintenance plan usually results in 

a combination of preventive and corrective maintenance because it is impossible to 

predict and prevent every possible fault (Blanchard, 2014). RCM is mainly used in 

organizations with high reliability and availability demands due the consequences of a 

failure mode. The consequences are related to safety or economic losses. For example 

the airline industry where a failure mode of a system in worst case can contribute to an 

aircraft crash with human losses as a result. Second worst case is an aircraft that 

unexpectedly is grounded and unavailable with high economic losses as a result. The 

RCM methodology is not usually used in industrial manufacturing due to the 

comprehensive analysis of the system. It is not cost-effective for a manufacturing 

company to identify all preventive maintenance actions needed for eliminating all 

production stops. In that case a combination of preventive and corrective maintenance is 

probably the most cost-effective (Hagberg & Henriksson, 2010).  

 

The RCM methodology is divided in three phases. In the first phase items that, at a 

failure mode, causing availability losses or safety consequences are identified. In the 

second phase suitable preventive maintenance (PM) actions are developed in order to 

reduce the risk that the failure mode at the item occurs. In the third phase the PM 

actions are implemented in the system and followed up for further improvements 

(Selvik & Aven, 2011).               

 

The RCM is an important methodology used in the development of an Integrated 

Logistic Support (ILS) plan which is shown in figure 8 in 3.5 Integrated Logistic 

Support (ILS) (IEC 60300-3-12, 2011).    

 
3.3.9 Outsourcing of maintenance 

A maintenance organization can consist of both internal and external resources. 

Maintenance can be fully or partly outsourced to external suppliers. There can be 

several reasons behind the decision to outsource the maintenance but the main reason is 
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usually a cost saving expectation. A more specific reason can be that maintenance is not 

a natural part of the main business area for the organisation. Therefore are external 

resources, with maintenance as a business area, contracted to maintain the assets in 

question. Another reason is that the maintenance actions require special resources such 

as knowledge, tools or test equipment needed to maintain the asset condition. A further 

reason can be that the need of maintenance resources varies in periods and the 

possibility to adapt the internal maintenance organization is limited (Hagberg & 

Henriksson, 2010)  

 

According to Tarakci, Ponnaiyan & Kulkarni (2014) the use of outsourced maintenance 

has increased the last decades. So the market for maintenance suppliers is growing and 

has become a new business area for many maintenance companies. Those companies 

are equally interested in making profit on their business as the organization that 

procures and outsource maintenance. That is why it is important to consider both the 

supplier and the customer economic perspective and develop a sustainable and cost 

effective collaboration between them. This must be considered when formulating the 

maintenance contract. It is possible that the supplier not is able to sustain stated agreed 

availability of the system which will affect the customer core activity negatively.      

 

According to Blanchard (2014) a maintenance plan should consists of a distribution of 

responsibility between all parties involved. There can be several maintenance actors 

such as customer, original equipment manufacturer (OEM) and third part maintenance 

supplier. This is usually regulated in an agreement named Contractor Logistic Support 

(CLS) which is further described in paragraph 3.5.2 Contractor Logistic Support 

(CLS) .     

  

3.4 Connection between system ability and LCC 
According to H Driftsäk (2006) there is always a connection between the operative 

ability and the total life cycle cost (LCC) of a system.  

 

 
 

Figure 6. Connection between operative ability and LCC 

 

There is not a linear connection between the factors which is illustrated in figure 6. The 

operative ability of the system is increasing fast in the beginning related to cost but the 
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increase speed is noticeably decreasing as the total LCC is increasing. At which 

operative ability and cost level the curve flattens out is depending on the current system 

and demands.     

 

3.5 Integrated Logistic Support (ILS) 
Integrated Logistic Support (ILS) is a management method were all logistic support 

required of a system in order to perform according to stated demands are identified and 

brought together in a structure (IEC 60300-3-12, 2011). The result of the ILS is one of 

the fundamentals for developing a complete maintenance plan for a system or 

organization (H Driftsäk, 2006). The ILS methodology was first developed in the 

1960´s by the defence industry (Blanchard, 2014). The logistic support needed is 

activities and resources needed to maintain the system ability to perform according to 

the initial demands. The activities can be maintenance personnel at the right place with 

the right competence, tools and spare parts needed to maintain the system at the right 

time (IEC 60300-3-12, 2011). To gain the biggest effect of the ILS should be performed 

early in the design phase of a system life cycle. It is also possible to identify the logistic 

support needs of an already existing system. But the possibilities to affect the logistic 

structure of an existing system are restricted compared to the possibilities in the design 

phase (Galloway, 1996). The connection between ILS and LCC is that the operational 

support cost is a major contributor to the total LCC and the possibilities with ILS is to 

optimize availability and cost effectiveness in a system (IEC 60300-3-12, 2011).  

 

 
 

Figure 7. The structure of ILS 

 

The ILS is divided in several analysis steps as illustrated in figure 7. First the system 

has to be broken down in parts and structured in a hierarchy structure in order to analyse 

the logistic support need for each included part (IEC 60300-3-12, 2011).  

 



  
 

21 

 
Figure 8. Maintenance and logistic support analysis 

 

In figure 8 the Logistic Support Analysis (LSA) is illustrated. (IEC 60300-3-12, 2011) 

 
3.5.1 Level of Repair Analysis (LORA) 

Level of Repair Analysis (LORA) is a method, and a part of ILS, for determine if a 

faulty item should be repaired or replaced and in which level in the maintenance 

organization the action should be performed. This is important to determine in order to 

site maintenance resources like personnel (with appropriate competence), tools and 

spare parts in the organization were the need will be requested. LORA can be focusing 

on either maintaining the availability of a system or identify the most cost effective 

solution of organizing resources or a combination of both (IEC 60300-3-12, 2011).       

 
3.5.2 Contractor Logistic Support (CLS) 

The supplier of a system can be contracted to maintain the system completely or 

partially during the operational phase of the life cycle. This agreement between 

customer and supplier is regulated in a Contractor Logistic Support (CLS) contract. 

Usually CLS is combined with initial system warranty which demands that the supplier 

performs the maintenance actions within the warranty time. The maintenance action can 

be performed either directly at the customer facilities or the item or system is sent to the 

supplier facilities. This is determined in the LORA (Blanchard, 2014).  

 

According to Nenni & Giustiniano (2013) the use of CLS between customer and 

supplier is a complex relationship. This is especially if the customer is a military 

defense organization with another background and demands than a customer in the civil 

society. Furthermore the supplier usually uses third-part spare parts providers. The 

supplier of the system has to guarantee an availability of the system according to the 

customer demand. But the supplier gets depended of the third-part spare part supplier in 

order to deliver promised availability. Then both the customer and the system supplier 

have lost the total control of the system availability. If the supplier cannot deliver 

according to the agreed contract a penalty fee usually have to be paid by the supplier. 
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But the unavailability of the system can both be a safety risk and costly for the 

customer.        

 

3.6 Quality 
According to Bergman & Klefsjö (2007) the definition of quality is: “The quality of a 

product is its ability to satisfy, and preferably exceed, customer needs and 

expectations”. Quality is usually defined according to the customer perspective. But 

there is also an internal perspective that should be considered in an organization. 

Bergman & Klefsjö (2007) further argues that bad internal quality leads to increased 

support costs. One effect of bad internal quality can be the need of bigger amount of 

supplies and resources which leads to higher internal support costs.         

 
3.6.1 Connection between quality and maintenance  

According to Maletic, Maletic, Al-Najjar & Gomiš. (2014) maintenance is strongly 

connected to the quality and final profitability of an organization. Historically 

maintenance has been considered something necessary and costly. But a maintenance 

program is needed to maintain the ability of the equipment to perform according to the 

expectations. And according to Bergman & Klefsjö (2007) quality is defined as the 

ability of a product or service to satisfy, and preferably exceed, customer needs and 

expectations. Maletic et. al (2014) further argues that the both life length of the 

equipment is extended and the total availability of the equipment is increased by 

performing a suitable maintenance. And equipment in good condition has higher 

availability and is more cost effective for the total organization.        

 

3.7 Decision making methods 
There are different methods for decision making available and a selection are presented 

below.  

 
3.7.1 Failure Mode Effects and Criticality Analysis (FMECA) 

Failure Mode Effects and Critically Analysis (FMECA) is a method for identify 

possible failure modes of item in a system and the effect it has on the entire system 

(Bergman & Klefsjö, 2007).  Each failure mode is analysed individually. The effects of 

the failure mode is predicted or calculated and then evaluated according three risk 

indicators which are severity, occurrence and detectability. Severity is the consequences 

of the failure mode. It can be everything from decreasing availability for the system to 

safety risks for humans. Occurrence is how often the failure mode is predicted to 

happen. And last, detectability is the possibility to detect a future failure mode before it 

occurs. All three indicators are rated at a scale from 1 to 10 were 1 is the lowest risk and 

10 is the highest risk. Then the three ratings are multiplied together and become a Risk 

Priority Number (RPN). The RPN is useable for identifying the most serious failure 

mode. Further the criticality analysis of the FMECA is suggestions of improvements 

that reduce the risks of the failure mode. Then a new prediction of the three risk 

indicators is performed. The new RPN can be compared to the initial one and it is 

possible to decide whether the improvements actually are reducing the total risk 

(Pintelon & Puyvelde, 2006). The FMECA is an important tool used in the development 

of an ILS plan which is shown in figure 8 in paragraph 3.5 Integrated Logistic 

Support (ILS) (IEC 60300-3-12, 2011).    
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3.7.2 Analytical Hierarchy Process (AHP) 

Analytic Hierarchy Process (AHP) is a decision making method which based on 

weighted criteria identifies the most suitable among compared alternatives. (Saaty, 

1990) All alternatives are compared pairwise with a scale from 1-9. The scale is 

connected qualitative explanations as illustrated in table 3.  

 

Intensity 

of 

Importance 

Definition Explanation 

1 Equal Importance Two activities contribute equally to 

the objective 

2 Weak  

3 Moderate importance Experience and judgement slightly 

favor one activity over another 

4 Moderate plus  

5 Strong importance Experience and judgement strongly 

favor one activity over another 

6 Strong plus  

7 Very strong or demonstrated 

importance 

An activity is favored very strongly 

over another; its dominance 

demonstrated in practice 

8 Very, very strong   

9 Extreme importance The evidence favoring one activity 

over another is of the highest 

possible order of affirmation 
 

Table 3. Definitions of weighting criteria 

 

In the next step the alternatives are pairwise compared with the weighting criteria as 

illustrated in table 4.   

 

 9. 

Extre

me 
favors  

7. 

Very 

strong 
favors 

5. 

Strongly 

favor 

3. 

Slightly 

favor 

1. 

Equal 

3. 

Slightly 

favor 

5. 

Strongly 

favor 

7. 

Very 

strong 
favors 

9. 

Extreme 

favors 

 

Alt. 1    3      Alt. 2 

Alt. 2  7        Alt. 3 

Alt. 3         9 Alt. 1 
 

Table 4. Pairwise comparison of alternatives 

 

Next the weightings are compiled in a new table as illustrated in table 5. Where an 

alternative is favored over another, the opposite relationship is weighted in inverted. For 

example, Alt 1 versus Alt 2 is weighted 3. In opposite Alt 2 versus Alt 1 is inverted and 

weighted 1/3.  

 

 Alt. 1 Alt. 2 Alt. 3 

Alt. 1 1 3 9 

Alt. 2 1/3 1 7 

Alt. 3 1/9 1/7 1 

SUM 13/9 29/7 17 
 

Table 5. Compilation of compared alternatives 
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Then all column values are summarized for each alternative. Each value is then divided 

with the sum in the column (From table 5).  
 

 Alt. 1 Alt. 2 Alt. 3 Weight factor 

Alt. 1 1/(13/9)=0,6923 3/(29/7)=0,7241 9/17=0,5294 (1/3)x(0,6923+0,7241+0,529)=

0,6486 

Alt. 2 (1/3)/(13/9)=0,2308 1/(29/7)=0,2414 7/17=0,4118 (1/3)x(0,2308+0,2414+0,4118)

=0,2947 

Alt. 3 (1/9)/(13/9)=0,0769 (1/7)/(29/7)=0,03

45 

1/17=0,0588 (1/3)x(0,0769+0,0345+0,0588)

=0,0567 

SUM 1 1 1 1 
 

Table 6. Calculation of Eigen vector 
 

Those weight values are then summarized for each row which is showed in table 6. 

Then this value is divided by the number of rows. Now the Eigen value (weight factor) 

is calculated. The sum of the Eigen value is always 1 and the best alternative according 

to the criteria has the highest Eigen value (Saaty, 2006). 

