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waiting times. 
 
M  - Meantime for preventive and breakdown maintenance, is the meantime it takes 
to perform the maintenance. 
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production and environmental state. 
 
MLDT - Mean Logistics Down Time, is the time waiting for maintenance resources. 
Included time for transportation of the resources.   
 
MTTR - Mean Time To Repair, is the time waiting for performing the active 
maintenance action in breakdown maintenance. 
 
MWT - Mean Waiting Time, is the time when no maintenance can be performed due 
to waiting for required maintenance resources.  
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1. Introduction 
This introduction section includes a description of the background to this study, 
problem discussion, presentation of the problem and the problem formulation. It also 
presents the purpose, relevance, limitations and timeframe that have been used in this 
thesis. 
 
1.1 Background 
Since immemorial times humans have been troubled with failures and their 
consequences, there are evidence of quality thinking as far back as the building of the 
pyramids in Egypt, some 4000 years ago (Bergman and Klefsjö, 2003). Today’s 
quality thinking has many of its roots from Japan. Western companies have in a great 
extent been influenced by the Japanese firms and their quality thinking. It is 
especially the idea of having quality thinking in all processes within the company 
(Juran, 2000). 
 
By the utilisation of quality assurance, companies have been able to identify and 
eliminate sources of variation. This has lead to a decrease in production costs for 
many companies (Bergman and Klefsjö, 2003). Quality is regarded by most 
producers, customers and consumers as more important than ever in their 
manufacturing, operations, services and purchasing strategies. In the last decade 
many organisations have come to appreciate the strategic importance of quality. By 
having a high quality standard a company can remain competitive in both domestic 
and international markets (Dale and Plunkett, 1995). 
 
The purpose of a company is to; through their production process generate value for 
their customers. Value of a product or a service has a direct connection to the quality 
of it, which shows that quality could mean different things depending on the 
user/buyer (Bergman and Klefsjö, 2003). According to Bergman and Klefsjö (2003) it 
is important to focus on handling and improving quality to make the customers 
pleased. For a supplier it is very important to know the customers needs and 
expectations. Good quality should fulfil or exceed the customers’ needs and 
expectations. The suppliers’ view of quality is to put the customers in the centre of 
attention.  
 
Quality is a unique concept, it is not seen as a technique or a tool, it is not simply a 
mechanistic approach, nor is it a behavioural concept or a philosophical approach to 
life. Quality is all these combined (Hutchins, 1992).  
 
Crosby (1979) defines quality as “conformance to requirements”, while Juran (2000) 
as “fitness for purpose”. Deming (1986) means that quality should be aimed at the 
needs of the customer, present and future. ISO 9000:2000 defines quality as “the 
degree of which inherent characteristics fulfil the requirements, i.e. 
needs or expectations that are stated, in general is implicit or obligatory” 
(www.iso.org). Bergman and Klefsjö (2003) define quality as “Quality of a product is 
the ability to satisfy and preferably exceed the customer’s needs and expectations”. 
 

http://www.iso.org/
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1.2 Problem discussion 
Quality improvements’ are vital for any kind of business nowadays. The tools and 
methods used for quality improvements are more or less independent whether it is a 
service, product or a combination of these. TQM (Total Quality Management), 
CWQM (Company Wide Quality Management), QFD (Quality Function 
Deployment) and QC (Quality Control) are well known quality improvement methods 
used by companies (Akao, 1988; Bergman and Klefsjö, 2002 and Juran, 1988). 
 
According to Bergman and Klefsjö (2002) around 10 to 30 percent of all the sales in a 
company are based on bad quality or defects. In many cases a high rate of disturbance 
leads to a high buffer stock and high costs that are tied to the stock.  
 
The quality level depends on the functionality, durability and appearance of the 
products or service. Determination of the quality level by quality improvements is 
always dependent on the cost and quality level. In terms of improvement one should 
choose the highest increase in quality level for which alternative the increase in cost 
is the smallest (Rollof, 1966). 
 
1.3 Presentation of problem 
It is difficult to see the connection between cost and quality when a quality 
improvement is about to be implemented. The focus is often based on the capital cost, 
while it does not tell the whole truth, when it comes to quality improvements. This 
means that other important aspects are often neglected. To improve the quality level 
is always a matter of decision making. This decision making can lead to that it is hard 
to evaluate the different decisions and some important aspects might be forgotten.       
 
By improving the quality level a company can gain advantages towards their 
competitors in the market. This improved quality level must be achieved at the right 
cost. By knowing the connection between cost and an improved quality level a 
company can in a better way put a right price on the objects offered. If the company 
knows the connection between the cost and quality, benefits can be gained such as 
helping the company to choose the most economically profitable alternative when it 
comes to quality improvements. An object can either be a product, service or a 
system. The company could also show the customers how much an increase in 
quality would cost. This will help the company to see if the customers are interested 
in an improved quality level at the new price.  
 
1.4 Problem formulation 
How to find the best way to improve the quality of an object, focusing primarily on 
the relationship between cost and quality but also take other important aspects into 
consideration?  
 
1.5 Purpose 
The purpose of this thesis is to develop and test a model. This model will help the 
user to see the connection between cost and quality but also take other relevant 
aspects into consideration for decision. This model will help the user to choose the 
best alternative for improving the quality level of an object.  
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1.6 Relevance 
The view of quality nowadays is to put the customer in first place. Quality must be in 
the eyes of the customer demands and expectations. An improved quality influences 
the organisations success and profitability in several ways. A quality improvement 
can for instance lead to; more satisfied customers, higher revenue and a better 
position on the market (Bergman & Klefsjö, 2001).   
 
From the companies’ perspective this model will be of great relevance. It will 
enhance the decision making in terms of improved quality and also help the company 
to put the customer in the centre of attention. This model will help the company to 
understand the connection between cost and quality, but also other aspects will be 
taken into consideration. This will further on mean that the company can be more 
accurate in their pricing towards their customers.  
 
1.7 Limitations & delimitations 
The model created will only consider quality improvements and give a suggestion 
what alternative to choose when it comes to an improvement in the quality level. The 
created model will not consider the cost tied to the current quality level. It will neither 
consider a reduction in cost with a maintained quality level.  
 
To be able to use this model; the quality level of the studied object must be possible 
to measure quantitatively. This model will only focus on improving the quality level 
of one specific object at a time. The model will in this thesis be applied to one 
specific company and a specific object within that company’s field. Aspects covered 
in this thesis are mainly quality and cost perspectives.  
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1.8 Timeframe 
 

Activities / Weeks 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Project start                     
Selecting company                     
Methodology                     
Introduction                     
Theory                     
Create our model                     
Empirical findings                     
Test our model                     
Analysis                     
Results                     
Conclusion                     
Recommendations                     
Completing the report                     

Table 1.1 Timeframe 

 



Master Thesis                                                                                                                                       Methodology 
 

 5

2. Methodology 
In the methodology chapter available methods for writing scientific reports will be 
introduced. The chapter includes a sections for scientific perspective, methods for 
data selection, research approach and scientific credibility. The last section explains 
what methods we have used within this thesis and why we have chosen to use them. 
 
2.1 Scientific perspective 
Scientific perspectives can be described as different ways of identifying the truth and 
how to draw a conclusion from a given or collected knowledge. The most common 
scientific perspectives are positivistic and hermeneutic. Positivistic and the 
hermeneutic paradigm were earlier seen as conflicting with each other (Bjereld et al, 
2002).   
 
The positivistic approach is searching for “solid data”. This “solid data” can be 
obtained either by using our senses, or by using our logical way of thinking, (Thurén, 
1991). Positivistics makes researches to get knowledge of how things work not to 
understand why it acts the way it does, (Björklund and Paulsson, 2003).   
 
Positivistic studies should be realistic, based on theory and tested with empirical 
findings through different scientific methods, (Patel and Davidson, 2003). A scientist 
shall always search to find the truth. The researcher shall investigate all conditions, 
reveal all mysteries, go deep into the unknown and explain all things that happen. The 
research should be characterized by full objectivity, meaning without any political, 
religious and emotional influences. This is so that the result in no way gets affected 
by the researcher, (Holme and Solvang, 1997).  
 
The hermeneutic paradigm was in the beginning seen as a method to interpret biblical 
texts and translating historical scriptures. Hermeneutic view of science is to use 
studies and interpretation to find the meaning of existence. The hermeneutic paradigm 
does not seek a direct reason or facts, more an understanding of people through their 
life situations and choices, (Patel and Davidson, 2003). Therefore it can not be 
measured, as the interpretation is different depending on time, place and person, 
(Hartman, 2004). 
The hermeneutic is seen as a complement to the positivistic and is mostly used in the 
areas of psychology and the research of health care, (Wallén, 1996).  
 
Systems theory was in the beginning seen as criticism against the positivistic way. 
This perspective was introduced in the end of 1960 and mean that things should be 
studied in their context. Systems theory focuses on how different parts/objects inside 
the system affect each other. The type of part or object studied depends on what 
system that is studied. It is the different parts/objects interaction that creates the 
system. The system as a whole can have other characteristics than the different parts 
inside. Example of a system can be the human body and the objects can be the organs 
inside it. Systems theory was created from the need of understanding and planning for 
changes in a complex context where different factors interacts, (Wallén, 1996).  
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2.2 Research approach 
Scientists try to make theories that will give correct knowledge about the reality as far 
as possible. Data or information are important inputs for the scientist to be able to 
build a theory that will be investigated. Induction, deduction or abduction are three 
concepts that could be used for relating theory and empirical findings, (Patel and 
Davidson, 2003).   
When seeking the truth different kind of knowledge can be valid depending on how 
you draw your conclusions. In the scientific perspective there are two basic ways, 
inductive and deductive, (Andersen, 1998).  
 
The inductive method also called empirical method or empiricism, means it is 
possible to generalise more universal statements, from observations and experiments. 
Characteristic for the empiricism is that an observation has to be in agreement with 
the generalisation. By doing many observations it does not logically guarantee that all 
observations will give the same results. In inductive thinking there is only one truth 
because the generalisation is correct, (Elgmork, 1985).  
 
A scientist that utilises the inductive approach follows the way of discovers. Within 
induction the scientist studies the phenomena without any existing theories. The 
scientist later formulates a theory based on the gathered information, (Patel and 
Davidson, 2003). 
Elgmork (1985) defines the induction as; through single phenomenon draw the 
conclusion by more than general statements or theories. Inductive conclusions are 
based on studies without any connection to earlier theories. The study process is a 
new way of thinking, through collected empirical findings of any chosen time, 
person, situation or single number of sources, (Patel and Davidson, 2003). 
 
Deduction is the opposite of induction and empiricism, (Elgmork, 1985). A scientist 
that works according to the deductive approach follows the way of proof. To be able 
to draw conclusions about specific phenomena the scientist utilises commonly used 
principles and existing theories. By utilising existing theories the objectivity of the 
research is not affected since it is not affected by the subjective ideas from the 
scientist, (Patel and Davidson, 2003). Deduction is to come up with logical 
conclusions that is seen as valid if it is logical connected. The conclusion must not be 
true in a way that it is in reality, (Thuren, 1991).   
 
The hypothetic-deduction is according to Thurén (2002) a way to make up hypothesis 
or guesses as premises. The premises are then put through deductive findings 
interference to investigate if they are true or not. Hypothetic-deductive method is seen 
as a combination of the inductive and deductive method, a third way of finding a 
conclusion. In this approach the researcher formulate hypothetical patterns, 
hypothesis, that can explain the studied phenomenon. The researcher then tries to 
falsify as many of these hypothesis as possible, (Thurén, 2002).  The next deductive 
stage tests these hypothesis or theory on new cases. The original hypothesis can then 
be broaden and developed to become a more general one, (Patel and Davidson, 2003).  
 
Abduction is a way of drawing conclusions of what the reason is or has been in the 
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past of an observation. Abduction has some feature of induction, and is the opposite 
of hypothetic-deductive way of drawing conclusions. In abduction the researcher 
searches for the answer, he/she is looking for cause and affect of the answer, without 
having the ability to affect the outcome. The researcher starts off with probable 
connections, draws conclusions through exclusion of different factors and 
complements with different tests. Abduction is not a methodology that can be used 
schematic instead it demands experience in the field and experience of previous 
investigations (Wallen, 1996) 
 
2.3 Research methods  
There are two different types of research methods to choose from when conducting a 
scientific study. You can either choose to utilize a qualitative or a quantitative 
method, (Wallén, 1996). According to Holme and Solvang (1997) there is no absolute 
difference between a qualitative and quantitative method.  
 
Qualitative methods are often used to explain subjects that are vague, have a number 
of different meanings and are subjective. The information gathered can not be 
measured but it is possible to explain the information in words and actions, (Wallén, 
1996). With the help of the qualitative method the researcher can search for new 
knowledge, both in un-investigated and investigated areas. It does not require 
delimitation in information gathering from previous research, (Eliasson, 1995). 
       
The qualitative method describes the total situation and forces the researcher to view 
the information from a global perspective. Qualitative methods are represented by 
flexibility and characteristics such as gathering plenty of information, conducting 
interviews without strict guidelines or answers and unsystematic or unstructured 
observations. The qualitative method handles a lot of information that is gathered 
from few sources, (Holme and Solvang, 1997).  
 
The quantitative method is a method where the researcher studies the phenomena in 
an objective way. The researcher has to look at the studied phenomena from a 
distance and not be involved in the studied phenomena. Quantitative studies 
presuppose that it is possible to make theoretical conceptions measurable. There are 
different ways to perform a quantitative study e.g. observations, experiment, 
questionnaires or source analysis. The organising and planning has to be finished 
before the gathering of information starts, (Holme and Solvang, 1997). 
 
Creswell and Miller (1998) define the quantitative method as: “the enquiry into social 
or human problems based on testing a theory composed of variables, measured with 
numbers, and analyzed with statistical procedures, in order to determine whether the 
predictive generalizations of the theory hold true”. 
 
2.4 Data collection 
There are several methods for collecting and studying data. When collecting data the 
researcher could choose to collect primary or secondary data.  Interviews, 
questionnaires and observations on the other hand are seen as primary data. Primary 
data means that the data only is gathered with the purpose of this specific study. 
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Secondary data is gathered from literature studies, presentations; (lectures, 
conferences, and seminars). This means that the information is developed by another 
researcher for another purpose than the current study, (Björklund and Paulsson, 
2003). 
 
To create understanding for a separate object of study, it is crucial to use primary 
data, whereas a study of more general patterns does not require primary data. The 
wanted result also decides what kind of method to be used for data collection. If the 
researcher wish for wide result, questionnaires will be suitable but if the result aims to 
create understanding for a separate case or a company, it might be more suitable 
using interviews, (Björklund and Paulsson 2003).  
 
There are many aspects that influence what method the researcher should use for data 
collection. Aspects like current knowledge in the area, finance and the topic etc. 
decides what kind of data collection method to use. However the biggest impact is 
often the author’s fundamental scientific position. 
 
2.5 Scientific credibility  
Validity, reliability and generalisation of result are very important for the outcome of 
the report. Without considering the validity and reliability throughout the report, it 
will be hard to consider the work as trustworthy, (Thúren, 1997). 
 
Validity means to measure only what is intended to be measured. The measuring 
instrument should not give any systematically errors. This should be done by having a 
clear definition of the issue and a clear definition of the background factors, (Wallen, 
1996). According to Thuren (1991), validity determines whether the researcher truly 
measured what he or she intended to measure or how truthful the result of the 
research was. If the research was measured correctly then there is high reliability, but 
if the same research was irrelevant then the research lacks the validity.   
 
