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ABSTRACT 
This paper presents an approach to determine the optimal aircraft 
overhaul capacity in the workshops for an aircraft fleet. The 
aircraft fleet contains one aircraft type with different models of 
that type. A mathematical model has been constructed to calculate 
the lowest cost alternative. 

 

The mathematical model uses various types of data to calculate 
the optimal workshop overhaul capacity like costs, times, 
numbers of workers, aircrafts used flight time etc. the paper 
presents one case study carried out representing a future coming 
need. Parts of the sensitivity analysis are given to show the 
models behaviour. The objective of this paper is to introduce a 
model that can be used as a decision helping tool for the decision 
makers when determine the future needed aircraft overhaul 
capacity in the workshops. The model can be a part of the e-
maintenance platform. 
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1. INTRODUCTION 
The maintenance for the aircrafts is planned and undertaken to 
carryout different tasks after periodical flying hours, periodical 
cycles, periodical calendar time or as the situation demands after 
inspection or diagnostics. The overhauls are a bigger maintenance 
action and are carried out when the aircraft reaches specific flying 
hours flown. Workshops are carrying out the overhauls and the 
capacity of in the workshops is in economic aspect important to 
match the needed capacity. The needed overhaul capacity needs 
to be predetermined so the workshops have the right capacity in 
the future. Support tools that can be used by the decision makers 
to determine the needed capacity will help the decision makers. 
Iung et al. (2008) state that the e-technologies starts to play a 
crucial role to support maintenance decision-making. It is 
important to have the “right information in right formats and from 
to right person in right time” Kumar & Parida (2004). 

This paper present a work carried out on one of the Swedish Air 
Force wings. The work has been focused on the total needed 
overhaul of all JAS 39 Gripen aircrafts owned by the Swedish 
military. During the overhauls other maintenance tasks as repairs 

and modifications are carried out, this paper are only looking into 
the needed capacity for the overhaul tasks under the overhauls. 
The overhauls are carried out at every 200 flight hours, allowed 
flight time interval when the aircraft can come for overhaul is ± 5 
flight hours. 

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 but it is possible to calculate what the 
expected need will be. 

This paper presents a mathematical model that the decision 
makers can use for their decisions on what capacity the 
workshops should have to meet the overhaul need for the aircraft 
fleet in the future. The model can be used in a computer program 
and be a part of the e-maintenance platform. E-maintenance 
platform is sometimes considered as a software platform, a 
hardware/software platform or a full platform integrating also 
physical process and integration with enterprise tools Erbe et al. 
(2009).  

Researchers Sherbrooke (1971) and Dandotiya et al. (2008), has 
developed the model for taking optimum maintenance of Line 
Replaceable Units (LRU). Jardine, A. K. S. (1973) has discussed 
the various cost optimization models for repairable and 
replaceable components. Dandotiya et al. (2008) has minimized 
the total cost of repair and replacement while considering 
constrained resource and cost of replacement. 

Hahn & Newman (2006) have developed a mathematical 
deployment scheduling program based on an optimization model 
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 & Sriram (2003) have constructed an optimization model 
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. 

In the present paper the authors is optimizing the maintenance 
resources in order minimize the total cost.  
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2. PARAMETERS INFLUENCING BASE 
REPAIR 
Overhauls can be carried out not only at the main workshops but 
also at smaller maintenance places. To simplify in this paper only 
the workshops are assumed to carries out overhauls.  

Inside the workshops there are a number of maintenance teams. 
One type of team is the overhaul teams. They mostly undertake 
the overhauls works. Other teams are doing the other maintenance 
work that is carried out in the workshops.  

There are many parameters affecting the maintenance work and 
they are affected by other parameters. The parameters are not 
only interesting to know for the calculation but also to highlight 
areas that can be improved. 

The overhaul system is a short term used in this paper for the 
workshop overhaul facility plus the overhaul queue. 

2.1 Cost of queue  
The cost of the queue is the cost of having aircrafts waiting in the 
queue to come into the overhaul system. The cost of aircrafts in 
the queue can be calculated in many different ways. The selected 
cost used in this study was the depreciation cost of the aircrafts. 
The cost is only the depreciation cost for the time the aircraft is 
inside the queue. 

2.2 Cost of workshop capacity 
The overhaul capacity of the workshops is determined by the 
number of overhaul teams there are inside the workshops and how 
much each team can work per calendar time unit. In this study the 
owner of the aircrafts are the same as the owner of the workshops. 
The cost can be the cost the workshops are charging the 
department that owns the aircrafts. The charged cost depends on 
how many hours the team has spent on the aircraft and the cost 
per spent time per aircraft technician. The more technicians there 
are per overhaul team the more the each team will cost but the 
throughput time for the overhaul will get lower. 

