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Executive summary 
Service and spare part logistics has experienced an increased interest throughout the last 

decade, as it comprises a large share of companies’ turnover and companies have realized the 

strategic value of having effective after-sales. Saab AB provides the Swedish Armed Forces with 

service and maintenance of twenty helicopters mainly based at Malmen air base, Linköping. To 

provide great service, spare parts need to be kept in stock. Numerous spare parts are expensive, 

desirably kept on a low inventory level and sent to repair shops throughout the world when 

broken. These spare parts are identified as repairables and together with an irregular and low 

demand, inventory control of these spare parts is difficult. This has led to the purpose of this 

thesis: 

“Develop a method for determination of repairable inventory levels with regards to costs and 

helicopter availability, and suggest suitable repairable inventory levels for Saab Support Solutions 

Malmen.” 

Relevant theoretical theories within this field was identified as among others; Delivery service, 

Inventory control of spare parts, Forecasting spare parts, Inventory control of repairables and 

Cannibalization, the act of robbing components between helicopters. The existing theories, 

especially regarding inventory control of repairables shows the difficulties with applying 

existing inventory control models for businesses within the same field but with different 

prerequisites. Relevant parameters affecting repairables inventory levels within Saab’s business 

was then identified based on the inventory control theories. 

The study was limited to investigate 19 repairables, since this simplified the extent of the study 

by limiting the range but still provided a sufficient foundation to base conclusions on. The 

repairables were chosen because they fulfilled one or several of the conditions to; be very 

expensive, have long lead times or have experienced many stock outs. The study was divided 

into three parts for further investigation; what helicopter availability is, how factors except 

repairables affect helicopter availability and how repairables affect availability and costs. These 

areas formed main questions, a basis for mapping and analysis questions formed in order to 

find a way to fulfill the study’s purpose. 

In order to achieve credibility, the study’s execution was continuously documented. Information 

needed to answer the mapping and analysis questions was gathered mainly through interviews 

with key personnel at Saab and the Swedish Armed Forces and through IT-systems used by the 

two parties. Some facts proved to be easily accessed and highly valuable to the study, while 

other information was unavailable. 

During the study, it was identified that Saab and Försvaret’s view on helicopter availability 

differ in several aspects. They do not fully agree on when a helicopter is available, or who is 

responsible when a helicopter is unavailable. Both stakeholders may benefit from a closer 

relation and a common view on helicopter availability. Saab should control their repairable 

inventory to cover for 3000 yearly helicopter flight hours used by Försvaret, but be prepared to 

cover for approximately 4000 yearly flight hours. 

This study further concluded that helicopter availability is only slightly affected by factors other 

than repairables. Expendable spare parts are usually kept in stock due to their relative low costs 

and therefore only slightly affect the availability. Overhaul needed on the helicopters do affect 

the availability, but is hard to improve and will have the same impact almost regardless of used 

flight hours. The largest improvements can be done by improving repairables inventory levels, 

to a point when inventory stockouts do not occur and cannibalizations is unnecessary.  
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This is however a tradeoff between cost and repairable availability and has to be discussed 

between Försvaret and Saab, as well as the acceptable level of cannibalization. 

This study concluded that it is impossible to calculate optimal repairable inventory levels given 

the conditions in this study. Repairable inventory levels can however be estimated, and 

procedures how Saab as well as similar businesses can proceed is presented. The study 

however presents how to estimate suitable inventory levels for operations similar to the 

studied business of Saab Support Solutions Malmen. The negative impacts of cannibalization are 

impossible to anticipate, and both Försvaret and Saab stated that zero cannibalizations are 

preferable. This study further concluded that the costs of keeping inventory to cover for 

repairable fail variations and prevent all cannibalizations would need to be unreasonable high. 

Therefore, repairables inventory levels was suggested for four different scenarios. The 

scenarios was combinations of 3000 and 4000 yearly flight hours used by Försvaret, together 

with almost zero cannibalizations and an ABC-classification of repairables that allows 

cannibalizations comparable to today’s levels. The final responsibility to agree upon 

appropriate repairable inventory levels is incumbent Saab and Försvaret. 

Keywords: Inventory control, aviation, military, repairables, cannibalization. 
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1 Introduction 
The first chapter will introduce the reader to the assignment through a background description. 

This will lead to the thesis purpose with a clarification of the purpose content and the study outline 

is then presented. A dictionary of words that will be used in this study will also be presented. 

This report was created in two versions. One complete report to Saab, and this official report 

with some anonymized parts to keep classified information secret on request by Saab AB. This 

information is specific costs and expenditures of time. The confidentiality does not impair the 

understanding of the study or the credibility of the results, since general cost and time extent is 

presented and should be sufficient to understand the how the results were produced. 

1.1 Background 
The spare part logistics has been getting more attention recently as companies strive to get 

competitive advantages by offering their customers better after-sale service, especially in 

automotive and aircraft industries. The spare part market has grown 5-9 % annually the last 

decade and a Deloitte research stated that revenues from after-market service are in average 25 

% of a company's total business. (Souza et al., 2011) 

Saab AB, hereinafter referred to as Saab, is a company with headquarters in Stockholm, Sweden. 

The company provides its customers globally with aircrafts and weapon systems. Providing 

customers with good aftermarket support and service is crucial to be competitive on the 

market, a criterion met through the business area Support and Services (Saab group, 2015). 

Saab through the business unit Support Solutions owns maintenance and service contracts in six 

different sites with customers all over the world. All six sites deal with different contracts and 

aircrafts, which complicate common procedures between the sites but the main operations are 

similar. Being able to use a common service and maintenance approach in all sites would be 

beneficial for Saab. One of the six Support Solution sites is Malmen air base in Linköping.1 

Support Solutions in Malmen air base has signed a contract of maintenance and service with the 

Swedish Armed Forces, in Swedish and hereinafter in this study called Försvaret, regarding 20 

pieces of helicopter AgustaWestland AW109 LUH, hereinafter called Hkp 15. Saab Support 

Solutions in Malmen is the only site that performs planned and unplanned maintenance and 

services of Hkp 15.1  

The maintenance of Hkp 15 is causing a need of spare parts with varying value, spare parts that 

can be divided into non-repairables and repairables. Non-repairables are interchangeable spare 

parts, replaced when broken. Repairables are spare parts that are usually repaired when broken 

and are usually more expensive than non-repairables. Repairing instead of discarding and 

replacing these repairables is usually more financially feasible. To be able to repair these 

expensive components, they are often dispatched to different third part component repair 

shops all over the world.1 

Saab owns the non-repairable inventory while Försvaret owns the repairable inventory at 

Malmen air base. The contract between Saab and Försvaret states that Saab should propose an 

optimization of the repairable inventory levels. Since Saab performs maintenance and handles 

repairables but Försvaret owns and invest in repairable inventory, the view on inventory levels 

between the two parties differs.   

                                                             
1 Björn Asp, Business developer, interview 2015-02-03 
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Saab wants high inventory levels in order to perform effective maintenance while Försvaret 

seeks low inventory levels in order to reduce capital invested in the inventory. In order to 

perform this study and to be able to take all costs into account, the two stakeholders will be 

merged and considered to form one single system.2  

The helicopter repairables and the component repairs are expensive and prices vary heavily 

between articles. Repair costs range between around 1000 SEK and 750 000 SEK, while the 

repairables value range between a few thousand and 4,3 million SEK, which brings high 

inventory costs in order to keep a high stock level. The lead times for repairs are long and 

fluctuating and extends between a few months up to a couple of years, and the fail rate of 

components is irregular. This makes it hard to foresee the need of a certain repairable in terms 

of amounts within a given period of time.3  

Försvaret requests helicopter availability from Saab in terms of available flight hours. This 

amount fluctuates on daily, weekly, monthly and even yearly basis. This makes it harder to 

predict what availability Saab needs to supply Försvaret with. Saab's ability to support 

Försvaret with the requested amount of flight hours is affected by the repairable inventory size, 

i.e. the repairables availability. Mapping the parameters that affect costs and availability related 

to repairables inventory would provide a basis for a more effective repairable inventory control. 

Saab strives to optimize the repairable inventory levels and minimize the costs while 

maintaining sufficiently high availability of the helicopters.3 

1.2 Purpose 
The information from 1.1 Background result in the purpose of this study:  

The purpose of this study is to develop a method for determination of repairable inventory levels 

with regards to costs and helicopter availability, and suggest suitable repairable inventory levels 

for Saab Support Solutions Malmen. 

1.3 Clarification of purpose 
The purpose will be clarified to get the reader to understand the assignment and the purpose of 

the study to its full extension, as well as prevent risk of misreading the purpose. The purpose is 

divided into three parts and each part is explained below: 

Develop a method for determination of repairables inventory levels: By mapping all factors that 

might affect inventory levels, it is possible to conclude how costs and availability of helicopters 

are affected by the repairable inventory levels. The found factors can be summarized to form 

the basis for a general method to perform a more effective inventory control than today.  

Regards to cost and helicopter availability: There are two stakeholders in this study that creates 

a system, Saab and Försvaret. The study will consider both Saab and Försvaret's costs as the 

system’s total costs. Low costs refer to reaching as low system costs as possible connected to the 

inventory levels of the repairables. The helicopter availability is the cornerstone on which the 

contract between Försvaret and Saab rests, and the foundation for this study. Saab has to be 

able to provide Försvaret with the flight hours they need, indicating that repairable inventory 

levels need to be on a level that allows the flight hours Försvaret wants to use. 

                                                             
2 Björn Asp, Business developer, interview 2015-02-03 
3 Jörgen Johansson, Deputy head of military motor wing, interview 2015-02-10 
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Suggest suitable repairable inventory levels for Saab Support Solutions Malmen: Repairable 

inventory levels will be suggested for Saab to be able to fulfil the contract with Försvaret. Saab 

has different Support Solution sites, but they operate different businesses and these study 

therefore only focuses on suggesting inventory levels for Saab Support Solution Malmen. 

1.5 Study outline 
Chapter 1: Introduction 

This chapter introduces the reader to the background of this thesis, culminating in the purpose 

of the study.  

Chapter 2: Saab group 

Chapter two contains a presentation of the Saab group organization, comprising of a short 

company history and a tapering view of Saab group into the studied business area. 

Chapter 3: Present situation 

Chapter three present the current situation at Support Solutions Malmen. The conducted work 

is described as well as the information needed to get an overall understanding of the 

environment surrounding the studied problem. 

Chapter 4: Theoretical framework 

This chapter describes the frame of reference, used to introduce the reader to the subjects 

affected by this study. It will start with a broad view and taper off into more specific areas such 

as spare parts and inventory control of repairables. 

Chapter 5: Task specification 
The task specification chapter begins with introducing the authors’ view of the study and its 

environment. The thesis is narrowed down to a manageable amount of questions intended to 

help answer the study's purpose. 

Chapter 6: Methodology 

In chapter six, the authors present the methods used in the study in order to collect and analyse 

data. How the research question was answered is also presented and the methods used to 

conduct the study. This chapter also contains reasoning about this study's reliability and 

validity. 

Chapter 7: Empirical results 

This is the chapter where all information gained during interviews or data acquired through IT-

systems is presented. The presented information covers respondents’ thoughts and experiences, 

never the study’s authors’ thoughts and experiences. 

Chapter 8: Analysis  

This chapter contains information gained in the Empirical results and the Theoretical 

framework. The authors’ personal opinions are presented for the first time, together with 

combinations of Saab's actual actions and operations. Theories about a possible future are 

presented as well as thoughts about previous actions taken by Saab. 

Chapter 9: Conclusions 

The conclusions are the results of Chapter 8: Analysis. Argumentation done in chapter 8 leads to 

suggestions and reasoning that will fulfil the study's purpose. 
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Chapter 10: Discussion 

The final chapter contains general discussions and reasoning about produced conclusions and 

difficulties during the study. It also contains reasoning regarding areas for future research 

where development can be made, as well as the study's contribution to science. 

1.6 Dictionary 
Base - The site where Saab performs maintenance and other service-related work, located in 

Malmen air base. 

Cannibalization - The act of removing a working component from an unavailable aircraft in 

order to use it in another unavailable aircraft in need of that part, making one of the two 

aircrafts available. 

FH - Flight hours, the amount of hours a helicopter has been used or plans to use in the air. 

FMV - The Swedish Defence Material Administration, a supplier of materiel to the Swedish 

Armed Forces, both within the Swedish department of Defence.  FMV is merged with the 

Swedish Armed Forces into “Försvaret” in this study to ease understanding. 

Försvaret - The Swedish Armed Forces, the only Swedish authority permitted to engage in 

armed combat. 

Försvaret's Helicopter Wing - A unit in The Swedish Armed Forces handling all helicopters. 

Hkp 15 - Helicopter 15, model AgustaWestland AW109 LUH, the aircraft the study revolves 

around. 

Line - The sites, the physical location at which Försvaret perform helicopter operations. One 
Line exists in Malmen and one Line exists in Ronneby. 

Non-repairables - Interchangeable spare parts, replaced when broken. 

Operator - The actual user of the aircrafts, in this study the operator is Försvaret. 

Part number – A number for all spare parts of same kind. 

Pooling - When several sites are sharing a pool of spare parts. 

Repairables - Spare parts that can be repaired when broken. 

Serial number – A unique number used for identification of a single unit.  

Spare parts - General term for all components of various value and model, both repairables and 

non-repairables. 
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2 Saab Group 
This chapter will introduce the reader to Saab group as well as how Support Solutions in Malmen 

relate to the Saab group. The history of Saab will initiate the chapter. It is followed by a tapering 

view of the organization, down to the business unit Support Solutions in Malmen, where this study 

is performed.  

2.1 History 
Svenska Aeroplan AB, now Saab, was founded in 1937 with its first office in Trollhättan. A 

merge with the company ASJ’s Air division led to a business expansion in Linköping in order to 

accommodate future airplane orders. The company got its first licence a year later and began 

manufacturing airplanes for Försvaret. Originally focused on airplanes, the company later 

diversified to several other business areas such as cars, computers and multiple weapon 

systems. The first car project was launched in 1946 and went into full-scale production in 

Trollhättan 1949. (Saab group, 2015) 

Aircraft manufacturing stayed Saab's main focus during the decades and the first jet fighter, 

Tunnan, made its first flight in 1948. The first version achieved over 620 mph, making it one of 

the fastest airplanes in the world at that time with two speed records in the 50s. In 1952, the 

first Lansen jet fighter was built, marking Saab's entry into the electronic age. Hereafter, 

aircrafts were to become more and more complex in terms of systems and weapons. Saab later 

introduced the jet fighters Draken, Viggen and the current Jas 39 Gripen. Saab merged with the 

lorry, bus and diesel manufacturer Scania-Vaabis in 1968 creating Saab-Scania AB, lasting until 

1990. During the years, Saab has continuously increased the aircraft and weapon systems’ 

technical complexity. Today Saab has become a global company with several divisions and 

market areas all over the world to increase the focus on the customer. (Saab group, 2015) 

2.2 Saab organisation 
The Saab organisation, Saab group, is a large organization with 14 700 employees. In 2014, the 

net sales was 23 500 MSEK with an operating margin of 7,1 %. The organisation is presented 

below in order to define the study's environment at Support Solution Malmen in the Saab group. 

