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Abstract 
 
Aircrafts needs to be maintained for many different reasons. To have a high safety and reduced 
costs, are two reasons. Both corrective and preventive maintenance are carried out on aircrafts. The 
preventive maintenance cost a lot of money and during the maintenance, the aircraft is not available 
for flying. In the Swedish Air Force the main aircraft flown is JAS 39 Gripen and it is a multirole 
aircraft. 
 
One major part of the preventive maintenance for the JAS 39 Gripen aircraft is to undertake 
overhauls. The overhauls are flight time dependent and needs to be carried out before the aircraft 
are allowed to fly again. During the overhaul, there are often a lot of other maintenance tasks 
carried out like repairs and modifications. 
 
A good plan for the required maintenance capacity in the workshops is essential to reduce the total 
maintenance cost. There is also another reason to have the right maintenance capacity and that is the 
availability of the fleet needs to be high enough. If the workshop capacity is too low, it will lead to 
a low availability of the aircrafts and that can lead to problems of achieving the targeted flight time 
production.  
 
One part in determining the workshops totally needed maintenance capacity is to determine the 
needed overhaul capacity. An optimization model has been developed during the thesis work as a 
decision support tool to determine the future need of the overhaul capacity. The model has been 
formulated as a cost minimization model of overhauls including queue cost and workshop capacity 
cost. To be able to construct the model the maintenance work at the Swedish Air Force has been 
studied. 
 
The parameters that is needed for the model have been described how they are defined and how to 
calculate them. 
 
Two cases are presented in the report and the needed parameter values used for the cases have been 
calculated to represent the year 2014. Under that year the first generation Gripen aircrafts are 
planned to been taken out of service and only the second generation ones are used. Verification of 
the model has been carried out and the model description is included in the report. To construct this 
model the overhaul work and the affecting factors have been studied. 
 
The developed model can be used as a support tool for decision makers in the Swedish Air Force to 
aid them to the right decisions. 
 
Suggestions of future work related to the area in the repot are given so the optimization of the 
maintenance can be improved even more. 
 
 
Keywords: Operations research, overhaul, optimization model, JAS 39 Gripen, maintenance, 
decision support tool.
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Sammanfattning 
 
Flygplan behöver underhåll av många olika anledningar. Att uppnå en hög säkerhetsgrad och 
minska kostnader är två anledningar. Det genomförs både avhjälpande underhåll och förutbestämt 
underhåll på flygplan. Underhåll på flygplan kostar mycket pengar och under underhållsåtgärderna 
går det inte att använda sig av flygplanet. I det svenska flygvapnet så är det mest använda flygplanet 
JAS 39 Gripen som är ett stridsflygplan. 
 
En stor del av det förutbestämda underhållet på JAS 39 Gripen är tillsyner. Tillsyn är flygtids 
beroende och behöver genomföras innan flygplanet får flyga igen. Under tillsyner genomförs också 
andra underhållsåtgärder som reparationer och modifikationer 
 
En bra plan av behovet av underhålls kapaciteten på flygverkstäderna är mycket vikigt för att 
reducera den totala kostnaden. Det finns också en annan anledning till att ha rätt underhålls 
kapacitet och det är för att det är viktigt att ha en tillräckligt hög tillgänglighet på flygplansparken. 
Om underhålls kapaciteten är för låg så kommer det att leda till en för låg tillgänglighet på 
flygplanen och då uppstår det problem att uppnå den flygtids produktion som begärs. 
 
En del av att förutse det totala underhållsbehov som behövs på flygverkstäderna är att förutse 
behovet av tillsyns kapaciteten. En optimerings modell konstruerades under examensarbetet som ett 
hjälpmedel för att kunna förutse det kommande behovet av tillsyns kapaciteten i flygverkstäderna. 
För att kunna konstruera modellen så har underhållsarbetet inom det svenska flygvapnet studerats. 
 
Parametrarna som används i modellen har beskrivits hur dom är definierade och hur dom värden till 
parametrarna beräknas. 
 
Två fall presenteras i rapporten och dom parameter värdena som behövs för fallen har beräknades 
för arbetet ska efterlikna år 2014. Under det året så är det planerat att första generationens Gripen 
flygplan har tagits ur bruk och endast andra generationens Gripen flygplan används. Modellen har 
formulerats som en kostnads minimering av tillsyner inklusive kö kostnad och verkstads kapacitets 
kostnad. Verifiering av att modellen visar rimliga värden har genomförts och modellens uppförande 
är beskriven i rapporten. 
 
Den framtagna modellen kan användas som ett verktyg för beslutsfattare i det svenska flygvapnet 
för underlätta att ta rätt beslut. 
 
Förslag på fortsatt arbete relaterat till området i rapporten är presenterade så att optimeringen av 
underhållet kan fortsätta att förbättras ytterligare. 
 
 
Keywords: Operations research, overhaul, optimization model, JAS 39 Gripen, maintenance, 
decision support tool.
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Notation and Abbreviation 
 
AMP = Aircraft Maintenance Plan. 
 
Load plan = The workshop plan where, which aircraft are to be maintained, by which overhaul 
team and when it is planned to undergo the maintenance is mentioned. 
 
DTK = Flight time left until next overhaul. 
 
FH = Flight Hours. 
 
FMLog = The Swedish Armed Forces Logistics, one task they have is to operate the aircraft 
workshops in the Swedish Air Force. 
 
Gripen = See “JAS 39 Gripen”. 
 
JAS 39 Gripen = An aircraft used in the Swedish Air Force. 
 
Macro = Script program in Excel. 
 
MSK flyg  = Air fleet management office, in the Swedish Air Force. 
 
RCE = Role Change Equipment. 
 
SAAB = The company that are manufacturing JAS 39 Gripen. 
 
Solver = A tool in Microsoft Excel that solves optimization problems. 
 
TC = Total cost. 
 
TS = Means overhaul. A number after TS like TS2 indicate which overhaul it means. 
 
UE = Replaceable until in the aircraft. 
 
VD-LIV = Computerized information system used by the Swedish military workshops.
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Chapter 1 
 

1 Introduction 
________________________________________________________________________ 
 
 
In this chapter the background, problem, questions, purpose, goal, scope and limitations are 
described  
 
 
1.1 Background 
The Swedish Air Force is flying the aircraft JAS 39 Gripen at their bases. Just as every other 
aircrafts, Gripen needs maintenance in order to maintain a high reliability and availability standard 
at lower costs and the law also demands that the aircrafts is kept maintained at all the time. The 
maintenance is thus very important for many reasons. The maintenance for the aircrafts is carried 
out under different tasks. Repair of already failed component are one task, inspection and checks 
other. Overhaul is another maintenance task, which is a major maintenance activity. There are 
totally 3 main Air Force bases in Sweden, where Gripen operates from. Each one of them has their 
own workshop, where the major maintenance is carried out. Every flying squadron has also 
maintenance capacity for minor maintenance activities. 
 
The Swedish government decides how many total flight hours the Air Force shall produce. It is then 
broken down to how much each wing needs to fly to meet this requirement. Every squadron on each 
wing has a number of aircrafts and they will be used to achieve the flight hours requirement. 
 
The Swedish military also owns the Gripen aircrafts used by the Czech and Hungarian Air Forces. 
These aircrafts are leased from the Swedish military. 
 
 
1.2 Problem statement 
The aircrafts are planned to undergo overhaul after every 200 flight hours. The overhaul is carried 
out in a workshop and the aircraft is then put out of service until the overhaul has been carried out. 
During that time, the aircraft cannot be used for the flying activity. 
 
In the workshop, the maintenance works are carried out by the maintenance teams. Each team 
undertakes some maintenance activity to an aircraft; it can be overhauls, modifications and checks 
but there are other maintenance activities also. The workload of the workshop is affected by 
different parameters. These parameters are; the total flight time outtake from each aircraft per 
calendar time unit, the modification need and unplanned maintenance need. But, there are many 
more things that affect the needed workshop capacity to meet the required maintenance. 
 
The needed workshop capacity is changing over time for different reasons. The optimal workshop 
capacity is a cost relation problem. If the workshop would have an unlimited budget, then the 
workshop could have; for example 100 maintenance teams to do the maintenance activities and then 
the workshop would always have available teams to do the maintenance. It would never occur that 
aircrafts has to wait in queue to come in to the workshop. That would be for aircrafts availability an 
optimal solution, but the resources and money available are not unlimited. 
 
If the workshop capacity is too low, then the workshop cannot handle the maintenance at the rate 
the aircrafts are arriving to the workshop for maintenance. The money saved with lower workshop 
capacity can then be used for other needs, but the availability of the aircrafts can then also be so low 
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that the required flight time production cannot be achieved. This is because, there may not be 
enough aircrafts available for flying or the quality of the training of the pilots may be too low when 
the right equipped aircrafts are not available. If too much is saved for having a too low maintenance 
capacity, then the cost can increase due to needed overtime or other reasons that are needed to 
deliver the aircrafts back to operational status. 
 
It is important to find the right balance between a high capacity at the workshop and the cost of the 
workshop. To be cost effective, the workshop capacity should be equal to the actual need. It is 
impossible to know exactly how big the workshop capacity should be in the future, because there 
are always unplanned events that affect the total need. However, it is possible to calculate what the 
expected need of the workshop will be. 
 
 
1.3 Purpose 
The purpose of the master thesis is to present a decision support model that the decision makers can 
use to have as a basis for their decisions of what capacity the workshops should have to meet the 
overhaul need for the aircraft fleet in the future. 
 
 
1.4 Questions 
The following questions are considered to be answered. 
 

• How the aircrafts overhaul maintenance activities are carried out? 
• What parameters affect the overhaul capacity need? 
• How to construct a workshop capacity decision support tool? 

 
 
1.5 Goal 
The goal of this master thesis is to describe the overhaul maintenance activity at the Swedish Air 
Force and develop a mathematical model that calculates the needed workshop capacity for the 
overhaul of the aircraft JAS 39 Gripen at the workshops in the Swedish Air Force. 
 
 
1.6 Scope and limitations 

1. To consider the second generation JAS 39 Gripen (Model C and D) only. 
2. Not to consider the overhaul capacity need at the squadrons. 
3. Not consider individual aircrafts in the model. 
4. Considering into the Swedish Air Force maintenance work only. 

 
Explanation for the limitations  

1. The reason why only the second generation of the Gripen aircraft are considered in this 
work are because, parts of the first generation JAS 39 Gripen fleet are going to be upgraded 
in the coming years to the second generation. Meaning some aircrafts of the A and B model 
will be modified to model C and D. The rest of the first generation Gripen aircrafts will be 
taken out of service. The plans are that the last year for A and B model to fly is 2013. By 
excluding the A and B models, the work can be more focused on the models that will 
continue to fly after 2013. 

2. A description of why the squadrons have overhaul capacity is stated in the report, but the 
needed overhaul capacity at the squadron is not calculated. The overhaul capacities that are 
needed for the whole fleet are calculated. The overhaul capacity at the squadrons is not 
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directly linked with the need of overhaul for the whole fleet, it is up to the decision makers 
to determine the needed overhaul capacity at the flying squadron’s maintenance department. 
 

3. The reason of the limitation of not considers individual aircrafts in the model is to simplify 
the model. If the model would handle each aircraft separately, then the complexity of the 
model would increase to a higher level. The increase of complexity could give a more 
correct answer, but it also higher the risk of flaws in the model. Because the model doesn’t 
handle each aircraft individually some parameter values will then be set as an average value 
for the whole fleet. 
 