2.3 Throughput time 
The time an overhaul takes to carryout depends on the overhaul 
tasks that is to be carried out on that specific overhaul and if extra 
maintenance work are carried out on the aircraft during the 
overhaul, planned or unplanned. The extra works can be 
modifications, repairs and component change of replaceable units 
that are maintained separately. The presented model in this paper 
is taking the average throughput time for aircraft fleet, it is also 
assuming that no extra work is added to the overhaul just the 
overhaul task included in the specific overhaul is considered.  

Because the throughput time is affected on what specific overhaul 
the aircraft are to undergo the present flight time used by every 
aircrafts in the fleet needs to be known. 

There are problems to achieve data on how long time the clean 
overhauls takes because almost at every overhaul extra work has 
been added to the overhaul. Data on the expected working time 
for every specific overhaul was available for this study and from 
the teams size the expected calendar time it will take was 
calculated. 

There are also in the end of the overhauls less work left to do so 
some technicians are not required, they can start overhauling the 
next aircraft. The effect of these needs is to be taking into 
consideration because it can effect the throughput time.  

2.4 Number of aircrafts per overhaul team 
As stated earlier, there are at the end of the overhaul coming in 
another aircraft to the overhaul team. This means that there are 
sometimes two aircrafts in one overhaul team. The model in this 
paper needs the average value of the number of aircrafts per 
overhaul team to compensate to the increase in the throughput 
time when this happens. This parameter is also needed to have the 
right dimension in the expression in the model. 

The average number of aircrafts per overhaul team is affected on 
the throughput time so even here the flight time status for each 
aircraft in the fleet needs to be known. 

2.5 Arrival rate, Lambda 
The arrival rate to the queue or workshop is in this paper also 
known as 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 arrival rate is the rate that the aircrafts arrives 
and there cannot come a half aircraft or other non integer number 
of aircrafts so the lambda value needs to be set as to be integer. 

The arrival rate is affected on the fleet size and how much the 
whole fleet will fly during the time period that is to be considered. 
The arrival rate is also affected if there is some period that the 
aircraft fleet will fly more and fly less another time. 

This is an important parameter in the presented model but it is 
difficult to find, the parameter needs to be assumed based on 
earlier stated parameters. A self lambda generating program can 
help giving the values based on affecting parameters, such 
program can save time when the lambda values needs to be 
determined. How the actual flight activity are carried out are 
affected by many things and can change from the planned activity 
so the lambda values are to be the expected incoming rate. 

3. MODEL FORMULATION 
The capacity of the workshops is cost related because the lower 
the cost can be the more money can be spent on other things, but 
the maintenance requirements most still be meet. Aircrafts 
standing in queue will increase the cost but also unused workshop 
capacity is costing money. To find the capacity that gives the 
lowest cost a mathematical model has been constructed. The 
model simulates the workshops overhaul work for a time period 
containing a number of time intervals and optimizes the 
workshops capacity that gives the lowest cost. 

To simplify the model, all workshops are treated as one big 
workshop in the model. This doesn’t affect the result because the 
aircrafts are not bounded to be overhauled at a specific workshop. 
A predetermined load plan states where the aircrafts are to be 
overhauled but that plan can be changed and aircrafts can be 
redirected to other workshops if needed. 
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3.1 Variables 
iqn ,
= Number of aircrafts in queue at time interval i. 

isn ,
= Number of aircrafts in the queue and workshop in the 

beginning of time interval i. 

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

iμ = Outgoing rate of overhauled aircrafts from workshop at time 

interval i. 

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

3.2 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. 

iλ = Number of aircrafts coming into the overhaul system at time 

interval i. 

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

3.3 Objective function 
In order to reduce the total cost of maintenance, the maintenance 
must be cost and resource effective and optimally utilised. As in 
maintenance costs and resource utilization a number of 
parameters and stakeholders are involved, a balance must be 
found to minimize the total maintenance cost. The total cost for 
the overhaul is the cost when aircrafts is in queue waiting for 
overhaul plus the cost of the maintenance resources utilised in the 
workshop. 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 overhaul 
need. The total cost (TC) for the overhaul during a time period 
having k time intervals can be expressed as. 

∑
=

⋅+⋅=
k

i
iriqq bCnCTC

1
,

    (1) 

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 are handling gives the number of 
overhaul teams that is needed in the workshop at a specific time 
interval. 

AT

G
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i

⋅
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The aircrafts in the queue is the aircrafts that are inside the 
overhaul system but where overhaul have not been started. 
Overhaul system includes the aircrafts undergoing overhaul plus 

the aircrafts 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 overhaul workshop multiplied with the time it takes to 
overhaul one aircraft. 