(Saab group, 2014) 

Saab operates in six business areas today. The business areas, from largest to smallest, are: 

 Aeronautics (with 28 % of total sales, comprising of among others, Jas 39 Gripen) 

 Security and Defence Solutions (24 %, air traffic, security, control and monitoring 
systems) 

 Electronic Defence Systems (18 %, surveillance and advanced electronic self-
protection) 

 Dynamics (12 %, ground weapon systems, missiles and unmanned underwater 
vehicles)  

 Support and Services (14 %, support solutions, technical maintenance and logistics)  

 Combitech (4 %, consulting in system development, information security and system 

security, a disengaged consultant company) 
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Five of the business areas belong directly to Saab. Combitech however is a part of Saab, but an 

independent company within the Saab group, see Figure 1 below. (Saab group, 2014) 

 

Figure 1: Saab’s six different business areas. Combitech is dotted due to its different relation to the Saab 
group. 

2.2.1 Support and Services  
Support and Services provides customers with integrated support solutions within the areas of 

air, land, marine and civil security. The operations are global and comprise Saab's as well as 

other original equipment manufacturers systems and equipment. (Saab group, 2014) 

Support and Services engage around 1800 people and net sales of 2013 corresponded to 3570 

MSEK, of which 63 % belongs to the Swedish market. The operations include 19 offices in 

Sweden with different areas of expertise. The business area consists of the four major divisions 

Air division, Land division, MRO division and the Life Cycle Logistics division. (Saab group, 

2014) 

The Air division contains technical system support for Airplanes, Helicopters and UAV systems, 

where UAV is an acronym for Unmanned Aerial Vehicle. Air division offers solutions through 

specialist advice and recommendations for troubleshooting, maintenance, reliability monitoring 

and coordination of service packages. The Air division includes the three business units Flight 

operations, Support Solutions and Regional aircraft. Support and services business areas and its 

business units are represented in Figure 2 below. (Saab group, 2014) 

 

Figure 2: Organizational chart of the four divisions and Air division’s three business units. 
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2.2.2 Support Solutions 
Support Solutions contributes to the Saab Support and Services business area with knowledge 

in e.g. aircraft maintenance, component MRO (maintenance, repair and operations) and logistics 

and supply. (Saab group, 2013) The business unit engage about 250 people, mostly positioned 

in Sweden, and has a yearly turnover of 570 MSEK.4 

Support Solutions is operating at six different bases: Östersund, Stavanger, Nyköping, 

Ljungbyhed, Tannefors and Malmslätt, containing Malmen air base, see Figure 3 below.5 Support 

Solutions main customers are Försvaret through the Swedish Defence Material Administration, 

hereinafter FMV, Scandinavian Air Ambulance, Swedish Maritime Administration, Sikorsky, 

NHIndustries and Evergreen, i.e. both military and civilian customers. (Saab group, 2013) 

The biggest difference between the six operating bases is whether they are military or civilian. 

There are more rules when dealing with spare parts within the civilian compared to the military 

and all bases maintain different type of aircrafts. The different bases also have different 

contracts with their customers. The customers own the inventory in some bases while Saab 

owns the inventory in other bases. There are also different agreements about the availability of 

the aircrafts.4 This study will focus on Support Solutions Malmen. 

 

Figure 3: Organizational chart of Support Solutions structural place and the six Support Solution bases. 

  

                                                             
4 Ingemar Bengtsson, Chief of Staff Support Solutions, presentation 2015-02-03 
5 Jörgen Johansson, Deputy head of military motor wing, interview 2015-02-10 
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3 Present situation 
Malmen is a military air base in Malmslätt, Linköping. Malmen holds several businesses, mostly 

military including the headquarters of the Swedish helicopter wing but also a Saab Support and 

Services department including a Support Solutions unit. Saab Support Solutions handle 

maintenance and service of Försvaret's helicopters. Försvaret operates the helicopters from two 

sites in Ronneby and Malmen. Försvaret's two operational sites are called "the Line".7 

The helicopter owned and operated by Försvaret, based in both Malmen and Ronneby is called 

Hkp 15.6 It is a light utility, multifunctional helicopter with two engines and eight seats. The 

helicopter is delivered in two versions, one intended for land based operations, LBO, and one for 

ship based operations, SBO, each with appropriate features. (Forsvarsmakten.se) There are 20 

helicopters in total; twelve LBO and eight SBO and all helicopters are maintained at Malmen 

Support Solutions.7 

Saab Support Solutions in Malmen will hereinafter be called Malmen Base. They supply 

Försvaret with maintenance and overhaul services. Another supplier to Försvaret is FMV, who 

is a government owned authority, belonging to the Swedish department of Defence. FMV obtain, 

perpetuate, destroy and discard material and supplies to and from Försvaret. FMV also assists 

Försvaret in terms of long term material supply planning and material system knowledge within 

these areas.7  

In order to simplify this study, FMV and Försvaret will be considered as one single business. 

This will not affect the outcome of the study but favours when reading the study. Regardless of 

the referred business, both FMV and Försvaret will hereinafter be called Försvaret. 

3.1 Spare parts 
Spare part is a generic term for all kind of interchangeable parts kept in inventory and used for 

replacement of broken units. There are two kinds of spare parts in general, either non-

repairables or repairables, depending on their properties.7 

 Non-repairables: Components that are disposed when failing and refreshed or replaced 

when needed.7 

 Repairables: Components that are usually repaired when broken. Often high purchasing 

and repair cost compared to other components.7  

An Hkp 15 contains around 20 000-25 000 spare parts, both non-repairables and repairables. 

The repairables correspond to a minor part of the total amount of spare parts, approximately 

100 different part numbers. However, they correspond to a major amount of both the inventory 

value and maintenance costs. Different spare parts have different demand, values and lead 

times.7 

When the contract was signed in 2011, Försvaret supplied Saab with around 1000 repairables, 

spread on different part numbers. All kinds of repairables were not included, i.e. some 

repairables did not have an inventory level. The same amount of repairables that Försvaret has 

supplied to Saab should be returned to Försvaret when the contract expires.7  

  

                                                             
6 Björn Asp, Business developer, interview 2015-02-03 
7 Jörgen Johansson, Deputy head of military motor wing, interview 2015-02-10 
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Stock control is virtually none-existent today. If some repairables stands out in a bad way, e.g. 

frequent stockouts, they might be investigated further but there are usually no follow up on 

repairs or repairables. Saab pays for repairs if a repairable fails but if a repairable is 

unrepairable and need to be discarded, Försvaret will have to buy a new one. Some repairables 

have a predetermined lifetime and when that time is reached, the repairables have to be 

discarded. If a repairable fails when lifetime has exceeded 80 % of expected lifetime, discussions 

takes place between Saab and Försvaret whether to keep repairing or discard the repairable. 

The maintenance planner at Saab keeps track of this.8  

A part of the contract states that Saab should propose an optimization of the inventory levels. 

This is due to the high value and high costs of the repairables, all owned by Försvaret. This leads 

to a desire of low inventory levels, which sometimes creates stockouts. If Saab considers some 

inventory levels to be too low resulting in a negative impact on Saabs ability to keep high 

availability, they can request a higher inventory level of that repairable. Then either Försvaret 

agrees and invest in another repairable or Saab can choose to invest in the repairable 

themselves, which transfers the costs and ownership connected with that specific article 

number to Saab.8  

3.2 Service and maintenance 
Malmen Base performs maintenance activities on Hkp 15 all throughout the year. This 

maintenance includes machine overhauling and providing spare parts for the helicopters. The 

helicopters are used by Försvaret in two locations, Ronneby and Malmen, which are referred to 
as “the Line”. Försvaret has its own workshops on the Line in Ronneby and Malmen. Saab 

performs the majority of maintenance and service work at Malmen Base, Saab does however 

have a couple of technicians at Base in Ronneby. This Base is however too small and only 

contain a couple of maintenance workers. Ronneby Base will therefore be excluded further in 

this study. 8 

A helicopter overhaul is performed either after a helicopter reaches 200 flight hours or once a 

year. When overhaul is performed, the entire helicopter is sent or flown to Malmen Base from 

Försvaret in either Ronneby or Malmen. The overhaul consists of an overall inspection of the 

helicopter, as well as more machinery-related services like oil change and lubrication.8 The 

ordinary overhaul time of the Hkp 15 is estimated to an average of six weeks. Some spare parts 

also need overhaul. How often the overhaul needs to be performed is different for every part 

number.8  

Non-repairables are usually replaced when broken, while repairables are usually repaired 
instead of being replaced and discarded. The repair lead times are often long, ranging from a 

few months up to a few years.8 The repair process will be described further below. 

The repairables are kept at a low inventory level in order to reduce costs such as purchasing 

costs of new repairables and repairables inventory holding costs. The inventory levels however 

are important for Saab in order to produce effective maintenance. The repairables therefore 

have an impact on Saab's ability to provide Försvaret with helicopter availability.8 

  

                                                             
8 Jörgen Johansson, Deputy head of military motor wing, interview 2015-02-10 
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The service and maintenance contract was originally signed over six years with Försvaret. If 

Saab performs well, a two years extension is possible and thereafter another two years, making 

the contract extend over a maximum of ten years total. Hkp 15's life time is expected to be 

around 30 years, indicating there will probably be new contracts signed regarding this model, 

contracts where Saab can participate in negotiations.9  

3.3 Internal component flow 
When a helicopter fails, a technician at Försvaret tries to locate the failed component at the Line. 

If the failed component is a repairable the technician examines it, writes a fault description and 

determines a proper action. If the failed repairable is located at the Line, it will be removed at 

the Line and the repairable or component package is sent to Malmen Base. Since the helicopters 

operate at Ronneby and Malmen, repairables are sent from Försvaret Line in Ronneby as well as 

from Försvaret Line in Malmen. A working repairable is then retrieved from Base and sent or 

transported to Line by Försvaret and installed in the helicopter. If the failed component is not 

located, the entire helicopter is sent to Malmen Base for troubleshooting. A fault might also be 

found when the helicopter is on overhaul in Malmen Base workshop. The component is then 

removed and replaced on Malmen Base.9 

Försvaret owns the repairables inventory and they can increase or reduce the amount of 

repairables in stock. Whenever a new repairable is purchased, it has been funded by Försvaret 

and is acquired by their purchasing department. It is then placed in Saab's inventory.9 

The amount of repairables sent for overhaul or repair fluctuates, both in general and per article 

number. In extreme cases, a part number might not be sent for overhaul or repairs for several 

years, then suddenly sent ten times in one year from ten different helicopters.9  

When the repairable reaches Malmen Base it appears in the maintenance planner’s IT-system, 

Fenix, and is physically located inside the inventory. The maintenance planner verifies that the 

fault description made by the Line is completed and passes it forward to a technician in the Base 

workshop. The technician verifies the service action and makes sure all needed components are 

attached. The technician’s determinations as well with other comments are sent to the logistics 

department. They choose a preferred supplier and the repairable is then sent to the chosen 

supplier.10 

The flow of helicopter or component internally between Saab and Försvaret can be seen in 

Figure 4 below, where red arrows represent a flow of broken components and blue arrows 

represent a flow of functional components. 

                                                             
9 Jörgen Johansson, Deputy head of military motor wing, interview 2015-02-10 
10 Peter Johansson, Maintenance planner, interview 2015-02-13 
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Figure 4: Visualization of component flow within the system including Saab and Försvaret. 

If the reason for failure of a helicopter is caused by misuse or if a deceptive description leads to 

a repairable being returned without being repaired, so called “No Fault Found”, the invoice 

should be paid by Försvaret. When the repairable is returned from repair it is received at the 

goods arrival, registered in the system and then placed in the inventory at Malmen Base.11 

Whenever a repairable in a helicopter fails there are four different possible alternatives in order 

to get the helicopter flight able again. These four alternatives are: 

 A repairable is in stock at Malmen base and can be used 

 It is a stockout of repairables and Saab chooses to cannibalize a helicopter 

 It is a stockout of repairables and Saab chooses to wait for the next repairable to return 

from repair 

 It is a stockout of repairables and Saab decides to replenish instead of repairing.12 

Cannibalization is another word for robbing and means that a technician at Base removes a 

repairable from a helicopter on overhaul needed in another helicopter in order to get one of the 

two helicopters available. Removing and installing a component might require assembly or 

disassembly of several other components in order to access the repairable. Running some tests 

on the helicopter is sometimes required as well to make sure it work correctly. An overhauled 

helicopter in Malmen Base will be unavailable for some time regardless if it is cannibalized or 

not, and therefore the impact on availability of loaning a component of that helicopter is 

minimized. Cannibalization however brings problem in terms of costs from occupying 

technician's time and may delay the cannibalized helicopter, if a repairable does not return to 

stock before the overhaul is complete. This delay of the overhauled helicopter is then prevented 

by once again cannibalizing the most recently received helicopter on base. This creates a vicious 

circle of cannibalized repairables.12 

Saab previously had to pay for cannibalizations performed on helicopters. By spring 2015 

however, Saab started to compile the amount of cannibalizations performed and the time 

required.   

                                                             
11 Peter Johansson, Maintenance planner, interview 2015-02-13 
12 Jörgen Johansson, Deputy head of military motor wing, interview 2015-02-10 
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The cost of cannibalizations is an additional maintenance cost, outside the contract with 

Försvaret and should therefore not be paid by Saab. The total cannibalization time is compiled 

on a regular basis and turned into a cost, then sent as an invoice to Försvaret.13  

3.4 Helicopter availability 
Saab gets paid for each flight hour used by Försvaret. Based on the contract, Försvaret has to 

pay for at least 2500 flight hours a year in total for all 20 helicopters, even if they are not using 

all of them. When exceeding those 2500 hours, Försvaret pays for each used flight hour and for 

the last years the actual used flight hours has varied somewhere between 2500 and 3000 

hours.13 There are some differences between how Försvaret and Saab perceives availability and 

the availability is different depending on where the system limits are drawn. According to 

J.Johansson, Försvaret has expressed a desire for higher helicopter availability. 