4. How the maintenance work is carried out and planned is only studied for the Swedish Air 
Force. The Czech and Hungarian overhaul need have been implemented into the 
calculations carried out on the model in the report, but how they are working with the 
maintenance has not been studied. The reason is that the Swedish military owns the Czech 
and Hungarian Gripen aircrafts by leasing them to these countries. 

 
 
1.7 Structure of the thesis 
Chapter 1 – Introduction. This gives background information, states the problem and structure of 

the thesis. 
 
Chapter 2 – Literature study. The literature study undertaken is summarised in this chapter. 
 
Chapter 3 – Methodology. The work process of the thesis is described in this chapter. 
 
Chapter 4 – Maintenance work. In this chapter, the Swedish Air Force’s maintenance work is 

described. 
 
Chapter 5 – Model formulation. How the model is constructed is described in this chapter. 
 
Chapter 6 – Determining the parameters value. This chapter contains how the parameter values used 

by the model are calculated. 
 
Chapter 7 – Model testing and results. In this chapter results are shown and a sensitivity analysis 

has been carried out. 
 
Chapter 8 – Discussions and conclusions. This chapter contains the discussion and the conclusion of 

the master thesis. 
 
Chapter 9 – References. Here the references are given. 
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Figure 1.7.1. Framework of the thesis, showing various steps to reach the goal of the thesis. 
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Chapter 2 
 

2 Literature Study 
________________________________________________________________________ 

 
 
In this chapter, the literature study is presented. It presents the area of operations research and a 
short introduction of maintenance is given. 
 
 
2.1 Introduction to Operations Research 
Operations research is a method to develop mathematical model to solve optimizations problems. It 
is generally agreed that the history of operations research started during World War 2 (Phillips et 
al., 1976). During the war, problems were sometimes too complex to handle effectively. Groups of 
British scientists were formed to solve these problems. The methods the groups used were spread to 
other countries. After the war the scientists continued to develop the methods and also adopt it to 
the civil industry (Taha, 2007). 
 
There are different techniques in operations research to solve an optimization problem. The most 
used technique is linear programming. Other techniques are integer programming, dynamic 
programming and nonlinear programming, but there are others as well (Taha, 2007). 
 
In order for the model to be linear, all functions; both the objective function and the constraint 
functions needs to be linear (Taha, 2007). 
 
When a model has been developed, it is solved in a computer. It is possible to solve the model with 
manual calculations, but mostly the models are too big and complex for a time effective calculation 
manually. Mostly, the models are solved by computer programs because the computer can calculate 
far faster than by making the calculations by hand. The increase of computer calculation power over 
the decades has made it possible to solve big and complex models (Taha, 2007) (Hillier et al., 
2005). 
 
A drawback with these types of models is that they are difficult to change, if the assumptions and 
conditions are changed. It may be needed to create another model for that case (Försvarsmakten, 
2006). 
 
 
2.2 A model’s relation to the real world 
The real world is extremely complex and even small thing affects other things. It is very difficult if 
not impossible to see everything that affects a specific thing or function. 
 
Even if all affecting things are known to build a model that represents exactly the real world, it 
would be a huge task to write the model and it may not even be possible to solve such model (Taha, 
2007). 
 
A model must be close to what the real world looks like, but some assumptions must be made and 
focus are to implement the most critical affecting things into the model (Taha, 2007). Figure 2.2.1 
show graphically that not every thing in the real world is implemented in a model. The figure is 
modified from (Taha, 2007). 
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Figure 2.2.1. A models relation to the real world. 

 
 
2.3 The components in the decision model 
A mathematical model is constructed by equations and mathematical expressions. The model 
contains four component (Hillier et al., 2005). 
 

• Decision variables 
• Objective function 
• Constraints 
• Parameters 
 

There are in the equations in the model, a number of variables that can be changed. The values of 
the variables are in an optimization model changed to obtain the optimal result. The variables are 
called decisions variables (Hillier et al., 2005). 
 
The model needs to be developed to optimize resources through the objective function. The 
objective function is an equation that specifies what is to be optimized. The objective function can 
be a cost function, profit function, distance function and other functions (Taha, 2007). It can also be 
a defuse function like a penalty function (Hahn et al., 2006). The optimization model finds the 
optimal value of the objective function and the optimal value depends on how the user wants to 
optimize the objective function value, the value of the objective function can be ether minimized or 
maximized (Hillier et al., 2005). 
 
The model has to represent an assumed real world. The mathematical formulation of the assumed 
world is containing a number of equations or inequalities or a combination of both. The equations 
and inequalities are the restrictions that determine possible values of the decision variables. The 
restrictions are often called constraints (Hillier et al., 2005).. When the models are solved, all 
constraints have to be fulfilled if a feasible solution can be obtained. If not all constrains are 
fulfilled, then no feasible solution are possible (Taha, 2007). 
 
The constants that appear are in the objective function and in the constraints. The constants are in 
the model called parameters. Constant values cannot be changed, so when solving the model the 
parameters cannot be changed to find a better solution. The parameters can be changed before 
solving the model to be able to see how the parameters values are affecting the solution. The more 
accurate values the parameters have, the more reliable are the result from the model (Hillier et al., 
2005). 
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2.4 Computer software for solving operations research models 
There is a number of computer software that can solve operations research models. Software that is 
commonly used in education studies are the program TORA (Taha, 2007). Other programs are 
Microsoft Excel (Hillier et al., 2005) and AMPL (Taha, 2007). Another commonly used program 
for solving optimizations models are MATLAB with its optimization toolbox (Frontline Systems 
Inc, 2009).  There are also other programs as well that can be used. 
 
It can be notated that all programs do not have the optimization solving functions in all versions of 
the software. 
 
 
2.5 Solution from the model 
When solving a model, an optimal value is obtained. The optimal value is the value obtained from 
the objective function. The optimal value is the best value that can be found in the model, the 
optimal value may not be the optimal value of the real world situation (Taha, 2007). The model is 
as stated in Chapter 2.2 a summary of the real world, but it does not exactly describe the real world. 
There are also a psychological affect that the models mostly are not taking into account, the best 
solution in the real world can therefore sometimes not to be obtained by the model (Taha, 2007). 
 
The model is presenting an optimal value for the objective function and the variables are taking 
certain values in order to present the optimal value. It is possible that the optimal case may not be 
the only optimal case. The same optimal value can sometimes be found when the variables are 
taking other values as well (Taha, 2007). 
 
A mathematical model is not to be seen as a decision making model. The decision on what to do is 
to be made by the decision makers, but the model is a tool that can be used as an aid by the decision 
makers (Phillips et al., 1976). 
 
 
2.6 Model verification 
After a mathematical model has been created, it needs to be tested. The first version of the model 
will probably contain flaws. The flaws can be incorrect values of the parameters, relationships not 
included in the model or other factors affecting the model (Hillier et al., 2005). 
 
The testing phase is commonly called model validation. The testing is needed to be continued until 
a reliable model has been found. A reliable model doesn’t mean that there are no flaws in the 
model, if means that there are no major flaws. There may be minor flaws in the model that perhaps 
are never detected (Hillier et al., 2005). 
 
How the testing is carried out depends on the model and the nature of the problem. It is therefore no 
direct way on how to do the testing. One way is to play with the parameters and see if the results are 
plausible. By doing dimension analyzes on the mathematical expressions, it can be found if the 
expressions are having the right dimension (Hillier et al., 2005). 
 
 
2.7 Sensitivity analysis 
Sensitivity analysis is used to see how sensitive the model is to parameter value changes and to 
changes in the model structure (Breierova et al., 2001). 
 
For the parameter sensitivity analysis, the tests are to test the model when the parameters values 
changes. The sensitivity analysis is helpful in the model building process and evaluation. When it 
can be difficult to find the parameters value, the sensitivity analysis can help to determine what 
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parameter values that needs to be more accurate determined than others. The sensitivity analysis 
also can be used to find parameter values of parameters, where the value is difficult to find. If the 
assumed parameter value gives a reasonable result that is like the real world then there are an 
indication of what the real parameter value are (Breierova et al., 2001). 
 
 
2.8 Maintenance 
The reasons why the maintenance is carried out are many. The most important reasons are to 
minimize cost, production loss, safety reasons and lower the negative environmental effects 
(Helgesson et al., 2006). The definition of maintenance can be found as stated in IEV 191-07-01. 
 
“the combination of all technical and administrative actions, including supervision actions, intended 
to retain an item in, or restore it to, a state in which it can perform a required function” 
 
There are two types of maintenance, corrective and preventive. The corrective maintenance is the 
maintenance carried out after a failure has occurred. The preventive maintenance is the maintenance 
carried out to prevent the failures (Helgesson et al., 2006). 
 
In order to have a cost effective maintenance, the maintenance should be carefully planed. The cost 
of an unplanned maintenance action can cost more than a planned one. The extra cost can be 
waiting time for spare parts, personnel costs, tools and the cost of production loss (Helgesson et al., 
2006). 
 
There are two types of maintenance costs, they are direct and indirect maintenance costs. The direct 
cost can be difficult to determine and the indirect cost can be even harder to find. Some of the direct 
costs are; personnel cost, spare parts, storage and equipment costs. The indirect costs can be 
production loss and cost for overcapacity to lower the negative effects of low availability etc 
(Helgesson et al., 2006). 
 
 
2.9 Availability 
Availability is the probability that a product or component is in a specific working condition at an 
arbitrary time (Johansson, 1997). If it would be possible, the user or owner of a product would like 
to have an availability of 100%. In reality, the availability is often much lower. How good the user 
or owner is to maintain the product affects the availability (Helgesson et al., 2006). 
 
The availability can be calculated as shown below (Bergman et al., 1996) 
 
A = Availability 
MTBF = Mean time between failures 
MTTR = Mean time to repair 
 

MTTRMTBF

MTBF
A


                                                           (2.1) 

 
 
2.10 Relevant researches in this area 
The author of this report has not found any previous work for determining needed workshop 
capacity to minimize the maintenance cost. Other work related to the area for this thesis is given 
below and they are considering the scheduling problematic. 
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(Hahn et al., 2006) have developed a mathematical deployment scheduling program for the 
helicopters at the cost guard air station at Clearwater. The program is scheduling where the 
helicopters need to be deployed and when they are to be scheduled for heavy maintenance 
inspection. 
 
(Haghani et al., 2003) have constructed a mathematical formulation that considers the mission 
assignment for an airline company. The maintenance is carried out during the night. The aircrafts 
needs to be flown, so they are at the end of the day at any of the bases where the maintenance is 
carried out in order to reduce the maintenance cost. 
 
The importance of decision support have been stated by (Candell et al., 2009) “Increasing civil 
requirements on mobility and availability, and military operations from provisional bases combined 
with rapidly shifting conditions, increase the importance of information and decision support to 
personnel that maintain systems in operation.”



 

Chapter 3 
 

3 Methodology 
_
  

_______________________________________________________________________ 

 
This chapter contains how the thesis work was carried out. What phases the thesis work contained 
and what was done in each phase. 
 
 
3.1 Work process 
The progress of the thesis work is divided in 5 steps. 
 

• Understanding of the maintenance activities for the Gripen aircraft. 
• Literature study 
• Model construction 
• Data collection 
• Report writing 

 
At times, more than one step were undertaken simultaneously. 
 
 
3.2 Understanding of the maintenance activities for the Gripen aircraft 
How the maintenance work is carried out was studied to get an understanding in how the 
maintenance activities in the real world are carried out. This was done to be able to construct an 
assumed real world in the model. The work in this phase was carried out by visiting the workshop 
facilities, reading documents and conducting interviews. 
 