 

The AHP is a useful decision method because it is generating a ratio value on an 

alternative even if the criteria are qualitative. Further is also the comparison criteria 

stated for the AHP which contributes to a more objective analysis. A disadvantage with 

the AHP method is becomes a lot of calculations when the number of alternatives 

increases (Saaty, 2006).        
 

  



  
 

25 

4 Method development 
The fourth chapter develops and presents the method for solving the problem 

formulation.  

 

According to the problem formulation, delimitations and limitations of the study the 

method should be able to identify the most cost effective maintenance solution. This 

will be done by analysing different LORA alternatives with respect to the life support 

cost (LSC) and system effectiveness (SE) combined with the use of external 

maintenance suppliers thru contractor logistic support (CLS). An important statement is 

that the development of the method is done as objective as possible were the cost of 

internal maintenance is considered equally with the cost of external maintenance. The 

differences are the increased risk and possible increased lead times connected to the use 

of external suppliers. Those factors are further described later on in this chapter.  

 

During the development of the method several changes were made in the design. The 

final method differs a lot from the initial one and therefore both will be presented as 

well as the motivations connected to the changes.    

 

4.1 Initial method 
Figure 9 describes the initial plan of how the method was planned to be structured and 

developed.       

 

 
 

Figure 9. Initial method structure 

 

In the first step relevant key values from the LORA had to be identified for further use 

as an input value in the method. Then in the second step the level of external 

maintenance suppliers used in the LORA had to be quantified. In the third step the 

analytical hierarchy process (AHP) method should be used in order to weight criteria, 

and create two models, depending on if the ILS plan focusing on more or less on LSC 

or SE. Then in the fourth step the data collected in step 1-3 should be combined and 

together create an effectiveness index. The plan with the weighting of the criteria was 

that the two indexes should react different depending on if it was the LSC that was 

differing most or if it was the SE that differs the most. Early in the method test process 
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it was discovered that the difference in the two indexes was so small that it was almost 

impossible to notice it. The reason is that the changes in the SE values were so small 

related to the changes in the LSC values. That is why it was decided that the criteria 

weighting step in the method should be removed. The remaining parts in the method 

were kept with smaller adjustments thou the removed criteria weighting were an 

independent part in the method. The complete initial method is further presented in its 

whole in Appendix G.    

 

4.2 Final method 
The final method can be divided in several areas that together will form the method 

structure which is illustrated in figure 10.  

 

 
 

Figure 10. Final method structure 

 

The development of the method will be divided in five steps that thoroughly describe 

the development process and finally how the method works and should be applied.  

 

4.3 Step I Identifying key values 
The method has to be based on carefully selected key values in order to calculate the 

most cost effective LORA structure. Basic input values is required both for measuring 

the SE and the LSC of the system. In figure 11 the input values to be able to calculate 

reliability (R), availability (A) and maintainability (M) are presented according to 

presented formulas a calculation by Blanchard (2014) and Hagberg & Henriksson 

(2010).  

 

 
 

Figure 11. Identification of RAM values 

 

Those three factors are necessary to measure the SE of the system and decide how the 

compared LORA affecting the total calculation. In the maintainability factor ADT is in 
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parenthesis. The reason is that focus in this study is on LDT and ADT is considered 

insignificant and will not be used.   

 

To measure the LSC selected parts of the CBS presented by Blanchard (2014) will be 

considered in the method.     

 

 
 

Figure 12. Selected key costs in the CBS 

 

As previously already mentioned the Operation and Maintenance Support Cost (CO) 

area in the CBS structure, which is illustrated in figure 12, is named LSC in this study. 

In the LSC area the parts System/Product Operations (COO), System/Product 

Maintenance (COM) and Inventory Spares and Material Support (COI) are selected to be 

considered in the developed method. The other parts in the LSC area have no direct 

connection to LORA and will not be considered.  

 

4.4 Step II Level of Repair Analysis (LORA) 
The developed method need input values from the Level of Repair Analysis (LORA) 

that are analyzed. First the amount of units that are replaced is needed. Those units are 

replaced either at the operational level or workshop level in the maintenance structure. 

Then the replaced unit is sent for repair at internal or external workshop. The units are 

divided in Line Replaceable Units (LRU) and Shop Replaceable Units (SRU). Non 

repairable parts will not be considered at all in this method. The LRU is replaced at the 

operational level and the SRU needs to be replaced at a workshop. The concepts LRU 

and SRU are taken from the ILS structure at the case company. This method does only 

consider the amount of units that are repaired by internal or external part. The reason 

why the units are divided in LRU and SRU is that this information can be very useful 

when developing this method further in a future study. 
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Second the method needs input values regarding the logistic transportation times in the 

structure, both internal and external. In this method three Turn Around Times (TAT) are 

considered between four organizational levels. The TAT are TATA-B, TATB-C and 

TATC-EXTERNAL.       

 

4.5 Step III Level of external maintenance suppliers 
According to Nenni & Giustiniano (2013) the use of external maintenance suppliers is 

associated with a risk connected to the SE. Therefore the developed method in this 

study has to consider the use level of external supplier to be able to calculate with the 

increased risk of decreasing SE. The utilization of external suppliers will be measured in 

how many maintenance actions that are performed by external supplier compared to 

total amount of performed maintenance action according to this formula:  

 

𝐶𝐿𝑆 𝑢𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝑎𝑐𝑡𝑖𝑜𝑛𝑠 (𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙)

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝑎𝑐𝑡𝑖𝑜𝑛𝑠 
 

 

According to the case company in this study the real possible range of CLS utilization is 

approximately between 0,3-0,6. Below 0,3 is not reasonable because it is impossible to 

cover all knowledge needed for maintaining a system internally within an organization. 

Above 0,6 is not either reasonable, especially not for a military defense organization, 

because external suppliers had to be permanent connected to the system at the 

operational level.    

 

As mentioned in the beginning of this paragraph contracting external suppliers is 

according to Nenni & Giustiniano (2013) associated with a risk factor that cannot be 

excluded. But calculating this risk factor is complicated and not in accordance with this 

study. Therefore an assumption about the risk factor will be done and used in the 

method. The availability (A) for all external parts will be reduced with the risk factor 

0,98.    

 
4.6 Step IV Completion of method 
The completion of the method is divided in two parts. The first part consists only of 

input values and the second part consists of calculated values. All values in the method 

are individually numbered in the first column. The first part explains and defines the 

input values and the second part explains how the calculations are made and defines the 

new developed values.  

A simplified user friendly version is presented in the paragraph 4.7 Step V Application 

of the developed method.  

In this chapter, the values presented in the method are only examples with no real 

relevance and only used for testing the mathematical functions.  

The method is not connected to any time period when calculating the LSC costs. 

However it is important that all input values are consistency customized to a common 

time interval when comparing different alternatives.      

 
4.6.1 Method input values  

In the first part of the method input values for calculate the SE is needed. In table 7 the 

values 1-6 are presented.   
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Table 7. Input SE values 

 

Total operating time
1
 is the time when the system is used and performing according to 

stated requirements. Downtime due to a failure mode or maintenance is not a part of the 

total operating time. Number of failures
2
 is the amount of failures that causes a 

reduction of the operating time. Mean Time Between Maintenance UNSCHEDULED 

(MTBMU)
3
 is the mean time between unscheduled maintenance action, usually 

correcting maintenance. Mean Time Between Maintenance SCHEDULED (MTBMS)
4
 is the 

mean time between scheduled maintenance actions, usually preventive maintenance. 

Mean Time To Repair (MTTR)
5
 is the mean time required to restore the system to its 

ability to performing according to required demands. This time is the mean time of all 

maintenance, both corrective and preventive. But waiting time related to logistic delays 

is not part of MTTR. Logistic Delay Time (LDT) is the time when for example spare 

parts are transported in the logistic organization.    

 

In table 8 value 7-9 related to the LSC calculation are presented.  

 

 
 

Table 8. Input LSC values 
 

System/Product Operations Cost (COO)
7
 is the cost per hour when the system is in 

operating state. System/Product Maintenance Cost (COM)
8
 is the cost for the maintenance 

operation per hour when a maintenance action is performed. Inventory Spares and 

Material Support Cost (COI)
9
 is the logistic cost for spare parts and material handling. 

The cost for purchasing or manufacture the spare parts are not included in either value 8 

or 9. This is because the unit purchase/manufacturing cost can differ so much and it can 

be repaired several times during the system life cycle that it is impossible to consider all 

possible situations in a method like this.  

 

In table 9 the values 10-11 related to the CLS are presented.  

 

 
 

Table 9. Input CLS values 

 

nr SE Unit Value

1 Total operating time Hours 1500

2 Number of failures Quantity 4

3 Mean Time Between MaintenanceUNSCHEDULED (MTBMU) Hours 75

4 Mean Time Between MaintenanceSCHEDULED (MTBMS) Hours 95

5 Mean Time To Repair (MTTR) Hours 2

6 Logistic Delay Time (LDT) Hours 1

nr LSC Unit Value

7 System/Product Operations Cost (COO) SEK/hour 1300

8 System/Product Maintenance Cost (COM) SEK/hour 1000

9 Inventory Spares and Material Support Cost (COI) SEK/hour 100

nr CLS Unit Value

10 CLS Utilization Factor 0,4

11 External supplier risk Factor 0,98
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CLS Utilization
10

 is the part use of external maintenance suppliers in the system. 

External supplier risk
11

 is the estimated risk that the promised availability not will be 

fulfilled due to the use of external suppliers. This is further described in paragraph 4.5 

Step III Level of external maintenance suppliers.  

 

In table 10 the values 12-16 related to the LORA are presented.    

 

 
 

Table 10. Input LORA values 

 

Line Replaceable Unit (LRU)
12

 is the amount of units in the system that is replaced in 

the operational level. Shop Replaceable Unit (SRU)
13

 is the amount of units that is 

replaced at first workshop level. Value 14, 15 and 16 are the Turn Around Time (TAT) 

between the levels in the logistic organization.  

 
4.6.2 Method calculated values 

In the second part of the completion of the developed method the calculations are made 

based on the input values described in the first part. In table 11 the calculations 17-23 

for the SE is presented and described below.  

 

 
 

Table 11. Calculated SE values 

 

17 The reliability
17

 of the system is the same value as MTBF
21

 in this method (see 

calculation for value 21). 

  

18 The operational availability
18 

is calculated as 
𝑀𝑇𝐵𝑀21

𝑀𝑇𝐵𝑀21+𝑀𝐷𝑇23
 

 

19 The maintainability
19

 is in this method the same value as MTTR
5
.  

 

20 The failure rate λ
20

 is calculated as  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑎𝑖𝑙𝑢𝑟𝑒𝑠2

𝑇𝑜𝑡𝑎𝑙 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒1
 

 

21 The MTBF
21

 is calculated as 
1

𝜆20
 

nr LORA Unit Value

12 Line Replaceable Unit (LRU) Quantity 25

13 Shop Replaceable Unit (SRU) Quantity 30

14 Turn Around Time (TAT) level A-B Weeks 1

15 Turn Around Time (TAT) level B-C Weeks 2

16 Turn Around Time (TAT) level C-External Weeks 20

nr SE Unit Value

17 R (MTBF) Factor 375

18 AOPERATIONAL Factor 0,933202358

19 M Factor 2

20 λ Factor 0,002666667

21 MTBF Hours 375

22 MTBM Hours 41,91176471

23 MDT Hours 3
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22 MTBM
22

 is calculated as 
1

1

𝑀𝑇𝐵𝑀𝑢3+
1

𝑀𝑇𝐵𝑀𝑠4

  

 

23 The MDT
23

 is calculated as MTTR
5
+LDT

6
.         

 

In table 12 the division of internal and external replacement units is calculated.  

 

 
 

Table 12. Calculated CLS values 

 

24 The amount of internal replacement units
24

 is calculated as (LRU
12

+SRU
13

) - 

Amount of replacement units (external)
25.  

 

25 The amount of external replacement units
25

 is calculated as (LRU
12

+SRU
13

) x CLS 

Utilization
10

.  

 

In table 13 the calculations for internal logistic time and cost are presented.  

 

 
 

Table 13. Calculated internal logistic time and cost 

 

The Internal logistic time
26

 is the time it takes for all replaced items that are replaced or 

repaired internally in the organization to be transported back and forth from the 

operational level to the replacement or repair level.  

26 The Internal logistic time
26

 is calculated as ((1-CLS utilization
10

) x LDT
6
)) x (TAT 

A-B
14

 + TAT B-C
15

). 

 

The Internal logistic handle cost
27

 is the total cost for handling the material back and 

forth from operational level to replacement or repair level internally. Purchasing cost or 

manufacturing cost for the unit or spare part is not considered. 

27 The Internal logistic handle cost
27

 is calculated as (Internal logistic time
26

 x 40 

(hours/week)) x Inventory Spares and Material Support Cost (COI)
9
.  