The minimum availability that Saab according to the contract has to provide to Försvaret is 

2500 flight hours, which is a low availability in comparison to the possible availability. Saab 

estimate themselves to be able to provide 6000-7000 flight hours every year.12 According to 

Kardell, it is preferred to keep two or three helicopters at a time on overhaul or repair at 

Malmen Base, i.e. available helicopters on Line is 17-18 helicopters14 

As mentioned above, Försvaret owns the inventory of repairables and Saab should suggest 

optimal inventory levels. This could create a possible conflict of interests since Försvaret wants 

low inventory costs but high availability while Saab wants high inventory levels in order to 

provide as many flight hours as possible.15  

As long as Saab never fails to meet the required minimum amount of available helicopters at a 

specific time, Saab will have almost the same income regardless of availability. This is due to the 

fee for used flight hours, not available flight hours. Keeping a high availability will likely 

increase inventory and maintenance cost which makes the chosen level of availability 

important. If Saab lower the costs by performing poorly and fall behind on repairs and service, 

they will have a lower income. Keeping the availability up at an even level will require more 

input in terms of money, but will likely have a positive impact in terms of a more satisfied 

costumer.16 

Försvaret has a fluctuating amount of available helicopters at Ronneby and Malmen. Most of the 

time the eight ship based helicopters are mainly positioned in Ronneby while the twelve land 

based are located at Malmen. The amount of helicopters in use varies between both days and 

weeks and depends on several variables, e.g. the amount of larger fleet exercises, the training 

state of the pilots or if Försvaret conducts any domestic or foreign military actions.15 

There are in total three cases in which a helicopter is unavailable; a helicopter in need of 

exchange of a non-repairable, a helicopter in need of repair or exchange of a repairable and a 

helicopter or component in need of overhaul. Since not all 20 helicopters are used 

simultaneously, the unused helicopters are either kept as reserves or unavailable due to some 

problem. All helicopters that are working but are not in use are considered reserves at the Line 

and can be used whenever a helicopter in use fails or as replacement to rotate the usage 

between helicopters.15   

                                                             
13 Peter Johansson, Maintenance planner, interview 2015-02-13 
14 Anna Kardell, Operational purchaser Hkp 15, interview 2015-03-02 
15 Jörgen Johansson, Deputy head of military motor wing, interview 2015-02-18 
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Försvaret monitors all helicopters and used flight hours to plan and arrange future flights, in 

order to keep helicopters on an even level of used flight hours as well as to keep a decently even 

flow of helicopters into the Base workshop. The distribution of helicopters varies on a daily 

basis but a figure of how helicopters might be distributed can be seen in Figure 5 below, where 

red arrows represent flow of helicopters in need of overhaul or repair and blue arrows 

represent flow of repaired or overhauled helicopters.16  

 

Figure 5: An estimation of how the 20 helicopters can be distributed, deviations occur.  

3.5 Suppliers 
There are a sufficient amount of possible suppliers to keep the market competitive, but they all 

perform differently in e.g. lead times, quality and core competence regarding different 

repairables.17 

The largest service supplier is AgustaWestland, hereinafter called Agusta and stationed in Italy, 

who builds and develops Hkp. 15 Developing a helicopter engages both time and money. 

Because of this, Agusta has decided that some repairables must be sent to them when failing. 

This is done to retrieve some invested money through margins from repair invoices. In order to 

lower their own risk and investment, Agusta enjoins different repairables manufacturers to 

share investment cost and risks developing the helicopters. By doing this, each repairables’ 

manufacturer receive permission to distribute the guides and repair documentations about 

their specific repairables to their own maintenance shops. These maintenance shops will be the 

only ones knowing how to repair the part, and thereby get their investments costs back with 

time by getting paid for repairs.18  

Since Agusta has a big influence on repairables, they can be divided into two types: repairables 

tied to Agusta and repairables set apart from Agusta. About 40-50 % of the repairables in terms 

of part numbers are tied to Agusta, while 50-60 % of the part numbers are not. By sending parts 

through Agusta, the number of members in the supply chain increases. This often leads to 

longer lead times because of an increased number of places for the repairable to pass through. 

Since more companies need to share the profits from repairing the component, it is estimated 

that invoice costs for repairs through Agusta might be as high as 50-70 % extra compared to 

sending the component directly to an external repair shop.18  

                                                             
16 Jörgen Johansson, Deputy head of military motor wing, interview 2015-02-18 
17 Jörgen Johansson, Deputy head of military motor wing, interview 2015-02-10 
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The 50-60 % of the components that is not tied to Agusta can be sent to any repair shop that 

Saab chooses. However, the repair shop has to be certified to handle aircraft repairables. The 

Swedish Civil Aviation Administration and its counterparts in other countries issue this 

certification. The certification is to ensure the quality and competence of the repair shops.18  

The supplier choice is based upon factors like where the same repairable has been sent before, 

price of repair, expected lead times and the service supplier’s core competence.19 When a 

repairable is sent to an external repair shop, both costs and lead times are usually lower than 

sending the component through Agusta due to the decreased number of supply chain members. 

For these repairables Saab needs to make individual decisions regarding which repair shop to 

choose, occupying both costs and time. According to the contract, there are in most cases no 

penalties involved with delayed delivery times when repairables are sent to external repair 

shops. This complicates the planning in terms of reinstalling the repairable because the 

suppliers are not so careful to keep the promised delivery times.18  

3.5.1 External component flow 
Malmen's purchasing department sends the repairable to an external supplier or Agusta. The 

external suppliers specialize in some components, e.g. the helicopter navigation unit or rotary 

engine. If the repairable is sent to Agusta, Agusta choose responsible manufacturer and the 

manufacturer in turn sends the item to one of its repair shops. To spread the risks, the 

manufacturers usually have several possible repair shops they can send to. Agustas suppliers' 

repair shops can be chosen even if the component is not tied to Agusta. The possible repairable 

supply chains can be seen in Figure 6 below. The information flow is always following the 
arrows displayed in the figure back and forward. However, the physically repairable flow does 

not always have to go through all the steps when tied to Agusta.18 The red arrows represent 

component flow with failed repairables and the blue arrows represent component flow of 

repaired repairables.  

 

Figure 6: The possibilities of external component flow outside Saab. 

  

                                                             
18 Jörgen Johansson, Deputy head of military motor wing, interview 2015-02-10 
19 Anna Kardell, Operational purchaser Hkp 15, interview 2015-03-02 
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4 Theoretical framework 
This chapter will present the theories affecting areas handled in this study. The first chapter will 

explain how the theories are connected to the problem. This is followed by a depression in the 

relevant theories. The theories presented will later be analysed together with relevant data 

collected in the empirical phase. 

4.1 Overview of the theoretical framework 
When building a theoretical framework it is according to Huge-Brodin (2014) a good idea to 

start broad and then taper to more specific areas of theory. This theoretical framework can be 

seen as a funnel. The top of the funnel represents general theories that will progressively be 

narrowed down to more specific theories. The subjects will be presented and visualized in 

Figure 7 below. 

The purpose of this study is to develop a method for determining repairables inventory levels. 

The first subject that is investigated is therefore the total cost concept. Then delivery service 

and the contradistinction between different efficiency variables are then presented. The 

different elements of delivery service are also explained, which results in the trade-off between 

cost and availability. 

Saab struggles with long repair lead times. The lead time of the repairables will strongly affect 

the inventory levels and some theories about lead time is therefore presented.  

A brief explanation of what spare parts is and the different types of spare parts leads down to 

the main subject of this study, which is spare part inventory control. The inventory control of 

spare parts differs from inventory control of finished goods and the biggest differences are 

therefore mentioned.  

Inventory management can according to Stock and Lambert (2001) be improved by enterprise 

resource planning systems, advanced order systems, forecasting and ABC analysis. Enterprise 

resource planning systems and advanced order systems are not suitable in this study but ABC 

analysis and forecasting could be applicable tools to use. These areas are therefore introduced. 

A deeper literature study is made within the area of inventory control of repairable spare parts. 

16 models that strive to optimize the inventory of repairable spare parts have been found and 

studied. The models use different parameters that affect cost and availability and are therefore 

studied and examined. Only one of the models discussed cannibalization, an act to increase 

helicopter availability, which Saab is using. Some more theories about cannibalization are 

therefore presented to conclude the theoretical chapter. 
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Figure 7: The different subject in this theoretical framework.  

4.2 Total cost concept  
To identify all the logistic costs a concept called total cost concept was developed in the 1950s. 

(Storhagen, 2003) Different authors describe the total cost concept in different ways. Aronsson 

et al. (1988) are describing it as the relationship between cost and revenue creating elements in 

the material flow, where delivery service is the revenue-generating element. The goal with this 

concept is to create an efficient material flow by finding a balance between high delivery service 

and low costs. (Aronsson et al., 1988) 

Oskarsson et al. (2006) and Storhagen (2003) describes total cost concept as the total costs of 

logistics. By changing costs in one part of the company, other parts might be affected. According 

to Storhagen (2003), total cost concept consists of questioning of every sub-cost in order to 

lower the total possible cost. Christopher (2005) discusses a similar definition by claiming that 

most decisions will lead to cost reductions in one part of the company and at the same time 

higher costs in another part of the company. The purpose of total cost concept is to identify the 

additional costs caused by these decisions. (Christopher, 2005)  

4.3 Delivery service 
According to Storhagen (2003), logistics is all about economy, to utilize resources in the best 

way possible while Jonsson and Mattson (2005) similarly argues that the goal with logistics is to 

improve the efficiency in a company and thereby get a better economic result. A good way to 

describe logistics is therefore by using the business economy's most fundamental concepts: 

costs, capital and revenue. The optimal combination of these three categories is the key to 

success. Variables that affect the environment should be included and variables that indirectly 

affect the logistics are time and flexibility. Some of the efficiency variables stand in 

contradistinction to each other and have to be prioritized to reach the company's goal. (Jonsson 
& Mattson, 2005) 

According to Oskarsson et al. (2006), the main goal with logistics is to reach as high delivery 

service as possible with a low cost. Delivery service or service level affect throughput of order to 

delivery and could be considered a shortage cost or a cost for lost sales. Storhagen (2003) 

discusses that a company's revenue is affected by the company’s delivery service and quality of 

the goods or service. If the customers are not satisfied, they can in most cases buy from another 

supplier, culminating in loss of revenues.   
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Vice versa may good delivery service and quality bring increased revenue. The puzzle is to 

decide what level of delivery service the company should generate. (Storhagen, 2003) 

The delivery service concept consists of several elements. The most commonly used elements 

according to Jonsson and Mattson (2005) and Oskarsson et al. (2006) are:  

 Stock availability: Considered a measure of inventory delivery readiness, i.e. to what 
extent inventory components are available when requested. 

 Delivery precision: A measure of how often a delivery is performed at the time agreed 

with the customer. 

 Delivery reliability: A measure that covers if the right product is delivered at the right 

time.  

 Delivery time: The time consumed from when a customer order is placed to when it is 

delivered.  

 Delivery flexibility: The ability to adapt and accommodate customer requests in current 

orders.  

Beside the five elements mentioned above, Oskarsson et al. (2006) also adds information as an 

additional element. 

Oskarsson et al. (2006), Storhagen (2003) and Jonsson and Mattson (2005) all agree that higher 

service level also brings higher costs and a service level higher than a certain limit brings costs 

that exceed revenues and is not beneficial to the company's profitability. That limit is generally 

between 95 % and 99 %. As Figure 8 below is showing, the cost accelerates sharply when the 

service level raises. 

 
Figure 8: The connection between profitability and service level (Oskarsson et al., 2006, pp. 44) 

4.4 Lead time 
Lead time is according to Oskarsson et al. (2006) the time between the need of a product or 

service is first initiated until the delivery is received. The lead time might consist of several 

smaller lead times, if there are several processes involved during the course of events. 

The term "lead time" is a general notion, as it could also refer to throughput time. However, 

throughput time is generally used within production and equals lead time when a production 

system equals or fall behind maximum capacity. (Oskarsson et al., 2006) From this point and on, 

this study will abandon throughput time and only use the term lead time.  
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Christopher (2005) discusses that few companies have a well-managed flow of material and 

information. Therefore there are great opportunities to improve process efficiency. Because no 

department or manager has complete vision of the process, major opportunities for time 

reductions through the pipeline can be found. Even though this is mostly applicable on 

producing companies, parallels could be found to all businesses. Not recognizing the importance 

of managing the supply chain as an integrated system often leads to periods of time consumed 

in coupled stages in the total process and poorly performed procedures. 

According to Tersine (1994) through Li et al. (2011) lead time can be considered controllable 

and usually consists of five components: Order preparation, order transit, supplier lead time, 

delivery lead time and setup time, where each part can be reduced to a cost. Glock (2011) 

stresses the importance of reducing lead times in situations where customer demand is 

uncertain, since companies risk running out of stock before an order arrives. His study shows 

several examples that reduced replenishment lead time might lower safety inventory, reducing 

stockouts and improve customer service, resulting in lower expected total costs. This is agreed 

by Li et al. (2011), who also adds improved forecasting accuracy as an outcome. 

4.5 Spare parts 
Technical installations often need planned maintenance and repair when components fail. New 

components are in many cases needed to replace the defective parts. These components are 

called service parts or spare parts. (Fortuin & Martin, 1999; Botter and Fortuin, 2000) In this 

study they will be called spare parts. Botter and Fortuin (2000) discusses that spare parts have 
to be stocked to guarantee a high service level. These parts are often expensive which leads to 

investment of a large amount of money. By optimizing the inventory levels of the spare parts a 

significant amount of money can be saved.  

Fortuin and Martin (1999) and Botter and Fortuin (2000) divides spare parts into two different 

groups:  

 Repairables: A spare part that is possible to repair to a lower cost than producing a new 
one. Repairables can be divided into non-interchangeable parts and rotables. When a 

non-interchangeable part is defective the affected system has to be shut down and 

cannot start again until the defective part has been repaired. When a rotable is defective, 

it can be replaced by a service part and the defected part can be sent to a repair shop for 

repair. Then it will be as good as new and can be put in inventory. (Fortuin & Martin, 

1999; Botter & Fortuin, 2000) 

 Non-repairables (Fortuin & Martin, 1999) or consumables (Botter & Fortuin, 2000) are 
spare parts that cannot be repaired or are not economically justifiable to repair. When 

these parts fail, they will be replaced with new ones. (Fortuin & Martin, 1999; Botter & 

Fortuin, 2000) 

Repairables are common in military, mining and other industries that have high value assets. 

(Duran & Perez, 2014) According to Sherbrook (2004), repairables should get more attention 

than non-repairables. That is because repairables often comprise the largest part of the spare 

part budget and they tend to have longer lead times than non-repairables. 
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4.6 Inventory control of spare parts 
The area of inventory modelling is filled with literature. The majority of the literature is 

focusing on ordering policies to production lines and inventory control for distribution 

networks. Literature and theories about spare part inventory however is more rare, except 

general inventory management principles. (Fortuin & Martin, 1999; Huiskonen, 2001) High 

demand spare parts are relatively easy to handle and require operational considerations. Low 

demanded spare parts however are more affected by variations in variables, such as demand 

and lead times and therefore require more strategic considerations, especially expensive parts. 

The biggest inventory control problems lie with the low demand parts. Lumpy demand, when a 

component demand is both erratic and intermittent, has been frequently ignored in literature 

and many models are built upon a statically ensured demand models. (Fortuin & Martin, 1999)  

Managers within spare part control are dealing with more complex problems than managers 

controlling finished inventories. (Botter & Fortuin, 2000) The major complex problems are: 

 Difficulty to forecast. It is more difficult to forecast the demand of spare parts than 
finished goods. This is due to the spare parts’ dependence on the main product. 

Additionally, the spare part is normally not needed until the main product has been used 

for a while. (Storhagen, 2003) Fortuin and Martin (1999) discusses that the demand is 

often both low and erratic, causing the risk of standard forecasting showing inaccurate 

results. The use of inaccurate forecasts might lead to invalid inventory control models. 