Reliability means that the measurements are done in a correct way. A test that has 
high reliability should be able to repeatedly come up with the same results, 
independently of who is doing the test, (Wallén, 1996). If the circumstance for doing 
the measurements would change with time or by any other factors the measurement 
will lose its reliability, (Thúren, 1997). 
 
The purpose of generalisation is to generalise a result and apply it to a wider 
population. An aspect of generalisation is that it can take a scientific result that has 
been carried out in one specific study and relate it to all similar types of studies. It is 
not always possible to make a research to include all aspects in a situation; therefore 
it is possible to take a random sample from the whole population. The result of this 
random sample could be generalised in order to make the result valid for the whole 
intended population (Bryman, 1997). 
 
2.6 Our research methods 
We will in this thesis use a positivistic perspective. This since a positivistic study 
should be realistic. We will base our thesis on the studied theory and utilise different 
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empirical findings to come to the conclusion. In our thesis we will also utilise the 
system theory perspective. From a system theory point of view, we will study parts of 
the system. We will focus on changing parts of the system to see how these changes 
will affect the whole system in general.  
 
The data will be collected in booth a quantitative and a qualitative way. We will 
utilise data from interviews but also from databases and collect data from already 
existing files. Primary data is collected from interviews. While secondary data will be 
gathered from databases and existing files inside the company. From this data we will 
try to understand how the system works and build up an understanding from a logical 
perspective. In this thesis we will not utilise the hermeneutic perspective, since the 
hermeneutic paradigm does not seek a direct reason or fact.  
 
The way we will maintain the reliability in the model is by mostly using hard data and 
well known theoretical methods. We will not in any way influence the gathered data.  
The validity of this model is also high, since the collected data will only be intended 
for this study. There is also high reliability to this thesis, since there are programs that 
can guaranty that the calculations were performed in the same way for all the 
calculations. The validity is high since there is little chance for mistakes this is 
something that gives a high reliability also.  
 
We will create a generalised model that can be useful in different scenarios. Our 
model will be applicable in any company that is interested to improve there quality 
level. The result of this study can be generalised and interesting especially for 
companies working within telecommunication. 
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3. Theory 
In the theory part the relevant theories used within this thesis are presented. It 
includes the tools and methods that are important for this study.  
 
3.1 Quality  
Quality is the ability to fulfil a market or customers expectations, needs and demand. 
It is the market and especially the customer that decides the quality. A quality product 
or a service is a product or service that the market or the customer is satisfied with. 
Characteristics that a service or a product must have to fulfil the customer or markets 
demands are depending on the situation. It can e.g. be specified in material, shape, 
smell and durability etc. (Jönson, 1986). Quality can be a product or service but it can 
also be the activities or processes where the product or service is created. Quality can 
also be the organisation or a system that creates the activities and processes (Jönson, 
1995).   
 
3.2 Quality Improvements 
Companies constantly strive to improve their quality in order to stay competitive in 
the market. There are several different approaches when talking about quality 
improvements; these are CWQM, TQM, QFD and QC (Akao, 1988; Bergman and 
Klefsjö, 2002 and Juran, 1988). 
    
Companywide quality management is a systematic approach for putting up and 
achieving quality goals throughout the company (Juran, 1988). CWQS can be seen as 
the modern Japanese way of looking at quality. All the functions inside the company 
are involved; all the workers on all levels participate actively in the quality work. 
Where quality circles are of great importance, the quality work is based on Kaizen 
(continues improvement). Quality should be defined from the customer needs and one 
of these techniques is QFD (Quality Function Deployment) (Blomquist and Haeger 
1996). 
 
TQM or Total quality management can be describes as a company wide philosophy 
that is build on continues improvements of the quality in the business products and 
processes.  TQM is a Euro – American version of the Japanese CWQC. It includes all 
segments of the company from top management to the shop floor workers. The TQM 
philosophy puts the customer in the centre of attention for all the activities and is built 
on all the employees’ inside the company’s commitment (Blomquist and Haeger 
1996).  
 
Quality function deployment is a methodology that systematically identifies customer 
demands on product features and design parameters. QFD translates these demands to 
product characteristics and further to the manufacture process. QFD is a tool that in a 
natural way utilises different knowledge and experience at an early stage in the 
production process, this in order to create a good product or service (Bergman and 
Klefsjö, 2002; Jönson 1995). 
 
When implementing QDF, it is according to Bergman and Klefsjö (2002) possible to 
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divide QFD into four different parts.  
• Performing a market analysis to find out about the needs and expectations of 

the customers. 
• Examining the competitors to find out about there ability to satisfy there needs 

and wants of the customers.  
• Identifying key factors for the success of the companies’ product on the 

market with the two previous steps as a basis.  
• Translating these key factors into product and process characteristics in 

connection with design, development and production.  
 
Quality Control (QC) is an approach that is studying customer complains on the 
existing products. This approach starts from the bottom “finished product” and moves 
upwards through the production process. On its way up it searches for factors that are 
contributing to the problems (Akao, 1988). To find these problems there are seven so 
called QC-tools used. These seven QC-tools are; Histogram, Pareto-diagram, Cause-
and-effect diagram (Fishbone diagram), Stratification, Scatter plot, Control chart and 
Data collection (Blomquist and Haeger 1996). 
 
3.3 Quality dimensions of a Service 
There are different quality dimensions depending if you consume a product or a 
service. The quality dimensions of a service are very much dependent on how the 
service is delivered. The interaction between the service, supplier and customer is 
very important to achieve a high quality level. Different quality dimensions of a 
service are; reliability, credibility, access, communication, responsiveness, courtesy, 
empathy and tangibles (Bergman and Klefsjö, 2002). 
 
Reliability of a service means in this case the service evenness in result. It can be seen 
as if what is promised actually is performed. Credibility of a service aims at the 
supplier and the ability to trust him/her. 
Access of a service means how easy or hard it is to get in contact with the supplier. 
Here things like open hours, possibilities to reach the supplier via phone or other 
technical advices are considered. Communication of a service aims at the ability to 
talk to the customer in a way that is natural both for the customer and supplier. It also 
includes the ability to speak in a language that both understand.  
 
Responsiveness of a service aims at the willingness to help the customer. Courtesy of 
a service refers to the suppliers’ behaviour when it comes to politeness and 
friendliness etc. Empathy of a service is the suppliers’ ability to put them selves in the 
customers’ situation. Tangible of a service in this aspect means the physical 
environment where the service is performed. Physical environment includes facilities 
appearance and equipment that might be needed to perform the service (Bergman and 
Klefsjö, 2002). 
 
3.4 Quality dimensions of an item (product) 
Customers do not only judge the single products quality but also the whole 
organisation surrounding it and all the interaction including suppliers and 
manufacturer. Different quality dimensions of an item/product are; reliability, 
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performance, maintainability, environmental impact, appearance, flawlessness, safety 
and durability (Bergman and Klefsjö, 2002). 
 
Reliability of a product or an item handles how often failures occurs and how serious 
they are. Performances of an item (product) in this case are the performances that are 
of significance to the customer on the intended market segment. Here counts things 
like speed, size and life length etc. Maintainability of a product or item is in this 
meaning how easy or hard it is to find, localise and take care of a problem. 
Environmental impact of an item (product) considers the impact the item has on the 
environment. It considers both while producing the product as well as when it is in 
use e.g. recycling ability.  Appearance of an item (product) is an aesthetic parameter. 
It is created by design and includes things like colour and shape etc.  
 
Flawlessness of an item (product) means in this case, that the article or goods neither 
is nor marred by errors or deficiencies at the time of purchase. Safety of an item 
(product) means in this case, that the item/product do not give damage to neither 
person nor property and in some cases offers adequate protection against damage. 
Durability of an item (product) means that the product or item can be stored, used and 
transported without deteriorating or getting damaged (Bergman and Klefsjö, 2002).  
 
3.5 Dependability 
Dependability (driftsäkerhet) is an item/units capability to perform its required 
function under given conditions at a given time or at a given time interval at the 
assumption that the needed maintenance resources are available (Bergman and 
Klefsjö, 2002). Dependability is a qualitative way of defining a product or a systems 
ability to give a high performance though there are present failures, disturbances or 
other differently abled. Dependability is dependent on both technical systems and 
maintenance. Technical systems in this case could be seen as machines while the 
maintenance or maintenance system is divided into maintainability performance and 
maintenance support. These two maintenance aspects cover more or less all activities 
within a maintenance department (Johansson, 1997). 
 

 
 
 
 
 
 
 

 
 
 
Figure 3.1 Factors affecting the dependability (Bergman and Klefsjö, 2002). 

 
Dependability is often measured in availability. There are different ways of 
determining the availability for dependability such as Ai: (availability inherent), Aa 
(availability achieved) and Ao (availability operational). Availability operational (Ao) 
is the most frequently used for calculating the dependability and is calculated from: 
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3.5.1 Reliability 
Reliability is an items ability to perform an expected function during expected 
circumstances, MTBF (Mean Time Between Failures). There are three factors that 
most frequently influence the reliability. These factors are complexity, 
duplication/replication and excess strength. When talking about complexity, the fewer 
parts and the fewer different types of material involved; in general, the greater is the 
possibility of a high reliability in an item. Duplication/replication; with the use of 
additional, redundant components, a single failure do not cause the overall system to 
fail. This is a frequent method for achieving high reliability. Excess strength; 
Deliberate design to withstand higher stress, then anticipated will reduce failure rates 
(Smith, 1999). 

3.5.2 Maintainability performance 
Maintainability performance is an objects adaptation to facilitate maintenance. A 
products maintainability performance influences the overall dependability level. 
Maintainability performance measures how easy it is to discover, locate and repair an 
error on an item. The most common definition used to explain maintainability 
performance is MTTR (Johansson, 1997).  

3.5.3 Maintenance support  
Maintenance support is the maintenance organisations ability to supply the resources 
that are necessary for maintenance. Maintenance support includes such aspects as 
maintenance personnel, spare parts, administration, maintenance department etc. The 
most common definition to explain maintenance support is MWT and MLDT 
(Bergman and Klefsjö, 2002), (Johansson, 1997). 
 
3.6 An objects condition over time 
The down time of an object can be defined as; the time an object can not fulfil its 
required function. The down time includes active maintenance time and waiting time. 
The down time can be defined as mean down time MDT (6). Time between 
maintenance can be defined as; total time of an object, from the time it has been put 
in function until next breakdown. Time between maintenance can be expressed as 
MTBM (2), mean time between maintenance. Mean time to repair can be shortened to 
MTTR (5) and defined as waiting time for repair. MTBF (1) or mean time between 
failures is the time between failures that might occur under an objects life time. While 
the MTTF (7) or mean time to failure only covers the time from functional operation 
until another failure occurs. A concept that might be of interest is the waiting time for 
maintenance resources, MWT (4). Mean waiting time can be defined as; the 
accumulated time under which a maintenance measure do not take place mostly 
because waiting for resources.  
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Mean maintenance time or MMT (3) is the average maintenance time (H Driftsäk, 
2006).  
 
 
 
 
 
 
 
 
 

Figure 3.2 Explanation of an objects condition (H Driftsäk, 2006) 

3.7 Maintenance 
Maintenance is described by the British Standard as the combination of all actions 
taken to retain or restore an item to a state where it can perform its required function 
(BS 3811; 1984). There are different types of maintenance technologies that can be 
used such as break down maintenance, preventive maintenance, condition based 
maintenance, opportunity maintenance and design out maintenance. What 
maintenance techniques the company uses is very much dependent on what they 
manufacture. Maintenance involves both what actions and the timing of the action. 
Action can be described as the repair and replacement that is needed to get the asset 
back to required function. It is the timing of these actions that tells us what 
maintenance strategy is used.  
 
The most commonly used maintenance strategies are Preventive maintenance (PM), 
Breakdown maintenance (CM), Condition-based maintenance (CBM) and Design-out 
maintenance (Prakash, 2006). Maintenance costs are normally divided into direct and 
indirect costs. Maintenance is therefore often seen as a cost-centre, the economic 
benefits that can be gained by efficient maintenance is found as savings in other 
related working areas like production and quality (Al-Najjar and Phersson, 2005). 
Companies often do not have the competence or resources that are necessary to 
perform maintenance. Therefore many companies have chosen to outsource 
maintenance in order to be able to focus on their core business. Outsourcing involves 
a number of risks; it may result in loss of control, competence, operational flexibility, 
etc. On the other hand, it can be a way to lower the business risk and enhance 
business performance (Markeset and Kumar, 2005).  

3.7.1 Breakdown maintenance  
Breakdown maintenance is also known as corrective-maintenance, emergency 
maintenance or operate to failure maintenance. In breakdown maintenance an asset is 
operated until it breaks down and can not perform its required function. The 
maintenance that takes place is carried out to restore the asset back into service. The 
definition of breakdown maintenance is that maintenance is only carried out after the 
initial failure has occurred. The maintenance within the corrective maintenance is 
carried out randomly and therefore failures occur without any warning and at random 
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time (Prakash, 2006).     

3.7.2 Design out maintenance 
Design out maintenance is performed when the price of correcting failures are too 
costly. Design out maintenance is performed to eliminate the cause of maintenance. It 
is often carried out at items that in the first place where not expected to need any 
maintenance at all. The design out maintenance is often the maintenance departments 
responsibility even if it is seen as an engineering design problem (Prakash, 2006).     

3.7.3 Condition based maintenance 
In condition based maintenance the timing of the maintenance determines the 
condition or the performance of the asset. There are different ways of determining the 
condition of an asset. Methods like oil analysis, vibration monitoring, and 
temperature changes etc. can be used for determine the condition of the asset. For 
condition based-maintenance it is important to have a high understanding and 
measurements of an asset healthy condition in order to be able to determine when the 
asset is defect. 
  
By using condition based approach the maintenance can be planned before the asset 
needs to be stopped for maintenance. This means that the efficiency of the 
maintenance can be increased but more importantly the unavailability of the asset is 
reduced (Prakash, 2006).     

3.7.4 Preventive maintenance  
In preventive maintenance the maintenance is carried out at predetermined intervals 
to reduce the probability of an item not being in acceptable condition. These intervals 
for performing maintenance could be based on e.g. number of products produced, 
number of meters run or by time. The intention of preventive maintenance is to 
reduce the risk of failure or degradation of a machine. Measures of Mean Time To 
Failure (MTTF) and Time To Failure (TTF) are measures that are needed for 
performing a good preventive maintenance. One disadvantage with this method is that 
items sometimes are replaced even when they still might be in good condition and 
some might fail before next scheduled maintenance (Prakash, 2006).     

3.7.5 Opportunity based maintenance  
The possibility of opportunity maintenance occurs when a machine or a system is 
stopped. Opportunity maintenance means; while performing maintenance on a 
damaged part, at the same time while the production is down, attend some other 
assets or parts (Prakash, 2006).     
 