 
3.3 Literature study 
The area of optimization was new for the author and time were spent on reading and understanding 
how the optimization process works and what techniques are available for application. The 
literature study mostly contained studying of operations research.  
 
 
3.4 Model development 
This is the biggest part of the thesis and the most challenging one. The model was formulated and 
tested. The model formulation was based on the information collected in the understanding of the 
maintenance activities phase. When it appeared that the model formulation needed more 
background information about the maintenance work, complementing information about the 
maintenance work was studied additionally. 
 
 
3.5 Data collection 
This phase was necessary for determining the values of the parameters. The data collection was 
both carried out by collecting values from documents and by interviews. The interviews were 
carried out when there was no data available on paper. To determine some data values, interviews 
were carried out with different persons with different works tasks to find the best value. 
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3.6 Report writing 
The report writing was carried out simultaneously from an early stage of the master thesis. The 
report writing in the beginning was at a low speed but accelerated during the later phase of the 
master thesis.



 

Chapter 4 
 

4 Maintenance Work 
________________________________________________________________________ 
 
 
This chapter contains descriptions on how the maintenance activities are working in the Swedish 
Air Force and describes some problems related to the maintenance work. The chapter ends with a 
description on the ownership relations for the aircrafts owned by the Swedish military. The chapter 
is focusing around the overhaul maintenance work. 
 
 
4.1 Overview of aircraft maintenance activities 
The aircrafts are maintained with both corrective and preventive maintenance. The corrective 
maintenance is carried out when necessary, but the preventive maintenance is mainly predetermined 
and includes both services and overhauls. In the Aircraft Maintenance Plan (AMP), it is stated how 
the maintenance work are to be carried out. The manufacturer SAAB has provided the AMP for 
JAS 39 Gripen. The AMP for JAS 39 Gripen is both in paper form and a digital form to be read on 
computers. 
 
 
4.2 Overhauls 
Every time the Gripen aircraft reaches 200 Flight Hours (FH), the aircraft is taken out of service for 
overhaul. Meaning that, it will undergo overhaul after 200 FH, 400 FH, 600 FH and so on. The first 
overhaul is called TS1 and the second overhaul is called TS2 and so on. There are different 
maintenance tasks to be done depending on how much the aircraft have flown. The first time an 
aircraft come for overhaul the maintenance tasks are carried out every 200 flight hours that means 
in other words that this maintenance tasks will be carried out every time the aircraft undergo 
overhaul. The second time the aircraft come in for overhaul, besides the maintenance tasks of every 
200 flight hours, the maintenance tasks for every 400 flight hours are also carried out. The third 
time the aircraft is undergoing overhaul, the maintenance tasks at every 200 and 600 flight hours are 
carried out. Table 4.2.1 shows a summary of what overhauls are done for each overhaul up to 2000 
flight hours.  
 
 
Overhaul Total FH FH overhaul checks carried out
TS1 200 200
TS2 400 200 400
TS3 600 200 600
TS4 800 200 400 800
TS5 1000 200 1000
TS6 1200 200 400 600 1200
TS7 1400 200 1400
TS8 1600 200 400 800 1600
TS9 1800 200 600 1800
TS10 2000 200 400 1000 2000

Table 4.2.1 Table over how the different overhaul checks are returning. 
 
 
It would be difficult to achieve exactly 200 flight hours and then send the aircraft for overhaul. To 
allow some flexibility, a time interval for when an aircraft can come in for overhaul is used. It 
allows the aircrafts to come in for overhaul at 200 ± 5 flight hours. So, the aircrafts are allowed a 
time interval between 195 and 205 flight hours. The next overhaul will be between 395 and 405 
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flight hours. This means that the maximal time between overhauls is from 195 to 405 flight hours 
with means 210 flight hours, the shortest time will with the same method be 190 flight hours. 
 
During the overhauls B, C and D services are also carried out. 
 
The overhauls are mainly carried out in the workshops, but the flying squadrons own maintenances 
departments are also undertaking overhauls. 
 
 
4.3 Services 
Between overhauls, flight time dependent services are carried out. The services are done at the 
flying squadrons on their maintenance department, but can if necessary also be carried out at 
workshops. There are three main service types. B, C and D services. There are two different B 
services, B1 and B2. The B1 is a B service and the B2 is a little bigger B service that includes 
maintenance tasks that don’t need to be done at every B service. 
 
There are also services that are not flight time dependent and that is the service that are done before 
every takeoff. There are two different types. Service K is done before every take off and KF is a 
service that is carried out instead of K if there were more than 24 calendar hours since its last KF 
service. The B1 service have also a calendar time limit, it is needed to be carried out at least every 
45 days. 
 
On table 4.3.1 it can be seen, when the service is carried out and the allowed flight time interval for 
the aircrafts. 
 
 Service type When 
 K   Before every flight. 
 KF  Instead of K check if it was more than 24 calendar hours since last KF. 
 B1  Every 12,5 FH ± 2,5 FH or at least every 45 calendar days. 
 B2  Every 25 FH ± 2,5 FH 
 C  Every 50 FH ± 5 FH 
 D  Every 100 FH ±5 FH 

Table 4.3.1. The different services of the aircrafts carried out between overhauls. 
 
 
Figure 4.3.1 shows the cycle between overhauls, where all the services are included except K, KF 
and the calendar time bounded B1 because those services are not flight time bounded. The 12.5h 
means that the aircraft have flown 12.5 hours when the next maintenance event occurs. 
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Figure 4.3.1. The flight time dependent aircraft services occurrence between overhauls for the Gripen aircraft. 

 
 
4.4 Overhaul facilities 
The overhauls are both done in workshops and at the flying squadrons. The maintenance capacity at 
the flying squadrons is lower and they are more carrying out services and other smaller maintenance 
works on the aircrafts. The workshop is carrying out the more heavy maintenance work and 
modifies the aircrafts. There is also one more place where the overhauls can be undertaken and it is 
in the industry, in this case the company SAAB. The number of overhauls carried out at the industry 
for JAS 39 Gripen is low. 
 
All of the three Swedish Wings have workshops that carry out maintenance on Gripen. The 
workshops are carrying out maintenance not only for aircrafts in their own wing, but also from 
other wings as well. The workshops have a number of maintenance teams that maintain the 
aircrafts. One maintenance team mostly maintain one aircraft at a time, but it happens for different 
reasons that one team can work with more than one aircraft at the same time. This can appear when 
an aircraft have undergone maintenance and only testing is left or spare parts or replaceable parts 
are unavailable for one aircraft, then they start working with the next aircraft until the right parts 
arrive to the first aircraft. The aircraft workshops are a part of FMLog. It is MSK flyg (Air fleet 
management office) that decides what the aircraft maintenance need will be and FMLog are 
adjusting their workshop capacity to meet the need. 
 
The other places where overhauls are carried out are at the flying squadrons. Each flying squadron 
has a maintenance department. The maintenance at the flying squadrons mostly maintains the 
aircrafts belonging to its own squadron, but if there are lack of maintenance capacity then aircrafts 
from one flying squadron can be sent to another flying squadron’s maintenance department. The 
main reasons why the flying squadrons also carries out overhauls is to maintain a competence for 
overhaul work at the flying squadrons. Another reason is to be able to send aircrafts for overhaul to 
the squadrons when the workshops for some reason don’t have the capacity to maintain the aircrafts 
at that time. This action can moderate the effects when the incoming number aircrafts needing 
overhaul are changing at a higher rate then the workshop can handle. 
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4.5 Wear curve  
To easily see how many flight hours until next overhaul an aircraft is left with and to compare it 
with other aircrafts, a graph is used called wear curve, in Sweden it is known as ”Slitkurva”. 
 
The wear curve is used by the flying squadrons and other personnel that are involved in the flight 
time status of the aircrafts in order to see what aircrafts are the best to fly in order to have a smooth 
distribution of the aircrafts time to next overhaul. The wear curve are build up by graph every 
aircrafts individual DTK (flight time to next overhaul) value. There is a wear curve for every wing 
and for other users and a bigger wear curve where every aircraft in the whole Swedish owned 
Gripen fleet are included. The wear curve is divided so that there is one wear cure for each model of 
the aircraft. 
 
The Swedish Air Force is trying to keep the wear cure as optimal as possible. The optimal curve 
according to the Swedish military is when all aircrafts are having an equal distance in flight hours 
between each other. The look of an optimal wear curve is therefore when the graphical presentation 
of the flight time left to next overhaul are forming a triangle where the line between the aircrafts 
with the highest and lowest number of flight hours form a straight line. The aircrafts already 
undergoing overhaul need then first to be excluded from the curve. 
 
 
4.6 Overhaul planning 
When an aircraft have less than 100 flight hours left to overhaul it is planned for the next overhaul. 
The planning engineer creates a plan for when the aircrafts are to be sent into workshop for 
overhaul. The plan also contains work for other types of maintenance work for example, 
modifications. 
 
The planned day for the aircrafts to be sent for overhaul depends on how much flight time the 
aircrafts totally have left to the next overhaul and it is converted to calendar time by knowing how 
much the aircrafts are to be flown. The plan includes what each workshop team is to work with.  
 
The planning engineer, the workshops and the resource leaders are involved in the planning of the 
load plan. 
 
When an aircraft are to be sent in for overhaul a document is created where the maintenance tasks 
to be carried out under the overhaul are stated. The document is created by an overhaul preparer and 
contains the work for the overhaul. If extra work is to be carried out under the overhaul, it is also 
included in the document. 
 
An overhaul contains overhaul bounded works tasks that are carried out on every aircrafts plus the 
overhaul tasks that are aircraft individual dependent. Every aircrafts is not identical, some are 
having different components and all aircrafts are not having the same modification status. Therefore 
the aircraft individual dependent overhaul tasks are added separately. 
 
 

Overhaul tasks = Overhaul tasks for every aircraft + Aircraft individual overhaul tasks              (4.1) 
 
 
To the overhaul tasks, extra works to be carried out on the aircraft are often added when it 
undergoes overhaul. The aircrafts is continuously modified and many smaller modifications are 
added as an extra work task to be done under the overhaul. Certain components are calendar time 
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bounded for maintenance. The components are UE and are replaced by another identical 
component. The ejection seat is one such component of the aircraft. The UE is sent to another 
workshop, where it is maintained. The replacements of such components are added to the work 
tasks, if there is a need for it. Repairs are also added to the overhaul, if there is any need for it. 
 
 

Possible extra tasks = Possible modifications + Possible component change + Possible repair        (4.2) 
 
 
The sum of all work tasks that are planned for an aircraft can be summarised as. 
 
 

All tasks under overhaul = Overhaul tasks + Possible extra tasks                              (4.3) 
 
 
Under the overhaul, it is sometimes found that the aircraft needs extra repair than the planned. If so, 
it is added to the work after the aircraft have already come in for the overhaul. 
 
 
4.7 Problems of changed plan 
It is important to have a plan that are accurate on when the aircrafts are to be sent into the 
workshops, so the maintenance work can go on smoothly and help to maximize the aircraft 
availability. The maintenance work sometimes takes shorter or longer time than planned so the load 
plan needs to be updated, but there are also other reasons why the plan has to be updated. 
 