To cover the uncertainty of these models extra inventory might be needed. That 

inventory can be expensive. 

 Harmful stockouts. Spare parts are critical because stockouts may lead to seriously 

consequences for the system. (Fortuin & Martin, 1999) It is more important to have a 

high service level for spare parts than for finished goods because a stockout of spare 

parts may cause a delay of the main product which will lead to high costs (Storhagen, 

2003).  

 High item value. Storhagen (2003) states that cheap parts of vital importance always 
should be in stock, but vital, expensive components are more questionable and spare 

parts are often expensive. Combined with the low, erratic demand, an increased safety 

stock is needed which requires large amounts of money invested in inventory. Souza et 

al. (2011) agrees that high value items are a major issue in handling spare parts, 

particularly in the aircraft industry and Botter and Fortuin (2000) adds that high 

inventory investments is undesirable in every warehouse.  

 Long lead times. Spare parts are usually manufactured in the same factory as the original 
parts. Due to its low erratic demand, spare parts are often down prioritized and 

therefore witness longer lead times. It is important that the lead time for low demand 

parts is low to avoid high inventory of these parts. (Fortuin & Martin, 1999) 

Fortuin and Martin (1999) propose two directions for improvement in the low demand spare 

part area, which are increasing demand and reducing criticality. 

The direction increasing demand does not mean that increasing demand for a particular item 

saves money. However, collaboration with other parties that is using the same spare parts, 

called pooling, can save money. (Fortuin & Martin, 1999) The amount of pool spare parts will be 
lower than the combined inventory of each location, reducing total investments and inventory 

holding costs. The success of this direction depends on how many parties that uses the same 

spare parts and are willing to collaborate. (Fortuin & Martin, 1999; Storhagen, 2003) 



4 Theoretical framework 

 22 

The second direction, reducing criticality, is most effective in producing companies. Criticality of 

a stockout could be lowered by some exclusive financial insurance or e.g. having stand-by 

production capacity from old machines or being prepared to outsource production. (Fortuin & 

Martin, 1999) 

4.6.1 Forecasting spare parts 
Lambert et al. (1998) believe that predicting the future is important in a logistic perspective to 

be proactive rather than reactive, and every area of logistics is affected by forecasting. 

Forecasting attempts are done to predict the future through qualitative or quantitative methods, 

or a combination of both. The forecasts could focus on different areas, such as expected demand 

and supply, or range from short to long term. Forecasting customer demand of finished goods is 

a common activity. (Lambert et al., 1998) 

One of the differences between finished goods and spare parts that Storhagen (2003) and 

Fortuin and Martin (1999) have identified as mentioned above is the difficulty to forecast spare 

parts. According to Boylan and Syntetos (2009) the spare part demand is often irregular. The 

demand of spare parts is characterized by long periods of zero demand and occasional non-zero 

demand. Ghobbar and Friend (2003) discusses that the demand structure makes forecasting 

difficult and is a topic that has received limited studies within the aviation industry.  

Forecasting is hard but it is even harder to do properly with low demand items, and airline 

operators are trying to find superior forecasting methods. (Ghobbar & Friend, 2003)  Airlines 

usually follow their own experience or bases forecasts on suppliers’ suggestions, but this can be 

supplemented by forecasting methods (Regattieri et al., 2005; Ghobbar & Friend, 2003). Sani 

and Kingsman (1997), Ghobbar and Friend (2003) and Regattieri et al. (2005) all examine and 

compare the most common forecasting methods for low demand items.  

Different authors perform this differently. Sani and Kingsman (1997) discuss and examine 

different forecasting methods together with a large amount of inventory control methods while 

Ghobbar and Friend (2003) and Regattieri et al. (2005) only focus on forecasting methods.  

The three studies all compare forecasting methods but reaches different results. The best 

forecasting methods concluded by Sani and Kingsman (1997) are completely dismissed by both 

Regattieri et al. (2005) and Ghobbar and Friend (2003). Simultaneously, Ghobbar and Friend 

(2003) demonstrates that different forecasting methods perform well or bad depending on the 

conditions in each test, and reject the methods found best by Regattieri et al. (2005). The 

authors all perform different tests and reaches different results when it comes to the best 

forecasting method, and they conclude that the best forecasting method has to be found to each 

problem. 

4.6.2 ABC analysis 
A common way to divide different articles in an inventory is according to Oskarsson et al. 

(2006) and Storhagen (2003) to use ABC analysis. This method is similar to the Pareto principle 

which states that 80 % of the turnover in a company is coming from 20 % of the articles. When 

using ABC analysis all the articles are divided into three groups called A, B and C. Group A is the 

smallest group that includes the articles that are most important to the company. Group B is a 

bigger group that includes slightly less important articles and group C is the biggest group that 

includes the least important articles. The most common way to determine how important 

different articles are is by using volume value as a criterion, see Figure 9 below. Volume value 

means the quantity that is consumed during one year multiplied with the value of one unit. 

(Oskarsson et al., 2006; Storhagen, 2003)  
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Other criteria that can be used are e.g. contribution margin per product, turnover per customer 

or acquisition value per supplier. The different groups will then be treated differently, where 

group A will get the most attention and group C will get the least attention. (Jonsson & Mattson, 

2005) 

 

Figure 9: A common division when using an ABC analysis. 

The ABC analysis is probably the logistic method that has meant the most to reduction of tied up 

capital in Swedish industry. By using an ABC analysis the safety stock can be reduced and at the 

same time the availability can increase. (Storhagen, 2003) 

The article classification can have one or more criteria. Using more than one criterion provides 

the opportunity to create a better control. In addition to volume value, criteria that can be used 

are e.g. sustainability or the strategic importance of the article. Figure 10 below is showing how 

a division using two criteria could look like. (Oskarsson et al., 2006) 

 Criticality 

Turnover 1 2 3 

A Article D Article C  

B Article G Article A Article E 

C Article H Article B & J Article F & I 
Figure 10: ABC analysis with multiple criteria (Oskarsson et al., 2006, pp. 253) 

4.6.3 Inventory control of repairables 
Models of expected demand are needed in order to perform inventory control of repairables 

and customize inventory levels. (Kim et al., 2005) The area of repairables contains two main 

streams of research according to Kim et al. (2005). The first research revolves the METRIC 

model, developed by Sherbrook (1968), which assumes that the repair capacity is infinite. There 

are one depot and several sites in his model. If a component fails, it is dispatched and sent to a 

repair shop and a new component is plugged in. If there is no component available it is 

backordered. Muckstadt (1973) developed an extension of the METRIC model, called MOD-

METRIC, which allows multi-item, multi-echelon and multi-indenture inventory system for 

repairables.  

Sherbrook (2004) discusses that the optimal stock level for spare parts depends of numerous 

parameters like item cost, location, indenture and desired availability. The inputs to the decision 

making process should be the availability and investment targets. Sherbrook (2004) is 

presenting an availability-cost curve. Points below the curve are inefficient, which means that it 

is impossible to find a higher availability without getting higher cost.   
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Points over the curve are unobtainable. The cost is computed of inventory holding cost, order 

cost and stockout cost, see Figure 11 below. 

 

Figure 11: Availability-cost curve (Sherbrook, 2004, pp. 4) 

The literature in the area of inventory control for repairable spare parts is scarce. The literature 

also uses specific cases when dealing with a problem. 16 articles have been found that have 

developed models to optimize the inventory level of repairable spare parts. All the models differ 

in some areas. The main differences are: 

 What business the articles investigate. 

 If the repair capacity is considered finite or infinite. E.g. if the repairable has to be 
discarded after a certain age or a certain number of repairs or not. 

 If there are several stocking points that use pooling or if it is just one stocking point. 

 If the machine still can work if some components have failed or if the machine is 
unusable in case of component failure.  

 If queuing appears for repair or not. 

Table 1 below is listing all the articles’ authors and their main differences.  

Table 1: Differences between the cases in the 16 articles. 

Authors 
 

Business Repair 
capacity 

Stocking 
points 

Machine works 
when 
component fails 

Queuing
appears 

Cardós et al. (2012) Aircraft civilian Infinite One No No 
Chelbi & Rezg (2005) Production unit Infinite One No No 
Costantino et al. (2013) Aircraft military Infinite Several No No 
Fritzsche (2012) Aircraft civilian Infinite Several No No  
Hamann & Proth (1993) Tools Finite One Yes No  
Juan et al. (2014) Aircraft civilian Infinite Several No Yes 
Kim et al. (2005) Random 

repairable items 
Infinite Several No Yes 

Lawrence & Schaefer (1984) Machines Infinite One Yes No 
Lee & Moinzadeh (1989) Random 

repairable items 
Finite One No No  

Lei & Jiangping (2012) Random 
repairable items 

Infinite One No No 

Louit et al. (2010) Mining 
equipment 

Infinite One No Yes  

Mabini & Christer (2002) Aircraft civilian Finite One No No 
Sherbrooke (2004) Aircraft military Finite Several No No 
Smith & Schaefer (1985) Machines Finite One Yes Yes 
Tracht et al. (2013) Aircraft civilian Finite Several No Yes  
Yoon & Sohn (2007) Aircraft military Infinite Several No No  
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Except the differences of the cases mentioned above, the authors use different parameters and 

constraints when calculating the optimal inventory levels. Some of the parameters are specific 

for the different cases. Some parameters are used in all or the most of the articles and some are 

used in just a few. Which parameters and constraints are used by which author is presented in 

Table 2 below. 
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Table 2: The different parameters and constraints that the authors are using.
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An explanation of the parameters is presented below. All parameters in list below are taken 

from the articles in Table 2 above.  

 Inventory level: The number of each spare part that are in stock. 

 Component value: The purchasing cost of the component. 

 Failure rate: This is the only parameter that all 16 articles used. The most articles 
assumed that the repairables fails according to a Poisson process. 

 Repair lead time: It is defined as the time that the repairable spends in the repair shop, 
including queuing and the potential transportation to and from the repair shop. 

 Time between overhaul: The pre-determined time between overhauls. Only Chelbi and 
Rezg (2005) and Sherbrooke (2004) include overhauls or preventive maintenance in 

their calculations. 

 Overhaul time: The time the component spends on overhaul.  

 Mean downtime due to maintenance: This parameter is used by Fritzsche (2012), 

Sherbrook (2004) and Mabini and Christer (2002). These authors separate the repair 

lead time and downtime.  

 Scrap rate: Only five models used this parameter. Tracht et al. (2013) and Hamann and 
Proth (1993) use this parameter when describing the percentage of the repairable that 

arrive to the repair shop and has to be discarded because they cannot be repaired. 

Mabini and Christer (2002) and Smith and Schaefer (1985) describe it as the probability 

that the component is non-repairable. Lee and Moinzadeh (1989) describe scrap rate as 

the number of cycles after which a component has to be replaced. 

 Lead time for ordering a new component: The time it takes to order a new repairable, 

when it is beyond repair.  

 Number of backorders/stockouts: When there is no spare part available in stock 
when needed there is a stockout. 

All the models are striving to optimize the inventory level of repairable spare parts due to lower 

costs or reaching a higher availability of the components. The different authors that strives to 

lower the costs, includes different types of costs. Some of them also put constraints on the 

service level. According to Tracht et al. (2013) the result will show the optimal inventory in 

subject to the minimum service level constraint if setting a minimum service level as a 

constraint in the calculation. The authors that strive to reach the maximum service level 

sometimes have a maximum budget as a constraint. The different cost categories that were used 

as constraints in the 16 articles are shown below. Which constraints that are used by which 

author are presented in Table 2 above. 

 Inventory holding cost: The cost of holding spare parts in inventory. The holding cost 
usually consists of the inventory components’ value, a calculated stock interest rate and 

the inventory levels. (Lambert et al, 1998)  The stock interest rate includes, among 

others, capital cost and inventory risk cost (Storhagen, 2003; Lambert et al., 

1998). Oskarsson et al., (2006) and Lambert et al., (1998) describes capital cost as an 

alternative cost because the capital of the inventory cannot be used in a better way.  
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 Backorder/stockout cost: The cost due to stockout. It could be a penalty, loan cost 

when loaning from competitor, lost revenue etc. It is also called shortage cost. 

 Maintenance cost: Only Chelbi and Rezg (2005), Sherbrook (2004) and Louit et al. 
(2010) are using maintenance cost in their models. Chelbi and Rezg (2005) and 

Sherbrook (2004) include both repair cost and overhaul cost in this cost category. 

Louit's et al. (2010) model does not include overhaul and the maintenance cost is equal 

to the repair cost in this model. 

 Transportation cost: Only Fritzsche (2012) is using this cost category. This cost refers 
to the transportation between the different sites and the depot. 

 Purchase cost: The total cost of purchasing new components. 

4.6.4 Cannibalization 
Aircraft maintenance involves a variety of activities in order to keep a high fleet available within 

budget constraints (Cassady et al., 2003). Companies that utilize high valued repairables 

experience challenges related to allocation of maintenance resources. One challenge is the act of 

cannibalization. Cannibalization is the act of removing a working component from a grounded 

aircraft in order to get another grounded aircraft in need of that specific part able to fly (Salman 

et al., 2006).  

Cassady et al. (2003) claims that all military services rely on cannibalization and consider it a 

normal part of fleet maintenance. Due to lack of spare parts, erratic demands and lead times, 

cannibalization is intentionally performed in order to return aircrafts to an available state. 

Cannibalization can provide a short-term fix but might bring significant long-term effect.  

According to Cassady et al. (2003) a thorough report, made by the United States General 

Accounting Office in 2001, suggest that the more aircrafts are cannibalized, the more likely 

other parts close to the cannibalized item will fail. Both Cassady et al. (2003) and Salman et al. 

(2006) agrees that cannibalization actions can consume more work than the usual part removal 

and spare part installation, and the workload on personnel can increase noticeably. However, 

the act of cannibalization can provide a clear benefit in terms of reducing maintenance 

turnaround for failed repairables. A similar benefit as from cannibalization can be achieved by 

increasing inventory levels, at additional inventory costs. A decision is therefore needed to 

make the trade-off between use of cannibalization and higher spare parts inventory for 

optimizing fleet availability and maintenance costs. Figure 12 below is showing how 

cannibalization of a helicopter could look like. 
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Figure 12: An example how cannibalization could look like (Salman et al., 2006, pp. 446) 

4.7 Summary of the theoretical framework 
The theoretical framework begun with an introduction of the total cost concept. Cost areas were 

presented in order to orientate the reader within logistics cost and how they can be connected 

to delivery service. The delivery service is a concept that consists of several elements. It is 

important to understand all elements and the links between them in order to determine a 

company's real delivery service and how it affects company costs. The delivery service and 

logistics costs are closely connected to this study and have an impact on how to optimize 

inventory levels.  

Furthermore the possibilities and issues with spare part forecasting and inventory control of 

spare parts, especially repairables, were presented. Different input parameters and constraints 

that can affect the optimal inventory levels were presented and it was shown that most 

problems in the area of aircraft maintenance are specific to a certain situation. The variety of 

input parameters connected to each presented inventory control model indicates that the 

approach of inventory levels must be customized to each situation. 