3.8 Life-cycle cost 
The term “Life Cycle Costs” (LCC) is defined in the British Standards (BS 
3811:1993) as the sum of all costs occurring during the period of ownership. Those 
costs include indirect and direct costs such as acquisition, personnel training, 
operation, maintenance, modification and disposal of the asset (Alsyouf, 2004). When 
an investment is done both buyer and producer must be aware of all the costs tied to 
it, even those that are hidden. In the picture below, hidden costs are those costs that 
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are seen below the surface of the iceberg (Johansson, 1997). According to Kiessling 
and Holmberg (1984) LCC can be used in most of the different parts within an 
organisation. For a deeper understanding regarding LCC see; (Kiessling and 
Holmberg, 1984).    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.3 Total Life Cycle Cost (LCC) (Johansson, 1997) 

LCC can be reduced by either reducing the costs, improving ownership effectiveness 
and efficiency related to operations and maintenance, or by improving support 
(Markeset and Kumar, 2005). Life cycle costing (LCC) sums all of the costs that are 
associated with a product, structure, system or service during its entire life-cycle. The 
life-cycle begins with requirements, such as economical limitations, and ends when 
disposing the machine or activity. It is possible to divide the life cycle into periods, 
the acquisitions phase and the operation phase when calculating LCC (Sullivan et al, 
2006).  
 
LCC calculation is performed normally when new equipment is bought since it can 
help a company to find the alternative with the lowest overall cost. Other situations 
where LCC is good to use is for follow-up calculation where the real outcome can be 
compared with the calculated (Johansson, 1997). 

3.8.1 Present worth 
The present worth method is the concept of equally evaluating the worth of cash 
flows in relation to a point of time in the present. To calculate the present worth (PW) 
the following formula is used:  
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Sullivan et al. (2006). 
 
3.9 Multiple Criteria Decision Making (MCDM) 
Multiple criteria decision making (MCDM) is a collection of methodologies to 
compare, select, or rank multiple alternatives that involve different attributes. The 
different criteria are given different weights of importance concerning the goal. An 
MCDM consists of weights (W) and rate (R). With help of factor weights to calculate 
Si (Si=∑Wj Rij). By calculating Oi (Oi =Si/ ∑Si) gives us a ranking of the best 
alternative. It is the decision maker that decides how much each criterion is weighted 
(Sanjay et al. 1994) and (Al-Najjar and Alsyouf, 2001). By evaluating given criteria a 
decision maker can use a MCDM model to evaluate different alternatives to achieve a 
certain goal. A MCDM-model can be used in a wide range of applications, such as 
employee evaluation, credit analysis and while evaluating a new machine (Sanjay et 
al, 1994). 
 
3.10 Telecommunication 
Telecommunications and computer technology are important parts of the growing 
area of information technology. Telecommunications makes it possible to build 
widespread computer systems. These systems enable communication locally and 
more widely, both in analogue and digital environment. Telecommunication 
equipment consists of telephones, switching equipment, transmission equipment, 
receiver terminals, line and other equipment. The number of telecommunications 
services (call charges, leased lines and switching services etc.) is constantly 
increasing and mobile communication is the fastest growing area within 
telecommunication (Phersson, 2000). 
 
The telecommunication network is an important source for communication and its 
design and availability (dependability) to the public is a source of social and 
economic life. There is evidence that investments in telecommunication networks are 
linked to the social, political and economical development of a country. Though there 
is hard to establish any clear evidence of this connection (Mansell, 1993).    
 
3.11 International Telecommunication Union (ITU) 
The International Telecommunication Union (ITU) is an international organisation 
established to standardise and regulate international radio and telecommunications. 
The organisation has their head-quarter in Geneva, Switzerland and has members 
from nearly all countries included in the UN (United Nations). The union is an 
impartial international organisation within which governments and the private sector 
could work together to coordinate the operation of telecommunication networks and 
services and advance the development of communications. 
 
ITU’s main tasks include standardisation, allocation of the radio spectrum, and 
organising interconnection arrangements between different countries to allow 
international phone calls. ITU is divided into three sectors; Telecommunication sector 
(ITU-T), Radiocommunication sector (ITU-R) and Development sector (ITU-D). The 
three sectors work to build and shape tomorrow’s networks and services. Their 
activities cover all aspects of telecommunication, from setting standards that facilitate 
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equipment and systems on a global basis to programmes to improve 
telecommunication infrastructure in the developing world. The three sectors work 
through conferences and meetings where members negotiate the agreements which 
serve as the basis for the operation of global telecommunication services 
(www.itu.int).  
 
3.12 Linear regression, the method of Least Squares 
This is a statistical procedure for finding the “best fitting” straight line for a set of 
points. This straight line means that through minimizing deviations finding the 

prospective best fitted line. The linear regression is calculated to be, xy 10
ˆˆ ββ += . To 

be able to calculate this straight line the following sums are needed; ∑y, ∑x, ∑x^2,    
∑xy and ∑y^2 
 
SSy  = ∑y^2 – ((∑y)^2)/n 
SSx  = ∑x^2 – ((∑x)^2)/n 
SSxy = ∑xy   - ((∑y * ∑x)/n) 
 
B1 =  SSxy /SSx                    
B0 =  (∑y/n) - B1 *(∑x/n) 
 

This gives us xy 10
ˆˆ ββ +=  and this gives us the slope of the regression line 

(Mendenhall and Reinmuth, 1974).          
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4. Model development   
In this chapter the model of this thesis will be developed. Before creating the model a 
literature study will be performed in order to see if any previous work has been done 
in the field. The model will be based on theories presented in the previous chapter 
and will later on be tested at a specific company in the analysis chapter.  
 
4.1 Literature review 
A literature search was made at Electronic Library Information Navigator (ELIN). 
ELIN contains information and scripts from several well known databases, such as 
Emerald insight, siencedirect and IEEE etc. In order to find relevant articles for the 
creation of this model different keywords were used for searching in ELIN. The 
keywords used were; quality improvement, quality dimension and cost. These 
keywords were combined both in plural and singular when conducting the search. 
 
Key words Databases Relevant 

Matches 
Useful 
articles 

Reference(s) 

Quality improvement and Cost 
 
Quality dimension and Cost 
 
Quality improvement  

ELIN 
 

ELIN 
 

ELIN 
 

2 
 

0 
 

0 
 

0 
 

0 
 

0 
 

- 
 
- 
 
- 

Table 4.1 Literature review 

The conducted search showed two relevant matches containing the keywords quality 
improvement and cost. A more detailed examination showed that there were no useful 
articles for this model creation. Interesting and relevenat methods for improving 
quality were however found in Akao (1988) QFD (Quality Function Deployment), 
Juran (1988) CWQM (Company Wide Quality Management) and Bergman and 
Klefsjö (2002) and Blomquist and Haeger (1996) TQM (Total Quality Management) 
and QC (Quality Control).  
 
4.2 The objective function of the model   
The objective function of the model is to show the user how much an increase in 
quality could cost and also the connection between cost and quality. It should also 
generate different alternatives to improve the quality and compare those before 
choosing the most suitable alternative.  
 
Other objectives of this model are:  

• The model should be easy to use 
• Possible to adapt to different specific situations.  
• Applicable to different objects (e.g. products, services, systems etc.) 
• It should be applicable to more than just one business area 
• The model should be able to take other aspects into consideration, than just 

cost and quality. 
• Quality should be measured quantitatively (in figures). 
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4.3 Development of the model 
A conducted theoretical study on TQM, CWQM, QFD and QC gave us the basic 
knowledge on well known quality improvements methods and tools. While creating 
our model (SQM), simple quality model, we were influenced especially by TQM and 
QFD.  
 
The basic step by step structure of TQM, is something that has influenced us, where 
the user can easily see where the model starts and finishes as well as what to do in 
each step. It was important to create a model that has a clear beginning and end, and 
somewhat guide the user through it. The aim of QFD to put the customer in the centre 
of attention has also influenced us and the model. It is vital that the customers’ needs 
and desires are taken into consideration from the beginning of the model.  
 
Several of the most common methods such as TQM and CWQM focus on improving 
the quality throughout the whole organisation. These methods can be seen as complex 
to utilise if a company only is interested in improving the quality on one object. On 
the other hand QFD can be implemented for improving the quality of a specific 
object. However the QFD can be experienced as somewhat heavy and unpractical to 
use. The model can be time consuming and also great pre-knowledge is necessary. 
Like the QC-tools our model will only require hard data to get the result. It does not 
go into dept in the company as some of the other quality tools.   
 
Our model is specifically created to handle quality of a specific object, without 
necessarily involving the whole organisation. This model will only involve different 
ways of improving the quality level of the intended object and not focus on improving 
the quality of the whole organisation. Therefore we wanted to create a model that 
would be easy to utilise and applicable in a large number of cases. Further on the 
development of this model is based on the objective functions of the model, presented 
in chapter 4.2.  
 
4.4 Model Overview 
In this section short descriptions of the different phases in the model are presented, 
see figure 4.1.  
 
 
 
 
 
 
 
 
 

Figure 4.1 Model Overview 

4.4.1 Initial phase 
The initial phase is the starting point of this model. In this part the user of the model 
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should define the object chosen to improve quality on. In order to improve the 
quality, the user also has to define the chosen object’s quality dimension. 

4.4.2 Studying phase 
In phase two, the studying phase, data that make it possible to determine the current 
quality level is collected. To do this quantitative data are needed. When all the needed 
data are gathered the current quality level could be decided.  

4.4.3 Investigating phase 
In this phase the user of the model should try to find new alternatives in order to 
increase the current quality level. Different alternatives should be investigated to see 
the cost for implementing them. The investigating phase also includes the comparison 
between the achieved quality level through new alternatives and the current quality 
level. This will show how much an increase in quality will cost. Further on 
investigating phase also includes determining a relationship between cost and quality. 

4.4.4 Selection phase 
In the selection phase important aspects that could influence the selection of what 
alternative to implement should be determined. The selection phase also guides the 
user to take the right decision when it comes to finding the best alternative in terms of 
quality and cost.  

4.4.5 Evaluation phase 
In this phase the user should evaluate to see if the expected result was achieved. This 
phase could also give good knowledge for forthcoming projects.  
 



Master Thesis                                                                                                                         Model Development 
 

 22

4.5 SQM (Simple quality model) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4.2 Simple Quality Model 
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4.6 Description of the SQM 
The objective functions of the model set the standard of how to design the model. 
When developing the model we will use a generalised way since we want it to be 
applicable to more than one situation. This model can later be specified to a specific 
situation and be utilised as a decision making tool. This generalised model will be 
tested in a real case scenario, presented in the analysis chapter. 

4.6.1 Initial Phase 
Step 1. Define what you want to improve the quality on:  
In this phase the definition of what to improve quality on is made. The chosen object 
can either be a product, service or a system etc. The SQM can only handle one object 
at a time.  
 
Step 2. Define the quality dimension for the object: 
Here the user defines the quality dimension of the selected object. It is important to 
choose the right quality dimension since it is this quality dimension that will later on 
be improved. Quality dimensions means, in what term the quality will be determined. 
For example; service quality can be measured in happy customers or in availability 
that is offered to the customers. 

4.6.2 Studying phase 
Step 3. Collect the needed data and determine the current quality level of the chosen 
object: 
In this phase data are gathered to make it possible to determine the current quality 
level. What data are needed is dependent on the specific case. The collected data need 
to be presented in i.e. figures, quantitative form. From the gathered data, depending 
on the chosen quality dimension, select the tools that are needed to determine the 
current quality level for the object. 

4.6.3 Investigating phase 
Step 4. Find alternative solutions to increase the current quality level. Determine the 
cost of implementing these alternatives and what quality increase they will bring: 
For the chosen object to improve the quality level, find different alternatives that will 
make it possible to increase the current quality level. Depending on the specific object 
chosen there may be different ways to improve the current quality level. After the 
different alternatives are found, determine the cost for implementation and what 
quality increase they would bring.  
 
Step 5. Determine the relationship between cost and quality for the different 
alternatives: 
In this step the relationship between the cost and the improved quality level should be 
presented in a diagram or a mathematical model. This relationship should be of great 
importance in the next step.   

4.6.4 Selection phase 
Step 6. Determine other important aspects that should be taken into consideration 
before choosing the best alternative 
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In step 6 find what other aspects than cost and quality that are important to take into 
consideration while planning for an investment.  
 
Step 7. Select the best alternative to implement: 
In this phase a Multiple Criteria Decision Making (MCDM) is created to determine 
the best alternative for the user. A new MCDM should be created for each new SQM 
application. It is important to remember that the outcome of step 5 should have a high 
weight in the MCDM. Step 7 gives the user a ranking of the different alternatives 
where more than one aspect contributes to the outcome. From the ranking the user 
can decide what alternative to implement, normally the user picks the one with the 
highest ranking in the MCDM.  

4.6.5 Evaluation phase 
Step 8. Evaluate the outcome of the implementation: 
In this step the user of the model should evaluate the outcome of the implementation. 
This phase is applied after the implementation is done. The user should ask if the 
result was satisfying? If the result was not satisfying the user should investigate what 
could have been done better. If something could have been done better try to learn 
from it and change it for the next time. If the result was satisfying, the user might as 
well investigate it and see if there are some things that could have been done even 
better or differently for next time. After this is done the model is finished but the user 
can choose to investigate another object or aspect or another quality dimension, if 
available. If there is, start from the beginning of the model (Step 1).  
 
There is also a possibility for the user to compare the assumed costs for a certain 
alternative and compare these with the actual cost for a certain year. There is also 
possible for a user to see how close the assumed costs are compared to the real costs. 
This could help the user in the future to give better assumptions regarding costs tied 
to investments. 
 
4.7 Model application 
The SQM (Simple Quality Model) created above will be tested in a real case within 
this thesis. Saab Communication is the case company where SQM will be applied at, 
more information regarding the company is introduced in the empirical part.  
 
SQM will be applied on a basic connection within FTN (Försvarets TeleNätverk), the 
Swedish defence telecommunication network (tele-network). SQM will give a 
suggestion on how to improve the quality level of a basic connection. Information 
regarding FTN, basic connection and more will be provided in the empirical part. 
The empirical part will also include a chapter presenting the current situation and a 
part where gathered information from the case company needed for applying the 
model is presented.  
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5. Empirical findings 
Chapter five, empirical findings, introduces the case company where the study has 
been conducted. It also presents the data and information that have been gathered at 
the case company. 
 
5.1 Case Company 
Saab group serves the global market of governments, authorities and corporations 
with products, services and solutions ranging from military defence to civil security. 
The company has approximately 13,600 employees all over the world and in 2006 
annual sales measured € 2, 3 billion. Saab group constantly develops, adopts and 
improves new technology to meet changing customer needs.  
 
Saab Communication is a part of the Saab group and has approximately 450 
employees, with offices in Växjö, Arboga, Stockholm and Östersund. The company, 
Saab Communication, had a yearly turnover of 600 million SEK in 2005. The 
company is ISO 9001 and ISO 14001 certified. Saab Communication consists of five 
different departments; Traffic systems, Systems support, Wireless systems, 
Infrastructure and Network design. This thesis is written for the department of 
Systems Support in Växjö which includes ILS (Internal Logistic Support), operation 
and maintenance. 
 
Saab Communications has over forty years of experience of developing integrated 
communication systems for the Swedish defence, civil safety, telecom and traffic 
infrastructure. Within the Swedish defence, Saab communication works with the tele-
network (FTN-Försvarets Telenätverk). The company offers qualified communication 
services such as robust tele, data and radio communication solutions. Saab 
Communication works both with demarcated project as well as life cycle adjustments. 
In their projects they use a 10 year perspective for investments and an internal rate of 
return of 6 %.   
 