There are a limited number of aircrafts in the fleet. If one breaks down, it will be out of service until 
it has been repaired. The aircrafts left available for flying needs to fly more to compensate the flight 
time the broken down aircraft cannot fly. The aircraft that are grounded cannot fly and it will delay 
the overhaul to a later date. The aircrafts that are left for flying will fly more and it will lead to 
faster decrease of flight hours left to next overhaul. A faster reduction in flight hours to overhaul 
will shorter the date to the next overhaul. If the aircraft or aircrafts have flown out all its flight 
hours before overhaul it will be grounded until an overhaul have been done. That aircraft can then 
be sent in for overhaul before other aircrafts that originally was planned to have the overhaul started 
earlier than the aircraft that entered the workshop. The aircraft may have to be sent to another 
workshop than the workshop where the overhaul was originally planned for. 
 
The lack of available replaceable units (UE) is a problem in the Swedish Air Force. It is important 
to have a high availability of the aircrafts ready for flying. The lack of UE is lowering the aircraft 
availability, so there are sometimes shortages of aircrafts that can be used for flying. There are 
unused UE in the aircrafts that are undergoing services, overhauls, modification or other 
maintenance activity. The unused UE in the aircrafts undergoing maintenance can be taken out from 
the aircraft and be sent to another aircraft that are grounded only due to a defect UE. All types of 
replaceable units do not have shortage, but for the UE that have shortage the lack of them affect not 
only the flying activity due to unavailable aircraft but also the maintenance activity. The shortage of 
UE affects the maintenance activity when UE needs to be taken from one aircraft to another. It is 
time taking and that time could have been used to do the original maintenance on the aircraft in the 
workshop which lead to longer time until the original maintenance activity is finished. Shortages of 
UE don’t necessarily mean that there are too few totally. The time before repair of the replaceable 
units is one affecting factor that affects the availability of the UE. 
 
The role change equipment (RCE) is extra equipments that are added to the aircrafts. All aircrafts 
do not have all RCE installed. Some RCE are sometimes needed for the pilot to carryout the 
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training. If there are a lack of aircrafts with the required RCE because the aircraft or aircrafts that 
are having the RCE undergoing some maintenance activity then the RCE is sometimes switched to 
another aircraft. The switch takes time for the maintenance personnel and during the switching of 
the RCE it occurs wear on the connectors and it happens that the connectors sometimes breaks due 
to the wear and it will then take time to repair the connectors. The problem of occurring shortages 
of RCE affects the aircrafts that are selected for flying and it can lead to unplanned flight time 
outtake of the aircrafts, and that can lead to changes in the plan. 
 
 
4.8 Other countries 
The JAS 39 Gripen aircrafts owned by the Swedish military is not only flying in the Swedish Air 
Force. The Swedish Air Force owns a totally 28 aircrafts that are flying in the Czechs and 
Hungarian Air Forces. The aircrafts that are flying under another countries flag are undergoing 
overhaul both in that country and in the Swedish Air Force workshops. 
 
There are also other countries flying JAS 39 Gripen but they are not owned by the Swedish 
military.



 

Chapter 5 
 

5 Model Formulation 
________________________________________________________________________ 
 
 
This chapter contains how the model has been formulated. The chapter starts with describing the 
variables and parameters and then continue with the objective function and then describes the 
model constrains and other needed information. A short summery of the models objective function 
and constrains are at the end of this chapter. 
 
 
5.1 Explanations before the model formulation 
To simplify the model, all workshops are considered in the model as one big workshop. This 
doesn’t affect the result because the aircrafts are not bounded to be overhauled at a specific 
workshop. 
 
The overhaul system is a short term for the workshop overhaul facility plus the overhaul queue and 
it is used in this report. The model is nonlinear. 
 
 
5.2 Variables 

iqn , = Number of aircrafts in queue at time interval i. 

isn , = Number of aircrafts in the overhaul system in the beginning of time interval i. 

ib = Number of overhaul teams in the workshop at time interval i. 

i = Outgoing rate of overhauled aircrafts from the workshop at time interval i. 

iy = Integer value, 1 if queue exists and 0 if no queue exists. 

 
 
5.3 Parameters 

qC = Cost of one aircraft in queue for one time interval. 

rC = Cost of one overhaul team in the workshop for one time interval. 
G = Average time it takes to overhaul an aircraft, (throughput time). 
AT = Average number of aircrafts per overhaul team. 

i = Number of aircrafts coming into the overhaul system at time interval i. 

max,qn = Maximal allowed number of aircrafts in queue. 

 
 
5.4 Objective function 
One of the main reasons to maintain is to reduce the total cost. Maintenance cost money and in 
order to reduce the total cost the maintenance activities must be cost effective. If maintenance is not 
undertaken it will cost money due to low availability, but there are other reasons also that will 
increase the cost. In the other hand, maintenance resources also cost money. A balance must be 
found to minimize the total cost. The total cost for the overhaul is in the model defined as the cost 
when aircrafts is in queue waiting for overhaul plus the cost of the maintenance resources for the 
overhaul teams in the workshop. It is economically important in aviation maintenance that the cost 
of the maintenance is as low as possible, but the maintenance still needs to meet the airworthiness 
requirements. 
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The total cost is changing during time because the number of aircrafts in the queue is changing and 
the maintenance resources can also change in quantity depending on the overhauling need. The total 
cost (TC) for the overhauls during a time period having k time intervals can be expressed as. 
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The number of overhaul teams needs to be determined in order to calculate the cost of the workshop 
capacity. The number of overhaul teams that are needed during time interval i is equal to the rate at 
which the aircrafts are coming out from the overhaul workshop multiplied with the time an average 
overhaul takes. That gives how many aircrafts there are in the workshop. All that divided by the 
number of aircrafts each overhaul team at an average can handle gives the number of overhaul 
teams needed in the workshop at a specific time interval. 
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                                                              (5.2) 

 
The aircrafts in the queue is the aircrafts that are inside the overhaul system but where overhaul 
have not been started. The overhaul system includes the aircrafts undergoing overhaul plus the 
aircrafts in queue waiting for overhaul. The number of aircrafts in the queue is the number of 
aircrafts totally in the overhaul system minus the aircrafts in the workshop. 
 
The number of aircrafts in the workshop is equal to the rate at which the aircrafts are coming out 
from the workshop multiplied with the time it takes to overhaul one aircraft. 
 

Gnn iisiq  ,,                                                     (5.3) 

 
The objective function as it is stated in equation (5.1) can be rewritten by change the number of 
aircrafts in the queue and the number of overhaul teams with equation (5.2) and (5.3). 
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If no queue exists, the queue value can take negative value. When the queue value is taking a 
negative value, then there are slack in the workshop and there are no aircrafts in the queue. If the 
cost function is as in equation (5.4) then there will be an economic income when the queue value is 
negative and that is not possible. To correct this in the equation, a decision variable  is multiplied 

to the queue cost function. The variable  takes the value one if queue exist and the queue cost 

multiplied with one is the queuing cost. If the queue does not exist, then  takes the value zero and 

the queue cost multiplied with zero is zero so the queue cost when no queue exist is always zero. In 
chapter 5.6, the variable y is described more closely. Equation (5.5) shows the final objective 
function. 

iy
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Objective functions can either be minimized or maximized. A user or owner wants to have the 
lowest cost possible for the same quantity and quality, so that the money can be used for other 
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activities. The optimal cost is the lowest cost that satisfies the user or owner requirements. The cost 
function is therefore to be minimized. 
 
 
5.5 Repair rate 
The number of aircrafts that have finished their overhaul under a time period cannot exceed the 
total number of aircrafts in the overhaul system. The number of aircrafts that have finished their 
overhaul under time period i is the same as the outgoing rate from the overhaul system under the 
same time interval. The repair rate must therefore be smaller or equal to the number of aircrafts in 
the overhaul system at the start of time period i. 
 

isi n ,                                                                  (5.6) 

 
Because the time it takes to do an overhaul is longer than one time interval the aircrafts coming into 
the overhaul system during the time interval cannot be finished with their overhaul, therefore the 
incoming rate are not added to the constraint. This requires that the time intervals needs to be 
smaller than the throughput time for the overhauls. 
 
 
5.6 Slack and queue 
Queue to the workshop are occurring when there are aircrafts waiting to come into the workshop. 
Slack is occurring when there are available recourses in the workshop and no aircrafts are in queue 
to the workshop that can fill the available workshop recourse. There are then unused maintenance 
capacity in the workshop. 
 
The queue value in the model can both take positive value and negative value. If the value is 
positive, then there is a queue. If the value is negative then there is no queue, but there is instead 
slack in the workshop. 
 
The objective function calculates the cost of the queue plus the cost of the workshop recourses. The 
cost of the queue is positive when the queue value is positive, but negative when there are slack in 
the workshop and it occurs when the queue value is negative. This leads to when the queue value is 
negative then the queue cost is going from a cost to an income. There is no income in the real world 
when there are slack in the workshop. One way to make the model take away the income is to insert 
a decision variable into the queue cost. The decision variable is called  and it can change the 

value between time intervals. The variable y
iy

i can take the values 0 or 1. When the queue value is 
positive, the yi value takes the value 1 and the cost is not changing so the queue cost is the same as 
if the yi variable wouldn’t be there. When the queue value is negative, the yi value is taking the 
value 0. When the yi is equal to 0 then the queue cost are set to zero and it only happens when the 
queue value are negative, so no queue exists. So when the queue cost is negative, the cost is set to 
zero.  
 
The yi variable needs to be an integer variable because it is only allowed to take the value 0 or the 
value 1. In order to make the yi variable take the values as mentioned above, there are two 
constraints needed. The two constraints used in the model are shown in equations (5.7) and (5.8). 
 

iqiiq nyn ,,                                                               (5.7) 

0,  iiq yn                                                                (5.8) 
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5.7 Number of aircrafts in queue 
The queue is optimally set to as low as possible, as there is no economic achievement in having 
many aircrafts in the queue. The model is calculating the lowest cost for each time interval. How 
many aircrafts there will be in queue are dependent on the cost parameters. At some level of the 
cost parameters, it will be cheapest in the model to have all aircrafts in queue and none in the 
workshop undergoing overhaul. 
 
To make the model not having too long queue and instead having the aircrafts sent to overhaul 
when the problem of all aircrafts are in the queue are occurring a constraint is added to the model. 
The queue length can be set to a maximum. When the queue reaches that maximum level, aircrafts 
are sent to the workshop. So there are not more aircraft in the queue then the maximal allowed 
number. The constraint used is shown in equation (5.9). 
 

max,, qiq nn                                                               (5.9) 

 
 
5.8 Number of overhaul teams 
The number of overhaul teams in the workshop can be as high as possible, but there is a lower 
bound. Number of overhaul teams can be zero, but cannot be negative. A constraint is added to the 
model, so that the number of overhaul teams in the workshop only can take zero or positive values. 
The constrain can be seen below in equation (5.10). 
 

0ib                                                                 (5.10) 

 
 
5.9 Length of time interval 
The length of the time intervals can be chosen by the user of the model. The time interval length is 
set by changing the time interval dependent parameters. The parameters that affect the length of the 
time interval are the average overhaul time and incoming rate, both needs to be presented with the 
same time interval length. 
 
 
5.10 Number of aircrafts at the end of the time interval 
The total number of aircrafts in the overhaul system in the end of each time interval is needed to be 
known. The total number of aircrafts in the overhaul system at the end of the time interval will be 
the total number of aircrafts in the overhaul system at the beginning of the next time interval. 
 