How delivery service, logistic costs and inventory control of repairables is connected to the 

helicopter availability of this study will be discussed and defined in the following chapter. 
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5 Task specification  
In this chapter, the studied system will be determined and the factors affecting the studied system 

will be described. The task will be specified by breaking down the purpose of the study in smaller 

parts. Combining the information from the present situation and the theoretical framework, it is 

possible to define the study. The purpose of this chapter is to describe what should be done in this 

study. To determine that, three main questions have been created to cover the purpose. The main 

questions, in turn, have a number of sub-questions and analysis questions connected to them that 

are easier to answer. 

5.1 The studied system 
Saab Support Solutions in Air division operates at six different sites. As mentioned in chapter 1.1 

Background, Saab wishes to use the same optimization approach of the repairables inventory in 

all six sites. However, only Malmen will be investigated in this study. 

Finding the parameters that affect the costs and availability related to repairables inventory is 

the key to optimize the inventory levels. Some of these parameters may be included in the 

studied system and some of them are more related to the system's environment but will affect 

the studied system. The system's environment is described further below. 

As stated in 3.1 Spare parts, Saab should provide Försvaret with suggestions of optimal 

inventory levels. Försvaret owns and purchases all repairables which means that purchasing 

costs and inventory holding cost will belong to Försvaret. The result of this study might 

optimize Saab's costs, but deteriorate Försvaret's. In order to optimize the supply chain, both 

Försvaret and Saab's costs need to be taken into account. In order to achieve an optimized 

supply chain, Försvaret and Saab's costs will be merged and be seen as one total cost. 

The studied system only includes the inventory of the repairables and the flows in and out of the 

inventory. This is displayed in Figure 13 below. However, there are parameters that affect the 

system although not included in it. Inventory levels are influenced and affected by several other 

areas, e.g. purchasing costs and lead times. This is further discussed in 5.1.1 Factors that affect 

the system. 

 

Figure 13: The studied system. 

Only the physical flow of the repairables is included in Figure 13 above. There are four flows of 

repairables into and out of the inventory. The flows into the inventory is either failed 

components from the Line in Malmen and Ronneby or working components purchased by 

Försvaret or repaired from repair shops.   
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The flow out of the system appears when a repairable in a helicopter has failed and has to be 

exchanged with a working component from the inventory or when failed component is sent to a 

repair shop. The new repairable will either be sent to the Line or the Base, depending on where 

the helicopter was located when the repairable was removed. 

Hkp 15 contains around 100 different repairables. All 100 repairables cannot be investigated 

due to the study's limited time. Due to this, this study will investigate 19 different repairable 

part numbers. This study will focus on suggesting suitable inventory levels of these repairables. 

The same approach may later be used to determine suitable inventory levels of the other 

repairables. The 19 repairables are considered interesting because they fulfil one or more of the 

following criteria: 

 Long repair lead times  
 High fail rate 
 Many performed cannibalizations 

These criteria are the most important to have in mind in order to increase the availability of the 

helicopters. It is also important to examine repairables with different characteristics e.g. both 

high and low component value. High valued repairables might be more suited to cannibalize if 

the cannibalization cost is low compared to keeping an additional repairable in inventory while 

low valued repairables might be more suitable to have in stock rather than cannibalize. Since 

there is around 100 repairables in total, it is important to have a suitable inventory level of all 

the repairables, not just the ones that has been chosen in this study. Repairables with short 

repair lead times and low fail rates might currently have too high inventory levels, while others 

likely have too low levels. 

The 19 different repairables that will be investigated in this study are presented with part 

description and respectively part number in Table 3 below. 

Table 3: The repairables that are investigated in this study. 

Part Description Part No  
Linear Actuator 1 109-0030-49-103  

Linear Actuator 2 109-0030-50-103  

Linear Actuator 3 109-0040-83-101  

AHRS 142185-1122 

Airborne Data Loader 81858B01A  

Autopilot Control Panel 109-0770V04-1B01  

CMU 109-0774-02-1B05  

Digital clock  109-0740L42-101  

Flight Control Unit 109-0770V04-2A05  

GCP panel 109-0774-02-2B05  

IFF transponder 1008939G-3 

Linear Variable Differential Transducer (LVTD) 412-074-101-103  

Multifunction Display 109-0770V04-5A03  

Navigation Module 109-0770V04-4A03  

Self-regulated Pump 109-0760-42-103 /109-0760-42-105  

Radar Weather 7009330-912 

Tail Rotor Blade  709-0160-48-101  

Vehicle Monitoring Module 109-0770V04-6A07  

VHF/UHF antenna 19-290/1P4 
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The Self-regulated pump has two different part numbers as seen in Table 3 above, due to 

modifications of some components that required a new part number. All pumps should be 

modified but not all have been so far.20 

5.1.1 Factors that affect the system 
The studied system only includes the repairable inventory. The system's environment is 

important in this study because there are many parameters that affect the suitable inventory 

levels but are not included in the system. This is due to the scope of the study. These parameters 

will however affect the system and need to be mapped. 

The flow of a failed repairable component extends from when a component fails at the Line to 

when it has been at a repair shop somewhere in the world and then is returned. In worst cases, 

lead times might range up to a couple of years.21 This indicates that lead times are a factor with 

high impact on inventory levels. If the lead times where shorter, the optimal inventory levels 

might be lower. The lead times however belong to the system's environment and not the 

studied system.  

The system environment can be seen below in Figure 14. The studied system is marked with a 

dotted circle, the rest belong to the system's environment. 

 

Figure 14: The studied system and its environment. 

5.2 Research questions 
As seen in 4.6.3 Inventory control of repairables, theories about repairable inventory levels are 

scarce and often situational. In order to be able to answer the study's purpose and get 

substantial results, empirical data need to be collected. Empirical data can be collected in many 

ways, and the available quantity could range from a minor amount to a huge quantity of 

information.  In order to target the correct problem areas and to be able to answer the purpose 

of the study, questions will be formulated in this chapter. The purpose of the study is to: 

“…develop a method for determination of repairable inventory levels with regards to costs and 

helicopter availability, and suggest suitable repairable inventory levels for Saab Support Solutions 

Malmen.” 

                                                             
20 Anna Kardell, Operational purchaser Hkp 15, interview 2015-03-02 
21 Jörgen Johansson, Deputy head of military motor wing, interview 2015-02-10 
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To disintegrate and split the components of the purpose to ease a definition of the study, the 

purpose can be divided into different parts. The overall goal of this study is to: 

 Develop a method for determination of repairable inventory levels. 

This should be done by satisfying the following objectives: 

 Keeping costs low and helicopter availability on a sufficient level. 

The study will then suggest inventory levels for Saab Support Solution operations in Malmen 

based on the result of the previously stated goal and objectives. 

5.2.1 Course of action 
To be able to answer the purpose, a course of action has been established. Helicopter 

availability from Saab and Försvaret's perspective has to be mapped initially. The next step 

involves determining what sufficient availability is by analysing the relation between Saab and 

Försvaret's view.  

When the required availability has been established, factors separated from repairables needs 

to be taken into account and mapped. After analysing how non-repairables and overhauls affect 

helicopter availability their impact will be determined. 

Next phase consist of mapping costs connected to the adjustment of repairables inventory levels 

in order to minimize costs but still reach the determined sufficient availability. To do this, the 

four different alternatives to get a helicopter flight able again and how they affect cost and 

availability will be mapped. When each alternative is profitable to choose will be analysed and 

determined. When this is done, suitable inventory levels can be suggested. The course of action 

can be seen in Figure 15 below. 



5 Task specification 

 35 

 

Figure 15: The course of action. 

 

Parameters and inventory levels 

The parameters affecting inventory levels have to be mapped in order to determine optimal 

inventory levels. Ten parameters that affect the inventory levels were identified in chapter 4.6.3 

Inventory control of repairables. The models in the literature contained several additional 

parameters but these ten were considered applicable in this study. The ten parameters 

evaluated as applicable in this study are seen in Figure 16 below. 

 

Figure 16: The different parameters that affect the optimal repairable inventory levels that were identified in 
the theory. 

These ten parameters might affect the study’s purpose. The parameters either affect the cost, 

the availability or both but they all affect the inventory levels. These parameters and other 

matters that affect the inventory levels will be brought up and questions about them will be 

conducted in the following chapters. 
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5.2.2 Helicopter availability 
As seen in 4.3 Delivery service, higher service level also brings higher cost. (Oskarsson et al., 

2006; Storhagen, 2003; Jonsson & Mattson, 2005) The puzzle is to decide what level of delivery 

service the company should generate. (Storhagen, 2003) To be able to find suitable inventory 

levels, a constraint of the helicopter availability has to be set. 

The delivery service concept consists of stock availability, delivery precision, delivery reliability, 

delivery time and delivery flexibility according to Jonsson and Mattson (2005) and Oskarsson et 

al. (2006). The only element that is relevant for the customer, i.e. Försvaret, is stock availability. 

The delivery time for repairs from Saab to Försvaret will be mapped but not investigated 

further. The other elements are insignificant in this study, i.e. they do not affect the availability 

or inventory levels because they are insignificant or can be excluded because they are too small.  

As previously stated, the minimum helicopter availability in the contract between Saab and 

Försvaret in terms of hours is 2500 flight hours. Försvaret has to pay for them whether they use 

them or not. As mentioned in 4.3 Delivery service, Oskarsson et al. (2006), Storhagen (2003) and 

Jonsson and Mattson (2005) all agree that a service level higher than a certain limit brings costs 

that does not bring any extra revenues and is not beneficial to the company's profitability. 

Sufficient helicopter availability is an availability level high enough to provide Försvaret with all 

the flight hours they might want to use. This raises the first main question of this study: 

1. What is sufficient helicopter availability? 

As Storhagen (2003) discusses in 4.6.3 Inventory control of repairables, it is more important to 

have a high service level for spare parts than for finished goods because a stockout of a spare 

part may cause a delay of the main product. In this case, a stockout of a spare part may cause 

delay of a helicopter.  

As previously stated, the two actors in this study, Saab and Försvaret have different views on 

availability and what sufficient availability is. Saab wants to achieve helicopter availability high 

enough to keep Försvaret satisfied and provide Försvaret with the requested flight hours when 

needed. From that point of view, the higher inventory levels the better. Försvaret, on the other 

hand endeavours low inventory holding cost and high availability. Their need for helicopters 

varies and they might use more flight hours if the availability was higher.22 

There are some differences between how Försvaret and Saab perceive availability and the 

availability is different depending on where the system limits are drawn. It is important to know 

how the different parties define availability in order to compute a common view. It is also 

interesting to know how high both Försvaret and Saab consider the availability level to be 

today. This leads to the following questions: 

1A. How does Saab define helicopter availability and how high is it today due to 

their definition? 

1B. How does Försvaret define helicopter availability and how high is it today due 

to their definition? 

  

                                                             
22 Jörgen Johansson, Deputy head of military motor wing, interview 2015-02-10 
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To determine what sufficient availability is, it is important to know how many flight hours 

Försvaret wants to use and actually will use. It is possible that Försvaret is satisfied with the 

current amount of flight hours. However, they might also aim for a higher amount of flight hours 

and thereby increase Saab's revenues. This requires the following questions: 

1C. How many flight hours does Försvaret use today and how are they 

distributed? 

1D. How many flight hours does Försvaret want to use during a year and how are 

they distributed? 

Answering the questions stated above is however not enough. If Försvaret wants higher 

availability, there is also a price. In order to determine if it is even possible to increase 

availability, Försvaret's view on an increased availability and what it is worth has to be defined. 

This forms the question: 

1E. What is Försvaret prepared to pay for an increased availability? 

Analysis 

In order to reach an answer to the question 1. What is sufficient helicopter availability, the 

relations between Saab and Försvaret's views on availability has to be investigated so that their 

views can be matched. This leads to the analysis question: 

1F. What is the relation between Saab and Försvaret's view on availability? 

5.2.3 Factors affecting helicopter availability 
As mentioned in 3.4 Helicopter availability, there are in total three cases in which a helicopter is 

unavailable; a helicopter in need of exchange of a non-repairable, a helicopter in need of repair 

or exchange of a repairable and a helicopter or component in need of overhaul.22 How 

repairables affect the availability is investigated in 5.2.4 Repairable availability and cost below.  

To be able to keep the sufficient helicopter availability, the non-repairables and overhauls' 

impact on the helicopter availability needs to be determined. This leads to the following 

question: 

2. How big impact does non-repairables and overhauls have on helicopter 

availability? 

A helicopter in need of exchange of a non-repairable might be grounded if the non-repairable 

part is important enough. As Jörgen Johansson stated during an interview; a broken bolt in the 

front window is likely a minor problem and can be fixed whenever the helicopter is serviced or 

overhauled, but a flat landing gear tire might be crucial to helicopter flight ability. How often 

and for how long time a helicopter is grounded and unavailable because of an exchange of a 

non-repairable has to be investigated. The parameter "mean downtime due to maintenance" 
because of a non-repairable is therefore important. This downtime will not be affected by 

changing the repairables inventory levels and is therefore a constant factor. However, it needs 

to be investigated to be able to know the total availability. This brings the question: 

2A. How much time are helicopters unavailable due to non-repairables problem? 

A helicopter or component in need of overhaul will also keep the aircraft grounded and 

unavailable. The length of unavailability depends on several factors. Because only some of the 

repairables are in need of overhaul, a question about which components need overhaul has to 

be addressed.   
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The parameter "Overhaul time", i.e. the time it takes to initially examine, change parts or fluids 

and return the helicopter to Line in operational state affect the availability and is therefore 

interesting. Also how often the overhaul is performed, i.e. the parameter "Time between 

overhaul" is important. This generates the following questions: 

2B. Which repairables are in need of overhaul? 

2C. How long is the overhaul time of helicopters and repairables? 

2D. How often is overhaul performed on helicopters and repairables? 

Analysis 

In order to answer the question 2. How big impact does repairables, non-repairables and 

overhauls have on helicopter availability?, it is essential to know in which ways the different 

cases affect the helicopter availability. This leads to the analysis question: 

2E. How do non-repairables and overhauls affect helicopter availability?  

5.2.4 Repairable availability and cost 
Whenever a repairable in a helicopter fails there are four possible alternatives in order to get 

the helicopter flight able again, as mentioned in 3.3 Internal component flow. The four 

alternatives can be connected to whether there is a repairable in stock or not, and the four 

alternatives are: 

 The repairable is in stock 

 Cannibalization 

 Wait for a repairable to be repaired 

 Replenish instead of repair 

When a repairable fails, there is either a reserve repairable in the inventory, or the inventory 

experiences a stockout. If a repairable fails and that part number is in stock, the stored 

repairable can be used to replace the failed repairable. If the repairable is not in stock 

cannibalization can be performed, they can wait for a repairable to be repaired or they can buy a 

new repairable instead of repair the failed one. This result in the third main question of this 

study: 

3. Which of the four possible alternatives is most beneficial due to costs and 

availability for each repairable? 