The defence industry is the main business and stands for approximately 50 % of the 
total income. While civil security stands for 35 % and traffic infrastructure for 
approximately 15 %. Some of the customers that are using Saab Communication are: 
Vattenfall, Swedish defence, FMV (Försvarets Material Verk), Vägverket, E-ON, 
Ericsson and Nokia.  
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5.2 FTN (Försvarets TeleNäteverk) 
Försvarets TeleNätverk was founded in the 1960‘s and 
is today an up-to-date national tele-network for the 
Swedish defence. FTN is a modern tele-network that 
covers the entire country of Sweden as seen in figure 
5.1. FTN transmits sound, text, pictures and data to 
different subscribers connected to the network. The 
tele-network is used for communication between 
different army bases to armed forces both domestic and 
abroad. The network is also connected to the civil areas 
of Luftfartsverket, Statens räddningsverk, SMHI 
(Sveriges Metrologiska Hydrologiska Institut), 
Försvarets Radioanstalt, Pliktverket, länsstyrelser, 
nuclear-power plants and other civilian authorities. The 
network is used to secure the Swedish defence 
telecommunication in times of peace, crises and war.  
 
FTN supports different types of services such as telephone, fax and email. To be able 
to use telephone, fax and/or email the subscribers have to be connected to one or 
more bearer services. Within FTN there are at the moment four different types of 
bearer services. The available bearer services are ATL (Automatisk Trafik 
Landsomfattande), FM IP-network Försvarsmaktens Internet Protokoll-nätverk), 
MILPAK (Militärt paketförmedlingsnät för datorkommunikation i FTN) and basic 
connection. Basic connection sends data between two rigid/fixed subscribers 
connected to the network. The data sent in the basic connection always travel the 
same direction. The basic connection makes it possible to send data with one or more 
of the bearer services.  

5.2.1 Base network 
FTN consists of a nationwide BASE-network (stomnät) as seen below in figure 5.1. 
The base network is where the transmission of the different services provided by 
ATL, FM-IP and MILPAK takes place. The base network includes, Digital Link 
Connection (DLA), Digital Link Base network (DLS) and Nods (N).  
 

 

Picture 5.1 Nationwide FTN structure 
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LA = Lokalnät hos A-abonnent 
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Figure 5.1 Base network 

The subscribers (S) are connected to the base network via LA or LB (local network).  
The local-network has a limited geographical spreading and is utilised only at vast 
subscriber constructions, such as army bases, naval bases and air bases. The local 
network is connected to the base network through digital link connection (DLA). 
DLA are further on connected to the nods. The Nods are responsible for sending the 
data/information in the right direction. The Nods use DLS to transmit the 
data/information to the intended subscriber.  
 
The Base-network in figure 5.2 has a parallel structure, this means that subscriber (S) 
at local network (LA) can reach subscribers connected to (LB) through several 
different ways. This gives the user a possibility to reach the wanted receiver even if 
there is damage in the base network. In case of damages on the network the Nods (N) 
direct the data in order to avoid damaged parts in the network. To ensure that the 
important information does not get in the wrong hands, cipher codes are used. This 
means that the data/information can be split up and sent in different directions. The 
data/information are then joint together at the receiving end subscriber. 
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Figure 5.2 Base network parallel structure 

In figure 5.3 the subscriber that uses LB have a double connection while subscribers 
that use LA only have a single connection to the Base-network. Within FTN different 
local networks have different number of connections (DLA). The local network 
connections can vary from one (single) to three (triple) connections. The more 
connections a local network has the securer the dependability of the connection is. 
Within FTN, 68% of the local networks are single connected, 23% are double 
connected and 9% are triple connected.  
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Figure 5.3 Base network an single and double connection 

5.3 Current situation 
A basic connection is the simplest connection between two subscribers in FTN. There 
are at the moment 150 single connected basic connections in FTN. When talking 
about quality within FTN there are several different ways to define quality, Saab 
Communication defines quality in FTN as dependability. From this point on 
quality is defined as dependability. Dependability in FTN for Saab Communication 
means that the tele-network is available and working properly all the time. In this 
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case it means that the subscribers can send and receive data and information all the 
time. Basic connection, see figure 5.4,  is the bearer service that has the lowest 
dependability level. 
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Figure 5.4 Base network a basic connection 

When calculating the dependability for the tele-network all the different parts have to 
be taken into consideration. These parts LA, DLA, Nod, DLS and LB all have 
different dependability’s on their own. The dependability of for example LA below is 
calculated from MTBF/MTBF+MDT (Mean Time Between Failure / Mean Time 
Between Failure + Mean Down Time). At the current situation the different parts of 
the basic connection (LA, DLA, Nod etc.) seen below have the following figures and 
are gathered from a compendium at Saab Communication that presents target values 
of the basic connection. These target values are set by the Swedish defence.    
 

 Basic connection through FTN 
Parts LA DLA N(od) DLS LB 
MTBF (h)  7692 5102 21277 1799 18692 
MDT (h) 10 30 30 30 10 
Dependability 0,998702 0,994154 0,998592 0,983598 0,999465 

Table 5.1 Parts in a base network current state 

To calculate the dependability level in FTN Saab Communication utilises a special 
software. This software can be used for determining new quality levels when 
modelling with various input data such as; MTBF and MDT etc. This software has 
been used for determining the current dependability level of a basic connection. In 
appendix A, the software is shown in excel sheets in order to illustrate how it works.  
 
The current dependability level of a standard basic connection is 97,7029762 % 
(0,977029762) as shown in appendix A figure 1. FTN can not afford any breakdown 
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since losses of information and long waiting times can be harmful for the military and 
other subscribers using the network.  
 
The currently used maintenance approach within FTN is breakdown maintenance. In 
total there are 80 employees working within the maintenance department. The 
breakdown maintenance approach is mainly used since the components within the 
tele-network are relatively cheap to replace and hard to repair once broken. Most of 
the broken parts are just replaced but some are replaced and maintained to be used 
later on. Preventive maintenance is almost none-existing in FTN but is used on parts 
like batteries to minimise the risk of having un-useable equipment.  
 
5.4 Information needed for testing SQM 
The dependability level of a basic connection in FTN can, according to Saab 
Communication, be improved through seven different alternatives. These seven 
alternatives and economical assumptions tied to them were given to us by several 
experts in the field of FTN working within Saab Communication. Figure 5.5 shows 
the seven improvement alternatives. The different alternatives are presented 
thoroughly further on in the text.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.5 The Seven improvement alternatives 

5.4.1 Alternative 1 
The first example of how to improve the dependability of a single connection is to 
increase the number of connections for the subscribers in LA and LB. In order to 
update a single connection to a double connection an investment of 1 million SEK is 
needed. Today there are 150 single connections in FTN. To change all single to 
double connections would bring a total capital cost of 150 000 000 SEK (1 000 000 x 
150). The yearly running cost i.e. operation and maintenance cost is approximately 
set to 2 percent of the total investment cost. The running cost will increase 
approximately 1,5% yearly.  
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Update all single connections to double connections Alternative 1. 
Capital cost 150 000 000 
Running cost (2%) of capital cost 3 000 000 
Yearly increase in running cost 1,50% 

Table 5.2 Capital cost and running cost for implementing alternative 1 

To implement this alternative would give FTN good expansion possibilities for the 
future. When upgrading the connections the Swedish defence can in the future, if 
needed, more easily choose to upgrade the connections even more. This on the other 
hand would lead to some implementation difficulties such as the time span of the 
implementation and also the fact that it would be a nationwide update of the network. 
The safety during an implementation of this alternative could be affected due to the 
magnitude of the project.  

5.4.2 Alternative 2  
The width of the network is another way to improve the dependability level. Today 
the base network has a width of three parallel lines as shown in figure 5.2. The cost 
for building the current network of three parallel lines was approximately 2 billion 
SEK. This gives a cost for each of approximately 660 000 000 SEK (2 billion / 3). To 
implement a fourth width would bring a capital cost of approximately 660 million 
SEK. The yearly running cost for this investment is expected to be 2 percent of the 
capital cost 13 300 000SEK (660 000 000 x 0,02). This running cost is expected to 
have a yearly increase of 1,5%, see table 5.3.  
 
Increase the width of the tele-network Alternative 2. 
Capital cost 666 000 000 SEK 
Running cost (2%) of capital cost 13 300 000 SEK 
Yearly increase in running cost 1,50% 

Table 5.3 Capital cost and running cost for implementing alternative 2 

For this alternative the expansion possibilities are great. The network could be 
updated to a better shape, higher redundancy and more connection possibilities for 
adding new subscribers. The implementation difficulty will however be time 
consuming and complicated due to size of the project. During the implementation the 
security will be vulnerable but at the same time after the implementation is done, the 
security will be higher. Also the usability during the implementation could be 
influenced by more breakdowns.   

5.4.3 Alternative 3  
There is a possibility to improve the dependability by increasing the MTBF in FTN. 
In order to increase the MTBF new technology has to be bought and installed. This 
means that failures and stoppages can be avoided by bringing in new technology that 
has better qualitative characteristics. The technology available can increase the 
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MTBF with 5%. Table 5.4 shows an increase in MTBF of 5% in all the steps, LA, 
DLA, Nod etc. throughout a basic connection, as compared to the original MTBF in 
table 5.1. This gives a new MTBF of; LA (7692 x 1,05), DLA (5102 x 1,05), Nod  
(21277 x 1,05), DLS (1799 x 1,05) and LB (18692 x 1,05). 
 

Parts LA DLA Nod DLS LB 
MTBF (h) +5% 8076 5357 22340 1889 19626 
MDT (h) 10 30 30 30 10 

Table 5.4 Improved MTBF in the base network with 5 percent 

The technology that would increase the MTBF with 5% has a capital cost for Saab 
Communication of 8 Million SEK. Additional to the capital costs there is also a 
yearly running cost of 2%,  160 000 SEK (8 000 000 x 0, 02). This running cost has a 
yearly increase of 1, 5 %.  
 

Improve MTBF (5%) by implementing new technologies Alternative 3.  
Capital cost 8 000 000 SEK 
Running cost (2%) capital cost 160 000 SEK 
Yearly increase in running cost 1,50% 

Table 5.5 Capital and running costs for implementing alternative 3 

To improve the MTBF would not cause any major implementation difficulty; Saab 
Communication has a great insight in what equipment that needs to be updated. The 
safety of FTN during implementation of this alternative is slightly affected since there 
might be complications during the implementation.   

5.4.4 Alternative 4 
There is a possibility to increase the dependability within FTN by improving the 
MTBF. Alternative 4 considers an improvement of MTBF with 10%. The table 5.6 
shows an increase in MTBF in all the steps throughout a basic connection. This 
means that the technology would improve the entire connection with 10%. The 
current values can be seen in table 5.1. This gives a new MTBF of; LA (7692 x 1,10), 
DLA (5102 x 1,10), Nod  (21277 x 1,10), DLS (1799 x 1,10) and LB (18692 x 1,10). 
 
Parts LA DLA Nod DLS LB 
MTBF(h) +10% 8461 5612 23404 1979 20561 
MDT (h) 10 30 30 30 10 

Table 5.6 Improved MTBF in the base network with 10% 

To increase the current MTBF with 10% would bring a capital cost of 16 Million 
SEK. Additional to the capital cost there is also a running cost of two percent which 
gives 320 000 SEK (16 000 000 x 0, 02). This running cost has a yearly increase of 1, 
5 %.  
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Improve MTBF (10%), by implementing new technologies  Alternative 4.  
Capital cost 16 000 000 SEK 
Running cost (2%) of capital investment 320 000 SEK 
Yearly increase in running cost 1,50% 

Table 5.7 Capital and running costs for implementing alternative 4 

The implementation difficulty, safety and expansion possibilities are the same as in 
paragraph 5.4.3, alternative 3. 

5.4.5 Alternative 5  
Decreasing the MDT is another way of improving the current dependability level. By 
increasing the number of employees it is possible to lower the mean down time for 
FTN. Saab Communication has plans to either increase the maintenance department 
with 12 or 30 employees. By employing 12 new employees (Alternative 5) would 
result in a decreased down time with approximately 10%. The current situation is 
showed in figure 5.1, while the tables beneath show a decreased MDT with 10%. This 
would give a new MDT of; LA (10 x 0,9), DLA (30 x 0,9), Nod (30 x 0,9), DLS (30 x 
0,9) and LB 10 x 0,9). 
  
Object LA DLA Nod DLS LB 
MTBF (h)  7692 5102 21277 1799 18692 
MDT(h) -10% 9 27 27 27 9 

Table 5.8 Decreased MDT in the base network with 10 percent 

To employ 12 new employees including training, salaries and spare-parts etc. would 
cost 5 120 000SEK ((12 x 320 000, salaries etc) + 1 280 000 for spare parts) first 
year. The additional recruitment cost of 120 000 SEK is not included. The cost for the 
employees will increase yearly with 3% and 1% for spare-parts.  
 
Decrease the MDT (10%)  Alternative 5.  
Recruitment Cost 120 000 
Spare parts 1 280 000 
Cost of employees 3 840 000 
Yearly increase in employee cost (%) 3% 
Yearly increase in spare parts (%) 1% 

Table 5.9 Cost for implementing alternative 5 

The implementation of alternatives 5 is not that hard. Since the possibility to find 
personnel, for the maintenance department is pretty good. However the physical 
expansion possibilities in FTN are not influenced from these two alternatives. 
Employing more maintenance workers will not influence the expansion possibilities 
of the FTN and instead just focus on the current situation of the network. The safety 
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is not influenced at all during the implementation of this alternative since the physical 
network is not affected. The same is applicable for alternative 6. 

5.4.6 Alternative 6 
To decrease the MDT with 20%, approximately 30 new employees are required.  
In figure 5.3 the current situation is described regarding MDT, while the table 5.10 
shows a decreased MDT by 20%. This would give a MDT of; LA (10 x 0,8), DLA 
(30 x 0,8), Nod (30 x 0,8), DLS (30 x 0,8) and LB 10 x 0,8). 
 

Parts LA DLA Nod DLS LB 
MTBF (h)  7692 5102 21277 1799 18692 
MDT(h) -20% 8 24 24 24 8 

Table 5.10 Decreased MDT in the base network with 20 percent 

To employ 30 new members to the maintenance department would bring a cost of 12 
000 000SEK ((30 x 320 000, salaries etc.) + 2 400 000 spare parts). To this a 
recruitment cost of 300 000SEK is added. The cost for the employees will increase 
yearly with 3% in and 1% for spare-parts.  
 

Decrease the MDT (20%)  Alternative 6.  
Recruitment Cost 300 000
Spare parts 2 400 000
Cost of employees 9 600 000
Yearly increase in employee cost (%) 3%
Yearly increase in spare parts (%) 1%

Table 5.11 Cost for implementing alternative 6 

The implementation difficulty, safety and expansion possibilities are the same as in 
paragraph 5.4.5, alternative 5. 

5.4.7 Alternative 7 
The dependability level is also possible to improve by decreasing the switch-over 
time. Currently the switch-over time is handled manually and the standard time is set 
to one hour. The switch-over time includes the time that it takes for a subscriber to be 
connected to the wanted subscriber. Today it is handled manually by the Swedish 
defence in order to have maximum control over the network and its users. At the 
moment no employee is responsible for this manual connections, it is instead handled 
by several employees with various working tasks. To employ two fulltime employees 
to work only with shortening the switch-over time could mean a decrease of 50% in 
time, to 30 minutes (60min x 0,5). This would give a faster delivery of data and 
information while the net will be working at normal operation. To recruit two new 
employees would bring a cost of 640 000SEK (320 000 x 2) a year and an additional 
recruitment cost of 50 000SEK. The cost for the new employees would bring a yearly 
increase of 3% including for example raise in salary.  
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Decrease the switch-over time with 50% 
Alternative 7.  