When calculating the Internal logistic handle cost
27 

it is assumed that one week is 40 

working hours.  

 

In table 14 the calculations for external logistic time and cost are presented.  

 

 
 

Table 14. Calculated external logistic time and cost 

 

nr CLS Unit Value

24 Amount of replacement units (internal) Quantity 33

25 Amount of replacement units (external) Quantity 22

nr Internal logistic time and cost Unit Value

26 Internal logistic time Weeks 7,2

27 Internal logistic handle cost SEK 28800

nr External logistic time and cost Unit Value

28 External logistic time Weeks 36,8

29 External logistic handle cost SEK 147200
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The External logistic time
28

 is the time it takes for all replaced items that are replaced or 

repaired both internally and externally in the organization to be transported back and 

forth from the operational level to the replacement or repair level. 

28 External logistic time
28

 is calculated as (CLS utilization
10

 x LDT
6
) x (TAT A-B

14 
+ 

TAT B-C
15 

+ TAT C-External
16

).  

 

The External logistic handle cost
29

 is the total cost for handling the material back and 

forth from operational level to replacement or repair level both internally and externally. 

Purchasing cost or manufacturing cost for the unit or spare part is not considered. 

29 External logistic handle cost
29

 is calculated as (External logistic time
28 

x 40 

(hours/week)) x Inventory Spares and Material Support Cost (COI)
9
.  

When calculating the External logistic cost
37 

it is assumed that one week is 40 working 

hours.  

 

In table 15 the calculations for the LSC are presented.  

 

 
 

Table 15. Calculated LSC values 

 

LSC/operating time
30 

is the total cost for the system per operating hour.  

30 LSC/operating time
30

 is calculated as System/Product Operations Cost (COO)
7
/Total 

operating time
1
.  

 

Maintenance cost
31 

the mean organizational maintenance cost per hour including 

internal maintenance resources and administrative resources when the maintenance 

action is performed by external supplier. No manufacturing or purchasing costs for 

material or spare parts are included.   

31 Maintenance cost
31 

is calculated as System/Product Maintenance Cost (COM)
8
 x 

MDT
23

.  

 

Inventory Spares and Material Support (COI)
32

 is the total logistic cost for handling 

material in the organization, both internally and externally.  

32 Inventory Spares and Material Support (COI)
32 

is calculated as Internal logistic 

handle cost
27 

+ External logistic handle cost
29

.  
 

33 The Total LSC
33 

is calculated as LSC/operating time
30 

+ Maintenance cost
31 

+ 

Inventory Spares and Material Support (COI)
32

.  

 

In table 16 a compilation of the values needed for the final index calculation are 

presented.  

 

nr LSC Unit Value

30 LSC/operating time SEK 1950000

31 Maintenance cost SEK 3000

32 Inventory Spares and Material Support (COI) SEK 176000

33 Total LSC SEK 2129000
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Table 16. Compilation of calculated values 

 

34 LSC
34

 is the same value as Total LSC
33

.  

 

CLS risk reduction of A
35

 is the theoretical availability reduction due to the risk when 

external suppliers are contracted to handle maintenance actions.  

35 CLS risk reduction of A
35

 is calculated as:  

((CLS Utilization
10

 x AOPERATIONAL
18

) x External supplier risk
11

)) + ((1-CLS Utilization
10

) 

x AOPERATIONAL
18

)).  

 

Actual operating time
36

 is the operating time reduced with the CLS risk reduction of 

A
35

factor. 

36 Actual operating time
36

 is calculated as Total operating time
1 

x CLS risk reduction of 

A
35

.  

 

LSC/Theoretical operating hour is the total life support cost for the system divided with 

the theoretical operating time. 

37 LSC/Theoretical operating time
37

 is calculated as LSC
34

/Actual operating time
36

.   

 

RAM is reliability, availability and maintainability multiplied together. In this 

calculation the CLS risk reduction of A
35 

is used as the theoretical availability.  

38 RAM
38 

is calculated as Reliability (R)
17

 x CLS risk reduction of A
35 

x 

Maintainability
19

.  

 

43 The Cost effectiveness Index 
43 

is calculated as 

 

𝑅𝐴𝑀38

𝐿𝑆𝐶 𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒37
 

 

4.7 Step V Application of the developed method 
The new developed method can now be used to compare two or more LORA logistic 

structures with each other. The two indexes that the method generates indicate how cost 

effective an analyzed logistic structure is.  

 

The method does not consider the possible cost saving when external maintenance 

suppliers are used. This has to be considered when comparing LORA structures with the 

Cost effectiveness Index. The reason why this is not considered is the complexity of 

calculating the possible cost saving on a single system.    

 

When all calculations are described a simplified user friendly version of the method is 

illustrated in table 17.  

 

nr Compilation Unit Value

34 LSC SEK 2129000

35 CLS risk reduction of A Factor 0,925736739

36 Actual operating time Hours 1388,605108

37 LSC/Theoretical operating time SEK 1533,193265

38 RAM Index 694,302554
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Table 17. Simplified version of method 

 

In this version it is possible to compare two logistic structures with each other. The 

input values are inserted for value 1-16 for System A and System B. The Cost 

effectiveness Index is then presented in value 43. The highest value is the most cost-

effective. The values LSC/Theoretical operating time
37 

and RAM
42 

are also useful for 

selecting the most suitable alternative.  

  

Input values System A System X

nr SE Unit Value Value

1 Total operating time Hours 0 0

2 Number of failures Quantity 0 0

3 Mean Time Between MaintenanceUNSCHEDULED (MTBMU) Hours 0 0

4 Mean Time Between MaintenanceSCHEDULED (MTBMS) Hours 0 0

5 Mean Time To Repair (MTTR) Hours 0 0

6 Logistic Delay Time (LDT) Hours 0 0

nr LSC Unit Value Value

7 System/Product Operations Cost (COO) SEK/hour 0 0

8 System/Product Maintenance Cost (COM) SEK/hour 0 0

9 Inventory Spares and Material Support Cost (COI) SEK/hour 0 0

nr CLS Unit Value Value

10 CLS Utilization Factor 0 0

11 External supplier risk Factor 0,98 0,98

nr LORA Unit Value Value

12 Line Replaceable Unit (LRU) Quantity 0 0

13 Shop Replaceable Unit (SRU) Quantity 0 0

14 Turn Around Time (TAT) level A-B Weeks 0 0

15 Turn Around Time (TAT) level B-C Weeks 0 0

16 Turn Around Time (TAT) level C-External Weeks 0 0

Results
nr Index Unit Value Value

37 LSC/Theoretical operating time SEK 0 0

42 RAM Index 0 0

43 Cost effectiveness Index Index 0 0
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5 Empirical findings  
The fifth chapter presents the case company. Furthermore, is a logistic flow described 

and needed input data which is needed for further testing of the developed method. The 

empirical information is mainly gathered thru interviews which are presented in 

Appendix A.   

 

5.1 Presentation of the case company Combitech AB 

Combitech AB is a technical consultant company with approximately 1400 employees 

in Sweden, Norway and Finland. The turnover for 2013 was 1598 million SEK. The 

company is fully owned by the defence group SAAB. The main business areas are 

information security, systems safety, logistics, system integration, systems 

development, robust communications technical product information and mechanical 

engineering. The system safety business area includes an ILS department with 

approximately 30 ILS consultants (Combitech, 2015).   

 

Combitech is preferred and selected as a case company in this study because it is one of 

the most experienced companies working with developing ILS plans in Sweden.    

 

5.2 ILS structure at Combitech 
The Integrated Logistic Support (ILS) department mainly uses the ILS structure 

illustrated in figure 13. But customizations are almost always done depending on what 

kind of system that is being analysed.   

 

 
 

Figure 13. ILS structure used at Combitech 
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For the level of repair analysis (LORA) part the questionnaire matrix showed in table 18 

is used for categorize units according to if they is repairable or not and if they are 

repaired or replaced at level 1 or 2 in the logistic structure.   

 

  Repairable Non-repairable  

Replaceable at 

maintenance 

Level 1 or Level 

2? 

Yes Line Replaceable Unit 

(LRU) 
Discardable Unit (DU) 

No Shop Replaceable Unit 

(SRU) 
Discardable Part (DP) 

 

Table 18. LORA questionnaire matrix 
 

5.3 Logistic flow 
In figure 14 a real logistic flow for a Swedish Defence unit is illustrated. All names and 

physical locations are excluded. The important value in this logistic structure is the Turn 

Around Time (TAT). This is the time required for material supplies to be transported to 

the higher level for being replaced or repaired and then transported back to the initial 

level. If a unit is sent from the A level to the C level the TAT is calculated as the sum of 

the TATA-B + TATB-C = 1A-B + 2B-C = 3 weeks.  

 

 
 

Figure 14. Logistic flow between both internal and external units 

 

A level is the dynamic operational level situated and operating outside the static defence 

facilities. The TAT between A and B level is 1 week.   

 

B level is the static operational facility level which consist of three units spread in the 

country. This level contains of maintenance workshop with maintenance technicians 

and spare parts supply. The TAT between B and C level is 2 weeks.  
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C level consists of one unit which is the central maintenance workshop and spare part 

inventory in the organization. This level has the highest maintenance resources available 

internally. The TAT between C level and external suppliers is 20 weeks.  

 

Further figure 14 illustrates that the CLS agreement only is between the C-level 

(internal) and system supplier (named Industry in the figure). There is never a CLS 

agreement between the C-level and a sub-supplier (named sub-industry in the figure). 

All agreements with sub suppliers are done by the system supplier.    

 

There are several input values needed for the method development that is presented and 

quantified in table 19. Those values are fully reasonable for a small technical system 

and will be used later in the method testing.  

 

 
 

Table 19. Quantification of input values 

  

nr Unit Value

1 Total operating time Hours 10000

2 Number of failures Amount 300

3 Mean Time Between MaintenanceUNSCHEDULED (MTBMU) Hours 800

4 Mean Time Between MaintenanceSCHEDULED (MTBMS) Hours 100

5 Mean Time To Repair (MTTR) Hours 1

6 Logistic Delay Time (LDT) Hours 4

7 System/Product Operations Cost (COO) SEK/hour 3500

8 System/Product Maintenance Cost (COM) SEK/hour 2500

9 Inventory Spares and Material Support Cost (COI) SEK/hour 400

12 Line Replaceable Unit (LRU) Amount 40

13 Shop Replaceable Unit (SRU) Amount 40
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6 Method testing 
In the sixth chapter, the developed method from chapter four is tested in the empirical 

conditions presented in chapter five.  

 

6.1 Initial test values and test procedure 
The method will be tested with the logistic flow identified in the empirical findings as a 

base. The most interesting values connected to contracting external maintenance 

suppliers will be tested which are CLS Utilization
10

, External supplier risk
11

 and Turn 

Around Time (TAT) level C-External
16

. The test values will be compared according to 

the initial values called System A which are illustrated in table 20.  

 

Note that the graphs showing the changes of values in figure 15, 16, 17 and 18 in some 

cases have broken Y-axis.   

 

 
 

Table 20. Initial method test values 

 

Input values System A System X

nr SE Unit Value Value

1 Total operating time Hours 10000 0

2 Number of failures Quantity 300 0

3 Mean Time Between MaintenanceUNSCHEDULED (MTBMU) Hours 800 0

4 Mean Time Between MaintenanceSCHEDULED (MTBMS) Hours 100 0

5 Mean Time To Repair (MTTR) Hours 1 0

6 Logistic Delay Time (LDT) Hours 4 0

nr LSC Unit Value Value

7 System/Product Operations Cost (COO) SEK/hour 3500 0

8 System/Product Maintenance Cost (COM) SEK/hour 2500 0

9 Inventory Spares and Material Support Cost (COI) SEK/hour 400 0

nr CLS Unit Value Value

10 CLS Utilization Factor 0,3 0

11 External supplier risk Factor 0,98 0,98

nr LORA Unit Value Value

12 Line Replaceable Unit (LRU) Quantity 40 0

13 Shop Replaceable Unit (SRU) Quantity 40 0

14 Turn Around Time (TAT) level A-B Weeks 1 0

15 Turn Around Time (TAT) level B-C Weeks 2 0

16 Turn Around Time (TAT) level C-External Weeks 20 0

Results
nr Index Unit Value Value

37 LSC/Theoretical operating time SEK 8311,0617 0

42 RAM Index 31,368836 0

43 Cost effectiveness Index Index 0,0037743 0
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6.2 CLS Utilization (Method test 1) 
In the first test of the developed method the level of CLS Utilization will be changed 

which is shown in table 21. The CLS Utilization
10 

is 0,3 in System A and increased to 

0,6 in System B. This is the maximum reasonable CLS Utilization level according to the 

case company.  