Some cost categories affecting optimal inventory levels have been identified by studying the 

literature as mentioned in 4.6.3 Inventory control of repairables. These are; inventory holding 

cost, stockout cost, maintenance cost, transportation cost and purchase cost.  

The transportation cost category refers to the transportation between the different sites and the 

depot when using pooling (Fritzsche, 2012). This study does not use pooling and the cost 

category "transportation cost" will instead include the cost of transportation to the external 

repair shops. This cost is however unchanged with changed inventory levels and is therefore 

excluded in the further study. 

Whenever an inventory experiences a stockout, there is a cost connected to it. It could e.g. be a 

cost through a loss of revenues due to a customer choosing another competing supplier or a 

penalty due to a contract that contains penalties whenever a customer demand is not satisfied. 

Spare parts are more important to keep at a high service level than finished gods, because 

stockouts of spare parts can be more harmful to the company (Storhagen, 2003).   
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The contract between Support Solutions Malmen and Försvaret does not include any penalties. 

Nor can the customer, Försvaret, choose a different service and maintenance provider until the 

contract expired. Due to this, the cost category "stockout cost" is therefore eliminated in this 

study. 

Maintenance cost can be defined in different ways. Chelbi and Rezg (2005) and Sherbrook 

(2004) include both repair cost and overhaul cost. In Louit's et al. (2010) model is the 

maintenance cost equal to the repair cost. Since the study intends to suggest suitable 

repairables inventory levels, only the costs that change with repairables inventory levels should 

be considered. If the alternative replenish instead of repair is chosen, the repair cost will 

change. The cost of overhaul will however remain the same even if the inventory levels changes. 

Due to this, overhaul costs will not be included in maintenance costs and the only maintenance 

cost considered is the cost of repairs and the cost of performing cannibalization. 

Keeping repairables in stock results in inventory holding cost and replenishing a repairable will 

require a purchase cost. The cost categories inventory holding cost, maintenance cost and 

purchase cost are the categories that affect the four different alternatives and will be considered 

in this study.   

In order to determine which alternative that should be chosen, the parameter "number of 

stockouts" needs to be determined. The rate of repairable fails is individual to every repairable 

and is needed in order to calculate expected demand. Therefore, the parameter "fail rate" needs 

to be mapped which creates the questions: 

3A. How often do repairables fail?   

3B. How often do stockouts of the repairables occur?  

The four possible alternatives to get a helicopter flight able are discussed individually below. 

Alternative 1: The repairable is in stock 

The exchange of a broken repairable is quickly done when there is a repairable in stock, but 

there is still some downtime as discussed in 3.3 Internal component flow. This is regardless of 

which of the four alternatives is chosen and the time is connected to the exchange of the 

repairable, i.e. identifying the failure cause, removing a component, internal transportation of a 

repairable back and forth within the system of Saab and Försvaret as well as the installation of a 

working repairable. The parameter "Mean downtime due to maintenance" of repairables is 

therefore important in order to map downtime when a repairable is in stock. This time is then 

used as the foundation for the three alternatives when a repairable is experiencing stockout, 

which leads to the following question: 

3C. How much time are helicopters unavailable due to exchange of a repairable in 

stock? 

Repairables in stock will bring inventory holding cost. As described in 4.6.3 Inventory control of 

repairables inventory holding cost according to Lambert et al (1998) includes the capital cost 

and inventory risk cost which includes costs for wastage, aging and destroyed goods etc. 

Inventory holding cost should only include costs that vary with the inventory quantities and it 

generally represents one of the highest logistic costs. To determine the inventory holding cost, 

the parameters "component value" and "inventory levels" are needed. A calculated stock rate is 

also needed.  

In order to be able to answer how big the inventory holding cost is, the following questions need 

to be answered: 
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3D. What are the component values of the repairables? 

3E. What are the inventory levels of the repairables today? 

3F. What is the stock interest rate? 

Alternative 2: Cannibalization 

Cannibalization includes the removal of a component from a helicopter and inserting it into 

another helicopter to increase total fleet availability (Salman et al., 2006). As described in 3.4 

Helicopter availability, the technician at Base sometimes removes repairables from the most 

recently received helicopter on Base overhaul in order to get a failed helicopter available when 

there is a stockout.23 Of all the models in the literature study, only Sherbrook (2004) includes 

cannibalization. Cannibalization brings several costs to the system of Saab and Försvaret. 

To determine the cannibalization's impact on availability, both cannibalization time as well as 

the number of cannibalizations is of interest. Cannibalization lead time includes the time to 

remove a component from the overhauled helicopter, the time to install the component in the 

failed helicopter and the time for running different tests on the helicopter to make sure it work 

correctly. This is extra time in addition to the time required to exchange a repairable in stock. 

Another element with availability impact is the grounds on which Saab bases the decision 

whether to cannibalize or wait for a repairable returning from repair.  The cost of 

cannibalization also has to be determined in order to decide whether it is economically feasible 

or not to cannibalize, i.e. costs in form of salary for a technician removing and installing 

components. To map the cannibalization alternative, answers are needed to the questions 

below: 

3G. How often is cannibalization performed? 

3H. How long time does a cannibalization take? 

3I. How much does the execution of cannibalization cost? 

3J. How does Saab choose between when to perform cannibalization or wait for 

returning repairs today? 

Cannibalization is done frequently, but Saab has poor insight in the consequences of 

cannibalization on other parts in the helicopter. The removal of one component usually requires 

removal of several other components in order to reach every fastening component. This might 

harm the other, working components and make them fail right away or earlier than they would 

have if cannibalization were not performed.24 The act of cannibalization may also prolong the 

overhaul time and the cannibalization chain will continue if the inventory level keeps being 

zero. This affects both availability and costs, and leads to the following questions: 

3K. How does cannibalization affect working components? 

3L. How does cannibalization affect the overhaul time? 

  

                                                             
23 Jörgen Johansson, Deputy head of military motor wing, interview 2015-02-18 
24 Jörgen Johansson, Deputy head of military motor wing, interview 2015-02-10 
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Alternative 3: Wait for the repairable to be repaired 

If there is a stockout and Saab chooses to wait for the repairable to be repaired, the parameter 

“Repair lead time” is of interest. The lead time extends from when the repairable is sent away to 

a repair shop until it is returned to Malmen Base.25 However, the repair lead time may do not 

have to be the same as the time before a repairable is repaired. There is a possibility that a 

repairable of the same part number has already been sent on repair and is on its way back. A 

bigger repairable stock when there is a stockout implies that more repairables are being 

repaired at the same time, therefore decreasing the mean time until one of the repairables 

return from repair. This leads to the following questions: 

3M. How long is the repair lead time for the repairables? 

3N. During stockout, what is the mean time between when a repairable fail and  

the same part number return from repair?  

Alternative 4: Replenish instead of repair 

When a repairable reaches the end of its product life or is irreparable, it should be discarded 

and Försvaret should purchase a new one.24 When this occurs, purchasing time may be different 

from the repair time. To determine the effects of purchasing new components, the parameters 

"Scrap rate" and "Lead time for ordering a new repairable" is needed.  This generates the 

questions: 

3O. What is the scrap rate of the repairables? 

3P. What is the lead time for ordering a new repairable? 

Because the repairs are expensive, it may sometimes be profitable to replenish instead of repair 

even if the component's lifetime has not been reached yet. To determine this the purchase cost 

of a new repairable is important: 

3Q. What is the purchase cost of a new repairable? 

Input parameters "repair cost" and "fail rate" are also affecting whether it is best to repair or 

replenish. How often repairables fail have been discussed in question 3A. Therefore the 

following issue needs to be answered: 

3R. How much do the repairs of the repairables cost? 

Analysis 

The best alternative in terms of helicopter availability is when the repairable is in stock. This 

alternative affects helicopter availability the least since it only comprises the actual change time 

of the repairable, as well as some document handling time and internal transportation time. 

However, it is expensive to keep a high stock of all repairables. To be able to answer the 

question 3. Which of the four possible alternatives is most beneficial due to costs and availability? 

the four alternatives have to be compared. Questions that needs answer is therefore: 

3S. When is it profitable to add an additional repairable to the inventory? 

3T. When is it profitable to perform cannibalization? 

3U. When is it profitable to wait for the repairable to be repaired? 

3V. When is it profitable to replenish instead of repair? 

                                                             
25 Anna Kardell, Operational purchaser Hkp 15, interview 2015-03-02 
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The best of these four alternatives for each investigated repairable then has to be compared. 

The most beneficial alternative will then be the answer to the third main question and help 

determining suitable inventory levels. 

5.2.5 Summary of research questions 
The questions that need to be answered in order to determine the optimal repairables inventory 

levels are compiled below. The questions are numbered by the main question.  

1. What is sufficient helicopter availability? 

1A. How does Saab define helicopter availability and how high is it today due to 

their definition? 

1B. How does Försvaret define helicopter availability and how high is it today due 

to their definition? 

1C. How many flight hours does Försvaret use today? 

1D. How many flight hours does Försvaret want to use during a year and how are 

they distributed? 

1E. What is Försvaret prepared to pay for an increased availability? 

Analysis 

1F. What is the relation between Saab and Försvaret's view on availability? 

2. How big impact does non-repairables and overhauls have on helicopter 

availability? 

2A. How much time are helicopters unavailable due to non-repairables problem? 

2B. Which repairables are in need of overhaul? 

2C. How long is the overhaul time on helicopters and repairables? 

2D. How often is overhaul performed on helicopters and repairables? 

Analysis 

2E. How do non-repairables and overhauls affect helicopter availability?  

3. Which of the four possible alternatives is most beneficial due to costs and 
availability for each repairable? 

3A. How often do repairables fail?  

3B. How often do stockouts of the repairables occur?  

3C. How much time are helicopters unavailable due to exchange of repairable in 

stock? 

3D. What are the component values of the repairables? 

3E. What are the inventory levels of the repairables today? 

3F. What is the stock interest rate? 

3G. How often is cannibalization performed? 
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3H. How long time does a cannibalization take? 

3I. How much does the execution of cannibalization cost? 

3J. How does Saab choose between when to perform cannibalization or wait for 

returning repairs? 

3K. How does cannibalization affect working components? 

3L. How does cannibalization affect the overhaul time? 

3M. How long is the repair lead time for the repairables? 

3N. During stockout, what is the mean time between when a repairable fail and 

the same part number return from repair?  

3O. What is the scrap rate of the repairables? 

3P. What is the lead time for ordering a new repairable? 

3Q. What is the purchase cost of a new repairable? 

3R. How much does the repair of the repairables cost? 

Analysis 

3S. When is it profitable to add an additional repairable to the inventory? 

3T. When is it profitable to perform cannibalization? 

3U. When is it profitable to wait for the repairable to be repaired? 

3V. When is it profitable to replenish instead of repair? 
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6 Methodology 
To be able to present credible result from the study, it is important to theoretically motivate and 

define the methods used in the different sections of this study. This chapter will describe the choices 

and approaches done along the study. It will begin with a research approach and continue by 

presenting the process steps used in the study along with theories about each step. A discussion 

about how the authors have worked with credibility, reliability and validity is included and the last 

section contains a description of how the different questions conducted in the Task Specification 

were answered.  

6.1 Research approach 
There are several choices when deciding upon a study type and how to approach it according to 

Björklund and Paulsson (2012). In order to keep the study credible it is important to recognize 

and justify all options and the choices made by the study's authors. This is of importance both 

when choosing methods of work as well as while performing the study. (Björklund & Paulsson, 

2012) The authors of the study will therefore present a few method alternatives and its positive 

and negative sides.  

It is both possible and popular to characterize a study's research methodology as qualitative, 

quantitative or mixed. It is done because a characterization communicates information about 

the study's key features, which can differ between the different methodologies (Harwell, 2011; 

Dawson, 2002). The methodology can help deciding the most effective research methods to 

gather data (Dawson, 2002) and the choice of research methods can limit what can be 

discovered (Hartwell, 2011). 

According to Björklund and Paulsson (2012), the study's purpose is mainly determining the 

study's approach, while other authors such as Hartwell (2011) and Dawson (2002) consider the 

research questions to define the research methodology. Åsberg (2001) discusses the problem of 

deciding between a qualitative or quantitative research approach. He discusses a variety of 

authors on the subject and claim it is pointless to try and force the study into either qualitative 

or quantitative, there is only an endless rhetoric discussion and it does not affect choices and 

distinctions.  

The purpose of this study is to determine suitable repairables inventory levels at Saab. It aims to 

create a deeper understanding of an inventory problem and should therefore be characterized 

as a qualitative study according to the view of Björklund and Paulsson (2012). They argue that 

interviews and observations are preferred when doing qualitative studies, while surveys and 

mathematical models are more suitable for a quantitative study, where information can be 

obtained, measured or evaluated numerically. In order to answer the study's purpose, both 

interviews and numerical data need to be used and the two approaches are both applicable. 

This study's research questions focuses on mainly "what" and "how much/long/often", see 5.2.5 

Summary of research questions, which suggests leaning against a quantitative approach 

according to Dawson (2002). Different authors’ views seem to diverge, why a mixed research 

methodology could be preferred. In order to get proper data in this study, both interviews and 

statistic basis needed to be used and evaluated, and a mixed research methodology was used. 

The knowledge within the subject area might affect the choice of study. According to Björklund 

and Paulsson (2012) there are four different studies that can be performed. 

 Explorative study: Preferred to use when there is little knowledge regarding the subject 
and there is a need for basic understanding.  



6 Methodology 

 46 

 Descriptive study: Most commonly used when there is already a basic understanding and 

knowledge about the studied subject and its relations is described but not explained. 

 Explanative study: Preferably used when a deeper understanding and knowledge is 
needed in order to both explain and describe.  

 Normative study: Used when the goal is to guide and propose measures when there is 
already some knowledge and understanding of the subject. 

This study is a detailed exploration of Saab's inventory levels of repairable helicopter spare 

parts. At first, the authors pursued a basic understanding of the company and the problem.  This 

indicates an explorative study at first, continuing into an explanative study when basic 

understanding was received and the authors tried to get a deeper understanding of inventory 

levels, what they depend on and how they can affect and be affected by the activities in the 

company. To be able to define possible areas of improvement, deeper knowledge was needed 

and to get a more credible base for the changes. However, the end of the study aims to guide 

Saab in deciding upon inventory levels, which indicates a normative study. As a summary, the 

study can be defined as explorative as a start, then slowly becoming more explanative and lastly 

turning into a normative study. 

6.2 The process' steps 
According to Lekvall and Wahlbin (2001) an understanding of which different steps that should 

be performed in the study before entering the data collection phase is important. It is also 

important to know how different steps are connected.  

The process's steps of this study include a planning phase, data collection phase, analysing 

phase and closure phase. The planning phase aims to get an understanding of the problem and 

purpose of the study, gather theory from literature and to plan how the purpose is supposed to 

be answered. In the data collection phase, all the data and information that is needed to answer 

the questions stated in the planning phase and the purpose should be collected. The main 

questions will be analysed together with the theory and the information from the data collection 

phase in the analysis phase. In the last phase, the closure phase, the result of the analysis will be 

presented and discussed. 