50% 
Recruitment cost 50 000
Yearly cost for employees 640 000
Yearly increase in cost for employees 3%

Table 5.12 Initial cost for implementing alternative 7 

Decreasing the switch over time would not give any expansion possibilities. However 
the implementation will be very easy since it would only mean employing two new 
workers. The safety is not influenced at all during the implementation of this 
alternative since the physical network is not affected.   
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6. Analysis 
In this chapter the Simple Quality Model will be implemented. SQM will be 
implemented with the information provided in the empirical chapter. 
 
6.1 Testing the model  
In this chapter the created model in chapter four is tested. The model is implemented 
at the case company for this study, Saab Communication. The data and information 
that are used in the model are presented in the empirical chapter.  
 
6.2 Initial Phase 

6.2.1 Step 1  
In step 1 the user should define what he/she want to improve the quality on. 
 
Together with Saab Communication we decided to implement SQM on FTN. The 
most important aspect for Saab Communication was to see how it is possible to 
improve the dependability of FTN. When investigating FTN the focus is on the basic 
connection as it is of the lowest dependability level. 

6.2.2 Step 2 
In step 2 the user should define the quality dimension for the chosen object.  
 
The basic connection in FTN will be the studied object as decided in step 1. Saab 
Communication defines dependability as their way to measure quality in FTN.  
Dependability is the best way to measure the availability for the users of the different 
services in FTN.  
 
6.3 Studying Phase 

6.3.1 Step 3 
In step 3 the user should collect the needed data and determine the current quality 
level of the chosen object.  
 
The dependability performance of the tele-network is of high importance for Saab 
Communication therefore continuous measurements are performed. It is of high 
importance since most of the decisions for rebuilding’s and improvements in FTN are 
based on the changes in dependability level.  
   
From the software program mentioned in the empirical part we were able to obtain 
the current dependability level of a basic connection in FTN, see appendix A figure 1 
and for more information see the empirical part chapter 5.3. The current quality 
level of a basic connection in FTN was calculated according to the software 
program to be 97,7029762 % (0,977029762). 
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6.4 Investigating Phase 

6.4.1 Step 4  
In step 4 the user should find different alternative solutions to increase the current 
quality level and also determine the cost of implementing these alternatives and what 
quality increase they would bring.  
 
There are several different ways of improving the dependability level in FTN. To find 
different ways of improving FTN we studied the tele-network in detail and performed 
interviews with several experts on the subject. After conducting these interviews and 
studies we agreed together with Saab Communication on seven different alternatives 
to investigate and see the improvement in the dependability level. These seven 
alternatives are: 
 

1. Update all single connections to double connections 
2. Increase the width of the tele-network 
3. Improve MTBF (5%) by implementing new technologies  
4. Improve MTBF (10%), by implementing new technologies  
5. Decrease the MDT (10%) by improving the current maintenance 
6. Decrease the MDT (20%) by improving the current maintenance 
7. Decrease the switch-over time with 50% 

 
In order to determine the improved dependability level of the alternatives mentioned 
above (Alternative 1-7) the same software program was used, as the one for 
determining the current quality level. The costs for applying the different alternatives 
were collected at Saab Communication by interviews with several experts. In 
appendix A (2-8) the software was applied to get the improved quality levels. These 
quality levels are summarised for each alternative in table 6.2. 
 
To calculate the costs for implementing the different alternatives, LCC calculation 
were performed. Saab Communication utilises an internal rate of return of 6% for 
their investments and utilises a ten year perspective in the LCC calculations. The 
internal rate of return was used for calculating present worth of the seven investment 
alternatives, to be able to compare them cost wise. When Saab Communication 
performs investments they calculate with running costs that are set to 2% of the 
capital investment. These running costs are set to have a yearly increase of 1, 5% 
according to internal appreciations at Saab Communication. A presentation of all the 
LCC calculations considering all the different alternatives can be seen in appendix B.  
 
At the end of this step there are tables and figures summarising for each alternative 
what quality increase (table 6.2) it would bring and to what cost (table 6.1 and figure 
6.1). For more detailed LCC calculations see appendix B table 1-7.   
 
Alternative 1 
The total investment cost for alternative 1 over a ten year period would be 
approximately 173 464 004 SEK, as seen in the LCC table 6.1. The running cost for 
the investment is set to be 2% of 150 000 000SEK (3 000 000SEK). This running cost 
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increases yearly with 1, 5 % (3 000 000 x 1,015^n) where n is the number of years. 
Example; If we want to calculate the running cost for example, year five (3 000 000 x 
1,015^5) it comes to 3 231 852SEK. For full LCC calculation considering alternative 
1 see appendix B figure 1. 
 
If this investment is performed the software used by Saab Communication for 
calculating the dependability in FTN, see appendix A figure 2, shows an increase to 
98, 9870991% (0,989870991). To implement alternative 1 would give a total increase 
in dependability level of 1, 2841229% (98, 9870991% - 97, 7029762%) see table 6.2.  
 
Alternative 2 
The LCC calculation for alternative 2 gives a total cost of 770 023 753 SEK over a 
ten year period, see appendix B table 2. If this investment is performed the software 
used by Saab Communication calculates an increase up to 97, 7076645%, 
(0,977076645) see appendix A figure 3. This gives an increase in dependability level 
of 0, 0046883% (97, 7076645% - 97, 7029762%). 
 
Alternative 3  
The LCC calculation for alternative 3 (5% increased MTBF) gives a total cost of 9 
251 414 SEK, see appendix B table 3. If this investment is performed the 
dependability level would increase to 97, 8189131% (0, 978189131) according to the 
software program, see appendix A figure 4. This investment would bring a total 
increase in quality level of 0, 1159369% (97, 8189131% -97, 7029762%).  
 
Alternative 4 
For a 10% increase in MTBF the LCC is 18 502 827 SEK for a ten year period, see 
table 4 appendix B. This alternative would increase the dependability level by 0, 
2205515% (97, 9235277% - 97, 7029762%), for dependability calculations see 
appendix A figure 5.  
 
Alternative 5  
The LCC calculation for alternative 5 (10% decreased MDT) gives a total cost of 44 
520 467 SEK  over a ten year period, see table 5 appendix B. For this alternative a 
yearly increase in salaries is set to be 3% and an additional 1% in spare parts. The 
software program showed an increase in dependability up to 97, 7223338% 
(0,977223338) for this alternative, 10% decreased MDT. The investment for 
decreasing MDT with 10% would give a total increase in dependability level of 0, 
0193576% (97, 7223338% - 97, 7029762%), see appendix A figure 6. 
 
Alternative 6 
To implement a 20% decrease in MDT, would bring an LCC of 111 301 167 SEK for 
a ten year period, see appendix B table 6. For this alternative a yearly increase in 
salaries is set to be 3 percent and an additional 1 percent in spare parts, as in the 
previous example. This would give an increase in dependability level of 0, 0370464% 
(97, 7400226% - 97, 7029762%), for dependability calculations see appendix A 
figure 7.  
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Alternative 7 
The LCC calculation for alternative 7 gives a total cost of 5 374 034 SEK over a ten 
year period, see appendix B table 7. If this investment is performed the software used 
by Saab Communication for calculating the dependability in the FTN shows that it 
would increase to 97, 8428717% (0, 978428717), see appendix A figure 8. This gives 
an increase in dependability level of 0, 1398955% (97, 8428717% - 97, 7029762%). 
 
A short summary of the calculations is presented below in table 6.1, 6.2 and figure 
6.1. For a deeper understanding and calculations see appendix A and B. The 
histogram below shows the different alternatives Life cycle costs divided into a 
capital cost as blue and a running cost in red, for calculations. 
  
Quality increase 

Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 Alternative 6 
Alternative 
7

Current quality level (%) 97,7029762 97,7029762 97,7029762 97,7029762 97,7029762 97,7029762 97,7029762 
New quality level (%) 98,9870991 97,7076645 97,8189131 97,9235277 97,7223338 97,7400226 97,8428717 
Difference (quality increase) 1,2841229 % 0,0046883 % 0,1159369 % 0,2205515 % 0,0193576 % 0,0370464 % 0,1398955 

Table 6.1 Quality increase in percent 

 

Table 6.2 Life cycle cost in present worth (SEK) 

Life Cycle Cost  Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 Alternative 6 Alternative 7 
Year 0 150 000 000 666 000 000 8 000 000 16 000 000 120 000 300 000 50 000 
Year 1 2 830 189 12 547 170 150 943 301 887 4 830 189 11 320 755 603 774 
Year 2 2 710 039 12 014 507 144 535 289 071 4 670 701 10 957 636 586 686 
Year 3 2 594 990 11 504 457 138 399 276 799 4 516 802 10 606 810 570 081 
Year 4 2 484 826 11 016 060 132 524 265 048 4 368 283 10 267 832 553 947 
Year 5 2 379 338 10 548 397 126 898 253 796 4 224 943 9 940 278 538 269 
Year 6 2 278 328 10 100 588 121 511 243 022 4 086 589 9 623 737 523 035 
Year 7 2 181 607 9 671 790 116 352 232 705 3 953 037 9 317 816 508 232 
Year 8 2 088 991 9 261 195 111 413 222 826 3 824 109 9 022 136 493 848 
Year 9 2 000 308 8 868 031 106 683 213 366 3 699 634 8 736 332 479 872 
Year 10 1 915 389 8 491 558 102 154 204 308 3 579 448 8 460 053 466 290 
TOTAL LCC(SEK) 173 464 004 770 023 753 9 251 414 18 502 827 41 873 737 98 553 385 5 374 034 
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Figure 6.1 Histogram showing life cycle cost 

6.4.2 Step 5 
In step 5 the user should determine the relationship between cost and quality for the 
different alternatives. 
 
After completing step 4 it was clear that not all alternatives are applicable. Compared 
to the other alternatives, the LCC calculation and quality increase of alternative 2 is 
not in the same range as the other alternatives. This means that alternative two can not 
be used in further calculations since it can be seen as an extreme point. What makes 
this alternative to an extreme is the connection between a high cost of 770 million 
SEK and a low dependability increase of 0, 0046883%. This is not justified compared 
to the rest of the alternatives. Alternative 2 is when compared to the other alternatives 
also the most complicated to implement. Therefore alternative 2 will from here on not 
be utilised more in the SQM. Alternative 2 would have influenced the outcome of the 
calculations too much and it would not show a fair mathematical connection between 
cost and quality.    
 
To determine the relationship between cost and quality in this case we have chosen to 
perform a linear regression. This linear regression will give a mathematical 
connection between the cost and quality. This will also give the opportunity to 
determine what alternative is the most preferable for an investment. Furthermore the 
mathematical equation will show what alternative is valid when thinking of an 
investment.  
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Table 6.3 present the cost and quality, this can be seen as a summery of the 
alternatives presented in the previous chapters (excluding alternative 2). 
 

Alternative  Cost in SEK (x) Quality increase (y)  
1 Update all single connections to double connections 173 464 004 1,2841229 
3 Improve MTBF (5%) by implementing new technologies 9 251 414 0,1159369 
4 Improve MTBF (10%), by implementing new technologies 18 502 827 0,2205515 
5 Decrease the MDT (10%) by improving the current maintenance 41 873 737 0,0193576 
6 Decrease the MDT (20%) by improving the current maintenance 98 553 385 0,0370464 
7 Decrease the switch-over time with 50% 5 374 034 0,1398955 

Table 6.3 Summary of cost and quality, excluding alternative 2. 

From the table 6.3 it is possible to calculate the total sum of x and y. Further on 
calculations were made to determine the sum of x and y, thereafter the sum of y and x 
raised to the second power. After this the sum of xy was also calculated. For all these 
calculations see appendix C.   
 
From these calculations it is possible to calculate SSX, SSY and SSXY, that are 
statistical calculations provided to easier calculate the regression line. From the 
statistical calculations it is possible to calculate b1 and b0 which are used in the linear 
regression. In the general case the linear regression is y=b0+b1x. The regression line 
will provide a mathematical connection between cost and quality that will be utilised 
to get the best alternative.  
 
For more detailed calculations see appendix C.  
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This gave the following graph showing the connection between cost and quality: 
 

 

Figure 6.2 Linear regression, showing the connection between cost and quality 

The relationship xEy 0983493,5034653737,0 −+−=  defines the relationship 
between cost and dependability. This relationship is shown in the graph were y is 
dependability increase and x is cost.  
 
The calculations for the linear regression gave a trend of the connection between cost 
and dependability. This trend is based on limited data; however it gives an indication 
of what investments to choose when considering the connection between cost vs. 

Dependability Vs Cost
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dependability. 
 
The regression line separates the different alternatives in the graph. Alternatives 
situated below the line are no longer of interest since they do not offer enough 
dependability level for the cost, they do not fulfil the ratio (Alternative 5&6). 
Alternatives situated on or above the line are preferably to be chosen while just 
looking on the terms of cost and dependability. To decide what alternative to 
implement more aspects are needed to be taken into consideration. This can be done 
in an MCDM. 
 
However as seen in the figure 6.2, alternative 5 and 6 are situated below the 
regression line. This means that they are not economically preferable compared to the 
other alternatives. The regression line gives an average trend and preferable 
alternatives should be placed on or above the line. Therefore these two alternatives (5 
and 6) will not be included in the MCDM as they do not fulfil the quality and cost 
ratio.  
 
6.5 Selection phase 

6.5.1 Step 6 
In step 6 the user should determine other important aspects that should be taken into 
consideration before choosing the best alternative. 
 
When Saab Communication plans for an investment they do not only consider the 
cost aspect. When it comes to investment Saab considers aspects such as; expansion 
possibilities, simplicity of implementation, safety aspect (during implementation) and 
faster delivery times in normal operation as important aspects when it comes to 
investments. 
 
Expansion possibilities mean in this case, the possibility to physically increase/update 
the network in the future to meet future demands. How easy it will be in the future to 
implement new changes on the presented alternative. Simplicity of implementation 
means, how easy it is to perform the change, big projects are more complex than 
smaller projects. Safety aspect (during implementation) considers the safety of 
data/information flow during implementation of an alternative. Faster delivery times 
in normal operation means, how the change will influence the delivery time of data 
and information.  
 
These aspects mentioned above will be considered in the MCDM created in the 
following step. In the MCDM aspects such as; LCC of the investment, increase in 
quality level and connection cost vs. dependability are also included. The connection 
between cost vs. dependability is taken from the linear regression graph, figure 6.2.  

6.5.2 Step 7  
In step 7 the user of the model should select the best alternative. 
 
Based on the aspects presented in step 6 an MCDM was created in order to evaluate 
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the different alternatives. This was done in order to choose the best alternative from 
more aspects than just cost and quality. To make the MCDM factor weights and 
factor rates were determined. These factor rates and weights are presented in table 
6.4. Weights (W), goes from zero (VVL) with a factor weight of 0 up to very high 
(VH) with a factor weight of 200. While rates (R) starts at 0 (VVW) and goes up to 
very strong 70 (VS). 
After completing the factor weights and rates, the aspects from step 6 were weighted 
depending on their importance, see table 6.5. 
 
In table 6.6 the different alternatives were rated depending on the importance of the 
aspects. Based on the information in table 6.4, 6.5 and 6.6 the MCDM in table 6.7 
was created, where the different alternatives are finally ranked.  
 