 

 
 

Table 21. Method Test 1  

 

  

Input values System A System B

nr SE Unit Value Value

1 Total operating time Hours 10000 10000

2 Number of failures Quantity 300 300

3 Mean Time Between MaintenanceUNSCHEDULED (MTBMU) Hours 800 800

4 Mean Time Between MaintenanceSCHEDULED (MTBMS) Hours 100 100

5 Mean Time To Repair (MTTR) Hours 1 1

6 Logistic Delay Time (LDT) Hours 4 4

nr LSC Unit Value Value

7 System/Product Operations Cost (COO) SEK/hour 3500 3500

8 System/Product Maintenance Cost (COM) SEK/hour 2500 2500

9 Inventory Spares and Material Support Cost (COI) SEK/hour 400 400

nr CLS Unit Value Value

10 CLS Utilization Factor 0,3 0,6

11 External supplier risk Factor 0,98 0,98

nr LORA Unit Value Value

12 Line Replaceable Unit (LRU) Quantity 40 40

13 Shop Replaceable Unit (SRU) Quantity 40 40

14 Turn Around Time (TAT) level A-B Weeks 1 1

15 Turn Around Time (TAT) level B-C Weeks 2 2

16 Turn Around Time (TAT) level C-External Weeks 20 20

Results
nr Index Unit Value Value

37 LSC/Theoretical operating time SEK 8311,0617 11440,481

42 RAM Index 31,368836 31,179487

43 Cost effectiveness Index Index 0,0037743 0,0027254
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The differences in the values 37, 42 and 43 are illustrated in figure 15. The Cost 

effectiveness Index
43

 decreased from 0,0037743 to 0,0027254 (A decrease of 

approximately 28%). The use of external maintenance suppliers slightly increase the 

risk that the system availability not will be fully achieved which is shown in value 

RAM
42

. The LSC/Theoretical time
37

 is increasing drastic from 8311,0617 SEK to 

11440,481 SEK due to the longer TAT between level C and external suppliers.  

 

 
 

Figure 15. Test results 1 
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6.3 External Supplier risk (Method test 2) 
In the second test of the developed method external risk factor will be changed which is 

shown in table 22. The External supplier risk
11 

is 0,98 in System A and decreased to 0,95 

in System B.  

 

 
 

Table 22. Method test 2 

 

  

Input values System A System B

nr SE Unit Value Value

1 Total operating time Hours 10000 10000

2 Number of failures Quantity 300 300

3 Mean Time Between MaintenanceUNSCHEDULED (MTBMU) Hours 800 800

4 Mean Time Between MaintenanceSCHEDULED (MTBMS) Hours 100 100

5 Mean Time To Repair (MTTR) Hours 1 1

6 Logistic Delay Time (LDT) Hours 4 4

nr LSC Unit Value Value

7 System/Product Operations Cost (COO) SEK/hour 3500 3500

8 System/Product Maintenance Cost (COM) SEK/hour 2500 2500

9 Inventory Spares and Material Support Cost (COI) SEK/hour 400 400

nr CLS Unit Value Value

10 CLS Utilization Factor 0,3 0,3

11 External supplier risk Factor 0,98 0,95

nr LORA Unit Value Value

12 Line Replaceable Unit (LRU) Quantity 40 40

13 Shop Replaceable Unit (SRU) Quantity 40 40

14 Turn Around Time (TAT) level A-B Weeks 1 1

15 Turn Around Time (TAT) level B-C Weeks 2 2

16 Turn Around Time (TAT) level C-External Weeks 20 20

Results
nr Index Unit Value Value

37 LSC/Theoretical operating time SEK 8311,0617 8387,0003

42 RAM Index 31,368836 31,084813

43 Cost effectiveness Index Index 0,0037743 0,0037063
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The differences in the values 37, 42 and 43 are illustrated in figure 16. The Cost 

effectiveness Index
43

 decreased from 0,0037743 to 0,0037063 (A decrease of 

approximately 2%). There are only minor changes in the test values. The fact is that the 

change in the risk factor is not big which can explain the minor changes in the test 

values. But a lower supplier risk than 0,95 is not recommended. If it is estimated that an 

external supplier cannot deliver a service level above 0,95, the supplier should, if it is 

possible, be replaced with a better alternative.      

 

 
 

Figure 16. Test results 2 
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6.4 Turn Around Time (TAT) (Method test 3)  
In the third test of the developed method the TAT between level C and external supplier 

will be changed which is shown in table 23. The TAT
 
is 20 weeks in System A and 

increased to 30 weeks in System B.   

 

 
 

Table 23. Method test 3 

 

  

Input values System A System B

nr SE Unit Value Value

1 Total operating time Hours 10000 10000

2 Number of failures Quantity 300 300

3 Mean Time Between MaintenanceUNSCHEDULED (MTBMU) Hours 800 800

4 Mean Time Between MaintenanceSCHEDULED (MTBMS) Hours 100 100

5 Mean Time To Repair (MTTR) Hours 1 1

6 Logistic Delay Time (LDT) Hours 4 4

nr LSC Unit Value Value

7 System/Product Operations Cost (COO) SEK/hour 3500 3500

8 System/Product Maintenance Cost (COM) SEK/hour 2500 2500

9 Inventory Spares and Material Support Cost (COI) SEK/hour 400 400

nr CLS Unit Value Value

10 CLS Utilization Factor 0,3 0,3

11 External supplier risk Factor 0,98 0,98

nr LORA Unit Value Value

12 Line Replaceable Unit (LRU) Quantity 40 40

13 Shop Replaceable Unit (SRU) Quantity 40 40

14 Turn Around Time (TAT) level A-B Weeks 1 1

15 Turn Around Time (TAT) level B-C Weeks 2 2

16 Turn Around Time (TAT) level C-External Weeks 20 30

Results
nr Index Unit Value Value

37 LSC/Theoretical operating time SEK 8311,0617 9841,2428

42 RAM Index 31,368836 31,368836

43 Cost effectiveness Index Index 0,0037743 0,0031875
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The differences in the values 37, 42 and 43 are illustrated in figure 17. The Cost 

effectiveness Index
43

 decreased from 0,0037743 to 0,0031875 (A decrease of 

approximately 16%). Interesting is that the RAM
42 

is not affected at all by the increased 

TAT. The reason is that the unit is replaced at the operative level and how it later is 

repaired does not affect the RAM. But there is a significant cost increase in value 

LSC/Theoretical operating time
37

 due to the longer logistic TAT times.  

 

 
 

Figure 17. Test results 3 
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6.5 Input costs (Method test 4) 
In the fourth test of the developed method the two input costs will be changed which is 

shown in table 24. The System/Product Operations Cost (COO)
7
 is 3500 SEK in System 

A and increased to 3600 SEK in System B. The Inventory Spares and Material Support 

Cost (COI)
9 

is 400 SEK in System A and increased to 450 SEK in System B.  

 

 
 

Table 24. Method test 4 

 

  

Input values System A System B

nr SE Unit Value Value

1 Total operating time Hours 10000 10000

2 Number of failures Quantity 300 300

3 Mean Time Between MaintenanceUNSCHEDULED (MTBMU) Hours 800 800

4 Mean Time Between MaintenanceSCHEDULED (MTBMS) Hours 100 100

5 Mean Time To Repair (MTTR) Hours 1 1

6 Logistic Delay Time (LDT) Hours 4 4

nr LSC Unit Value Value

7 System/Product Operations Cost (COO) SEK/hour 3500 3600

8 System/Product Maintenance Cost (COM) SEK/hour 2500 2500

9 Inventory Spares and Material Support Cost (COI) SEK/hour 400 450

nr CLS Unit Value Value

10 CLS Utilization Factor 0,3 0,3

11 External supplier risk Factor 0,98 0,98

nr LORA Unit Value Value

12 Line Replaceable Unit (LRU) Quantity 40 40

13 Shop Replaceable Unit (SRU) Quantity 40 40

14 Turn Around Time (TAT) level A-B Weeks 1 1

15 Turn Around Time (TAT) level B-C Weeks 2 2

16 Turn Around Time (TAT) level C-External Weeks 20 20

Results
nr Index Unit Value Value

37 LSC/Theoretical operating time SEK 8311,0617 8991,1422

42 RAM Index 31,368836 31,368836

43 Cost effectiveness Index Index 0,0037743 0,0034889
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The differences in the values 37, 42 and 43 are illustrated in figure 18. The Cost 

effectiveness Index
43

 decreased from 0,0037743 to 0,0034889 (A decrease of 

approximately 8%). The purpose with this test was to show how relatively small 

changes in the input costs affect the total cost effectiveness of a system. The RAM
42 

value is unaffected because only the cost levels are adjusted. But the LSC/Theoretical 

operating time
37 

is increasing from 8311,0617 SEK to 8991,1422 SEK which 

corresponds to 8%, it is the same increase factor that the Cost effectiveness Index
43

 is 

decreasing due to the unaffected RAM.   

 

 
 

Figure 18. Test results 4 
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6.6 Compilation of test results 
The test results are compiled and presented in table 25 (All values are rounded to 

maximum one decimal).  

 

 
 

Table 25. Compilation of test results 

 

The input value that affects the result values most is the CLS Utilization. It is obvious 

that any changes in the input values increase the cost significant in three of the four 

tests. The RAM
42

 does not vary much at all in any of the tests. The results of the method 

testing will be further analysed in chapter 7 Analysis.    

  

CLS Utilization

External supplier 

risk TAT Input costs

Cost effectiveness Index43 ↘ 28% ↘ 2% ↘ 16% ↘8%

RAM42 ↘ 0,6% ↘ 0,9% → 0% → 0%

LSC/Theoretical operating time37 ↗ 38% ↗ 0,9% ↗ 18% ↗ 8%
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7 Analysis 
The seventh chapter will analyse the developed method, with the presented theory as a 

base.  

 

7.1 Description of the analysis 
There are two main perspectives of the analysis in this study. First, the results of the 

method testing will be analysed in order to make conclusions about the input values and 

how they affect the result of the comparison of logistic maintenance structures. The 

second part of the analysis is to focus on the development of the method. Both of these 

analysis parts will be fundamental for answering the problem formulation later on in the 

result chapter.    

 

7.2 Analysis of the method testing 
The test of the method resulted in interesting results that clearly showed that the 

reliability, availability and maintainability (RAM) did not vary much in any of the tests. 

The biggest change of 0,9% was in test two when the External Supplier Risk
11

 was 

adjusted. This can, for example, be compared to the life support cost (LSC) that varied 

from 0,9% to 38%. This fact is also supported in the Cost effectiveness Index
43

 with a 

variation from 2% to 28%, which is mostly due to changes in the LSC. The most 

interesting part in the method tests results was that the input value CLS Utilization
10

 had 

the biggest impact on both the Cost effectiveness Index
43

 with a decrease of 28% and 

the LSC/Theoretical operating time
37 

with an increase of 38%. According to Tarakci, 

Ponnaiyan & Kulkarni (2014) the use of external maintenance suppliers is increasing in 

general and that it is important to consider the economic perspective both for the 

customer and the supplier. Therefore, it is important for customers to be aware of where 

the cost increase, when the use of external suppliers increase. Since the test results 

showed that the RAM did not vary as much as the cost, it is apparent that a cost increase 

does not automatically generate an increasing RAM, which is theoretically supported by 

H Driftsäk (2006). Further, this fact proves that the cost perspective is highly relevant, 

even when a methodology like reliability centered maintenance (RCM) is used. 

According to Blanchard (2014) the RCM methodology focuses on maintaining a high 

reliability (R) of a system. However, as verified above, when the R reaches a certain 

level it is almost merely the LSC that increases. Therefore, it is important to identify the 

most cost effective solution with a mix of both RAM and LSC, with retained safety 

level.  

Important to notice is that the developed method in this study does not consider any 

possible total cost saving connected to the use of external maintenance suppliers. This 

has to be considered when comparing the Cost effectiveness Index
43

 of different 

systems.        

 

7.3 Analysis of the method developing process  
Already in the initial phase of the method development it was palpable how important it 

is to clearly define the input values both for the RAM and the LSC. This is supported by 

Norman (1990) who argues about the importance of only comparing equally defined 

LCC analysis. The method test in this study proves how small changes in the input 

values can generate big changes in the output values. This is especially important in a 

comparison of a system made in in this study when only selected parts in the cost 

breakdown structure (CBS) is considered. The CBS used, developed and presented by 

Blanchard (2014), still can be further and differently defined. The small changes in the 
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input values in method test four resulted in a cost increase of 8%. Therefore it is crucial 

that compared analyses are initially equally defined.  

 

Further, the method development process shows the sensitivity of the system analysis 

when several input values have to be predicted and estimated. According to Blanchard 

(2014); IEC 60300-3-3 (2004); Norman (1990) several costs have to be predicted 

already in the design phase of a system, which increases the uncertainty in the analysis. 