Figure 17 below, shows the overall method of the work process of this study and how different 

steps along the way are connected to each other.  
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Figure 17: The work process inspired by Lekvall and Wahlbin (2001). 

5.2.1 The planning phase 
The planning phase took place during the first eight weeks of the study. During this phase the 

authors scheduled regular meetings with the supervisor from University, Malin Wiger, and the 

opponents. Every other week, the opponents read the study and made comments about parts 

that they found unclear or had questions about. This was done in order to stay updated on each 

other’s projects but also to provide continuous feedback on the work, which could possibly 

improve the quality of the study. The planning phase was ended by a seminar with Wiger, the 

opponents and the examiner, Maria Huge-Brodin. All the meetings that took place with the 
supervisor, examiner and opponents during the planning phase are listed in Table 4 below. 

Table 4: The meetings with the supervisor, examiner and opponents during the planning phase. 

Date Participants Length Topic 
2015-02-11 Malin Wiger and opponents 120 min Problem description and purpose 
2015-02-17 Malin Wiger 45 min Purpose, literature and methodology 
2015-03-03 Malin Wiger and opponents 90 min Theoretical framework and task 

specification 
2015-03-13 Malin Wiger and opponents 120 min Task specification 
2015-03-30 Malin Wiger, Maria Huge-

Brodin and opponents 
120 min Planning phase 

 

Problem description and purpose 

According to Björklund and Paulsson (2012), one benefit of data collection through 

presentations is that a little work effort results in a lot of information. To understand the 

purpose of the assignment, the study's authors listened to a presentation Saab had prepared in 

the first meeting. This resulted in an overall understanding of Support Solutions, their activities 

and how the study's problem was connected to the business units’ activities within a short 

period of time. The authors conducted a problem description and a purpose of the study during 

the first week. The problem description and purpose was discussed with two Saab employees 

and Wiger, to ensure there was no misunderstandings or uncertainties between the parties. 

According to Wiger, the study was too wide and had to be narrowed down. Due to the early 

meeting, a minimal amount of time was wasted when changing the study's purpose. 
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Present situation 

The supervisor at Saab, Björn Asp, got transferred in the beginning of March and Anders 

Lindholm became the new supervisor. This created some difficulties in the beginning because 

Lindholm was not as familiar with the study since he was positioned in Tannefors the first 

month. Asp was busy during his last month, which delayed the planned interviews. In order to 

find out about the present situation the Deputy Head of Military Motor Wing, Jörgen Johansson, 

was interviewed. The interview was semi-structured, which according to Björklund and 

Paulsson (2012) means that the subjects are pre-determined but the questions are formulated 

subsequently. This is also the most common type of interview used in qualitative social research 

according to Dawson (2002). A semi-structured interview was chosen because the study's 

authors knew about the important subjects but wanted the interviewee to speak unrestrainedly 

about the subjects so that no information was overlooked. 

When interviewing only one person, there is an impending risk that answers will contain some 

subjective opinions or being angled. Another risk is that the interviewee has incorrect answers 

(Björklund & Paulsson, 2012). To remedy this and to get answers that J.Johansson could not 

provide, both the maintenance planner Peter Johansson and the operational purchaser Anna 

Kardell was additionally interviewed.  

This is considered to increase the objectivity and the reliability of the study. Björklund and 

Paulsson (2012) describe reliability as the degree of accuracy of the data and objectivity as to 

what extent personal opinions and values are affecting the study. Reliability and objectivity are 

two ways to measure the credibility of the study (Björklund & Paulsson, 2012).  

The interviews with P.Johansson and Kardell as well as a second interview with J.Johansson 

were also semi-structured. Some of the questions in the interviews with P.Johansson and 

Kardell were also answered in previous interview with J.Johansson, while others were thought 

upon at the interview. This was made to get to separate answers in order to reach a higher 

creditability.  

According to Huge-Brodin (2014) it is a good idea to have different roles during the interview. 

One role could be to ask questions and just listen, while another role could include taking notes. 

During the interview both authors had the prepared questions in front of them. The authors 

however had two different roles during the interview, divided according to their strengths and 

weaknesses. Both authors asked the questions, but only one took notes and the other just 

listened. The listener have a good memory and get distracted when doing two things at the 

same time while the writer remembers better when taking notes while listening.  

Huge-Brodin (2014) argues that transcription of interviews is a good way to not forget the 

information retrieved. The notes from the interviews were transcribed into a text as soon as 

possible after the interview. In the beginning, it was uncertain what information would be of 

interest and what information would not. All the information was therefore transcribed into 

text.  

A minor observation was also done in Malmen Base workshop and inventory. The observation 

method for collecting information is good because it can provide objective information instead 

of subjective according to Björklund and Paulsson (2012). The observation was done in order to 

achieve a better understanding of the physical flow at Malmen. Conducting it was easy since the 

authors are positioned close to the workshop and inventory and moves freely within the area.  

  



6 Methodology 

 49 

The method for collecting information regarding the present situation was as previously stated 

mainly interviews. The only downside of using interview as a data collection method that 

Björklund and Paulsson (2012) are mentioning is that interviews are time demanding and could 

be expensive due to traveling. Interviews were chosen as information collecting method 

because the authors believed interviews to be the best way to retrieve a sufficient amount of 

information in a short period of time. Since the authors were positioned at Saab, traveling was 

not an issue and as can be seen in Table 5 below, not that time consuming. The interviews 

regarding the problem and the present situation are compiled in the Table 5 below. The 

interview questions can be seen in Appendix 1. 

Table 5: The interviews made during the planning phase. 

Date   Interviewee   Length   Topic   

2015-02-03   Björn Asp 

Business developer, Saab 

Jörgen Johansson 

Deputy Head Military Rotor Wing, Saab 
Anders Lindholm 

Supervisor, Saab 

Ingemar Bengtsson  

Chief of Staff Support Solutions, Saab 

120 min Introduction to the 

assignment 

2015-02-10   Jörgen Johansson 

Deputy Head Military Rotor Wing, Saab 

120 min Present situation 

2015-02-13   Peter Johansson 

Maintenance planner, Saab 

75 min Present situation 

2015-02-18   Jörgen Johansson 

Deputy Head Military Rotor Wing, Saab 

75 min Present situation 

2015-03-02   Anna Kardell 

Operational purchaser Hkp 15, Saab 

90 min Present situation 

 

The authors were positioned at an office in Malmen during most time of the study. This made it 

easy to complement all retrieved information by asking employees in both lunchtime and in 

their offices. Being located in the same building as the interviewees ease when uncertainties 

arise and the interviewee needs to be asked again.  

The present situation was read through by Lindholm to make sure that there were no 

misinterpretations. Lindholm has not been interviewed during the phase of information 

collection and is therefore an additional source. This increases the reliability of the study when 
Lindholm agrees with the other interviewees.  

Literature study 

Collecting data through literature is according to Björklund and Paulsson (2012) a relatively 

quick way to collect a lot of information. The literature study began in week two in order to get 

an early overall view of the subject spare parts. The reading areas were initially total cost 

concept, spare parts, lead time, KPI (Key performance index), inventory control, forecasting and 

ABC analysis. Due to the specific subject of the study, repairable spare parts, the literature 

search was initiated by searching for other master theses focusing on inventory control and 

spare parts to get a summary of different authors’ researches. 
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According to Huge-Brodin (2014) it is a good idea to start broad and taper to more specific 

areas of theory when searching through literature. The first theory was collected through books, 

mainly general logistics books. A tapering view on literature was used and is also how the setup 

of chapter 3 Theoretical framework is constructed. 

As the study was narrowed down, the theoretical areas changed. There was still some focus on 

total cost concept, forecasting, lead time and ABC analysis but mainly focus on spare parts and 

inventory control of spare parts.  

An even more specific limitation was to focus on literature regarding only repairable spare 

parts. Theory about this subject is scarce, only a limited amount of theories was found in books 

due to the specific case of the study. Some articles dealt with the subject of repairables but 

always in a specific case, different from this study. A lot of different methods for inventory 

control were found but no method that could fit this study. A structured literature search was 

therefore made to find different parameters used when calculating optimal inventory levels. 

This was done to understand possible useful parameters in this study. Björklund and Paulsson 

(2012) discusses the importance of being aware of that information collected through literature 

can be angled or incomplete, and the studied literature's purpose might differ from the study's 

purpose. All literature that could be found about optimizing repairable inventory levels were 

therefore collected and compiled, in order to cover all theories and summarize several authors 

to stay away from an angled view. 

Some literature was found through other thesis about spare parts and inventory control. Most 

of the literature however was collected through the library at Linköping’s University. This 

because the library provides access to hundreds of databases, maximizing the possibilities of 

reaching relevant information. A downside of using the database of Linköping's University is 

that too much theory might appear and obstruct the compilation of the information. Too much 

theory might be hard to handle and the risk of important theory being sorted out is imminent.  

It is possible to limit the library online search to specific databases. To narrow down the search 

area, some searches were made exclusively in the databases Business Source Premier and 

Academic Search Premier but most searches were done in all the data bases. The two databases 

were chosen based on experience from previous searches. The searches were also narrowed 

down by using different settings, e.g. just searching for Peer reviewed literature and searching 

for specific key words. The study's authors conducted separate searches to get a wider basis. 

Search words and settings used in the structured literature search can be seen in Appendix 2. 

After several different structured searches the same literature began to re-appear, and the 

searches were completed. 

After conducting several theory searches, gathered literature began referring to the same 

authors. This study's authors consider this to indicate two things. First, that there is a limited 

amount of theory on the subject of repairables inventory control, and secondly, that older 

authors had a way of thinking that is still modern and that the conditions of the subject have not 

changed much during the years. This increases the probability that the theory found is still up to 

date and thereby increasing the reliability of the studied theory. 

Task specification 

The studied system was established based on the present situation as well as discussions with 

the supervisors Wiger and Lindholm. The studied system is small compared to the information 

gathered about the present situation. A lot of factors affect the studied system, but are not going 

to be investigated due to the study's range. The studied system and its environment were 

therefore distinguished from one another and defined separately. 
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A course of action was then established in order to break down the path to the goal, which is to 

answer the purpose of the study. The course of action is divided into three different parts 

including one main question, one or a few analysis question and a few more mapping questions. 

The first and second main question has to be answered to be able to answer the third main 

question. The answer of the third main question will then form the foundation for answering the 

purpose. The assignment includes a lot of different areas and is quite straggly, which is the 

reason why the course of action where made. 

Methodology 

The methodology was initiated early and expanded throughout the study. The process's steps 

were described in this methodology chapter as they were conducted to match the reality as well 

as possible. The methodology has been created during the entire study to remember all the 

steps and details. 

6.2.2 The data collection phase 
All the data and information needed to fulfil the purpose was collected in this phase. The sub-

questions formulated in the task specification form the foundation of the data collection phase. 

To answer these questions data was collected from Saab’s IT-systems and thru interviews. 

The study was limited by deciding to only focus on a few repairables. 15 different repairables 

were chosen by J.Johansson together with the logistics department. They were chosen due to 

their high repair cost, long lead times for repair and "no fault found" had happened a lot. The 

supervisor at Saab suggested that the study's authors should make up their own opinion about 

which repairables are most interesting to look at. 

The study's authors looked at repairables that have long lead times, had failed many times and 

had been cannibalized a lot. If a repairable has been cannibalized a lot it means that there has 

been a lot of stockouts of that repairable and the inventory levels might be too low. This 

investigation led to four additional repairables that the study's authors found interesting to look 

at. The authors did not find “no fault found” to be interesting because it does not affect the 

inventory levels. But all the 15 repairables that J.Johansson had chosen was interesting in other 

ways. A discussion was held about the four additional repairables with J.Johansson and Kardell 

to ensure that they did not have any information about the repairables that would change the 

interest. 

Most data was gathered through interviews Saab's IT-system; Sherpa. The study's authors did 

not have access to Sherpa the first weeks of the data collection phase. Kardell and P.Johansson 

helped them to gather the information the authors asked for in Sherpa. The also gathered data 

from other applications and documents that the authors asked for. 

Gathered data was discussed during three different interviews April the 7th with employees at 

Saab. A lot of the data gathered to this point was inconsistent or incomplete, or did not cover 

enough to ease answering the research questions. These interviews were done in order to 

clarify uncertainties and try to get more complementary data. All these interviews were semi-

structured. 

The study's authors conducted a benchmarking field trip to Saab Support Solutions in Nyköping 

April 15th. This was done in order to verify the focus of the study and to get contribution in how 

to reach the study's purpose. The field trip showed that even though Nyköping is a Support 

Solution site and they handle service and maintenance of aircrafts, the businesses have 

completely different preconditions. Nyköping is obliged to pay penalties if maintenance is 

delayed or slow, which can be transferred to the repair suppliers.   
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This results in smooth repair lead times which simplifies the inventory level calculations and 

showed the main issue at Malmen, irregular repair lead times. 

In order to answer the mapping questions about Saab's view of availability J.Johansson and 

Head of section at Military Rotor Wing Gustav Lindh was interviewed at April 20th. They possess 

the most knowledge of Hkp 15 and the operations with the helicopter. Many questions had to be 

answered and both interviewees were very busy. Because of that the interview was structured 

The Hkp 15 Head resource manager at Försvaret, Stefan Johansson was interviewed about 

Försvaret's view of availability at May 5th. This interview was also structured because of the 

same reasons as the interview with J.Johansson and Lindh. Retrieving both stakeholders view 

was crucial in order to demonstrate the different views on helicopter availability. 

The study's authors also visited Saab Support Solutions in Tannefors, responsible for keeping 

inventory of spare parts for approximately 400 airplanes around the world. This site had begun 

implementing an inventory optimization software, called Optimus. Optimus turned out to be a 

more complex software version of this study, continuously iterating the values and chosen 

inventory levels to find optimal solutions based on information in IFS Sherpa. Optimus was 

examined in order to verify that the selected parameters in this study was vital and had impact 

on inventory levels. The field trip verified that the study had addressed the problem correctly 

and did take the relevant parameters into account. However, applying the same procedures 

used at Tannefors on Malmen would not be easy. The values and sizes of repairables are 

noteworthy larger at Tannefors than Malmen and Tannefors as well as Nyköping experience 

penalties when repairables is out-of-stock. Optimus would likely be beneficial to introduce to 

Malmen as well, although this implementation will likely take several years and require quite an 

effort in terms of trying to correct and complement data in IFS Sherpa, since the data gathering 

phase showed a major portion of inconsistent and missing data in IFS Sherpa. 

The interviews regarding the data collection can be found compiled in the Table 6 below. The 

interview questions can be seen in Appendix 3. 

Table 6: The interviews during data collection phase. 