 
 
 

In table 6.5 the different aspects are given factor definitions. The different aspects 
that are taken into consideration for this decision making are together with Saab 
Communication rated in terms of importance.  
 

 
 
 

In table 6.6 the different alternatives are rated with factor definitions depending on 
the connection to the different aspects taken into consideration. 
 

W Factor definition Factors weights R Factor definition Factors rates 
VVL zero 0 VVW zero 0 
VL very low 10 VW very weak 10 
L low 30 W weak 20 

MLL more or less low 50 MLW more or less weak 30 
M medium 75 F fair 40 

MLH more or less high 110 MLS more or less strong 50 
H high 140 S strong 60 

VH very high 200 VS very strong 70 

Table 6.4 Factors weights and rates 

Table 6.5 Aspects and factors definition 

Aspects Factor 
definition

Notes 

Connection Cost Vs Quality VH Shows difference between the investments 
LCC of the investment H The overall profit of the company 
Increase in quality level VH Influences the customers satisfaction 
Expansion possibilities M Influences future potential 
Simplicity of implementation  M Affects the safety and durability 
Safety aspects (during implementation) VH Affects the customers satisfaction 
Faster deliveries at normal operation M Influences the delivery time of information 
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Table 6.6 Rating of alternatives (R) 

 
Aspects Weights Alt 1 Alt 3 Alt 4 Alt 7 
Connection Cost Vs Quality 200 70 50 50 50 
LCC of the investment 140 20 70 60 70 
Increase in quality level 200 70 40 50 40 
Expansion possibilities 75 60 40 40 0 
Simplicity of Implementation  75 20 50 40 70 
Safety aspect (during implementation) 200 30 40 40 70 
Faster deliveries at normal operation 75 10 10 10 70 

Si 43550 43300 43150 52300 
Oi 0,2389 0,2375 0,2367 0,2869 

 Ranking 2 3 4 1 

Table 6.7 Ranking in the MCDM  

The MCDM shows that alternative 1 is ranked as number 2 out of the remaining four 
alternatives. Alternative 3 is ranked as number 3 while alternative 4 is ranked as 
number 4. The best ranked alternative in this MCDM is alternative 7. The ranking of 
the different alternatives in the MCDM is based on Oi. Si is calculated from the 
formula (Si=∑Wj Rij). While Oi is calculated from (Oi =Si/ ∑Si). 
 
6.6 Evaluation phase 

6.6.1 Step 8 
In step 8 the user should evaluate the outcome of the implementation. 
 
Due to the limitation of time and scope of this work this phase can not be done in this 
project.   
 

Aspects 

Alternative 
1 
(Connection) 

Alternative 
3 (MTBF- 
5%) 

Alternative 
4 (MTBF-
10%) 

Alternative 
7 (Switch-
over time) 

Connection Cost Vs Quality VS MLS MLS MLS 
LCC of the investment W VS S VS 
Increase in quality level VS F MLS F 
Expansion possibilities S F F VVW 
Simplicity of implementation W MLS F VS 
Safety aspect MLW F F VS 
Faster deliveries at normal operation  VW VW VW VS 
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7. Results 
This chapter contains the results generated from applying Simple Quality Model. 
 
7.1 Result generated by SQM 
SQM showed that alternative 7, decreased switch-over time with 50%, got an Oi of 
0,2869 (ca 29%) in MCDM. This was the highest Oi of the different alternatives, 
investigated in step 7. To implement alternative 7 would bring a cost of 
approximately 5 400 000 SEK (5 374 034) over a ten year period. The result in step 7 
is however not only based on cost but also on several aspects that were important to 
consider when implementing a change in FTN. Aspects such as safety, 
implementation difficulty etc. were considered. To implement alternative 7 would 
give an approximate quality increase of 0, 1398955% (ca 0,14%). This quality 
improvement would raise the overall quality level to 97,8428717% from the current 
dependability level at 97,7029762%.  
 
Apart from already mentioned alternative 7, alternatives 1,3 and 4 were also 
evaluated in the MCDM, step 7. While applying the Simple Quality Model on the 
gathered data the MCDM in step 7 showed that the remaining alternatives got similar 
result. Alternative 4 got the lowest Oi at 0, 2367 and was ranked last, place 4. To 
implement alternative 4 would give an increase in dependability of approximately 
0,2205515% at a cost of ca 18,5 million SEK. Alternative 3 got a Oi of 0,2375 and 
was ranked at place number 3. To implement alternative 3 would cost ca 9,3 million 
SEK and give a dependability increase of 0,1159360%. Alternative 1 was slightly 
better than alternatives 3 and 4 and got an Oi of 0,2389. Alternative 1 got ranked as 
number 2 according to the ranking in the MCDM, see table 6.7. To implement 
alternative 1 would bring a cost of ca 173,5 million SEK and bring a dependability 
increase of 1,2841229%. 
 
During the application of SQM it showed that all generated improvement alternatives 
were not applicable. Alternative 2 which included adding a new width to the network 
was not possible to implement. The reason for alternative 2 not being implemented is 
the cost that will bring only a minimal increase in quality. This combination means 
that alternative 2 is not realistic to implement when compared to the other 
alternatives. Alternative 2 was therefore not considered in the final MCDM It was 
also not considered in the calculation to find the connection between cost and quality. 
While applying SQM it also showed that alternative 5 and 6 were not economically 
beneficial when looking at the connection between cost and quality in step 6 in the 
analysis. Therefore alternatives 5 and 6 (Decrease the MDT with 10% and 20% by 
improving the current maintenance) are not included in the final MCDM evaluation in 
step 7 of the SQM.  
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8. Conclusions 
In this chapter conclusions regarding the model and the results generated from the 
application of the model will be presented. Criticism of the thesis together with future 
work will also be presented at the end of this chapter.  
 
8.1 Answer to problem formulation 
How to find the best way to improve the quality of an object, focusing primarily on 
the relationship between cost and quality but also take other important aspects into 
consideration?  
 
SQM showed that alternative 7 is the best alternative to be implemented if an 
improvement in the dependability/quality level is to be achieved. When considering 
all the chosen aspects in the MCDM in step 7 it was clear that alternative 7 got the 
highest ranking. To implement alternative 7 would give a total dependability increase 
of ca 0,14% at a cost of ca 5 400 000 SEK. Alternative 7 means that Saab 
Communication should employ two new employees with the task of handling the 
switch over time. By taking on two new co-workers the switch-over-time would 
decrease with approximately 50% from 60 minutes down to 30 minutes. 
 
8.2 Conclusions from testing SQM 
By implementing alternative seven, Saab Communication would get most benefits 
while considering cost and quality benefits as well as other aspects. 
   
The other alternatives considered in the MCDM (alternative 1, 3 and 4) got very 
similar results. This since they all have different strong sides but all in all when they 
are summed up together they are very similar. The difference from alternative 1 
ranked as number 2 to alternative 4 ranked as number 4 was only 0,0022 Oi in the 
MCDM. 
 
SQM also showed that all alternatives did not qualify to reach the selection step, step 
7 (MCDM). Alternatives 2, 5 and 6 had too bad connection between the LCC and the 
quality increase an implementation would give. Therefore alternatives 2, 5 and 6 were 
eliminated before the MCDM in step 7 of the SQM.  
 
8.3 Evaluation of SQM 
The implementation of SQM at Saab Communication did not cause any major 
problems. The Simple Quality Model was relatively easy to use and follow 
throughout the different steps in the model. The different steps in the model offered a 
great deal of room as the model did not limit the usability by determining exactly 
what tools that are necessary to use in each step, except step 7 (MCDM).  
 
However while applying the SQM we found some weaknesses in the model. A 
weakness that might be considered is the need of specific data and knowledge about 
the studied object. With knowledge we mean thoughts and ideas on how to improve 
the quality level of the studied phenomenon. The user of the SQM also needs to have 
basic knowledge about the different tools that might be needed in the different steps 
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in order to generate a result. The freedom that SQM offers might also be seen as a 
weakness. Another weakness that we found while applying the model was that the 
user will not know until the very end if the model will generate a useable result or if it 
has to be repeated from the beginning. This since there is no going back in the model, 
the user has to take every step to be able to complete SQM. The model does not take 
incomes into consideration. This is a weakness since it would have great impact on 
the outcome of what alternative to choose.   
 
The Simple Quality Model can however at the same time bring a lot of advantages. 
The model does not require special competence in order to be implemented, but it 
does require knowledge about the studied phenomenon and tools. Therefore the 
model can be seen as user friendly and at the same time general which makes it 
applicable to more than just one type of scenario. Other strength is the flexibility of 
the model. Each user of the SQM can decide what data/information are needed in 
order to generate a result. This does not limit the model, but at the same time it guides 
the user to the right implementation of tools and therefore to the right result.  
  
Other strengths and weaknesses of the SQM are summarised in table 8.1. 
 
Characteristics of SQM Strength Weakness
The user needs specific data and knowledge of the object  X 
Can only handle one object at the time  X 
User friendly X  
The model has an logical structure  X  
The model can be expanded  X  
The model aims at being applicable in different situations X  
Based on future expectations (quality improvement of the object)  X 
Takes only one quality dimension (aspect) into consideration  X 
The model is flexible X  
Does not consider incomes  X 

Table 8.1 Strengths and weaknesses of SQM 

8.4 Criticism of the thesis 
In this thesis we as authors have chosen to highlight the following parts that we think 
could have been done better: 
 

• The theory chapter might include too much maintenance but while creating 
the theory we thought maintenance would play a central part in this thesis.  

 
• While creating the model we might have left the model a bit too general, but 

that was our intention. To specify exactly what data are needed, it would have 
made the model harder to apply in different situations. As in our case the 
studied phenomenon was extremely specific. That is why a very general 
model was necessary, otherwise the model would risk not being able to be 
implemented in other situations then in tele-communication.  

 
• The empirical part might include some information that do not help to find the 
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answer to the problem formulation. This is done in order to give the reader 
some background knowledge considering the area where SQM is 
implemented within this thesis. 

  
• In the analysis part while creating the linear regression it would have been 

better if we would have been able to come across more data. Additional data 
would help the linear regression to get an even better mathematical 
connection. The most critical attribute of the model is that it is based on to few 
alternatives. If it was possible we would have collected data that had more 
alternatives in order to get a more accurate connection between cost and 
quality. 

 
• We were not able to make the last step (step 9. evaluation step). However this 

step is not possible to do until after the implementation is done. 
 
8.5 Future work 
 

• It would be very interesting to implement SQM to another business area or 
another company. While creating the model one of our goals was to make it 
applicable in other business areas.  

 
• In this thesis we did not consider the different incomes tied to the different 

alternatives. To take this into consideration might have given a totally new 
ranking of the different alternatives.  

 
• Complete a follow up study and include the last phase (evaluation phase) in 

the model, step 9. It would be very interesting to see and compare the actual 
outcome with the calculated one generated by SQM.  

 
• To develop SQM through really investigating and looking for improvement 

possibilities for the model. 
 

• While applying the model the user will not know until the very end if the 
model will generate a useable result or if it has to be repeated from the 
beginning. One suggestion would be to make it possible for the user to 
understand that it is not possible to complete the model. 
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9. Recommendations  
In this chapter recommendations for Saab Communication are presented. 
 
We would like to recommend Saab Communication to implement alternative 7. 
According to SQM it is the most preferable choice when taking different aspects into 
consideration.  
 
We would also like to recommend Saab Communication to use the linear regression 
and the mathematical equation generated by the linear regression. The linear 
regression xEy 0983493,5034653737,0 −+−= (drawn in figure 9.1) can work as a 
guideline for Saab Communication when it comes to evaluating quality increases. The 
line generated by the equation can work as a decision tool, it can tell how much an 
investment should increase the quality level. The line divides the good investments 
from the bad. Bad investments are those that would give a point below the regression 
line (marked as red arrows) while a preferable investment (marked as green arrows) 
alternative would at least be situated on the regression line or above. As we can see 
on the figure 9.1 alternative 1, 3, 4 and 7 are preferable while 5 and 6 are not.   
 

 

Figure 9.1 Preferable investments and non preferable investments 

 
The equation generated through the linear regression; 

xEy 0983493,5034653737,0 −+−=  can also help the company to see how much 
Saab Communication a quality increase should cost. According to the regression line 
formula, alternative 7 should cost approximately 30 million SEK if a increase of 
0,1398955% is to be achieved. Compared to the ca 6 SEK million that it costs now, 
see calculations below.  
 
X= cost 
X= (0,034653737+0,1398955) / 5,83493E-09 
X= 29 914 538 SEK, (ca 30 million SEK). 
 

0
0
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Appendix A 
Appendix A contains new quality level calculations. These calculations are done in 
the software at Saab Communication. Appendix A contains excerpt from the software 
in form of excel sheets. To obtain a new quality level (dependability) calculations 
considering MTBF and MDT are used. As seen in the current quality level in the 
figure below the different part of the basic connection have there own MTBF and 
MDT. The different lines (yellow, green and purple) in figure 1. below show 
alternative ways to create a basic connection. The current quality level is marked in 
red in figure one below. 
  
In the following figures 2-8 new quality levels will be calculated. The new quality 
levels are based on the different alternatives generated in SQM (1-7). These 
alternatives are then tested in the software to generate new quality levels. These new 
quality levels are marked green. The other figures you do not need to bother for.    
 