There are two ways to calculate this. It is up to the user of the model to determine what method is to 
be used. Firstly, it is assumed that all maintenance capacity is used even if there are slack in the 
workshop. This can be seen as the unused overhaul capacity are sent to other overhaul teams to 
shorter the throughput time of the overhaul for that team or the capacity can be used on another 
maintenance activity. When there will be queue into the workshop, then the same amount of 
capacity are sent back to the overhaul team. This way there is no unused capacity. 
 
The total number of aircrafts at the end of the time interval is equal to the total number of aircrafts 
at the beginning of the time interval plus the incoming rate of aircrafts to the overhaul system minus 
the outgoing rate. Equation (5.10) shows the total expression. 
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The other way to calculate the total number of overhaul team is to assume that all the unused 
capacity inside the workshop is not used somewhere else. This means that when there are slack 
inside the workshop, some technicians will have nothing to do. This is calculated by taken away the 
unused capacity from equation (5.10). This will reduce the outgoing rate for that time interval if 
there are slack inside the workshop. 
 
It is thus calculated by taking the number of aircrafts totally in the overhaul system at the end of the 
time interval if all capacity is used, calculated as equation (5.10). The next part of the equation is 
the number of aircrafts that are not coming out from the overhaul system due to the slack. To 
calculate that part, the number of aircrafts in the queue is divided by the throughput time. This 
needs to be calculated only if there are negative queue length, if positive queue length then there are 
no slack inside the workshop. To make the slack calculation only affecting when there are negative 
queue length the aircrafts not coming out are multiplied with one minus yi. This will take the value 
zero if there are no slack because yi = 1 when there are queue and when there are slack the sum will 
be one because yi = 0 when there are no queue. The above formulation gives the equation (5.11). 
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Equation (5.10) inserted in equation (5.11) gives equation (5.12).  
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5.11 Outgoing rate 
The outgoing rate from the overhaul system will most likely be changing between the time 
intervals. The outgoing rate can be derived from equation (5.2). The outgoing rate in the model is 
calculated by the number of overhaul teams multiplied with the number of aircrafts per overhaul 
team and all that divided by the throughput time. 
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5.12 Summery of the model 
The summary of the model shows the final objective function and all required constraints. 
 
 
Objective function 
 

Minimize 
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Constrains 
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Chapter 6 
 

6 Determining the Parameters Value 
________________________________________________________________________ 
 
 
This chapter describes how the values of the parameters are determined and why these methods to 
determine the different parameters were chosen. 
 
 
6.1 Cost of queue 
The cost of aircrafts in the queue can be calculated in many different ways. It can be a single cost or 
a sum of different costs. Some queuing costs can be cost of extra work when the aircraft is in queue, 
cost of the calendar time maintained components unusable time, cost of quality loss when the pilots 
cannot fly due to not enough aircrafts available, overtime costs when the technical personnel needs 
to work overtime to reduce the queue. 
 
The selected cost for the models queuing cost are in the case study the depreciation of the aircrafts. 
The depreciation is the aircrafts reduction of its economical value from the acquisition cost during a 
specific time period. 
 
The model is using an average value of the depreciation, because the model doesn’t follow 
individual aircrafts. The data used to calculate the average depreciation for this study is based upon 
the depreciation for both Swedish and Czech aircrafts. The Hungarian Air Force aircrafts 
depreciation is assumed to be identical to the Swedish and Czech depreciation. The average 
depreciation is the sum of the whole fleet’s total depreciation divided by the total number of 
aircrafts in the fleet. 
 
 
6.2 Cost of workshop capacity 
The parameter cost of workshop capacity is defined as what it cost to have one overhaul team for 
one time interval. The cost of one workshop team can be calculated ether as what it cost for the 
costumer or what it cost for the workshop. The cost of workshop capacity is the cost affecting the 
solid cost to have a specific capacity. Cost of spare parts and other costs that are directly liked with 
the work carried out on the aircrafts are not included in the cost of the workshop capacity. 
 
The workshops are having different kinds of costs. Some costs of the workshop are the costs for the 
technical personnel who are directly working with the aircrafts, costs for the administration 
personnel and cost for the workshop facilities. 
 
The cost the costumers are having for the workshop capacity is the actual time the workshop have 
spent on doing what the costumer wants to be done. The total time is the time the technical 
personnel inside the workshop have spent on the maintenance activity. The time the administration 
personnel have spent is not a part of that time. The time spent on the work is defined in hours. 
 
The aircraft workshop is not profit driven. The cost the costumer pays are the money the workshop 
gets to pay for having the workshop facility. 
 
When an aircraft have been to the workshop the workshop is sending an invoice to the costumer. 
The invoice includes the cost for the time spent plus other cost like cost of spare parts. The cost of 
spent time is the cost for the solid cost the workshop is having and is charging the costumer. The 
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cost of time spent on the work have a fixed cost per hour, the cost per hour are therefore the same 
and independent on how skilled the personnel is. 
 
The cost of one maintenance team for one time interval is what the costumer pays when the 
maintenance team is working without slack. It doesn’t mean that they have been working all their 
working time on the aircraft. The costumer only pays the time the personnel in the team are 
working with the overhaul. The team members are having meetings, educations and other activities 
under their time at work and that time is not paid directly by the costumer. The time the workshop 
team members actually are spending on the maintenance work per unit time at work is an important 
factor to find the right cost of the workshop team. The team size is also affecting the cost. A team 
with more members is costing more per calendar time unit than a team with fewer members. 
 
The size of a overhaul team and how many hours each technician are working with maintenance per 
calendar time is described in the next Chapter, 6.3 Throughput time. 
 
 
6.3 Throughput time 
The time an overhaul takes to carryout depends on what overhaul it is and if extra maintenance 
work are carried out on the aircraft during the overhaul, planned or unplanned. 
 
Depending on the type of overhaul, it is affecting the time it takes for undertaking maintenance 
tasks. If it is a TS1, it is planned to take a specific time. If the overhaul is a TS2, TS3 or TS4 then 
the expected time is different. It can be said that the TS1 to TS4 times are looping, so the time TS5 
takes is similar to the time for TS1 and TS2 is similar in time to TS6 and so on. 
 
The work that is done under an overhaul is the overhaul specific work and to that non overhaul 
specific works are added. The work of non overhaul specific works is mostly added, so it is not 
common that only overhaul specific works are carried out during the overhaul. The amount of non 
overhaul work added is changing greatly, sometimes there is little extra work and sometimes there 
are more. The amount of extra work is aircraft individual dependent. 
 
The parameter used in the model is only the time it takes to carryout just the overhaul specific work. 
The reason is that the extra work added is dependent on many different aspects and changing from 
time to time. By only considering the time it will take to carryout the overhaul specific work, the 
minimal workshop capacity can be found. 
 
There are no available data that say how long time in calendar time an overhaul takes when only 
overhaul specific tasks are done. Because mostly the extra works are added to an overhaul, it is not 
possible to use the data for how long time the overhaul takes based on previous overhauls. The time 
in calendar time an overhaul takes if only overhaul specific tasks are carried out needs to be 
determined. To determine the throughput time, it needs to be calculated from available data. 
 
The overhaul contains a number of work orders. The work orders have a specified working time it 
takes to do. By summarising the total working time it takes to do all the work orders for a specific 
overhaul a time in working time are then given for that specific overhaul. In the data system VD-
LIV, it has been calculated for all Gripen models that the Swedish Air Force is flying with. The 
total working time for each overhaul type is available. The time presented is a sum of the time it 
takes to do the overhaul tasks that all aircrafts are undergoing plus the time for the overhaul aircraft 
individual dependent work tasks. The value presented for the aircraft individual tasks in VD-LIV is 
the time it can take to do all the aircraft individual overhaul tasks, at an average half of that time is 
used due to the aircrafts configurations. So when using that time value from VD-LIV to calculate 
the throughput time, it has to be divided by 2 to get it representing the real situations. 
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Two parameters that needs to be known is the parameter of how many people are working in one 
overhaul team, because the more people there are in a team the faster a overhaul can be carried out. 
The other parameter are how long time each worker are working with the overhaul work per 
calendar time unit, this is needed because if the staff are doing many none overhaul activity under 
their working time, then the overhaul will take longer time to complete. There are no data available 
for these parameters. To be able to determine those parameters, three interviews were carried out. 
The questions were asked to one production leader for one of the workshops, two overhaul planners 
and a technician in one of the workshops. The answers were not exactly the same for all persons 
interviewed, but they were not far from each other. A medium value was determined from the 
answers. 
 
The time an overhaul takes in calendar time are calculated by taking the working time for each 
overhaul and divide that by the working time per calendar time for the overhaul team. The working 
time an overhaul team carries out per calendar time is the value of how many people there are in an 
overhaul team multiply with how much one technician works per calendar time unit. The equation 
(6.1) shows the formula. 
 
CT  = Calendar time for one overhaul. 
WT  = Working time for one overhaul. 
N  = Number of technicians per overhaul team. 

)/( CTWTW  = Working time per calendar time for one technician. 

 

)/( CTWTWN

WT
CT


                                                             (6.1) 

 
The calculation needs to be done for every overhaul type, like TS1, TS2, TS3 and so on. It also 
needs to be calculated for every aircraft model that is to be used in the model. The calendar time the 
overhaul takes is by this way determined. This value means that the whole overhaul team is 
working all the overhauling working time on the aircraft and when an aircraft have undergone an 
overhaul another aircraft is directly taken in, not before and not after the first aircraft is finished. 
These values are not directly representing the real world because in the end of the overhaul, tests 
are carried out and not all technicians are needed to do the tests. The above described calculation is 
only taken into account that during the whole overhaul every technician is working all the time with 
the aircraft. 
 
To find values that are representing the real world better, the above value needs to be adjusted with 
the extra calendar time the overhaul takes when it is assumed that the overhaul teams are working 
with two aircrafts at the start and at the end of every overhaul. To be able to do the calculations, the 
time when the two aircrafts are under overhaul at the same time needs to be known. From 
interviews carried out the calendar time when two aircrafts at an average are in the workshop could 
be determined. Figure 6.3.1 shows how the aircrafts are distributed for one overhaul team. 
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Figure 6.3.1. Overlapping, during the overhaul of two aircrafts simultaneously in the same overhaul team. 

 
 
The calculations to find the calendar throughput time for the overhaul when the aircrafts are 
overlapping each other in the workshop, is to take the original time calculated by equation (6.1) and 
add the average time there are two aircrafts at the overhaul team per overhaul. 
 

teamoverhaultheatareaircraftstwotimeAverageCTCT goverlappin             (6.2) 

 
The model is using the average value of the aircrafts expected overhaul throughput time. To find the 
average value of the whole fleet, the expected types of overhaul for every aircraft needs to be 
determined. The fleet size for all the aircrafts models is known and the next overhaul type for each 
aircraft is also known. If the model is to be run at start of the current time, the information can be 
found with exact precision. But if the model’s start time is in the future, then the expected 
distribution of next overhaul type needs to be estimated. 
 
It is impossible for the future cases to exactly find how many aircrafts that will undergo a specific 
overhaul type during the next overhaul due to many uncertainties. It is possible to estimate the 
values instead, to see how much each aircraft will fly in flight hours under the coming time until the 
start of the models start time by looking in the planned flight time outtake for the aircraft fleet. The 
expected flight time outtake can be assumed to be equal to every aircraft and therefore, it is possible 
to find how many flight hours each aircraft will have flown to the start point. With the knowledge 
of how many flight hours each aircraft estimated will have flown, it is simple to see what overhaul 
type the next will be because every overhaul is 200 flight hours from the previous. If an aircraft has 
flown for example; 634 flight hours, the next overhaul will be the 800 flight hours and the overhaul 
is known as TS4. 
 