The cost effectiveness of two compared systems can initially be equally calculated but 

the analysis of the two systems still might be revised unequally in the future. Galloway 

(1996) states that the possibilities to affect the logistic structure of an existing system 

are restricted compared with the possibilities to do it in the design phase. Consequently, 

this is a critical situation when planning the maintenance of a system. It is difficult to 

predict and estimate future costs in a system, but it is also difficult to change it in the 

future. Accordingly, it is important to be aware of these difficulties when developing a 

maintenance plan or comparing different alternatives.   

One factor in the developed method that is estimated is the External supplier risk
11

. 

According to Nenni & Giustiniano (2013) the use of external suppliers thru a Contractor 

Logistic Support (CLS) is associated with a risk that can affect the both the RAM and 

the LSC. Nevertheless, calculating this risk is complicated and especially in a general 

method like the one developed in this study. The suppliers have to be individually 

evaluated and the average risk factor can be initiated in the developed method. 

Therefore, the risk factor was generally estimated and set to 0,98. The effects of the 

variation of this factor were tested in method test 2. The results presented that both the 

RAM and LSC was affected negatively with approximately 2% when the risk factor was 

changed from 0,98 to 0,95. The fact that this slight change in the risk factor still did 

affect the cost effectiveness of the system proves that the external supplier risk is 

important to highlight and have to be considered when developing a maintenance plan.  

 

The concept cost effectiveness, stated by Blanchard (2014), is the foundation in the 

developed method in this study. In parallel, Bergman & Klefsjö (2007) define quality as 

the ability of a system to satisfy needs and expectations. Furthermore, Bergman & 

Klefsjö (2007) argue about the importance of offering high quality services and 

products in order to stay competitive in a market. It is, therefore, obvious that a cost 

effective and high quality system is the key to success. It does not matter if the 

organization is a national defense or a commercial company since the need of quality is 

crucial for achieving success. This reasoning is further proved by Maletic et. al (2014) 

that argues that a correct adapted maintenance is necessary for achieving quality. 

Therefore, finally, with the argument above, it is proved that a cost effective 

maintenance is one the solutions for success, regardless which kind of organization that 

is in question.       
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8 Results 
The eighth chapter will reveal the results from the method testing and the analysis 

chapter will be presented and the problem formulation will be answered. The results 

will be divided in two parts. The results of the method testing and analysis will be 

presented followed by the general results of the problem formulation of this study.      

 

8.1 Method testing 
The analysis of the developed method clearly indicated that the most sensitive part of 

the concept cost effectiveness, stated by Blanchard (2014), is the life support cost (LSC) 

part. Minor changes, either in the input values or in the method structure, had relatively 

large effects on the output value the Cost effectiveness Index
43

. The reliability, 

availability and maintainability (RAM) value was at a stable level during the whole 

method testing. Further, the developed Cost effectiveness Index
43

 in the method has 

useful value for comparing the cost effectiveness between two or more maintenance 

structures. Depending on if the main focus on the analysed system is on RAM or LSC 

the two complementary values RAM
42

 and LSC/Theoretical operating time
37 

can be 

useful together with the Cost effectiveness Index
43

.
 
   

Furthermore, the results of the method testing increase the validity and reliability of the 

study. The method is measuring and comparing relevant factors needed for identifying 

the most cost effective maintenance solution, which makes it valid. So far, the method 

testing also show that the method is reliable, but preferably, extended tests should be 

performed in order to further increase and secure the reliability.             

 

8.2 General results and answers on the problem formulation 
The problem formulation for this study is presented and answered below: 

 

How is it possible to evaluate maintenance solutions, including external suppliers, in a 

system with respect to cost effectiveness? 

 

When planning, organizing and evaluate maintenance solutions in Integrated Logistic 

Support (ILS) with respect to cost effectiveness for a system there are several important 

parts that have to be considered. These are all described below.  

 

 The system with expected requirements and demands has to be clearly defined. 

This is crucial when different systems are compared with each other or when 

different maintenance structures are compared. If there is even a small difference 

in the definitions the comparison can be deceptive and should not be used for 

decision making.    

 

 When the RAM reaches a certain level, focus should be on the LSC part of the 

concept cost effectiveness. The method testing showed that the RAM did not 

vary much related to the LSC. Therefore, focus when developing a maintenance 

plan should be on lowering the LSC as much as possible and only monitoring 

the RAM, and make sure it does not decrease drastically.     

 

 The logistic structure for the maintenance organization must be identified. The 

important input information is the quantity of units used, at which level they are 

replaced in the organization and the Turn Around Time (TAT) for supplies 

between the different levels in the logistic structure.      
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 The level of external maintenance suppliers has to be identified. The method 

testing in this study showed that the increase of external maintenance suppliers 

thru a Contractor Logistic Support (CLS) (CLS Utilization
10

) was the single 

most contributing factor to increased LSC for a system. However, the possible 

total cost saving related to the use of external suppliers also has to be 

considered, which is not considered in this study or in the developed method. 

This is mostly due to the complexity of identifying and estimating the possible 

cost saving.        

 

 The risk related with contracting external maintenance suppliers has to be 

considered. It is complex to calculate this risk, especially in general. An 

evaluation of each supplier has to be performed and the average risk factor can 

be used when comparing different alternatives in this developed method.     

 

 The maintenance plan has to be based on several predictions and estimations. 

Needs can occur in the future that were not predicted in the design phase of a 

system, and the additional costs will affect the LSC. There can also be initially 

known needs where the future cost is difficult to calculate and has to be 

estimated. It is important to be aware of this fact when developing a 

maintenance plan. The method development and testing showed that different 

factors in the method are affecting the Cost effectiveness Index
43 

differently. 

One example from the previous paragraph is the use of external maintenance 

suppliers (CLS Utilization
10

), which had a relatively big effect on the results. 

Therefore, the estimation of factors with high influence on the results should be 

done carefully. 

 

The developed method in this study is considering all parts above and can preferably be 

used when evaluating and comparing maintenance solutions. The method can also be 

used for developing a deeper understanding about how the included factors and input 

values are affecting the total cost effectiveness. The generalization is fulfilled since the 

method is useable for any system where it is possible to identify and calculate the 

needed input values. There are areas that have to be considered in the decision making 

process of a maintenance solution that are difficult to generalize. This is discussed 

further in chapter 9 Conclusions and Recommendations.  

 

The results show that the area of this study is essential, and that it can be complicated to 

calculate and use as a support material at decision-making. As mentioned in the 1 

Introduction chapter, many organizations that are using this part of the integrated 

logistic support (ILS) are financed by individual nations. A better utilization of the 

current systems (in a maintenance perspective) is to increase the possibilities for the 

nations to invest more money in welfare. Further, cost effective defence organizations 

over the world can counteract against war and terrorism and contribute to globally 

improve human rights and standard of living.            
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9 Conclusions and Recommendations 
The ninth chapter presents the conclusions made from the results and analyses of this 

study. Further, valuable recommendations are stated.   

 

The main goal with this study was to investigate how the use of external maintenance 

suppliers affects the cost effectiveness of a system and how it could be possible to 

compare alternatives. With the results of the method development and testing it is clear 

to conclude that the use of external maintenance suppliers does have a major effect on 

the cost effectiveness of a system. Additionally, the analysis proves that a cost effective 

system with respect to maintenance is a key factor for success. Accordingly, an 

extended conclusion is that the use of external maintenance suppliers is contributing to 

the total success of an organization.  

A more general conclusion is that maintenance should be considered a valuable resource 

in an organization and not just an economic burden. This verified conclusion is fully in 

accordance with the statement of Hagberg & Henriksson (2010). Naturally, the 

maintenance is always quantified as a cost, but the cost must also be related to the 

outcome of the system. Therefore, the Cost effectiveness Index
43 

developed in this study 

is a useable value that considers both the system effectiveness (SE) and the life cycle 

cost (LCC) in one value.  

 

A very important conclusion in order to increase the objectivity of this study is that the 

use of external maintenance suppliers does have a lot of advantages. The biggest 

problem is that those advantages are, in many cases, difficult to cost calculate and then 

also difficult to include in a general method like the one developed in this study. One 

example of advantage when external maintenance suppliers are used is maintenance 

actions, which require expensive special tools or test equipment, especially if it is a 

small system. Subsequently, it is probably more cost effective to use external suppliers 

despite possible longer lead times or increased risk. This scenario can be difficult to cost 

calculate because if the function is structured internally, with all required resources, this 

affects the current organization. Perhaps other systems in the organization can use the 

new resources and share the costs? Or perhaps the new resources are causing 

unexpected administration in other parts of the organization? Usually, costs like this can 

be hard to connect to the actual system that is causing them. Further, the surrounding 

organization will most probably change over time, which can be very difficult to 

predict. Besides, as already mentioned above, costs like this is very difficult to consider 

and generalize in a method like the one developed in this study. Therefore, the Cost 

effectiveness Index
43

 should be used as a support in the comparing and decision process 

of selecting maintenance solutions for a system together with other relevant decision 

support methods.  

Additionally, there will always be, and practically have to be, a mix between internal 

and external maintenance suppliers in a maintenance solution. It is not reasonable or 

cost effective that, for example, a small technically advanced system should be totally 

maintained by the internal organization. Also, only using external maintenance 

suppliers in, for example, a defence organization is not reasonable either due to personal 

safety and national defence secrets.                

 

The main recommendation when developing Integrated Logistic Support (ILS) plans is 

to be aware of the importance of equally defined input values in the comparison of 

alternatives. Further, all predictions and estimations, which are impossible to fully 

avoid, should be done carefully and thoughtfully. Even a minor difference in the initial 

definitions or in the input values can have major impact on the results, which is 
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confirmed in this study. The developed method in this study can, preferably, be used as 

a support tool to comparing different maintenance solutions and investigate how initial 

changes in the structure of the system are affecting the key values. 
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10 Evaluation and Criticisms  
The tenth chapter evaluates the working process of this study. Weaknesses and future 

improvement areas are identified and presented.     

 

The working progress and the results of this study are in accordance with the initial 

expectations. Although, there are several areas that can be further improved, both in the 

study development process and in the developed method.  

 

From the beginning the developed method was supposed to be able to identify both the 

most suitable logistic structure with respect to system effectiveness (SE) and life 

support cost (LSC). This should have been done by the criteria weighting with the 

analytical hierarchy process (AHP). But the result of this was not according to the 

intended expectation probably due to the minor change of the RAM compared with the 

change on the LSC cost. The reason why this part was removed from the method was 

partly that the Cost effective Index without the criteria weighting already did a 

reasonable comparison with respect to cost effectiveness. However, also because the 

problem with the criteria weighting is more a mathematical problem, which is not in 

fully accordance with the main subject of this study. Therefore, this problem area is still 

suitable for further improvement. 

 

The developed method that generates the Cost effectiveness Index
43

 is a good 

foundation for further development. For the moment, the weakest links in the method 

are the input values that in some cases have been estimated. However, the method is 

constructed in order for all values to easily change when the knowledge and research in 

one area is extended. One example is the Inventory Spares and Material Support Cost 

(COI)
9
. This factor is supposed to represent the logistic handle cost of spares and 

material. In this study the input value is estimated. This is an area that can be further 

developed with more detailed input data from both the needed spare parts and the 

logistic support organization connected to relevant costs. Another area in the method 

that is open for further improvement is the potential cost saving when the use of 

external suppliers is increasing. However, this is a very complex area because both 

increased and decreased costs can occur internally in the organization due to the use of 

external suppliers. The complexity is that those costs can occur in areas in the 

organization that is not directly connected to the current system and then very difficult 

to identify and measure.  

A more general improvement area is to further study how it is possible to follow up a 

life cycle cost (LCC) analysis. As previously mentioned, a LCC analysis is usually 

predicted and estimated early in the development phase of the system. This leads to that 

the structure of the LCC will probably not be the same later in the system’s life cycle. 

Consequently, it is difficult to compare and evaluate the initial predictions and 

estimations with the actual results. Perhaps it is possible to develop a method that 

considers those changes in the LCC structure during the life cycle of the system, which 

enables a fair comparison between the initial analysis and the actual result.              
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Appendices 

Appendix A Interview documentation 

In this appendix notes and questions asked from interviews are presented as a 

complementation to the presented empirical findings in chapter five.  

 

Interview 1 

What type of interview: Unstructured 

Date: 150326 

Respondent: Viktor Gustafsson, ILS Consultant 

Reviewed by: Anders Magnusson Åstrand, ILS Consultant 

Headline: How does Combitech work with ILS?  

Content:  

ILS is usually customized to fit the current system that the plan is intended for. 

Therefore the purpose with this interview was to get a general picture of how 

Combitech work with ILS and how it usually is structured.  Viktor Gustafsson showed 

and described the steps in their structure which is illustrated in the figure.  