Gnn iisiq ⋅−= μ,,
     (3) 

The objective function as it is stated in equation (1) can be 
rewritten by change the number of aircrafts in the queue and the 
number of overhaul teams with equation (2) and (3). 
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If no queue exists, the queue value can take negative values. 
When the queue value are 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 (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 

iy  is 

multiplied to the queue cost function. The variable 
iy  takes the 

value one if queue exist and the queue cost multiplied with one is 
the queue cost. If the queue does not exist then 

iy  takes the value 

zero and the queue cost multiplied with zero is zero so the queue 
cost when no queue exist is always zero. Equation (5) shows the 
final objective function. 
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Objective functions can ether 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 
things. The optimal cost is the lowest cost that satisfies the user or 
owner requirements. The cost function is therefore to be 
minimized. 

3.4 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. 

isi n ,≤μ       (6) 

Because the time taken 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 and therefore 
the incoming rate are not added to the constrain. This requires that 
the time intervals needs to be smaller than the throughput time for 
the overhauls. 

3.5 Slack and queue 
To have the variable y take the right value two constrains are 
needed. With the two constrains below and by define y as an 
integer value with lower value bound to zero and upper value 
bound to one, the y variable will get the value zero when there are  
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slack inside the workshop and the value one when there are queue 
into the workshop. 

iqiiq nyn ,, ≥⋅      (7) 

0, ≥⋅ iiq yn      (8) 

If the queue value is zero the value of y can be either zero or one 
but that doesn’t affect the result in the objective function because 
the y value is then multiplied with the value zero and that will 
always be zero. 

3.6 Number of aircraft in queue 
The queue is optimal set to as low as possible, 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. When the queue cost parameter is set to a certain 
level lower than the workshop cost parameter it will be in the 
model cheapest to have all aircrafts in queue and none in the 
workshop undergoing overhaul. To make the model not having a 
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 maximal length is filled the aircrafts 
exceeding the maximal allowed queue length are sent to the 
workshop. 

max,, qiq nn ≤      (9) 

3.7 Overhaul teams 
The need of overhaul teams is calculated. The model needs to 
have a constrain that make the number of overhaul teams be 
positive number and not take negative values. 

0≥ib       (10) 

3.8 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. 

3.9 Number of aircrafts at the end of the time 
interval 
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. 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.  

iiiisendis nnn μλ −+== +1,,,
    (11) 

3.10 Outgoing rate 
The outgoing rate from the overhaul system will be changing 
between the time intervals. The outgoing rate are in the model 
calculated by the number of overhaul teams multiplied with the 
number of aircrafts per overhaul team and all that divided by the 
throughput time. 

G

ATbi
i

⋅
=μ      (12) 

3.11 Summery of the model 
To summery the model shortly the models final objective function 
and the constrains needed are given. 

Objective function: 

Minimize ∑
=

⋅
⋅+⋅⋅−⋅=

k

i

i
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G
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μ  

Constraints: 

isi n ,≤μ  

iqiiq nyn ,, ≥⋅  

0, ≥⋅ iiq yn  

max,, qiq nn ≤  

0≥ib  

4. MODEL TESTING AND RESULTS 
In order to present some outputs from the model one case study 
are presented. After a mathematical model has been created it 
needs to be tested. Sensitivity analysis is used in models to see 
how sensitive the model is to parameter value changes and to 
changes in the model structure. 

4.1 Case study 
The number of time intervals in the time period the model was run 
with was 45, every time intervals time was set to be one week 
long, this represents one year in the case study. The rest of the 
weeks are weeks when it can be assumed that no flying or 
maintenance is carried out. The case is presenting a future need 
for one whole calendar year. The initial flight time used for the 
every aircraft in the fleet have been estimated upon the present 
flight time status of the aircrafts and added with the assumed 
coming flight time outtake to the start of the time period the 
model simulate. 

The outgoing rate is adjusting to the incoming rate. The outgoing 
rate is directly affected by the number of overhaul teams in the 
workshop. The variation of the outgoing rate is small compared 
with the variation of the incoming rate. 
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Figure 1. Time interval Vs number of aircrafts coming in or 
out from the overhaul system. Time horizon is one year. 

As seen in figure 1 the incoming rate and the outgoing rate are not 
the same for each time interval but as seen in figure 2 over time 
the number of aircrafts that have come into the overhaul system 
are matching the aircrafts that have come out from the overhaul 
system. 
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Figure 2. Time interval Vs cumulative number of aircrafts 
coming in or out from the overhaul system. Time horizon is 

one year. 