Current quality level 
 

Stel förbindelse i normgränssnittet
Omkopplingstid To = 1 10 10
Felrat, landsomfattande 30 30 15

MDT mtrl hela exkl ansl ansl 6:2 MDT förb N DLS N DLS N DLS
28,99 0,00363682 0,0029673 0,000669505 6,5 21277 1799 21277 1799 21277 1799 MTBF
6:2 Å 6:1 stel förb 0,8159093 0,18409069 1 30 30 30 30 30 30 MDT
0,80477525 0,977029762 omk.bart ej omk.bart 0,998592 0,983598 0,998592 0,983598 0,998592 0,983598 Dependability (quality)

0,932039 r
0,883183 l
0,963593 r

DLS 0,945405 l DLS DLS
1799 1799 0,999843 1799

30 30 30
0,983598 0,983598 0,983598

0,966102 r
0,915461 l

LA DLA N DLS N DLS N DLS
7692 5102 21277 1799 21277 1799 21277 1799

10 30 30 30 30 30 30 30
0,998701636 0,994154 0,998592 0,983598 0,998592 0,983598 0,998592 0,983598

DLA
5102

DLS DLS DLS 30
1799 0,945405 l 1799 1799 0,994154

30 0,963593 r 30 30 LB
0,983598 0,883183 l 0,983598 0,983598 18692

0,932039 r 10
0,9994653

N DLS N DLS N DLS
21277 1799 21277 1799 21277 1799

30 30 30 30 30 30
0,998592 0,983598 0,998592 0,983598 0,998592 0,983598

 

Figure 1 Current quality level- Basic connection  



 

 II

Alternative 1 Update all single connections to double connections 
 

Stel förbindelse i normgränssnittet
Omkopplingstid (To) 1 10 10

Felrat, landsomfattande 30 15
MDT mtrl hela exkl ansl ansl 6:2 MDT förb N DLS N DLS N DLS

29,00 0,003657993 0,003474 0,000184 2,8 21277 1799 21277 1799 21277 1799
6:2 Å 6:1 stel förb 0,949835 0,050165 1 30 30 30 30 30 30

0,9358 0,989870991 omk.bart ej omk.bart 0,998592 0,983598 0,998592 0,983598 0,998592 0,983598

0,931457 r

0,882632 l
0,963551 r

DLS 0,945327 l DLS DLS
1799 1799 1733

30 30 30
0,983598 0,983598 0,982984

0,965499 r
0,914889 l

LA DLA N DLS N DLS N DLS
7692 5102 21277 1799 21277 A 1733 21277 1799

10 30 30 30 30 30 30 30
0,998702 0,994154 0,998592 0,983598 0,998592 0,982984 0,998592 0,983598

DLA
5102 DLA

30 5102
0,994154 DLS DLS DLS 30

1799 0,95588 l 1799 1799 0,994154
30 0,97412 r 30 30 LB

0,983598 0,90224 l 0,983598 0,983598 DLA 18692
0,95215 r 5102 10

30 0,999465
0,994154

N DLS N DLS N DLS
21277 1799 21277 1799 21277 1799

30 30 30 30 30 30
0,998592 0,983598 0,998592 0,983598 0,998592 0,983598

 

Figure 2 Update all single connections to double connections 

 



 

 III

Alternative 2 Increase the width of the tele-network 
 

Stel förbindelse i normgränssnittet
Omkopplingstid To = 1 10 10
Felrat, landsomfattande 30 30 15

MDT mtrl hela exkl ansl ansl 6:2 MDT förb N DLS N DLS N DLS
28,99 0,00363682 0,002967 0,0006695 21277 1799 21277 1799 21277 1799

6:2 Å 6:1 stel förb 0,815909 0,1840907 1 30 30 30 30 30 30
0,8047753 0,977076 omk.bart ej omk.bart 0,998592 0,983597594 0,998592 0,983598 0,998592 0,983598

0,93203902 r
0,883183062 l
0,963592718 r

DLS 0,945405212 l DLS DLS
1799 1799 0,999843 1799

30 30 30
0,983598 0,983598 0,983598

0,966102 r
0,915461 l

LA DLA N DLS N DLS N DLS
7692 5102 21277 1799 21277 1799 21277 1799

10 30 30 30 30 30 30 30
0,9987016 0,994154 0,998592 0,983597594 0,998592 0,983598 0,998592 0,983598

DLA
5102

DLS DLS DLS 30
1799 0,945405212 l 1799 1799 0,994154

30 0,963592718 r 30 30 LB
0,983598 0,883183062 l 0,983598 0,983598 18692

0,93203902 r 10
0,999465

N DLS N DLS N DLS
21277 1799 21277 1799 21277 1799

30 30 30 30 30 30
0,998592 0,983597594 0,998592 0,983598 0,998592 0,983598

Extra width added

DLS DLS DLS
1799 0 l 1799 1799

30 37649481,82 r 30 30
0,983598 0 l 0,983598 0,983598

0 r

N DLS N DLS N DLS
21277 1799 21277 1799 21277 1799

30 30 30 30 30 30
0,998592 0,983597594 0,998592 0,983598 0,998592 0,983598

 

Figure 3 Increase the width of the tele-network 

 
 



 

 IV

Alternative 3 Improve MTBF (5%) by implementing new technologies 
 

Stel förbindelse i normgränssnittet
Omkopplingstid To = 1 10 10
Felrat, landsomfattande 30 30 15

MDT mtrl hela exkl ansl ansl 6:2 MDT förb N DLS N DLS N DLS
28,99 0,00346360 0,002826 0,0006376 6,4 22340 1889 22340 1889 22340 1889

6:2 Å 6:1 stel förb 0,815901 0,184099 1 30 30 30 30 30 30
0,8057368 0,978189131 omk.bart ej omk.bart 0,998658918 0,984366858 0,998658918 0,98436686 0,998658918 0,984366858

0,935146143 r
0,888386582 l
0,965336225 r

DLS 0,948013757 l DLS DLS
1889 1889 0,99986406 1889

30 30 30
0,984366858 0,984366858 0,984366858

0,967679 r
0,919292 l

LA DLA N DLS N DLS N DLS
8076 5357 22340 1889 22340 1889 22340 1889

10 30 30 30 30 30 30 30
0,9987633 0,994431 0,998658918 0,984366858 0,998658918 0,98436686 0,998658918 0,984366858

DLA
5357

DLS DLS DLS 30
1889 0,948013757 l 1889 1889 0,994431038

30 0,965336225 r 30 30 LB
0,984366858 0,888386582 l 0,984366858 0,984366858 19626

0,935146143 r 10
0,999490731

N DLS N DLS N DLS
22340 1889 22340 1889 22340 1889

30 30 30 30 30 30
0,998658918 0,984366858 0,998658918 0,98436686 0,998658918 0,984366858

 

Figure 4 Improve MTBF (5%) by implementing new technologies 

  



 

 V

Alternative 4 Improve MTBF (10%), by implementing new technologies 
 

Stel förbindelse i normgränssnittet
Omkopplingstid To = 1 10 10
Felrat, landsomfattande 30 30 15

MDT mtrl hela exkl ansl ansl 6:2 MDT förb N DLS N DLS N DLS
28,99 0,00330610 0,002697 0,0006087 6,4 23404 1979 23404 1979 23404 1979

6:2 Å 6:1 stel förb 0,815898 0,1841021 1 30 30 30 30 30 30
0,806527 0,979235277 omk.bart ej omk.bart 0,99872 0,985067 0,99872 0,984367 0,99872 0,985067

0,937315 r
0,892512 l
0,966899 r

DLS 0,950345 l DLS DLS
1979 1979 0,99988 1979

30 30 30
0,985067 0,985067 0,985067

0,969115 r
0,922792 l

LA DLA N DLS N DLS N DLS
8461 5612 23404 1979 23404 1979 23404 1979

10 30 30 30 30 30 30 30
0,9988195 0,994683 0,99872 0,985067 0,99872 0,985067 0,99872 0,985067

DLA
5612

DLS DLS DLS 30
1979 0,950385 l 1979 1979 0,994683

30 0,966921 r 30 30 LB
0,985067 0,893147 l 0,985067 0,985067 20561

0,937982 r 10
0,999514

N DLS N DLS N DLS
23404 1979 23404 1979 23404 1979

30 30 30 30 30 30
0,99872 0,985067 0,99872 0,985067 0,99872 0,985067

 

Figure 5 Improve MTBF (10%), by implementing new technologies 



 

 VI

Alternative 5 Decrease the MDT (10%) by improving the current maintenance 
 

Stel förbindelse i normgränssnittet
Omkopplingstid To = 1 10 10
Felrat, landsomfattande 30 30 15

MDT mtrl hela exkl ansl ansl 6:2 MDT förb N DLS N DLS N DLS
28,99 0,00363682 0,002967 0,000669505 6,4 21277 1799 21277 1799 21277 1799

6:2 Å 6:1 stel förb 0,815909 0,18409069 1 27 27 27 27 27 27
0,8067669 0,977223338 omk.bart ej omk.bart 0,998733 0,985214 0,998733 0,985214 0,998733 0,985214

0,938576 r

0,894145 l

0,967252 r
DLS 0,950881 l DLS DLS

1799 1799 0,999885 1799
27 27 27

0,985214 0,985214 0,985214

0,969416 r
0,923526 l

LA DLA N DLS N DLS N DLS
7692 5102 21277 1799 21277 1799 21277 1799

9 27 27 27 27 27 27 27
0,998831321 0,994736 0,998733 0,985214 0,998733 0,985214 0,998733 0,985214

DLA
5102

DLS DLS DLS 27
1799 0,950881 l 1799 1799 0,994736

27 0,967252 r 27 27 LB
0,985214 0,894145 l 0,985214 0,985214 18692

0,938576 r 9
0,999519

N DLS N DLS N DLS
21277 1799 21277 1799 21277 1799

27 27 27 27 27 27
0,998733 0,985214 0,998733 0,985214 0,998733 0,985214

 

Figure 6 Decrease the MDT (10%) by improving the current maintenance 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 

 VII

Alternative 6 Decrease the MDT (20%) by improving the current maintenance 
 

Stel förbindelse i normgränssnittet
Omkopplingstid To = 1 10 10
Felrat, landsomfattande 30 30 15

MDT mtrl hela exkl ansl ansl 6:2 MDT förb N DLS N DLS N DLS
28,99 0,00363682 0,002967 0,0006695 6,4 21277 1799 21277 1799 21277 1799

6:2 Å 6:1 stel förb 0,815909 0,1840907 1 24 24 24 24 24 24
0,8085862 0,977400226 omk.bart ej omk.bart 0,998873 0,986835 0,998873 0,986835 0,998873 0,986835

0,945168 r

0,905261 l
0,970907 r

DLS 0,956355 l DLS DLS
1799 1799 0,999918 1799

24 24 24
0,986835 0,986835 0,986835

0,972746 r
0,931674 l

LA DLA N DLS N DLS N DLS
7692 5102 21277 1799 21277 1799 21277 1799

8 24 24 24 24 24 24 24
0,998961 0,995318 0,998873 0,986835 0,998873 0,986835 0,998873 0,986835

DLA
5102

DLS DLS DLS 24
1799 0,956355 l 1799 1799 0,995318

24 0,970907 r 24 24 LB
0,986835 0,905261 l 0,986835 0,986835 18692

0,945168 r 8
0,999572

N DLS N DLS N DLS
21277 1799 21277 1799 21277 1799

24 24 24 24 24 24
0,998873 0,986835 0,998873 0,986835 0,998873 0,986835

 

Figure 7 Decrease the MDT (20%) by improving the current maintenance 

 
 



 

 VIII

Alternative 7 Decrease the switch-over time with 50% 
 

Stel förbindelse i normgränssnittet
Omkopplingstid To = 0,5 10 10
Felrat, landsomfattande 30 30 15

MDT mtrl hela exkl ansl ansl 6:2 MDT förb N DLS N DLS N DLS
28,99 0,00363682 0,002967 0,0006695 6,1 21277 1799 21277 1799 21277 1799

6:2 Å 6:1 stel förb 0,815909 0,1840907 1 30 30 30 30 30 30
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Figure 8 Decrease the switch-over time with 50% 
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Appendix B 
In appendix B Life cycle cost calculations are presented. These LCC calculations are 
based on the alternatives that were developed in the SQM 1-7.  In appendix B we also 
present the way this numbers where calculated and what yearly increases we have 
used for calculation the costs of this different alternatives 
 
 
 Alternative 1 Update all single connections to double connections 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Table 1. LCC alternative 1 

New connections 
Single - 
double 

Capital cost 150 000 000
Running cost (2%) of capital 
cost 3 000 000
Yearly increase running cost 1,50%
Yearly running cost    
Year 1 3 000 000
Year 2 3 045 000
Year 3 3 090 675
Year 4 3 137 035
Year 5 3 184 091
Year 6 3 231 852
Year 7 3 280 330
Year 8 3 329 535
Year 9 3 379 478
Year 10 3 430 170
Internal rate of return 6%
Life Cycle Cost   
Year 0 150 000 000
Year 1 2 830 189
Year 2 2 710 039
Year 3 2 594 990
Year 4 2 484 826
Year 5 2 379 338
Year 6 2 278 328
Year 7 2 181 607
Year 8 2 088 991
Year 9 2 000 308
Year 10 1 915 389
TOTAL LCC 173 464 004

Yearly running cost in SEK 
Year 1.   3 000 000 
Year 2.   3 000 000 * 1,015 = 3 045 000 
Year 3.   3 045 000 * 1,015 = 3 090 675 
Year 4.   3 090 675 * 1,015 = 3 137 035 
Year 5.   3 137 035 * 1,015 = 3 184 091 
Year 6.   3 184 091 * 1,015 = 3 231 852 
Year 7.   3 231 852 * 1,015 = 3 280 330 
Year 8.   3 280 330 * 1,015 = 3 329 535 
Year 9.   3 329 535 * 1,015 = 3 379 478 
Year 10. 3 379 478 * 1,015 = 3 430 170 
 
 
Yearly LCC in SEK 
Year 0.    150 000 000  
Year 1.    3 000 000 / 1,06     = 2 830 189 
Year 2.    3 045 000 / 1,06^2 = 2 710 039 
Year 3.    3 090 675 / 1,06^3 = 2 594 990 
Year 4.    3 137 035 / 1,06^4 = 2 484 826 
Year 5.    3 184 091 / 1,06^5 = 2 379 338 
Year 6.    3 231 852 / 1,06^6 = 2 278 328 
Year 7.    3 280 330 / 1,06^7 = 2 181 607 
Year 8.    3 329 535 / 1,06^8 = 2 088 991 
Year 9.    3 379 478 / 1,06^9 = 2 000 308 
Year 10:  3 430 170 / 1,06^10 = 1 915 389 

               
              ∑(Year 0-10)= 173 464 004 
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Alternative 2 Increase the width of the tele-network 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2. LCC alternative 2 

Increased net width   
Capital cost 666 000 000
Running cost (2%) of capital 
cost 13 300 000
Yearly increase running cost 1,50%
Yearly running cost    
Year 1 13 300 000
Year 2 13 499 500
Year 3 13 701 993
Year 4 13 907 522
Year 5 14 116 135
Year 6 14 327 877
Year 7 14 542 795
Year 8 14 760 937
Year 9 14 982 351
Year 10 15 207 087
Internal rate of return 6%
Life Cycle Cost FTN 
Year 0 666 000 000
Year 1 12 547 170
Year 2 12 014 507
Year 3 11 504 457
Year 4 11 016 060
Year 5 10 548 397
Year 6 10 100 588
Year 7 9 671 790
Year 8 9 261 195
Year 9 8 868 031
Year 10 8 491 558
TOTAL LCC 770 023 753

Yearly running cost in SEK 
Year 1.   13 300 000 * 1,015 = 13 300 000 
Year 2.   13 300 000 * 1,015 = 13 499 500 
Year 3.   13 499 500 * 1,015 = 13 701 993 
Year 4.   13 701 993 * 1,015 = 13 907 522 
Year 5.   13 907 522 * 1,015 = 14 116 135 
Year 6.   14 116 135 * 1,015 = 14 327 877 
Year 7.   14 327 877 * 1,015 = 14 542 795 
Year 8.   14 542 795 * 1,015 = 14 760 937 
Year 9.   14 760 937 * 1,015 = 14 982 351 
Year 10. 14 982 351 * 1,015 = 15 207 087 
 
 
Yearly LCC in SEK 
Year 0.     660 000 000  
Year 1.    13 300 000  / 1,06 =   12 547 170 
Year 2.    13 499 500  / 1,06^2 = 12 014 507 
Year 3.    13 701 993  / 1,06^3 = 11 504 457 
Year 4.    13 907 522  / 1,06^4 = 11 016 060 
Year 5.    14 116 135  / 1,06^5 = 10 548 397 
Year 6.    14 327 877  / 1,06^6 = 10 100 588 
Year 7.    14 542 795  / 1,06^7 = 9 671 790 
Year 8.    14 760 937  / 1,06^8 = 9 261 195 
Year 9.    14 982 351  / 1,06^9 = 8 868 031 
Year 10:  15 207 087  / 1,06^10 = 8 491 558 

               
              ∑(Year 0-10)= 770 023 753 
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Alternative 3 Improve MTBF (5%) by implementing new technologies 
 

 

 