 

 
 

Focus of the conversation was on the LORA part which is the most important and 

relevant part of the ILS in this study.   

 

Interview 2 

What type of interview: Unstructured 

Date: 150413 

Respondent: Viktor Gustafsson, ILS Consultant 



  
 

II 

Reviewed by: Anders Magnusson Åstrand, ILS Consultant 

Headline: How is the working process of ILS looks like?   

Content:  

To get a deeper understanding about how Combitech develop an ILS plan Viktor 

Gustafsson described and showed an ILS plan in the construction phase. It was possible 

to follow the process from LCB to LSAR. This was an interview with great opportunity 

to ask questions to better understand the development process. More in detail the 

presentation of the ILS process showed how the key factors R, A, M, MDT, MTTR and 

MTBF were connected.    

 

Interview 3 

What type of interview: Unstructured 

Date: 150413 

Respondent: Viktor Gustafsson, ILS Consultant 

Reviewed by: Anders Magnusson Åstrand, ILS Consultant  

Headline: How does the logistics structure look like in a typical organization?  

Content:  

The purpose with this interview was to identify a real maintenance logistic structure of 

an organization and investigate how it is constructed. The selected organization consists 

of three internal maintenance levels which are named A, B and C. A is the operational 

level. In this case we decided to set the number of A units to 6. But in reality the 

number of A units can differ from one to several hundred. B is the first maintenance 

level with static facilities. The B level consists of three facilities physically spread in the 

organization.         

 

 
 

The C level is the central maintenance workshop and spare parts inventory and consist 

of one unit physically placed in the middle of the organization. The external structure 

can be constructed in any possible way but there is usually one system supplier (named 

Industry in the figure) and one or more sub-suppliers (named Sub-industry in the 

figure).  How the external logistic structure further is constructed is not relevant in this 

study. The important data is the Turn Around Time (TAT) of material between the 

levels which are described in the figure.   
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Interview 4 

What type of interview: Unstructured 

Date: 150416 

Respondent: Viktor Gustafsson, ILS Consultant 

Reviewed by: Anders Magnusson Åstrand, ILS Consultant 

Headline: What key values are possible to identify in an ILS plan? 

Content: 

This interview was preparatory to investigate what indicators that is possible to identify 

and collect from an ILS plan. Those indicators will be the input values in the developed 

method. Example of desired values is MDT and the use level of external suppliers. And 

further how it is possible to categorise and limit the measurement of the data material. 

The result of the interview was that Viktor Gustafsson and I decided to individually 

further investigate what key indicators that is possible to collect and which of them that 

is needed for the development of the method in this study and follow in the next 

interview.      

 

Interview 5 

What type of interview: Unstructured 

Date: 150423 

Respondent: Viktor Gustafsson, ILS Consultant 

Reviewed by: Anders Magnusson Åstrand, ILS Consultant 

Headline: Follow-up interview about input values to the method  

Content:  

In interview number five it was decided that we should have a follow-up meeting about 

which key values that was possible to identify in an ILS plan. Today we agreed that the 

method must be constructed with the values that are necessary to solve the problem. 

Which values that is possible to identify in an ILS plan is second priority. But the 

method must be constructed so this value can be left empty or replaced if it not 

available.  

Further was other reasonable values identified and quantified to enable the test process 

of the developed method.      

 

 
 

The values that were needed to be quantified were 1-9 and 12-13. The table above was 

used as a question base and the values in the right column was the result. Those values 

will be used in the method testing process.  

nr Unit Value

1 Total operating time Hours 10000

2 Number of failures Amount 300

3 Mean Time Between MaintenanceUNSCHEDULED (MTBMU) Hours 800

4 Mean Time Between MaintenanceSCHEDULED (MTBMS) Hours 100

5 Mean Time To Repair (MTTR) Hours 1

6 Logistic Delay Time (LDT) Hours 4

7 System/Product Operations Cost (COO) SEK/hour 3500

8 System/Product Maintenance Cost (COM) SEK/hour 2500

9 Inventory Spares and Material Support Cost (COI) SEK/hour 400

12 Line Replaceable Unit (LRU) Amount 40

13 Shop Replaceable Unit (SRU) Amount 40
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Interview 6 

What type of interview: Unstructured 

Date: 150511 

Respondent: Viktor Gustafsson, ILS Consultant 

Reviewed by: Anders Magnusson Åstrand, ILS Consultant 

Headline: Follow up interview about method usability    

Content:  

In this interview the final method was presented in its whole for the case company in 

order to get feedback and investigate the real usability. According to Viktor Gustafsson 

the method is usable for getting a better and deeper understanding about how the 

different input values are affecting the final effectiveness of a system. But further, 

Gustafsson concluded, almost the same as the author of this study, that it is difficult to 

generalize a method like this. There are always some input values that have to be 

estimated and becomes the weakest link in the chain. This input was very valuable 

because it confirmed my conclusions and expectations of the developed method.       
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Appendix B Developed method  
 

 
 

Input values
nr SE Unit Value

1 Total operating time Hours 1500

2 Number of failures Amount 4

3 Mean Time Between MaintenanceUNSCHEDULED (MTBMU) Hours 75

4 Mean Time Between MaintenanceSCHEDULED (MTBMS) Hours 95

5 Mean Time To Repair (MTTR) Hours 2

6 Logistic Delay Time (LDT) Hours 1

nr LSC Unit Value

7 System/Product Operations Cost (COO) SEK/hour 1300

8 System/Product Maintenance Cost (COM) SEK/hour 1000

9 Inventory Spares and Material Support Cost (COI) SEK/hour 100

nr CLS Unit Value

10 CLS Utilization Factor 0,4

11 External supplier risk Factor 0,98

nr LORA Unit Value

12 Line Replaceable Unit (LRU) Amount 25

13 Shop Replaceable Unit (SRU) Amount 30

14 Turn Around Time (TAT) level A-B Weeks 1

15 Turn Around Time (TAT) level B-C Weeks 2

16 Turn Around Time (TAT) level C-External Weeks 20



  
 

VI 

 
 

  

Calculated values
nr SE Unit Value

17 R (MTBF) Factor 375

18 AOPERATIONAL Factor 0,933202358

19 M Factor 2

20 λ Factor 0,002666667

21 MTBF Hours 375

22 MTBM Hours 41,91176471

23 MDT Hours 3

nr CLS Unit Value

24 Amount of replacement units (internal) Amount 33

25 Amount of replacement units (external) Amount 22

nr Internal logistic time and cost Unit Value

26 Internal logistic time Weeks 7,2

27 Internal logistic handle cost SEK 28800

nr External logistic time and cost Unit Value

28 External logistic time Weeks 36,8

29 External logistic handle cost SEK 147200

nr LSC Unit Value

30 LSC/operating time SEK 1950000

31 Maintenance cost SEK 3000

32 Inventory Spares and Material Support (COI) SEK 176000

33 Total LSC SEK 2129000

nr Compilation Unit Value

34 LSC SEK 2129000

35 CLS risk reduction of A Factor 0,925736739

36 Actual operating time Hours 1388,605108

37 LSC/Theoretical operating time SEK 1533,193265

38 RAM Index 694,302554

nr Calculation of Index Value 

39 Cost effectiveness Index 0,45284738
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Appendix C Calculations method test 1 
 

  

Calculated values System A System B

nr SE Unit Value Value

17 R (MTBF) Factor 33,33333333 33,33333333

18 AOPERATIONAL Factor 0,946745562 0,946745562

19 M Factor 1 1

20 λ Factor 0,03 0,03

21 MTBF Hours 33,33333333 33,33333333

22 MTBM Hours 88,88888889 88,88888889

23 MDT Hours 5 5

nr CLS Unit Value Value

24 Amount of replacement units (internal) Amount 56 32

25 Amount of replacement units (external) Amount 24 48

nr Internal logistic time and cost Unit Value Value

26 Internal logistic time Weeks 630 360

27 Internal logistic handle cost SEK 10080000 5760000

nr External logistic time and cost Unit Value Value

28 External logistic time Weeks 2070 4140

29 External logistic handle cost SEK 33120000 66240000

nr LSC Unit Value Value

30 LSC/operating time SEK 35000000 35000000

31 Maintenance cost SEK 12500 12500

32 Inventory Spares and Material Support (COI) SEK 43200000 72000000

33 Total LSC SEK 78212500 107012500

nr Compilation Unit Value Value

34 LSC SEK 78212500 107012500

35 CLS risk reduction of A Factor 0,941065089 0,935384615

36 Actual operating time Hours 9410,650888 9353,846154

37 LSC/Theoretical operating time SEK 8311,061683 11440,48109

nr Comparision A B

38 Life Support Cost (LSC) 8311,061683 11440,48109

39 Reliability (R) 33,33333333 33,33333333

40 Availability (A) 0,941065089 0,935384615

41 Maintainability (M) 1 1

42 RAM 31,36883629 31,17948718

43 Cost effectiveness Index 0,003774348 0,002725365
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Appendix D Calculations method test 2 
 

  

Calculated values System A System B

nr SE Unit Value Value

17 R (MTBF) Factor 33,33333333 33,33333333

18 AOPERATIONAL Factor 0,946745562 0,946745562

19 M Factor 1 1

20 λ Factor 0,03 0,03

21 MTBF Hours 33,33333333 33,33333333

22 MTBM Hours 88,88888889 88,88888889

23 MDT Hours 5 5

nr CLS Unit Value Value

24 Amount of replacement units (internal) Amount 56 56

25 Amount of replacement units (external) Amount 24 24

nr Internal logistic time and cost Unit Value Value

26 Internal logistic time Weeks 630 630

27 Internal logistic handle cost SEK 10080000 10080000

nr External logistic time and cost Unit Value Value

28 External logistic time Weeks 2070 2070

29 External logistic handle cost SEK 33120000 33120000

nr LSC Unit Value Value

30 LSC/operating time SEK 35000000 35000000

31 Maintenance cost SEK 12500 12500

32 Inventory Spares and Material Support (COI) SEK 43200000 43200000

33 Total LSC SEK 78212500 78212500

nr Compilation Unit Value Value

34 LSC SEK 78212500 78212500

35 CLS risk reduction of A Factor 0,941065089 0,932544379

36 Actual operating time Hours 9410,650888 9325,443787

37 LSC/Theoretical operating time SEK 8311,061683 8387,000317

nr Comparision A B

38 Life Support Cost (LSC) 8311,061683 8387,000317

39 Reliability (R) 33,33333333 33,33333333

40 Availability (A) 0,941065089 0,932544379

41 Maintainability (M) 1 1

42 RAM 31,36883629 31,08481262

43 Cost effectiveness Index 0,003774348 0,003706309
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Appendix E Calculations method test 3 
 

 
  

Calculated values System A System B

nr SE Unit Value Value

17 R (MTBF) Factor 33,33333333 33,33333333

18 AOPERATIONAL Factor 0,946745562 0,946745562

19 M Factor 1 1

20 λ Factor 0,03 0,03

21 MTBF Hours 33,33333333 33,33333333

22 MTBM Hours 88,88888889 88,88888889

23 MDT Hours 5 5

nr CLS Unit Value Value

24 Amount of replacement units (internal) Amount 56 56

25 Amount of replacement units (external) Amount 24 24

nr Internal logistic time and cost Unit Value Value

26 Internal logistic time Weeks 630 630

27 Internal logistic handle cost SEK 10080000 10080000

nr External logistic time and cost Unit Value Value

28 External logistic time Weeks 2070 2970

29 External logistic handle cost SEK 33120000 47520000

nr LSC Unit Value Value

30 LSC/operating time SEK 35000000 35000000

31 Maintenance cost SEK 12500 12500

32 Inventory Spares and Material Support (COI) SEK 43200000 57600000

33 Total LSC SEK 78212500 92612500

nr Compilation Unit Value Value

34 LSC SEK 78212500 92612500

35 CLS risk reduction of A Factor 0,941065089 0,941065089

36 Actual operating time Hours 9410,650888 9410,650888

37 LSC/Theoretical operating time SEK 8311,061683 9841,242769

nr Comparision A B

38 Life Support Cost (LSC) 8311,061683 9841,242769

39 Reliability (R) 33,33333333 33,33333333

40 Availability (A) 0,941065089 0,941065089

41 Maintainability (M) 1 1

42 RAM 31,36883629 31,36883629

43 Cost effectiveness Index 0,003774348 0,003187487
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Appendix F Calculations method test 4  
 

 
 

  

Calculated values System A System B

nr SE Unit Value Value

17 R (MTBF) Factor 33,33333333 33,33333333

18 AOPERATIONAL Factor 0,946745562 0,946745562

19 M Factor 1 1

20 λ Factor 0,03 0,03

21 MTBF Hours 33,33333333 33,33333333

22 MTBM Hours 88,88888889 88,88888889

23 MDT Hours 5 5

nr CLS Unit Value Value

24 Amount of replacement units (internal) Amount 56 56

25 Amount of replacement units (external) Amount 24 24

nr Internal logistic time and cost Unit Value Value

26 Internal logistic time Weeks 630 630

27 Internal logistic handle cost SEK 10080000 11340000

nr External logistic time and cost Unit Value Value

28 External logistic time Weeks 2070 2070

29 External logistic handle cost SEK 33120000 37260000

nr LSC Unit Value Value

30 LSC/operating time SEK 35000000 36000000

31 Maintenance cost SEK 12500 12500

32 Inventory Spares and Material Support (COI) SEK 43200000 48600000

33 Total LSC SEK 78212500 84612500

nr Compilation Unit Value Value

34 LSC SEK 78212500 84612500

35 CLS risk reduction of A Factor 0,941065089 0,941065089

36 Actual operating time Hours 9410,650888 9410,650888

37 LSC/Theoretical operating time SEK 8311,061683 8991,142165

nr Comparision A B

38 Life Support Cost (LSC) 8311,061683 8991,142165

39 Reliability (R) 33,33333333 33,33333333

40 Availability (A) 0,941065089 0,941065089

41 Maintainability (M) 1 1

42 RAM 31,36883629 31,36883629

43 Cost effectiveness Index 0,003774348 0,00348886
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Appendix G Initial method 
 

Step I Identifying key values 
The method has to be based on carefully selected key values in order to calculate the 

most cost effective LORA structure. Basic input values is required both for measuring 

the SE and the LSC of the system. In figure 16 the input values to be able to calculate R, 

A and M is presented according to presented formulas a calculation by Blanchard 

(2014) and Hagberg & Henriksson (2010).  