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 number of overhaul teams. 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 team which gives the 
lowest cost is selected then for the next time interval the queue 
can ether have increased or decreased depending on if the selected 
number of overhaul team and the lambda value. That depends on 
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 theoretical possible. 

The lowest cost in the case study will be if 7 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 one. So where the x-axis 
has the value one the number of overhaul teams will be zero. 

Total cost

0

500

1000

1500

2000

2500

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Number of overhaul teams (Number in x-axis -1)

C
o

s
t Queue cost

Workshop cost

Total cost

 

Figure 3. Cost graphs for an average time interval showing 
costs for different number of overhaul teams. 

The model gives also data on the optimal number of overhaul 
team for every time interval. If all the optimal number of overhaul 
teams calculated by the model for all time intervals are added the 
average optimal number of overhaul teams will in this case be 
7.067. This means that over time 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. Table 1 shows the 
optimal number of overhaul teams for every time interval were 
the first value is the first for the first time interval and so on. 

 

Table 1. Optimal number of overhaul teams. 

Time interval 1 2 3 4 5 6 7 8 9 10
Teams 7 7 6 6 8 7 7 6 7 8

Time interval 11 12 13 14 15 16 17 18 19 20
Teams 7 7 7 7 8 7 7 7 7 7

Time interval 21 22 23 24 25 26 27 28 29 30
Teams 7 7 7 7 8 7 7 6 8 8

Time interval 31 32 33 34 35 36 37 38 39 40
Teams 7 7 7 7 7 7 7 7 7 7

Time interval 41 42 43 44 45
Teams 7 7 7 7 8  

4.2 Sensitivity analysis  
In figure 4 the cost graph shows how the total cost are changed 
when the cost parameter of queue is changed, the cost curve 1 is 
having the highest cost parameter and in falling order to the 
lowest cost curve 4. Similar results are obtained when the 
workshop cost parameter are changed. The phenomena that all 
aircrafts are entering the queue and no one to the workshop when 
the queue cost parameter is at some level lower than the workshop 
cost parameter can be seen in the figure, it happens when the total 
cost line is lower than cost curve 3. 
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Figure 4: Number of overhaul teams Vs cost. 

The queue cost parameter value used for curve 3 is the queue cost 
parameter value that is the highest value to when all aircrafts 
tends to be in the queue. If the value is higher then the aircrafts 
will not tend to stay in the queue. The value of the queue cost 
parameter is the workshop cost parameter divided by the number 
of aircrafts per overhaul team plus the outgoing rate for one 
overhaul team. 
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    (13) 

If the maximal number of aircrafts allowed in the queue is 
changed the increase in the allowed number will increase the cost 
but the result as the optimal number of overhaul teams will still be 
the same. This parameter is only affecting when all aircrafts tends 
to be in the queue.  

When the parameter of number of aircrafts per overhaul team is 
changed to a higher value the needed number of overhaul teams 
will decrease and the cost will be lowered. This assumes that the 
size of the overhaul team will be the same and that non extra 
aircraft more than needed is inserted to the workshops teams. 

If the parameter throughput time is changed then the required 
number of overhaul teams will increase and the total cost will also 
increase if the throughput time is increased. It is here also 
assumed that the size of the overhaul team will be the same and 
that non extra aircraft more than needed is inserted to the 
workshops teams. 

5. DISCUSSIONS AND CONCLUSION 
5.1 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 so finding the right overhaul capacity for 
the future is important. The capacity decisions are to be made at 
some point. 

The decision helping tool was formulated as an optimization 
model. The model are finding the best number of overhaul teams 
for optimal overhauls, the extra work that are added to the 
overhaul are hard to determine and have as mentioned before not 
been incorporated into the presented model. There are many ways 
to calculate the needed overhaul workshop capacity but doing an 
optimization model was selected because it gives a description on 

how the real world works and it can easily be used to find the best 
cost alternative. 

The model is to be solved with a computer program. The data the 
model is using is important to be of as high accuracy so the result 
form the model will have a higher reliability. The more up to date 
the data that is used by the model is the higher reliability the 
result will get. It could be possible to link the parameters to data 
bases with real time values of the aircrafts flight time used. 

It is important that the model is not taking over the decisions. The 
decision on what the needed capacity will be needs still to be 
done by the decision makers. The model is to be seen as a tool for 
the decision makers.  

5.2 Conclusion 
An optimization model have been formulated and tested to find 
the needed overhaul capacity for the Swedish air force. The model 
is to be solved on a computer and can be used as an e-
maintenance tool for the decision makers of the maintenance 
resources. The model is also possible to use on other places where 
the maintenance activity are similar. 
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