By summarising the total time it will take to do the next overhaul for the whole fleet and divide by 
the number of aircrafts, the expected average throughput time that the overhauls will take are 
determined. 
 

Aircraft 1

Aircraft 2

         Aircraft  3

Individual aircrafts inside the workshop in one of the overhaul teams. 

Time 

1 
Aircraft 

2 1 2 1 
Aircrafts Aircraft Aircrafts Aircraft 
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6.4 Number of aircrafts per overhaul team 
The number of aircrafts per overhaul team is difficult to determine with an exact value. The real 
number of aircrafts per overhaul team can be fund by looking in the load plan, but it contains the 
overhaul with extra work included plus there are also aircrafts in the workshop that have no 
maintenance progress due to lack of spare parts or other reasons. The optimization to be done with 
the model does only include overhaul, where only overhaul work is done and no waiting time for 
aircrafts in the workshop. So the data that is available were chosen not to be used for that reasons. 
 
The selected method to determine the number of aircrafts per overhaul team was to determine how 
long time in calendar time there are two aircrafts in the workshop during one overhaul and with that 
information calculate the number of aircrafts one overhaul team have at an average. 
 
To find how long time before the end of an overhaul another aircraft is sent in to the overhaul team 
interviews were made, see chapter 6.3. The time is dependent on different factors, so the time is an 
estimate on how long time before the next aircraft enters the workshop. 
 
To calculate the number of aircrafts per overhaul team, the time it takes to do an overhaul when it is 
assumed that the aircrafts are overlapping each other in the workshop needs to be divided with the 
optimal overhaul time. The first time is the calendar time when there are sometimes more than one 
aircraft and the second is the calendar time it would take if the next aircraft was inserted directly 
after the first aircraft were finished. The first time is called CToverlapping and the second is called CT. 
In equation (6.1) and (6.2), it is shown how they are calculated. With the above description, the 
number of aircrafts per overhaul team is shown in equation (6.3). 
 

CT

CT
AT goverlappin                                                             (6.3) 

 
The number of aircrafts per overhaul team must be calculated for each overhaul type. This means 
that ATTS1, ATTS2, ATTS3 and so on, needs to be calculated for bout the C and D aircraft models. The 
number of aircrafts per overhaul team is therefore dependent on what overhaul type the aircrafts are 
undergoing. A list of how many aircrafts that will undergo a specific overhaul type on the next 
overhaul is needed. See chapter 6.3. The number of aircrafts per overhaul type needs to be 
multiplied with the corresponding ATTS. The sum of all the values is then divided by the total 
number of aircrafts. The result is then the average number of aircraft per overhaul team. 
 
 
6.5 Arrival rate, Lambda 
The lambda value is the incoming rate at which the aircrafts are flying out their flight hours before 
overhaul. The lambda value is the value that inserts new aircrafts to the model calculations for each 
new time interval. The lambda value is time dependent and most likely changing from time interval 
to the next time interval. 
 
The lambda value has a positive integer number. The number of aircrafts that are entering the 
overhaul system at a time interval is always more or equal to zero and it cannot come parts of an 
aircraft to the workshop and therefore it must be an integer number. 
 
The incoming rate is dependent of how much the total aircraft fleet is flying over a specific time 
period. By knowing the total number of flight hours the aircraft fleet will fly during the time period 
and by knowing the fixed flight time between overhauls, it can be calculated how many aircrafts 
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that are flying out their flight hours until the next overhaul during the time period. Equation (6.4) 
shows the above formulation in equation form. 
 

aircraftsN = Number of aircrafts that will fly out their flight hours until the next overhaul. 

fleetFH = Total flight time outtake for the whole aircraft fleet during the time period. 

DTK = Flight hours between overhaul 
 
 

DTK

FH
N fleet

aircrafts                                                              (6.4) 

 
The total number of aircrafts that will need overhaul is calculated with equation (6.4) and it will be 
needed when determine the lambda value. The model needs to have the lambda value presented as 
per time interval. To convert the total incoming number of aircrafts that will need overhaul during 
the time period to the incoming number of aircrafts that would need overhaul at one time interval 
are done by dividing the total number of incoming aircrafts to the overhaul system during the time 
period with the total number of time intervals in the time period.  
 
P  = Number of time intervals in the time period. 
  = Number of aircrafts that will fly out their flight hours until next overhaul per time interval. 
 

P

Naircrafts                                                               (6.5) 

 
The lambda value that equation (6.5) gives is the value that will be used to generate integer number 
of aircrafts. In order to have an integer number the lambda value for the first time interval will get 
the value of the integer number that are given from the overall lambda value from equation (6.5). 
The rest, if any exists is sent as a rest to the next time interval and the highest integer value there is 
also the lambda value for that time interval and the rest is sent as a rest to the next time interval. So 
it continues for every time intervals. Figure 6.5.1 shows a method on how to generate the integer 
number for the lambda value. 
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Figure 6.5.1. How the average lambda value can be converted into integer values for each time interval. 

 
 
6.6 Maximal number of aircrafts in queue 
The maximal number of aircrafts in the aircraft queue into the workshop for overhaul can be 
calculated in different ways. 
 
One way is to determine how many aircrafts that can be in the queue and still meet the required 
flight time production. The calculations needs to take into account the total number of aircrafts in 
the fleet and how much the required flight time production are set to. It is also needed to know how 
many aircrafts that needs to be available for flying each day to meet the requirements. The number 
of aircrafts that are assumed to be used by the industry or for test purposes needs also to be known. 
There is often aircrafts temporary put out of service for education purposes and that number of 
aircrafts are also needed to be known. The aircrafts left after this is the aircrafts that are available to 
undergo maintenance. The maintenance includes besides overhauls also modifications, checks and 
repairs. The number of these aircrafts has also to be known for the calculations. The aircrafts left 
are the aircrafts that are available for overhaul, ether to be in queue or to be in workshop and 
undergo maintenance. To get reliable information for all these affecting factors is difficult. 
 
Another problem with the above formulation on how to determine the maximal allowed number of 
aircraft in the queue is that when the cost parameter of queue is at some level lower than the cost 
parameter of workshop, then without the constrain of maximal queue length all aircrafts will stay in 
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the queue and no one will enter the workshop. If the constraint is added to the model, then the 
queue length in the above described case will never exceed the parameter value of maximal allowed 
number of aircrafts in queue. If the number of aircrafts allowed in the queue will be at a specific 
value, then the actual number of aircrafts in the queue by the model will always stay at a small but 
varies by distance from the limit. There can be many aircrafts to that limit that are waiting in the 
queue and it will lead to that many aircraft will stay in the queue all the time and cost money. 
 
Another way to determine the maximal allowed number of aircrafts in the queue is to set the 
parameter equal to the number of aircrafts each overhaul team at an average are working on plus the 
overhaul rate for one overhaul team multiplied with the time of one time interval. The time of one 
time interval is one. The whole equation of the suggested maximal allowed number of aircraft in 
queue can then be determined and is shown in equation (6.6). 
 

timeervaltinATnq  max,                                                (6.6) 

 
From equation (5.13), the overhaul rate can be determined as equation (6.7) when it is not time 
interval dependent. 
 

G

ATb 
                                                                 (6.7) 

 
Putting equation (6.7) in equation (6.6) gives equation (6.8) 
 

timeervaltin
G

ATb
ATnq 


max,                                           (6.8) 

     
Because, the overhaul rate are for this calculation stated for one overhaul team the value of b for 
this equation will always be one and is therefore not connected to the real number of overhaul teams 
bi at the current time interval. 
 
The reason why the equation is number of aircrafts per overhaul team plus the overhaul rate under 
one time interval is that each overhaul team can handle the number of aircrafts stated by the 
parameter number of aircrafts per overhaul team. The other part is the number of aircrafts in that 
team that have come out from the workshop at an average during the time interval and therefore 
needs to be added to see how many aircrafts the overhaul team totally can handle during one time 
interval. 
 
It is never economical to have many aircrafts in the queue. The shorter time the aircrafts is in the 
queue the cheaper it will be over time, but it can sometimes be cheaper to have a short queue 
instead of one extra overhaul team. 
 
If the number of aircrafts exceeds this suggested queue length limit, it will always in the real world 
be more cost effective to have one extra overhaul team instead. The problem when the cost 
parameter of queue is at some level lower than the cost parameter of workshop a number of aircrafts 
will always stay in the queue instead of being in workshop because the model are looking at one 
time interval at a time, but the extra cost presented in the objective function will be small compared 
to the other costs. The required number of overhaul teams may for one time interval be lower than it 
would have if the exact cost could be found but the required number of overhaul teams over time 
will be the same, because the cost function will compensate it at a later time interval when the 
outgoing rate doesn’t match the need.



 

 
Chapter 7 
 

7 Model Testing and Results 
 
 
This chapter contains how the model was build up in a computer program. This chapter also 
contains results for different cases and sensitivity analysis. 
 
 
7.1 The model in computer program 
To solve the model the computer program Microsoft Excel was used. The reason why Excel was 
chosen was because it is a spreadsheet program and the spreadsheets are easy to understand for new 
users. Another reason is that other programs that solves optimizations problem is not widely used, 
but most people have access to Excel  
 
The model was formulated in the first spreadsheet. All formulas needed were written down in cells. 
The first sheet was divided in four areas. The first area contains the values that are changing 
depending on the time interval and previous time interval, the next area contain the objective 
function, the third area contains the cells that contain the variables and equations, the last area is 
where the parameter values are presented except the parameter lambda with was in the first area 
because it is time interval dependent. The reason why the sheet is divided is to make it more easily 
understandable to new users. 
 
A fifth area was also added and it asks the user of the model if the macro run will take the aircraft in 
the overhaul system at the end of the time interval as if all capacity are used or if the unused 
capacity are to be taken into account. The option selection is done before running the macro. This 
option is only necessary to change when running the macro, because both results that can be 
obtained are shown after the use of the model. The selection is only needed for the macro to know 
what value the initial number of aircraft in the overhaul system it will need to take for the next time 
interval. 
 
The optimization function in Excel is called Solver in the English Excel version, the Swedish 
version where the model was built up in the function is called Problemlösaren. In the solver 
window, the objective function was defined as the cell in the worksheet that contains the equation 
for the objective function and it was chosen to be minimized. The model constrains is also added in 
this window by bound the cells values that was needed to be bounded. 
 
The parameters calculations was formulated in others sheets and the parameter cells in the first 
sheet where linked to the parameters sheets. This was done to separate the model with the parameter 
value determinations. 
 
When the model was constructed in Excel, test run was started to find flaws in the model by solving 
the model for just one time interval. The flaws were corrected and when the model was working as 
it should the next phase started. The next phase was to construct a script that calculated the model 
for a specified number of time intervals. 
 
The script was written with the macro program in Excel, where Basic is the programming language. 
The model was tested again to see if any remaining flaws existed now when the model is calculated 
many times. The results after the first test runs were first not possible, but after correcting the macro 
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result did come out with values that were satisfying. The result are given in a specific sheet in the 
Excel document were the macro are copying the values for each time interval from the sheet that 
contains the model to a sheet were the results are presented. 
 
Figure 7.1.1 shows the excel model that was constructed, it shows the first sheet. 
 

 
Figure 7.1.1. The model in the constructed Excel file. 

 
 
The time taking procedure to generate the lambda values by hand is not a time effective way to 
generate the lambda values. A macro that generates the lambda values automatically was 
constructed to make it both faster and easier for the user. 
 