 

 
 

Figure 16. Identification of RAM values 

 

Those three factors are necessary to measure the SE of the system and decide how the 

compared LORA affecting the total calculation. In the maintainability factor ADT is in 

parenthesis. The reason is that focus in this study is on LDT and ADT is considered 

insignificant and will not be used.   

 

To measure the LSC selected parts of the CBS presented by Blanchard (2014) will be 

considered in the method.     

 

 
 

Figure 17. Selected key costs in the CBS 
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As previously already mentioned the Operation and Maintenance Support Cost (CO) 

area in the CBS structure, which is illustrated in figure 17, is named LSC in this study. 

In the LSC area the parts System/Product Operations (COO), System/Product 

Maintenance (COM) and Inventory Spares and Material Support (COI) are selected to be 

considered in the developed method. The other parts in the LSC area have not direct 

connection to LORA and will not be considered.  

 

Step II Level of Repair Analysis (LORA) 
The developed method need input values from the Level of Repair Analysis (LORA) 

that are analyzed. First the amount of units that are replaced is needed. Those units are 

replaced either at the operational level or workshop level in the maintenance structure. 

Then the replaced unit is sent for repair at internal or external workshop. The units are 

divided in Line Replaceable Units (LRU) and Shop Replaceable Units (SRU). Non 

repairable parts will not be considered at all in this method. The LRU is replaced at the 

operational level and the SRU needs to be replaced at a workshop. The concepts LRU 

and SRU are taken from the ILS structure at the case company. This method does only 

consider the amount of units that are repaired by internal or external part. The reason 

why the units are divided in LRU and SRU is that this information can be very useful 

when developing this method further in a future study. 

Second the method needs input values regarding the logistic transportation times in the 

structure, both internal and external. In this method three Turn Around Times (TAT) are 

considered between four organizational levels. The TAT are TATA-B, TATB-C and 

TATC-EXTERNAL.       

 

Step III Level of external maintenance suppliers 
According to Nenni & Giustiniano (2013) the use of external maintenance suppliers is 

associated with a risk connected to the SE. Therefore the developed method in this 

study has to consider the use level of external supplier to be able to calculate with the 

increased risk of decreasing SE. The utilization of external suppliers will be measured in 

how many maintenance actions that are performed by external supplier compared to 

total amount of performed maintenance action according to this formula:  

 

𝐶𝐿𝑆 𝑢𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝑎𝑐𝑡𝑖𝑜𝑛𝑠 (𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙)

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝑎𝑐𝑡𝑖𝑜𝑛𝑠 
 

 

As mentioned in the beginning of this paragraph contracting external suppliers is 

according to Nenni & Giustiniano (2013) associated with a risk factor that cannot be 

excluded. But calculating this risk factor is complicated and not in accordance with this 

study. Therefore an assumption about the risk factor will be done and used in the 

method. The A for all be reduced with the risk factor 0,98.    

 

Step IV Criteria weighting 
In this step, two criteria models will be developed. According to (Blanchard, 2010) the 

total Cost effectiveness of a system consist of both LCC and SE. And there will always 

have to be a balance between those two factors. Therefore two weight criteria models 

will be developed to be able to choose if the developed method should reward effective 

LSC or SE with the chosen factors reliability (R), availability (A) and maintainability 

(M). The main reason why choosing model 1 or model 2 is that they are has different 

sensitivity depending on which type of value that varies. The AHP method is selected 

for comparing the factors contributing to the total cost effectiveness of a system. The 

reason why AHP is selected instead of the MCDM matrix is that AHP is providing a 
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more objective comparing between the alternatives. The stated comparing scale by 

Saaty (1990) is used which converts qualitative estimations into quantitative values. 

This strengthens the objectiveness of the comparison. Depending on what kind of 

system that is analyzed the criteria for either low LSC or SE can be chosen with those 

models. It is possible for future users of this method to customize the criteria weighting 

by making an own AHP model. The purpose with develop two standard models is to 

simplify the final method and save calculation time. The first model 1 will consider SE 

more than the LSC. SE consists of the factors reliability, availability and 

maintainability. According to the weighting criteria stated by Saaty (2006) the four 

criteria LSC, R, A and M are pairwise compared according to figure 18.         

 

 9. 

Extreme 
favors  

7. 

Very 
strong 

favors 

5. 

Strongly 
favor 

3. 

Slightly 
favor 

1. 

Equal 

3. 

Slightly 
favor 

5. 

Strongly 
favor 

7. 

Very 
strong 

favors 

9. 

Extreme 
favors 

 

LSC       5   R 

R    3      A 

A     1     M 

M   5       LSC 

LSC       5   A 

R    3      M 
 

Figure 18. Comparison of factors in model 1 

 

In model 1 the factors R, A, M are strongly favored over LSC to reward SE against 

LCC. Further is R slightly favored against A and M to increase the reliability focus in 

this model. Factor A and M are equally evaluated because they are both important to 

achieve a high R.  

 

 LSC R A M 

LSC 1 1/5 1/5 1/5 

R 5 1 3 3 

A 5 1/3 1 1 

M 5 1/3 1 1 

SUM 
16 28/15 26/5 26/5 

 
Figure 19. Compilation of compared alternatives for in model 1  

 

Figure 19 shows the summing of the columns for model 1.  

 

 LSC R A M  Weight factor 
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LSC 1/16= 

0,06 

(1/5)/(28/15)= 

0,11 

(1/5)/(26/5)= 

0,04 

(1/5)/(26/5)= 

0,04 

(1/4)x(0,06+0,11+0,04+0,04) 

=0,06 

R 5/16= 

0,31 

1/(28/15)= 

0,54 

3/(26/5)= 

0,58 

3/(26/5)= 

0,58 

(1/4)x(0,31+0,54+0,58+0,58) 

=0,50 

A 5/16= 

0,31 

(1/3)/(28/15)= 

0,18 

1/(26/5)= 

0,19 

1/(26/5)= 

0,19 

(1/4)x(0,31+0,18+0,19+0,19) 

=0,22 

M 5/16= 

0,31 

(1/3)/(28/15)= 

0,18 

1/(26/5)= 

0,19 

1/(26/5)= 

0,19 

(1/4)x(0,31+0,18+0,19+0,19) 

=0,22 

SUM 1 1 1 1 1 

 
Figure 20. Calculation of weight factor in model 1 

 

In figure 20 the weight factor is calculated in the right column for each factor.  

 

Model 2 will consider LSC more than SE. the four criteria LSC, R, A and M are 

pairwise compared according to figure 21. 
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LSC   5       R 

R      3    A 

A     1     M 

M       5   LSC 

LSC   5       A 

R     1     M 
 

Figure 21. Comparison of factors in model 2 

 

In model 2 LSC is strongly favored against R, A and M. In a LCC perspective high 

availability will promote a lower LSC, therefore is A slightly favored against R. Factor 

A and M are evaluated equally because they have no opposite effect on the LSC.     

 

 

 LSC R A M 

LSC 1 5 5 5 

R 1/5 1 1/3 1 

A 1/5 3 1 1 

M 1/5 1 1 1 
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SUM 8/5 10 22/3 8 

 

Figure 22. Compilation of compared alternatives for in model 2 

 

Figure 22 shows the summing of the columns for model 2.  

 

 LSC R A M  Weight factor 

LSC 1/(8/5)= 

0,63 

5/10= 

0,5 

5/(22/3)= 

0,68 

5/8= 

0,625 

(1/4)x(0,63+0,5+0,68+0,625) 

=0,61 

R (1/5)/(8/5)= 

0,13 

1/10= 

0,1 

(1/3)/(22/3)= 

0,05 

1/8= 

0,125 

(1/4)x(0,13+0,1+0,05+0,125) 

=0,10 

A (1/5)/(8/5)= 

0,13 

3/10= 

0,3 

1/(22/3)= 

0,14 

1/8= 

0,125 

(1/4)x(0,13+0,3+0,14+0,125) 

=0,17 

M (1/5)/(8/5)= 

0,13 

1/10= 

0,1 

1/(22/3)= 

0,14 

1/8= 

0,125 

(1/4)x(0,13+0,1+0,14+0,125) 

=0,12 

SUM 1 1 1 1 1 

 

Figure 23. Calculation of weight factor in model 2 

 

In figure 23 the weight factor is calculated in the right column for each factor. Figure 24 

shows a compilation of the weights factors for all criteria in both model 1 and 2. Those 

factors will be used later on in the development process of the method.  

 

 Model 1 Model 2 

LSC 0,06 0,61 

R 0,50 0,10 

A 0,22 0,17 

M 0,22 0,12 
 

Figure 24. Compilation of criteria weight 

 

Step V Completion of method 
The completion of the method is divided in two parts. The first part consists only of 

input values and the second part consists of calculated values. All values in the method 

are individually numbered in the first column. The first part explains and defines the 

input values and the second part explains how the calculations are made and defines the 

new developed values.  

All calculations are performed in a Microsoft Excel worksheet in order to secure the 

reliability for further calculations and reduce calculation time. A simplified user friendly 

version is presented in the paragraph 4.6 Step VI Application of the developed 

method.  

In this chapter, the values presented in the method are only examples with no real 

relevance and only used for testing the mathematical functions.  
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The method is not connected to any time period when calculating the LSC costs. 

However it is important that all input values are consistency customized to a common 

time interval when comparing different alternatives.      

 

Method input values  

In the first part of the method input values for calculate the SE is needed. In figure 25 

the values 1-6 are presented.   

 

 
 

Figure 25. Input SE values 

 

Total operating time
1
 is the time when the system is used and performing according to 

stated requirements. Downtime due to a failure mode or maintenance is not a part of the 

total operating time. Number of failures
2
 is the amount of failures that causes a 

reduction of the operating time. Mean Time Between Maintenance UNSCHEDULED 

(MTBMU)
3
 is the mean time between unscheduled maintenance action, usually 

correcting maintenance. Mean Time Between Maintenance SCHEDULED (MTBMS)
4
 is the 

mean time between scheduled maintenance actions, usually preventive maintenance. 

Mean Time To Repair (MTTR)
5
 is the mean time required to restore the system to its 

ability to performing according to required demands. This time is the mean time of all 

maintenance, both corrective and preventive. But waiting time related to logistic delays 

is not part of MTTR. Logistic Delay Time (LDT) is the time when for example spare 

parts are transported in the logistic organization.    

 

In figure 26 value 7-9 related to the LSC calculation are presented.  

 

 
 

Figure 26. Input LSC values 
 

System/Product Operations Cost (COO)
7
 is the cost per hour when the system is in 

operating state. System/Product Maintenance Cost (COM)
8
 is the cost for the maintenance 

operation per hour when a maintenance action is performed. Inventory Spares and 

Material Support Cost (COI)
9
 is the logistic cost for spare parts and material handling. 

The cost for purchasing or manufacture the spare parts are not included in either value 8 

or 9.  

 

In figure 27 the values 10-11 related to the CLS are presented.  