Table 3. LCC alternative 3 

Increase MTBF 5%
Capital cost 8 000 000
Running cost (2%) capital cost 160 000
Yearly increase running cost 1,50%
Yearly running cost    
Year 1 160 000
Year 2 162 400
Year 3 164 836
Year 4 167 309
Year 5 169 818
Year 6 172 365
Year 7 174 951
Year 8 177 575
Year 9 180 239
Year 10 182 942
Internal rate of return 6%
Life Cycle Cost 
Year 0 8 000 000
Year 1 150 943
Year 2 144 535
Year 3 138 399
Year 4 132 524
Year 5 126 898
Year 6 121 511
Year 7 116 352
Year 8 111 413
Year 9 106 683
Year 10 102 154
TOTAL LCC 9 251 414

Yearly running cost in SEK
Year 1.   160 000 
Year 2.   160 000* 1,015 = 162 400 
Year 3.   162 400* 1,015 = 164 836 
Year 4.   164 836* 1,015 = 167 309 
Year 5.   167 309* 1,015 = 169 818 
Year 6.   169 818* 1,015 = 172 365 
Year 7.   172 365* 1,015 = 174 951 
Year 8.   174 951* 1,015 = 177 575 
Year 9.   177 575* 1,015 = 180 239 
Year 10. 180 239* 1,015 = 182 942 
 
 
Yearly LCC in SEK 
Year 0.    8 000 000  
Year 1.    160 000  / 1,06 =    150 943 
Year 2.    162 400  / 1,06^2 = 144 535 
Year 3.    164 836  / 1,06^3 = 138 399 
Year 4.    167 309  / 1,06^4 = 132 524 
Year 5.    169 818  / 1,06^5 = 126 898 
Year 6.    172 365  / 1,06^6 = 121 511 
Year 7.    174 951  / 1,06^7 = 116 352 
Year 8.    177 575  / 1,06^8 = 111 413 
Year 9.    180 239  / 1,06^9 = 106 683 
Year 10:  182 942  / 1,06^10 = 102 154 

               
              ∑(Year 0-10)=  9 251 414 
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Alternative 4 Improve MTBF (10%), by implementing new technologies 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 4. LCC alternative 4 

Increase MTBF 10%
Capital cost 16 000 000
Running cost (2%) of capital 
investment 320 000
Yearly increase in running cost 1,50%
Yearly running cost   
Year 1 320 000
Year 2 324 800
Year 3 329 672
Year 4 334 617
Year 5 339 636
Year 6 344 731
Year 7 349 902
Year 8 355 150
Year 9 360 478
Year 10 365 885
Internal rate of return 6%
Life Cycle Cost 
Year 0 16 000 000
Year 1 301 887
Year 2 289 071
Year 3 276 799
Year 4 265 048
Year 5 253 796
Year 6 243 022
Year 7 232 705
Year 8 222 826
Year 9 213 366
Year 10 204 308
TOTAL LCC 18 502 827

Yearly running cost in SEK
Year 1.   320 000 
Year 2.   160 000 * 1,015 = 324 800 
Year 3.   324 800 * 1,015 = 329 672 
Year 4.   329 672 * 1,015 = 334 617 
Year 5.   334 617 * 1,015 = 339 636 
Year 6.   339 636 * 1,015 = 344 731 
Year 7.   344 731 * 1,015 = 349 902 
Year 8.   349 902 * 1,015 = 355 150 
Year 9.   355 150 * 1,015 = 360 478 
Year 10. 360 478 * 1,015 = 365 885 
 
 
Yearly LCC in SEK 
Year 0.    16 000 000 
Year 1.    320 000 / 1,06 =    301 887 
Year 2.    324 800 / 1,06^2 = 289 071 
Year 3.    329 672 / 1,06^3 = 276 799 
Year 4.    334 617/ 1,06^4 = 265 048 
Year 5.    339 636/ 1,06^5 = 253 796 
Year 6.    344 731/ 1,06^6 = 243 022 
Year 7.    349 902/ 1,06^7 = 232 705 
Year 8.    355 150/ 1,06^8 = 222 826 
Year 9.    360 478/ 1,06^9 = 213 366 
Year 10:  365 885/ 1,06^10 = 204 308 

               
              ∑(Year 0-10)=  18 502 827 
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Alternative 5 Decrease the MDT (10%) by improving the current maintenance 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 5. LCC alternative 5 

 
 
 
 
 
 
 
 

Decrease in MDT 10%
Recruitment Cost 120 000
Spare parts 1 280 000
Cost of employees 3 840 000
Increase in dependability? 0,019358%
Yearly increase in spare parts (%) 1%
Yearly increase in employee cost (%) 3%
Yearly running cost    
Year 1 5 120 000
Year 2 5 248 000
Year 3 5 379 584
Year 4 5 514 857
Year 5 5 653 927
Year 6 5 796 905
Year 7 5 943 907
Year 8 6 095 049
Year 9 6 250 454
Year 10 6 410 246
Internal rate of return 6%
Life Cycle Cost 
Year 0 120 000
Year 1 4 830 189
Year 2 4 670 701
Year 3 4 516 802
Year 4 4 368 283
Year 5 4 224 943
Year 6 4 086 589
Year 7 3 953 037
Year 8 3 824 109
Year 9 3 699 634
Year 10 3 579 448
TOTAL LCC 41 873 737

Yearly Spare-parts Cost in SEK
Year 1.   1 280 000 
Year 2.   1 280 000   * 1,01 = 1 292 800 
Year 3.   1 292 800   * 1,01 = 1 305 728 
Year 4.   1 305 728   * 1,01 = 1 318 785 
Year 5.   1 318 785   * 1,01 = 1 331 973 
Year 6.   1 331 973   * 1,01 = 1 345 293 
Year 7.   1 345 293   * 1,01 = 1 358 746 
Year 8.   1 358 746   * 1,01 = 1 372 333 
Year 9.   1 372 333   * 1,01 = 1 386 057 
Year 10.   1 386 057 * 1,01 = 1 399 917 
 
Yealy employee cost 
Year 1.   3 480 000 
Year 2.   3 480 000* 1,03 = 3 955 200 
Year 3.   3 955 200* 1,03 = 4 073 856 
Year 4.   4 073 856* 1,03 = 4 196 072 
Year 5.   4 196 072* 1,03 = 4 321 954 
Year 6.   4 321 954* 1,03=  4 451 612 
Year 7.   4 451 612* 1,03 = 4 585 161 
Year 8.   4 585 161* 1,03 = 4 722 716 
Year 9.   4 722 716* 1,03 = 4 864 397 
Year 10. 4 864 397* 1,03 = 5 010 329 
 
 Yearly running cost (Employee + Spareparts) 
Year 1.   3 480 000 + 1 280 000 = 5 120 000   
Year 2.   3 955 200 + 1 292 800 = 5 248 000 
Year 3.   4 073 856 + 1 305 728 = 5 379 584 
Year 4.   4 196 072 + 1 318 785 = 5 514 857 
Year 5.   4 321 954 + 1 331 973 = 5 653 927 
Year 6.   4 451 612 + 1 345 293 = 5 796 905 
Year 7.   4 585 161 + 1 358 746 = 5 943 907 
Year 8.   4 722 716 + 1 372 333 = 6 095 049 
Year 9.   4 864 397 + 1 386 057 = 6 250 454 
Year 10. 5 010 329 + 1 399 917 = 6 410 246 
 
Yearly LCC in SEK 
Year 0.    120 000 
Year 1.    5 120 000 / 1,06    =  4 830 189 
Year 2.    5 248 000 / 1,06^2 = 4 670 701 
Year 3.    5 379 584 / 1,06^3 = 4 516 802 
Year 4.    5 514 857 / 1,06^4 = 4 368 283 
Year 5.    5 653 927 / 1,06^5 = 4 224 943 
Year 6.    5 796 905 / 1,06^6 = 4 086 589 
Year 7.    5 943 907 / 1,06^7 = 3 953 037 
Year 8.    6 095 049 / 1,06^8 = 3 824 109 
Year 9.    6 250 454 / 1,06^9 = 3 699 634 
Year 10:  6 410 246 / 1,06^10 = 3 579 448 

               
              ∑(Year 0-10)=  41 873 737 
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Alternative 6 Decrease the MDT (20%) by improving the current maintenance 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 6. LCC alternative 6 

 
 
 
 
 
 
 

Decrease in MDT 20%
Recruitment Cost 300 000
Spare parts 2 400 000
Cost of employees 9 600 000
Yearly increase in spare parts (%) 1%
Yearly increase in employee cost (%) 3%
Yearly running cost   
Year 1 12 000 000
Year 2 12 312 000
Year 3 12 632 880
Year 4 12 962 902
Year 5 13 302 334
Year 6 13 651 455
Year 7 14 010 550
Year 8 14 379 914
Year 9 14 759 849
Year 10 15 150 667
Internal rate of return 6%
Life Cycle Cost 
Year 0 300 000
Year 1 11 320 755
Year 2 10 957 636
Year 3 10 606 810
Year 4 10 267 832
Year 5 9 940 278
Year 6 9 623 737
Year 7 9 317 816
Year 8 9 022 136
Year 9 8 736 332
Year 10 8 460 053
TOTAL LCC 98 553 385

Yearly Spare-parts Cost in SEK
Year 1.   2 400 000 
Year 2.   2 400 000   * 1,01 = 2 424 000 
Year 3.   2 424 000   * 1,01 = 2 448 240 
Year 4.   2 448 240   * 1,01 = 2 472 722 
Year 5.   2 472 722   * 1,01 = 2 497 450 
Year 6.   2 497 450   * 1,01 = 2 522 424 
Year 7.   2 522 424   * 1,01 = 2 547 648 
Year 8.   2 547 648   * 1,01 = 2 573 125 
Year 9.   2 573 125   * 1,01 = 2 598 856 
Year 10. 2 598 856   * 1,01 = 2 624 845 
 
Yealy employee cost 
Year 1.   9 600 000 
Year 2.   9 600 000   * 1,03 =  9 888 000 
Year 3.   9 888 000   * 1,03 = 10 184 640 
Year 4.   10 184 640 * 1,03 = 10 490 179 
Year 5.   10 490 179 * 1,03 = 10 804 885 
Year 6.   10 804 885 * 1,03=  11 129 031 
Year 7.   11 129 031 * 1,03 = 11 462 902 
Year 8.   11 462 902 * 1,03 = 11 806 789 
Year 9.   11 806 789 * 1,03 = 12 160 993 
Year 10. 12 160 993 * 1,03 = 12 525 823 
 
Yearly running cost (Employee + Spare-parts) 
Year 1.   9 600 000   + 2 400 000 = 12 000 000 
Year 2.   9 888 000   + 2 424 000 = 12 312 000 
Year 3.   10 184 640 + 2 448 240 = 12 632 880 
Year 4.   10 490 179 + 2 472 722 = 12 962 902 
Year 5.   10 804 885 + 2 497 450 = 13 302 334 
Year 6.   11 129 031 + 2 522 424 = 13 651 455 
Year 7.   11 462 902 + 2 547 648 = 14 010 550 
Year 8.   11 806 789 + 2 573 125 = 14 379 914 
Year 9.   12 160 993 + 2 598 856 = 14 759 849 
Year 10. 12 525 823 + 2 624 845 = 15 150 667 
 
Yearly LCC in SEK 
Year 0.        300 000 
Year 1.    12 000 000 / 1,06     = 11 320 755 
Year 2.    12 312 000 / 1,06^2 = 10 957 636 
Year 3.    12 632 880 / 1,06^3 = 10 606 810 
Year 4.    12 962 902 / 1,06^4 = 10 267 832 
Year 5.    13 302 334 / 1,06^5 =   9 940 278 
Year 6.    13 651 455 / 1,06^6 =   9 623 737 
Year 7.    14 010 550 / 1,06^7 =   9 317 816 
Year 8.    14 379 914 / 1,06^8 =   9 022 136 
Year 9.    14 759 849 / 1,06^9 =   8 736 332 
Year 10:  15 150 667 / 1,06^10 = 8 460 053 

               
              ∑(Year 0-10)=  98 553 385 
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Alternative 7 Decrease the switch-over time with 50% 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 7. LCC alternative 7 

Decrease the switch-over time with 50%
Recruitment cost 50 000
Yearly cost for employee 640 000
Yearly increase in cost for employee 3,00%
Yearly running cost    
Year 1 640 000
Year 2 659 200
Year 3 678 976
Year 4 699 345
Year 5 720 326
Year 6 741 935
Year 7 764 193
Year 8 787 119
Year 9 810 733
Year 10 835 055
Internal rate of return 6%
Life Cycle Cost 50%
Year 0 50 000
Year 1 603 774
Year 2 586 686
Year 3 570 081
Year 4 553 947
Year 5 538 269
Year 6 523 035
Year 7 508 232
Year 8 493 848
Year 9 479 872
Year 10 466 290
TOTAL LCC 5 374 034

Yearly running Cost in SEK
Year 1.   640 000 
Year 2.   640 000 * 1,03 = 659 200 
Year 3.   659 200 * 1,03 = 678 976 
Year 4.   678 976 * 1,03 = 699 345 
Year 5.   699 345 * 1,03 = 720 326 
Year 6.   720 326 * 1,03 = 741 935 
Year 7.   741 935 * 1,03 = 764 193 
Year 8.   764 193 * 1,03 = 787 119 
Year 9.   787 119 * 1,03 = 810 733 
Year 10. 810 733 * 1,03 = 835 055 
 
 
Yearly LCC in SEK 
Year 0.    50 000 
Year 1.    640 000 / 1,06    = 603 774 
Year 2.    678 976 / 1,06^2 = 586 686 
Year 3.    678 976 / 1,06^3 = 570 081 
Year 4.    699 345 / 1,06^4 = 553 947 
Year 5.    720 326 / 1,06^5 = 538 269 
Year 6.    741 935 / 1,06^6 = 523 035 
Year 7.    764 193 / 1,06^7 = 508 232 
Year 8.    787 119 / 1,06^8 = 493 848 
Year 9.    810 733 / 1,06^9 = 479 872 
Year 10:  835 055 / 1,06^10 = 466 290               

              ∑(Year 0-10)=  5 374 034 
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Appendix C 
Appendix C contains the calculations for the liner regression. The linear regression 
contains data from the different alternatives except alternative 2. It considers the cost 
and the quality increase of the different alternatives. 
 
Linear Regression 
 
Cost=x (SEK) Quality increase=y (%) 

173 464 004 1,2841229 
9 251 414 0,1159369 
18 502 827 0,2205515 
41 873 737 0,0193576 
98 553 385 0,0370464 
5 374 034 0,1398955 

 
∑x = 173464004 + 9251414 + 18502827 + 41873737 + 98553385 + 5374034 
 
∑y =  1,2841229 + 0,1159369 + 0,2205515 + 0,0193576 + 0,0370464 + 0,1398955 
 
∑x2 = 173464004^2 + 9251414^2 + 18502827^2 + 41873737^2 + 98553385^2 + 
5374034^2 
 
∑y2 = 1,2841229^2 + 0,1159369^2 + 0,2205515^2 + 0,0193576^2 + 0,0370464^2 + 
0,1398955^2 
 
∑xy = 173464004 x 1,2841229 + 9251414 x 0,1159369 + 18502827 x 0,2205515 
+ 41873737 x 0,0193576 + 98553385 x 0,0370464 + 5374034 x 0,1398955 
 
∑x = 347 019 401 
∑y = 1,8169108 
∑x2 = 42 012 800 000 000 000 
∑y2 = 1,732373855 
∑xy = 233115932 
 

Formula 1. Calculations for regression line 
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