 
7.2 For all cases 
To have a time reference, the model was for every case set to have 45 time intervals and one time 
interval is set to be one week. 45 weeks that is assumed to be one year excluding the weeks for 
summer vacations, Christmas and New Year. The initial number of aircrafts in the system was set to 
be 9 and it was set to that number after experience of what value it will mostly be at, from the test 
runs in earlier phase. During all runs of the model, the aircraft fleet includes the aircrafts flown by 
the Swedish, Czech and Hungarian Air Forces, meaning all aircrafts owned by the Swedish 
military. 
 
This first case is in the report called the reference. The values that determine the parameters are the 
actual values from the real world and for the values that are representing the future use of the 
aircraft fleet are assumptions on how the future will be. The fleets size will be set to the estimated 
size during the start of the time period the cases are to calculate, the time period is the whole year of 
2014. The assumed values of the future use of the aircraft fleet is not to be seen as how the future 
will turn out, it is to be seen as the expected use and the scenario may change for different reasons. 
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7.3 Reference case 
The reference case is as described in chapter 7.2, the case with the real world data that is known 
today. 
 
The case is taken into account that all overhaul capacity are used to overhaul even if there are slack 
in the workshop. If slack occurs then there will be unused overhaul capacity and that capacity is 
here sent to another overhaul team, so they work faster or the unused overhaul capacity is used on 
other maintenance work in the workshop and at a later stage the same capacity is taken from the 
other maintenance teams to overhaul work. 
 
The reference case gives as shown in figure 7.3.1 the outgoing rate from the workshop, the 
incoming rate to the workshop in the figure is the lambda values generated by the lambda 
generating macro. The outgoing rate doesn’t change much and is directly affected to the number of 
overhaul teams in the workshop. Over time, the total number of aircrafts in the overhaul system will 
be of around the same number. 
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Figure 7.3.1. The incoming and outgoing rate in the reference case. 

 
 
The cumulative representation of the values in figure 7.3.1 is shown in figure 7.3.2. The cumulative 
means that the value for each time interval is the total number of aircrafts that have entered or exit 
the overhaul system since the start of the time period. 
 
To have a cost optimal case, the distance between the incoming rate and the outgoing rate should be 
as small as possible. If the outgoing rate is lower than the incoming rate, then there will be queue 
into the workshop and it costs money. If the outgoing rate is higher than the incoming rate, then 
there is overcapacity in the workshop and the unused workshop capacity costs money. As figure 
7.3.2 shows, the both rates are close to each other and the cost of unused capacity and aircrafts can 
therefore be at a minimum. The initial number of aircrafts needs to be set to the average under a 
time period. If not, then the two curves will split out from each other when the model adjusts the 
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total number of aircrafts in the overhaul system. The model adjusts this by increase or decrease the 
outgoing rate. 
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Figure 7.3.2. The cumulative incoming and outgoing rate in the reference case. 

 
 
By testing the cost function with different values of overhaul teams for every time interval and 
summaries the results to an average result for all time intervals, cost values are obtained for all 
tested time intervals. The obtained cost is the workshop capacity cost, queue cost and the total cost. 
This cost graph is representing the average time interval and can only be seen as the cost for one 
time interval. The outgoing rate of aircrafts from the workshop is directly linked with the number of 
overhaul teams. If the number of overhaul teams which gives the lowest cost is selected, then for 
the next time interval the queue can ether have increased or decreased depending on the selected 
number of overhaul teams and the lambda value. The selected number of overhaul teams will ether 
give a small overcapacity or lack of capacity, it can be assumed that the selected number of 
overhaul teams will never give the exact maintenance capacity required even if it is theoretically 
possible. 
 
The result from the reference case can be seen in figure 7.3.3. The lowest cost will be achieved 
when seven overhauls teams are selected. Note that the number in the x-axis is a reference number 
when testing the values in the model, the real number of overhaul teams is the number in the x-axis 
minus 1. So where the x-axis has the value 1 the number of overhaul teams will be 0. 
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Figure 7.3.3. The total cost graph in the reference case. 

 
 
If all the optimal number of overhaul teams calculated by the model for all time intervals, the 
average optimal number of overhaul teams will in this run be 7.067. This means that for almost 
every time interval it needs to be 7 overhaul teams, but the queue will increase slowly and the 
needed number of overhaul teams will increase to 8 at some time intervals to lower the queue 
length. 
 
This means that the figure 7.3.3 seams to show the same result. The most cost effective number of 
overhaul teams will be 7, but there will exist a queue because there is a cost of the queue. If 8 
overhaul teams is selected the queue will probably decrease at some rate, because there are no 
queuing cost when there are 8 overhaul teams. 
 
 
7.4 Case with slack consideration 
If the reference case is calculated again but instead of taking into consideration that the whole 
maintenance capacity will be used, the overcapacity in this second case will not be used. 
 
Figure 7.4.1 shows the overhaul system incoming and outgoing rate for each time interval. The 
graph is similar to the graph in figure 7.3.1, but there are some smaller differences. The values for 
the incoming rate are the same, because the incoming rate is the same for both cases. 
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Figure 7.4.1. The incoming and outgoing rate in the second case. 

 
 
The cumulative graph for this case can be seen in figure 7.4.2 and is similar to the results from the 
reference case, where the graph of that run can be seen in figure 7.3.2. The yellow line that is called 
“Extra” represents the actual overhaul capacity in the workshop. The outgoing rate is almost the 
same as in the reference case. The total distance between the used capacity and the total capacity is 
the total unused overhaul capacity from the start of the time period. This yellow line is only shown 
when the overhaul capacity is not the same as the used overhaul capacity, if the capacity are used as 
in the reference case then the two lines are equal to each other. 
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Figure 7.4.2. The cumulative incoming and outgoing rate in the second case. 
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The cost graph for different number of overhaul teams can be seen in figure 7.4.3. The cost graph is 
also slightly different from the graph from the reference case which can be seen in figure 7.3.3. The 
cost optimal number of overhaul teams for an average time interval is the same as in the reference 
case, but the cost changes to the nearest alternative number of overhaul teams is different. The cost 
difference from 7 to 6 teams is higher, but the cost difference between 7 to 8 teams is lower than in 
the reference case. This indicates that the total number of required overhaul teams over time have 
increased compared to the reference case. This is also shown by looking into the average number of 
overhaul teams for every time interval. The average value of the number of overhaul teams is in this 
case 7.267. 
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Figure 7.4.3. The total cost graph in the second case. 

 
 
7.5 Sensitivity analysis 
From the cost graph, the cost optimal number of overhaul teams for an average time interval can be 
found. The number of overhaul teams that gives the lowest cost is where the cost graph is at its 
lowest point. If the cost of one aircraft in queue is at some level lower than the cost of one overhaul 
team, then the cost graph can’t be used by taking the lowest point on the total cost line. Figure 7.5.1 
shows four cases with different values of the queue cost parameter. 
 
The tested values of the queue cost parameter are. 
 

• Case (1) = The queue cost parameter are as in the reference case. 
• Case (2) = The queue cost parameter is set to be equal to the workshop cost parameter. 
• Case (3) = The queue cost parameter is the workshop cost parameter divided by the 

number of aircrafts per overhaul team parameter plus the outgoing rate for one overhaul 
team. 

• Case (4) = The queue cost parameter is the same as in cost case (3) but divided by 2. 
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Figure 7.5.1. The total cost for different values of the queue cost parameter. 

 
 
Note that the curves in figure 7.5.1 are the total cost of both the queue and the workshop.   
 
For both cost curve (1) and (2), the most cost optimal number of overhaul teams at an average time 
interval can be determined directly from the lowest point on each curve. If the same method is used 
to determine the most cost optimal number of overhaul teams when the queue cost parameter have 
the same value as described in case (3), the result will not be true. This mean that in case (3), the 
most cost optimal number of overhaul teams can be chosen from any of the points in the lower 
yellow straight line. If the case (4) will be used with the same method, the most cost optimal 
number of overhaul teams will be zero. So the method is not possible to use here ether. 
 
This phenomenon is the reason why the constraint maximal allowed number of aircrafts in the 
queue is needed. If this constraint is not added to the model, the model will work fine until the 
queue cost parameter sets to the value in case 3 or lower. So, if this constraint is not added, no 
aircrafts will be sent to the workshop, instead will they stay in the queue. The figure 7.5.1 shows 
this in a graph. The constraint will limit the queue and therefore, the solutions values from the 
solved model will not have zero overhaul teams. This graph shows the total cost for different 
numbers of overhaul teams for one average time interval, it doesn’t show the cost for the coming 
time intervals. 
 
If the workshop cost parameter is to be changed instead of the queue cost parameter the results are 
similar, but the values are different. 
 
How will the maximal allowed number of aircrafts in queue parameter change the result, if it has 
another value? The reason why the constraint that limits the queue length is used in the model is 
because the model can start giving non-realistic results, if it is not used. To see how it affects, 
different cases were tested. Compared with the reference case, the first parameter changed is the 
cost of queue parameter and that is because the parameter will only give interesting results when the 
queue cost parameter is at some level lower than the workshop cost parameter. The queue cost 
parameter is fixed for all cases, where the maximal allowed number of aircraft in queue parameter 
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is tested. The other parameter changed is the maximal allowed number of aircrafts in queue and is 
changed for every case. 
 
The queue cost parameter is set to be the same as in case (4) in figure 7.5.1. 
 
What the maximal allowed number of aircrafts in queue parameter value was set to for each case is 
described below. 
 

• Case (1) = Same as in case (4) in figure 7.5.1. Equal to number of aircraft per overhaul 
team plus the repair rate of one overhaul team. In this case it was 1,47. 

• Case (2) = 5 
• Case (3) = 10 
• Case (4) = 0, meaning no queue is allowed. 
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Figure 7.5.2. The total cost for different values of maximal allowed number of aircraft in queue parameter. 

 
 
Figure 7.5.2 shows the total cost functions for the above cases. As can be seen from the figure there 
can be queuing cost in this figure even if no queue are allowed, this can be seen by the total cost 
when there are no queue allowed and when there are no overhaul teams. This value is the first value 
from the left for case (4). Why this can occur is because the cost graph are not created form the 
solved values, it is created by testing the model by changing the variable number of overhaul teams 
between each solved time interval. The graph is to be seen as what it will be if all aircrafts in the 
overhaul system are sent to the queue, even those that may be in the workshop. This violate one 
constrain, but it is necessary to show how the cost are at an average for one time interval with 
different number of overhaul teams. 
 
What will happen if all parameters are to set be the same, but the number of aircrafts per overhaul 
team is changed? The parameter was changed to see the cost results for different cases. The 
parameter maximal allowed number of aircrafts in queue was automatically changed, but that 
parameter value is not affecting the result. This due to the queueing cost parameter is high enough 
compared to the workshop cost parameter for the parameter value to have any influence on the 
result. 
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Three cases were studied. 
 

• Case (1) = Same as in the reference case.  1.811 
• Case (2) = 1 
• Case (3) = 2 
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Figure 7.5.3. The total cost for different values of number of aircraft per overhaul team parameter. 

 
 
Figure 7.5.3 shows the results. The total cost is set to be higher, if the number of aircrafts per 
overhaul team is decreased and the needed number of needed overhaul teams will increase. If the 
number of aircrafts per overhaul team increases the total cost will decrease and the number of 
needed overhaul teams will decrease. 
 