 

nr SE Unit Value

1 Total operating time Hours 1500

2 Number of failures Amount 4

3 Mean Time Between MaintenanceUNSCHEDULED (MTBMU) Hours 75

4 Mean Time Between MaintenanceSCHEDULED (MTBMS) Hours 95

5 Mean Time To Repair (MTTR) Hours 2

6 Logistic Delay Time (LDT) Hours 1

nr LSC Unit Value

7 System/Product Operations Cost (COO) SEK/hour 1300

8 System/Product Maintenance Cost (COM) SEK/hour 1000

9 Inventory Spares and Material Support Cost (COI) SEK/hour 100
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Figure 27. Input CLS values 

 

CLS Utilization
10

 is the part use of external maintenance suppliers in the system. 

External supplier risk
11

 is the estimated risk that the promised availability not will be 

fulfilled due to the use of external suppliers. This is further described in paragraph Step 

III Level of external maintenance suppliers.  

 

In figure 28 the values 12-16 related to the LORA are presented.    

 

 
 

Figure 28. Input LORA values 

 

Line Replaceable Unit (LRU)
12

 is the amount of units in the system that is replaced in 

the operational level. Shop Replaceable Unit (SRU)
13

 is the amount of units that is 

replaced at first workshop level. Value 14, 15 and 16 are the Turn Around Time (TAT) 

between the levels in the logistic organization.  

 

In figure 29 the criteria factors 17-20 for model 1 are presented.     

 

 
 

Figure 29. Input criteria values from model 1 

 

In figure 30 the criteria factors 21-24 for model 2 are presented. 

 

 
 

Figure 30. Input criteria values from model 2 

 

Method calculated values 

In the second part of the completion of the developed method the calculations are made 

based on the input values described in the first part. In figure 31 the calculations 25-31 

for the SE is presented and described below.  

 

nr CLS Unit Value

10 CLS Utilization Factor 0,4

11 External supplier risk Factor 0,98

nr LORA Unit Value

12 Line Replaceable Unit (LRU) Amount 25

13 Shop Replaceable Unit (SRU) Amount 30

14 Turn Around Time (TAT) level A-B Weeks 1

15 Turn Around Time (TAT) level B-C Weeks 2

16 Turn Around Time (TAT) level C-External Weeks 20

nr Model 1 Unit Value Fixed

17 LSC factor 1 Factor 0,06 X

18 Reliability factor 1 (R) Factor 0,5 X

19 Availability factor 1 (A) Factor 0,22 X

20 Maintainability factor 1 (M) Factor 0,22 X

nr Model 2 Unit Value Fixed

21 LSC factor 2 Factor 0,61 X

22 Reliability factor 2 (R) Factor 0,1 X

23 Availability factor 2 (A) Factor 0,17 X

24 Maintainability factor 2 (M) Factor 0,12 X
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Figure 31. Calculated SE values 

 

25 The reliability
25

 of the system is the same value as MTBF
29

 in this method (see 

calculation for value 29). 

  

26 The operational availability
26 

is calculated as 
𝑀𝑇𝐵𝑀29

𝑀𝑇𝐵𝑀29+𝑀𝐷𝑇31
 

 

27 The maintainability
27

 is in this method the same value as MTTR
5
.  

 

28 The failure rate λ
28

 is calculated as  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑎𝑖𝑙𝑢𝑟𝑒𝑠2

𝑇𝑜𝑡𝑎𝑙 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒1
 

 

29 The MTBF
29

 is calculated as 
1

𝜆28
 

 

30 MTBM
30

 is calculated as 
1

1

𝑀𝑇𝐵𝑀𝑢3+
1

𝑀𝑇𝐵𝑀𝑠4

  

 

31 The MDT
31

 is calculated as MTTR
5
+LDT

6
.         

 

In figure 32 the division of internal and external replacement units is calculated.  

 

 
 

Figure 32. Calculated CLS values 

 

32 The amount of internal replacement units
32

 is calculated as (LRU
12

+SRU
13

) - 

Amount of replacement units (external)
33.  

 

33 The amount of external replacement units
33

 is calculated as (LRU
12

+SRU
13

) x CLS 

Utilization
10

.  

 

In figure 33 the calculations for internal logistic time and cost are presented.  

 

 

nr SE Unit Value

25 R (MTBF) Factor 375

26 AOPERATIONAL Factor 0,933202358

27 M Factor 2

28 λ Factor 0,002666667

29 MTBF Hours 375

30 MTBM Hours 41,91176471

31 MDT Hours 3

nr CLS Unit Value

32 Amount of replacement units (internal) Amount 33

33 Amount of replacement units (external) Amount 22

nr Internal logistic time and cost Unit Value

34 Internal logistic time Weeks 7,2

35 Internal logistic handle cost SEK 28800
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Figure 33. Calculated internal logistic time and cost 

 

The Internal logistic time
34

 is the time it takes for all replaced items that are replaced or 

repaired internally in the organization to be transported back and forth from the 

operational level to the replacement or repair level.  

34 The Internal logistic time
34

 is calculated as ((1-CLS utilization
10

) x LDT
6
)) x (TAT 

A-B
14

 + TAT B-C
15

). 

 

The Internal logistic handle cost
35

 is the total cost for handling the material back and 

forth from operational level to replacement or repair level internally. Purchasing cost or 

manufacturing cost for the unit or spare part is not considered. 

35 The Internal logistic handle cost
35

 is calculated as (Internal logistic time
34

 x 40 

(hours/week)) x Inventory Spares and Material Support Cost (COI)
9
.  

When calculating the Internal logistic cost
35 

it is assumed that one week is 40 working 

hours.  

 

In figure 34 the calculations for external logistic time and cost are presented.  

 

 
 

Figure 34. Calculated external logistic time and cost 

 

The External logistic time
36

 is the time it takes for all replaced items that are replaced or 

repaired both internally and externally in the organization to be transported back and 

forth from the operational level to the replacement or repair level. 

36 External logistic time
36

 is calculated as (CLS utilization
10

 x LDT
6
) x (TAT A-B

14 
+ 

TAT B-C
15 

+ TAT C-External
16

).  

 

The External logistic handle cost
37

 is the total cost for handling the material back and 

forth from operational level to replacement or repair level both internally and externally. 

Purchasing cost or manufacturing cost for the unit or spare part is not considered. 

37 External logistic handle cost
37

 is calculated as (External logistic time
36 

x 40 

(hours/week)) x Inventory Spares and Material Support Cost (COI)
9
.  

When calculating the External logistic cost
37 

it is assumed that one week is 40 working 

hours.  

 

In figure 35 the calculations for the LSC are presented.  

 

 
 

Figure 35. Calculated LSC values 

 

LSC/operating time
38 

is the total cost for the system per operating hour.  

nr External logistic time and cost Unit Value

36 External logistic time Weeks 36,8

37 External logistic handle cost SEK 147200

nr LSC Unit Value

38 LSC/operating time SEK 1950000

39 Maintenance cost SEK 3000

40 Inventory Spares and Material Support (COI) SEK 176000

41 Total LSC SEK 2129000



  
 

XX 

38 LSC/operating time
38

 is calculated as System/Product Operations Cost (COO)
7
/Total 

operating time
1
.  

 

Maintenance cost
39 

the mean organizational maintenance cost per hour including 

internal maintenance resources and administrative resources when the maintenance 

action is performed by external supplier. No manufacturing or purchasing costs for 

material or spare parts are included.   

39 Maintenance cost
39 

is calculated as System/Product Maintenance Cost (COM)
8
 x 

MDT
31

.  

 

Inventory Spares and Material Support (COI)
40

 is the total logistic cost for handling 

material in the organization, both internally and externally.  

40 Inventory Spares and Material Support (COI)
40 

is calculated as Internal logistic 

handle cost
35 

+ External logistic handle cost
37

.  
 

41 The Total LSC
41 

is calculated as LSC/operating time
38 

+ Maintenance cost
39 

+ 

Inventory Spares and Material Support (COI)
40

.  

 

In figure 36 a compilation of the values needed for the final index calculation is 

presented.  

 

 
 

Figure 36. Compilation of calculated values 

 

42 LSC
42

 is the same value as Total LSC
41

.  

 

CLS risk reduction of A
43

 is the theoretical availability reduction due to the risk when 

external suppliers are contracted to handle maintenance actions.  

43 CLS risk reduction of A
43

 is calculated as ((CLS Utilization
10

 x AOPERATIONAL
26

) x 

External supplier risk
11

)) + ((1-CLS Utilization
10

) x AOPERATIONAL
26

)).  

 

Actual operating time
44

 is the operating time reduced with the CLS risk reduction of 

A
43

factor. 

44 Actual operating time
44

 is calculated as Total operating time
1 

x CLS risk reduction of 

A
43

.  

 

LSC/Theoretical operating hour is the total life support cost for the system divided with 

the theoretical operating time. 

45 LSC/Theoretical operating time
45

 is calculated as LSC
42

/Actual operating time
44

.   

 

In figure 37 the values and calculations for the Cost effectiveness Index 1
50

 when using 

criteria model 1 are presented.  

 

nr Compilation Unit Value

42 LSC SEK 2129000

43 CLS risk reduction of A Factor 0,925736739

44 Actual operating time Hours 1388,605108

45 LSC/Theoretical operating time SEK 1533,193265
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Figure 37. Result values with criteria model 1 

 

Value 46-49 is individually multiplied with the criteria weighting factors in model 1 

according to these calculations: 

46 Life Support Cost (LSC)
46 

= LSC factor 1
17

 x LSC/Theoretical operating time
45

.  
47 Reliability (R)

47
 = Reliability factor 1 (R)

18 
x R (MTBF)

25
.  

48 Availability (A)
48

 = Availability factor 1 (A)
19

 x CLS risk reduction of A
43

.  

49 Maintainability (M)
49

 = Maintainability factor 1 (M)
20 

x M
27

. 

 

50 The Cost effectiveness Index 1
50 

is calculated as 

 

𝑅𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 (𝑅)47 +  𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 (𝐴)48 +  𝑀𝑎𝑖𝑛𝑡𝑎𝑖𝑛𝑎𝑏𝑖𝑙𝑖𝑡𝑦49

𝐿𝑖𝑓𝑒 𝑆𝑢𝑝𝑝𝑜𝑟𝑡 𝐶𝑜𝑠𝑡 (𝐿𝑆𝐶)46
 

 

In figure 38 the values and calculations for the Cost effectiveness Index 2
55 

when using 

criteria model 2 are presented.   

 

 
 

Figure 38. Result values with criteria model 2 

 

Value 51-54 is individually multiplied with the criteria weighting factors in model 2 

according to these calculations: 

51 Life Support Cost (LSC)
51 

= LSC factor 2
21

 x LSC/Theoretical operating time
45

.  

52 Reliability (R)
52

 = Reliability factor 2 (R)
22 

x R (MTBF)
25

.  

53 Availability (A)
53

 = Availability factor 2 (A)
23

 x CLS risk reduction of A
43

.  

54 Maintainability (M)
54

 = Maintainability factor 2 (M)
24 

x M
27

. 

 

55 The Cost effectiveness Index 2
55

 is calculated as  

 

𝑅𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 (𝑅)52 + 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 (𝐴)53 +  𝑀𝑎𝑖𝑛𝑡𝑎𝑖𝑛𝑎𝑏𝑖𝑙𝑖𝑡𝑦 (𝑀)54

𝐿𝑖𝑓𝑒 𝑆𝑢𝑝𝑝𝑜𝑟𝑡 𝐶𝑜𝑠𝑡 (𝐿𝑆𝐶)51
 

 

Step VI Application of the developed method 

nr Weighted comparison model 1 Value 

46 Life Support Cost (LSC) 91,99159593

47 Reliability (R) 187,5

48 Availability (A) 0,203662083

49 Maintainability (M) 0,44

50 Cost effectiveness Index 1 0,182648443

nr Weighted comparison model 2 Value

51 Life Support Cost (LSC) 935,2478919

52 Reliability (R) 37,5

53 Availability (A) 0,157375246

54 Maintainability (M) 0,24

55 Cost effectiveness Index 2 0,00151444



  
 

XXII 

The new developed method can now be used to compare two or more LORA logistic 

structures with each other. The two indexes that the method generates indicate how cost 

effective an analyzed logistic structure is. The first criteria model 1 should be used 

when focus is on an SE for the system. Model number two should be used when focus is 

on an effective LSC for the system. Important is that those two indexes (Cost 

effectiveness Index 1
50

 and Cost effectiveness Index 2
55

) is not in any way comparable 

with each other. Only one index should be chosen when comparing two or more LORA 

logistic structures.   

 

The method does not consider the possible cost saving when external maintenance 

suppliers are used. This has to be considered when comparing LORA structures with the 

Cost effectiveness Index. The reason why this is not considered is the complexity of 

calculating the possible cost saving on a single system.    

 