The parameters, number of aircrafts per overhaul team and the throughput time parameter are 
affecting each other. In the above test the number of aircrafts per overhaul team was changed, but 
the throughput time was set fixed. What will happen if the throughput time is to be varied and the 
parameter number of aircrafts per overhaul team is set to be fixed? 
 
To determine that, totally three cases was tested. 
 

• Case (1) = Same as in the reference case.  4.078 
• Case (2) = 2 
• Case (3) = 6 
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Figure 7.5.4. The total cost for different values of the throughput time parameter. 

 
 
As can be seen in figure 7.5.4, the cost and needed number of overhaul teams will increase, when 
the throughout time will increase and they decreases when the throughput time decreases. 
 
The incoming rate can also affect the result. The incoming rate for the reference case was generated 
by the method described in chapter 6.5. No one knows exactly how the incoming rate will be in the 
future for one time interval. By the given data, it is calculated that the incoming rate for year 2014 
will be 2.06 at an average for each time interval. What the result will be if the average incoming 
rate is set to be the lambda value for every time interval is interesting to see. Another interesting 
case is to see how will the results be if the incoming rate are higher in the start of the year and 
successive be lowered for some reason, but the total number of aircrafts incoming to the overhaul 
system under the year is still the same. 
 
The lambda values for each case are determined as described below. 
 

• Case (1) The same as in the reference case. 
• Case (2) = 2.06 for every lambda values. 
• Case (3) = Starts with 4 in the start of the time period and ends with 1. Exact values can 

be seen in figure 7.5.5. 
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Figure 7.5.5. The incoming and outgoing rate for two different lambda values cases. 

 
 
From figure 7.5.5, it can be seen for case (2) and (3), how the outgoing rate is adjusted to the 
incoming rate. The incoming and outgoing curves for case (1) can be seen in figure 7.3.1. 
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Figure 7.5.6. The total cost for different lambda values cases. 

 
 
Figure 7.5.6 shows the total cost for the different cases. From the graph it seems that case (2) and 
Case (3) have the same cost value for zero overhaul teams, but there is a small change. The reason 
why there are changes in cost from the three cases are because the length of the queue has been set 
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to different values, when the model was solved for every case. The distance between the lines in 
queue cost is small and there will be changes here. 
 
The results for case (1) and case (2) will be as shown similar to each other. Case (3) are different 
and that because the most optimal number of overhaul teams will for each time interval vary a lot 
under the time period. This will result in a more smoothen curve. For this case, it is best to look at 
the most optimal number of overhaul teams for each time interval calculated by the model in order 
to adjust the capacity after the change in the need.



 

Chapter 8 
 

8 Discussions and Conclusions 
________________________________________________________________________ 
 
 
This chapter contains discussions of the thesis work and conclusions that can be made. In the end of 
the chapter suggestions of future work are given. 
 
 
8.1 Discussions 
It is important to have the right maintenance capacity in order to have as low cost as possible and 
still meet the needed aircraft availability. The overhaul capacity is a part of the total maintenance 
capacity. Thus finding the right overhaul capacity for the future is important. The capacity decisions 
are to be made at some point. 
 
To be able to construct the decision support tool, the overhaul maintenance activities needed to be 
studied. The maintenance activity has in this report been constructed to overhauls for the Gripen 
aircraft in the Swedish Air Force. In the AMP it is stated clearly when the aircrafts have to undergo 
overhauls. The planning of the coming overhaul starts at an early stage and different tools are used 
as the wear curve as a help in the planning of the usage of the aircrafts. There are two types of 
places were the overhauls are carried out and that is the workshops and at the squadrons, were the 
squadrons can be used to moderate the negative effects of variations in arrival rate to the workshop. 
Even though, problems of queue and slack occur. 
 
There are many parameters that affect the overhauls. There are some parameters in the model, but 
they are calculated from other parameters. There have been many parameters used to determine the 
parameter values for the model calculations and they are described in the report. The values of the 
parameters are important to be reliable so the result from the model also can be reliable. It is 
therefore crucial to find the right method to calculate the parameters and find reliable data to base 
the calculations on. 
 
The decision support tool was formulated as an optimization model. There are many ways to 
calculate the needed capacity, but doing an optimization model was selected because it gives a 
description of how the real world works and it can easily lead to the best cost alternative. It is 
important that the model is not taking over the decisions. The decision on what the needed capacity 
will be still lies with the decision makers. The model is to be seen as a supporting tool for the 
decision makers. 
 
It is also easy to find new results when the parameters are changing and se how the cost and 
resources need will be with different scenarios so it is also possible to optimize the parameter 
values. 
 
The two cases presented in the report are to be seen as a scenario of the future form the today 
known plan, not as the true outcome. The parameter values will probably change in the future due 
to changes in flight time usage and aircrafts modification status. 
 
 
8.2 Conclusions 
An optimization model have been formulated and tested to find the needed overhaul capacity of the 
workshop for the Swedish Air Force. The model is a supporting tool for the decision makers. 
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The model is also possible to use on other places where the maintenance activities are similar. 
 
 
8.3 Suggestions for future work 
It is of interest that the incoming rate of aircrafts into the workshop for overhaul is coming with not 
too big variation. If there are too big variation, the capacity that have been determined can 
sometimes be too big when no aircrafts are entering the workshop and too low at a later stage when 
too many aircraft are coming to the overhaul. The suggestion of future work is to find a way to 
optimize the incoming rate of aircrafts that needs overhaul to the workshops. 
 
The problem with the replaceable units has been studied earlier, but there is still a need for 
improvements in the availability to the replaceable units. The suggestion here is to study the 
previous works done in this topic and give suggestions of how the availability can be improved. 
 
During the overhaul, there is more maintenance done than just the overhaul itself. In this thesis 
work, a decision support tool has been constructed to help and determine the need for just the 
overhaul tasks under an overhaul. The suggestion here is to find a way to determine the extra 
capacity needed for the modifications, repairs other maintenance work carried out during the 
overhaul.



 

Chapter 9 
 

9 References 
 
 
This chapter contains the references. The chapter is divided into two subchapters internal and 
external. The internal reference chapter contains references to documents within the Swedish 
military and the external references are books and articles available outside the Swedish military. 
 
 
9.1 Intern References 
Försvarsmakten. (2006). Handbok driftsäkerhet. Stockholm: EDITA. 
 
SAAB. (2009). DUP-JAS AMP02 J3-S3627-SE021-00. (23. ed.) Linköping: SAAB. A/C 39 Se, 
M7771-250233. 
 
 
9.2 Extern References 
Bergman B., Klefsjö B. (1996). Tillförlitlighet. (1. ed.) Luleå: Luleå tekniska universitet. 
 
Breierova, L., Choudhari, M. (2001). An Introduction to Sensitivity Analysis. Received 2010-02-22 
from World Wide Web: http://sysdyn.clexchange.org/sdep/Roadmaps/RM8/D-4526-2.pdf 
 
Candell, C., Karim, R., & Söderholm, P. (2009). eMaintenance: Information logistics for 
maintenance support. Robotics and Computer-Integrated Manufaturing, 25(6), 937-944. 
doi:10.1016/j.rcim.2009.04.005  
 
Frontline Systems Inc. (2009). High Productivity Modeling with MATLAB®. Frontline Systems 
Inc. Retrieved 2010-02-22 from the World Wide Web: http://www.solver.com/matlabsdk.htm 
 
Haghani, A., & Sriram, C. (2003). An optimization model for aircraft maintenance scheduling and 
reassignment . Transportation Research Part A, 37(1), 29-48. doi:10.1016/S0965-8564(02)00004-6  
 
Hahn, R.A., & Newman, A.M. (2006). Scheduling United States Cost Guard helicopter deployment 
and maintenance at Clearwater Air Station, Florida. Computers & Operations Research, 35(6), 
1829-1843. doi:10.1016/j.cor.2006.09.015 
 
Helgesson L., Nissen, A., Kumar U. (2006). Driftsäkerhet och underhåll. (4. ed.) Luleå: Luleå 
tekniska universitet. 
 
Hillier, F.S. & Lieberman, G.J. (2005). Introduction to operations research. (8. ed.) Boston: 
McGraw-Hill. 
 
IEV 191-07-01 (2001). Dependability and Quality of Service/Maintenance. International 
Electrotechnical Vocabulary (IEV). Online Database. Retrieved 2010-04-27 from the World Wide 
Web: http://std.iec.ch/iec60050 
 
Johansson, K.E. (1997). Driftsäkerhet och underhåll. (2. ed.) Lund: Studentlitteratur. 
 
Nilsson, K,. Nyberg, M. (2004). Logistik i det nätverksbaserade försvaret. (2. ed.) Arboga: 
Aerotech Telub AB. 

47 

http://sysdyn.clexchange.org/sdep/Roadmaps/RM8/D-4526-2.pdf
http://dx.doi.org.proxy.lib.ltu.se/10.1016/j.rcim.2009.04.005
http://www.solver.com/matlabsdk.htm
http://dx.doi.org.proxy.lib.ltu.se/10.1016/S0965-8564(02)00004-6
http://dx.doi.org.proxy.lib.ltu.se/10.1016/j.cor.2006.09.015
http://std.iec.ch/iec60050


References 
 

48 

 
Phillips, D.T., Ravindran, A.,  & Solberg, J.J.  (1976).  Operations research: principles and practice. 
New York: Wiley. 
 
Taha, H.A.  (2007).  Operations research: an introduction. (8. ed.) Upper Saddle River, N.J.: 
Pearson/Prentice Hall. 
 


	1 Introduction
	1.1 Background
	1.2 Problem statement
	1.3 Purpose
	1.4 Questions
	1.5 Goal
	1.6 Scope and limitations

	2 Literature Study
	2.1 Introduction to Operations Research
	2.2 A model’s relation to the real world
	2.3 The components in the decision model
	2.4 Computer software for solving operations research models
	2.5 Solution from the model
	2.6 Model verification
	2.7 Sensitivity analysis
	2.8 Maintenance
	2.9 Availability
	2.10 Relevant researches in this area

	3 Methodology
	3.1 Work process
	3.2 Understanding of the maintenance activities for the Gripen aircraft
	3.3 Literature study
	3.4 Model development
	3.5 Data collection
	3.6 Report writing

	4 Maintenance Work
	4.1 Overview of aircraft maintenance activities
	4.2 Overhauls
	4.3 Services
	4.4 Overhaul facilities
	4.5 Wear curve 
	4.6 Overhaul planning
	4.7 Problems of changed plan
	4.8 Other countries

	5 Model Formulation
	5.1 Explanations before the model formulation
	5.2 Variables
	5.3 Parameters
	5.4 Objective function
	5.5 Repair rate
	5.6 Slack and queue
	5.7 Number of aircrafts in queue
	5.8 Number of overhaul teams
	5.9 Length of time interval
	5.10 Number of aircrafts at the end of the time interval
	5.11 Outgoing rate
	5.12 Summery of the model

	6 Determining the Parameters Value
	6.1 Cost of queue
	6.2 Cost of workshop capacity
	6.3 Throughput time
	6.4 Number of aircrafts per overhaul team
	6.5 Arrival rate, Lambda
	6.6 Maximal number of aircrafts in queue

	7 Model Testing and Results
	7.1 The model in computer program
	7.2 For all cases
	7.3 Reference case
	7.4 Case with slack consideration
	7.5 Sensitivity analysis

	8 Discussions and Conclusions
	8.1 Discussions
	8.2 Conclusions
	8.3 Suggestions for future work

	9 References
	9.1 Intern References
	9.2 Extern References