Date   Interviewee   Length Type of interview 

2015-04-07 Peter Johansson 

Maintenance planner, Saab 

20 min Semi structured 

2015-04-07 Jörgen Johansson 

Deputy Head Military Rotor Wing, Saab 

20 min Semi structured 

2015-04-07 Anna Kardell  

Operational purchaser Hkp 15, Saab 

90 min Semi structured 

2015-04-15 Roger Bladh 

Logistic manager, Saab 

90 min Not structured 

2015-04-17 Peter Johansson 

Maintenance planner, Saab 

90 min Structured 

2015-04-17 Johan Lindbom 

Technician, Saab 

60 min Structured 

2015-04-20 Jörgen Johansson 

Deputy Head Military Rotor Wing, Saab 

Gustav Lind 

Head of section - Military Rotor Wing, Saab 

75 min Structured 

2015-04-22 Nils Lindström 

Forecast management 

120 min Not structured 
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2015-04-29 Anna Kardell 

Operational purchaser Hkp 15, Saab 

120 min Structured 

2015-05-05 Stefan Johansson 

Head resource Manager Hkp 15, Försvaret 

120 min Structured 

 

Most data were straight extracts from Saab's IT-system IFS Sherpa but some data were 

processed to be able to find new information. All information about how often cannibalizations 

have been performed, how the inventory levels of each repairable have changed and the 

internal repair lead time are processed data. This data is thereby more uncertain. 

The number of cannibalizations where found in a withdrawal from IFS Sherpa that included all 

actions taken in Malmen Base workshop since the start of the contract. All actions are registered 

according to the technician Johan Lindbom, but the explanation is sometimes vague. To find the 

cannibalizations, the words loan, serve, serviceable and canni were searched in the column 

"Fault remark". Lindbom and P.Johansson were asked for additional words to search for as well. 
An additional search of all the 19 part numbers with these words excluded were also made to 

make sure that no cannibalization was missing. 

To find out how the inventory level has changed for all the repairables an extract from IFS 

Sherpa that composed all the times that the certain part number have entered or left Saab's 

system was used. It is not possible to follow a certain serial number outside Saab's system to see 

where it is going. What was able to see was when a purchased repairable arrived, when a failed 

repairable arrived, when failed repairables were issued to supplier, when a repairable was 

returned from repair and when a repairable were issued to Försvaret. By using this information 

the inventory levels since the start of the contract could be determined by counting all the time 

a repairable arrived or left Saab's system in a functional mode. The counted inventory level in 

the end was compared to the current inventory level 2015-04-22 to make sure that no mistakes 

in the counting were made.  

When determine internal lead times, more assumption was made than for cannibalization and 

inventory levels. The same data as for determine inventory levels were used. The lead time from 

when a repairable failed until Försvaret has sent it to Malmen Base where measured as the time 

a functional repairable where sent from Saab until a failed repairable arrived to Saab's system. 

There is though impossible to know for sure which arrived repairables that belong to which 

issued repairables. The lead time from when a repairable arrived to Malmen Base until it was 

sent to the supplier is more certain. But both lead times vary a lot, which makes the estimated 

internal lead time unsure. 

The study's opponents and the supervisor at Linköping University only met one times during 

the empirical phase, shown in Table 7 below.  

Table 7: The meetings with the supervisor, examiner and opponents during the data collection phase. 

Date Participants Length Topic 
2105-05-13 Malin Wiger, Maria Huge-

Bodin and opponents 
120 min Opponent of preliminary report 
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6.2.3 The analysis phase 
The main questions as well as the analysis questions were answered in this phase by using the 

answers to the mapping-questions and the theoretical framework. This phase investigated the 

relations between the study's main questions and optimal inventory levels, in order to answer 

the study's purpose.  

The compilations from all interviews and data gathered through the IT-system IFS Sherpa and 

information about the current situation at Saab, alongside theories gathered in the Theoretical 

framework formed the basis for analysis. The purpose with the interviews with Saab and 

Försvaret was to provide the different helicopter availability views, which in turn could be used 

to show possible collaboration improvement opportunities and the real helicopter availability. 

As anticipated, the interview answers showed differences in existing views on availability. How 

to solve them was however never a part of this study. Factors affecting helicopter availability 

was investigated in order to determine how big impact repairables had on helicopter 

availability, and how helicopter availability would change if repairable availability was changed. 

The study's four designed scenarios was then compared and discussed in order to provide a 

solid basis for future inventory size decisions and the costs brought.  

6.2.4 The closure phase 
The final conclusions and recommendations were produced in this phase. The original objective 

with the study's authors was to be able to suggest optimal inventory levels for each of the 19 

studied repairables. The empirical and analysis work, however showed that such a result would 

have been impractical and imprecise to aim for. Optimal inventory levels can't be decided 

without making assumptions and make decisions based on a predetermined level of risk and 

uncertainty. Saab has to decide the levels of these risks and uncertainties, and thereafter 

produce the optimal inventory levels. A discussion about risks, uncertainties and suggestions 

for further studies was initiated as a closure to this study. 

6.3 Methods for answering research questions 
The questions conducted in the Task specification were answered by data collection in several 

different ways. Mostly from Saab's IT-system Sherpa and from interviews, but some questions 

were answered through analysis. How the different questions were answered is presented in 

Table 8 below. A more thorough explanation of how the questions are answered follows in the 

sections after Table 8.  
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Table 8: Overall data collection method for each question. 

Summary of the research questions IT-

system 

Interview Analysis 

1. What is sufficient helicopter availability?   X 

1A. How does Saab define helicopter availability and how high is it 

today due to their definition?  

 X  

1B. How does Försvaret define helicopter availability and how high 

is it today due to their definition?  

 X  

1C. How many flight hours does Försvaret use today and how are 

they distributed? 

X X  

1D. How many flight hours does Försvaret want to use during a year 

and how are they distributed?  

 X  

1E. What is Försvaret prepared to pay for an increased availability?   X  

1F. What is the relation between Saab and Försvaret's view on 

availability? 

  X 

2. How big impact does non-repairables and overhauls have 

on helicopter availability?  

  X 

2A. How much time are helicopters unavailable due to non-

repairables problem? 

 X  

2B. Which repairables are in need of overhaul? X   

2C. How long is the overhaul time of helicopters and repairables? X X  

2D. How often is overhaul performed on helicopters and 

repairables? 

X X  

2E. How do non-repairables and overhauls affect helicopter 

availability?  

  X 

3. Which of the four possible alternatives is most beneficial 

due to costs and availability for each repairable? 

  X 

3A. How often do repairables fail?  X   

3B. How often do stockouts of the repairables occur?  X   

3C. How much time are helicopters unavailable due to exchange of a 

repairable in stock? 

 X  

3D. What are the component values of the repairables? X X  

3E. What are the inventory levels of the repairables today? X   

3F. What is the stock interest rate?   X  

3G. How often is cannibalization performed?  X   

3H. How long time does a cannibalization take?  X   

3I. How much does the execution of cannibalization cost?  X   

3J. How does Saab choose between when to perform cannibalization 

or wait for returning repairs?  

 X  

3K. How does cannibalization affect working components?   X  

3L. How does cannibalization affect the overhaul time?  X X  

3M. How long is the repair lead time for the repairables?  X   

3N. During stockout, what is the mean time between when a 

repairable fails and the same part number return from repair?  

X   

3O. What is the scrap rate of the repairables?  X X  

3P. What is the lead time for ordering a new repairable?  X  

3Q. What is the purchase cost of a new repairable?  X X  

3R. How much does the repair of the repairables cost?  X   

3S. When is it profitable to add an additional repairable to the 

inventory? 

  X 

3T. When is it profitable to perform cannibalization?   X 

3U. When is it profitable to wait for the repairable to be repaired?   X 

3V. When is it profitable to replenish instead of repair?   X 
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6.3.1 Questions answered by data from IT-system 

 

Figure 18: The questions in white were answered only by data from the IT-system. 

The questions in Figure 18 above were answered by collected data in terms of statistics from IT-

system etc. The data was retrieved from IFS Sherpa, from Excel used by the employees or from 

other applications or files associated with Försvaret or Agusta. Just retrieving data from IT-

systems was however not enough. The data was gathered and compiled, but several 
simplifications had to be made in order to process and analyse it. Some outliers in the data were 

removed in order to reach as realistic result as possible.  

Historical data was used to get a reliable image of reality. Interviews or observations might 

serve as an unreliable source and lower the study's reliability when regarding large amounts of 

data. An example of this is if an employee remembers when a certain article was broken and 

sent for repair, as well as how long time it was gone and how many times it has failed in total. It 

is impossible to keep the amount and kind of information in mind and remembering everything 

flawlessly. Björklund and Paulsson (2012) define reliability as how reliable the measuring 

instrument is, i.e. to what extent the same results are obtained when the study is repeated. 

Asking the same person for the same information at different occasions would in this study and 

with these questions most likely result in diverging results, indicating that the reliability of the 

data collection type is low when handling large amounts of data and historical data. The study's 

authors therefore considered it more appropriate to use historical data from IT-systems to 

answer these questions rather than interviews. Björklund and Paulsson (2012) also discuss 

objectivity as to what extent values affect the study. Since this subject contain large amounts of 

data, every interviewed or observed person would have different knowledge and different 

perceptions of the subject, which would lower the objectivity of the interviews, in line with 

Björklund and Paulsson’s (2012) view compared to using historical data from IT-systems, which 

would not be influenced by other sources. 

6.3.2 Questions answered by interviews 

 

Figure 19: The questions in white were answered only by interviews. 

The questions in Figure 19 above were answered through interviews only. In order to increase 

the validity of a study, several persons with different perspectives was used in order to 

triangulate the collected data according to Björklund and Paulsson (2012). This is also how the 

questions in Figure 19 were answered when possible. Due to their expectedly simple nature, 

every question were answered in a way that corresponds to reality as long as the interviewee 

has relevant insight in the subject. 



6 Methodology 

 57 

The interviews was conducted with Försvaret, Saab's maintenance planner and the Logistic 

department or another responsible authority from Saab. Björklund and Paulsson (2012) 

propose that leading questions should be avoided if possible when conducting an interview and 

the questions should be of a more global nature. In order to perceive both parties real opinions 

on the subject and to collect data that might regard the question but not the answer itself, the 

questions asked were not leading questions but instead of a more global nature. Försvaret and 

Saab most likely define availability differently but in order to understand and compute optimal 

helicopter availability, and thereby optimal inventory levels, both parties were asked the same 

questions to be able to compile their answers. The interviews were mainly performed with one 

interviewee at a time but two interviewers. All interviews are compiled in Table 6 above and all 

interview questions can be seen in Appendix 3. 

Interviews are good to use when a deeper understanding is needed and questions can be 

customized to the interviewees (Björklund & Paulsson, 2012). The questions answered by 

interviews in this study are specific and not containing a lot of information. The deeper 

understanding of these subjects is important and therefore interviews are a preferred way of 

collecting this data, in line with Björklund and Paulsson’s (2012) view. 

6.3.3 Questions answered by both interviews and data from IT-

system 

 

Figure 20: The questions in white were answered by both data from the IT-system and interviews. 

How the questions in Figure 20 above were answered is described below. 

1C. How many flight hours does Försvaret use today and how are they 

distributed?  

The amount of flight hours Försvaret has used during the years of the contract until today was 

provided from the P.Johansson thru IT-system. The data only showed  how many flight hours 

that have been used from each helicopter each year, not how they have been distributed. How 

the flight hours have been distributed was investigated thru interviews with P.Johansson and 

S.Johansson. 

2C. How long is the overhaul time of helicopters and repairables? 

2D. How often is overhaul performed on helicopters and repairables? 

The helicopter overhauls are planned by P.Johansson together with Försvaret. The overhaul 

plan for the past nine months and future year was received from P.Johansson. Interviews with 

P.Johansson were also performed in order to get information about the different sorts of 

overhaul and how often they have to be performed. 

3D. What are the component values of the repairables? 

3Q. What is the purchase cost of a new repairable?  
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The repairables component values were received from a document provided by Kardell. The 

received values was however from the start of the contract and the component values are 

probably higher today. Kardell and P.Johansson were asked about of how much they estimated 

the values to increase each year. 

3L. How does cannibalization affect the overhaul time? 

The effect of cannibalization on overhaul time needed to be examined by analysing data from 

Saab regarding when cannibalization was performed and how much longer the overhaul time 

was because of the act. It was also complemented with interview answers from the technicians 

at Malmen and Försvaret, as well as the Maintenance planner at Saab. Both interviews and data 

was used to get higher reliability in answering the question. 

3O. What is the scrap rate of the repairables?  

Some repairable have a predetermined service life. Data about the service life was received 

from a maintenance plan from P.Johansson. Interviews were also performed with P.Johansson 

and Kardell in order to find out if any repairable have been scrapped so far and if they believe 

that some repairable is going to be scrapped before the service life is finished. 

6.3.4 Analysis questions 

 

1F. What is the relation between Saab and Försvaret's view on availability? 

2E. How do non-repairables and overhauls affect helicopter availability?  

3S. When is it profitable to add an additional repairable to the inventory? 

3T. When is it profitable to perform cannibalization? 

3U. When is it profitable to wait for the repairable to be repaired? 

3V. When is it profitable to replenish instead of repair? 

To be able to answer these questions, other questions needed to be answered and processed 

together with data and interview answers. The processed information was then analysed in 

order to be able to answer the main questions.  
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7 Empirical results 
All data needed in order to answer the mapping questions established in chapter 5 Task 

specification is gathered in this chapter. The data has been collected as described in 6.3 Methods 

for answering research questions. The data presented was used to answer the analysis questions in 

the next chapter, 8 Analysis. All the data presented in this chapter was extracted from Saab's IT-

system IFS Sherpa or gathered from interviews. Unless otherwise noted, the data from Sherpa 

ranges from the first day of the contract, 2012-01-01, until when the data was extracted in 2015-

04-22. 

7.1 Stakeholders' view on helicopter availability 
1A. How does Saab define helicopter availability and how high is it today due 

to their definition? 

According to Saab, a helicopter is available when the aircraft is anywhere except in Malmen 

Base. Saab only consider a helicopter to belong to them when the helicopter is positioned on 

Base due to planned overhaul or if the helicopter has failed and Försvaret estimates that it will 

take more than two days to fix the problem.26 

According to Jörgen Johansson, Peter Johansson, Johan Lindbom and Gustav Lindh, Saab in 

average has three or four helicopters simultaneously on overhaul in Malmen Base. The 

helicopter workshop has contained six helicopters at the most during the years of this contract. 

Helicopter unavailable due to unplanned service longer than two days are considered varying, 

but generally one or zero. Due to this, Saab considers their helicopter availability to be an 

average of 16 helicopters.27 During a review at the 5th of May, five helicopters were positioned at 

Base. 

Saab providing Försvaret with a helicopter availability of 16 helicopters does not however 

implicate that Försvaret may use 16 helicopters. It only means that Försvaret possesses 16 

helicopters. According to J.Johansson and Lindh, helicopters are often grounded at Line due to 

less crucial problems. These helicopters are considered available by Saab. Saab believes that 

Försvaret consider these helicopters unavailable, even if the reason behind the inability to fly is 

a failed light switch for example. Most of the helicopters grounded at Line can often still operate 

functionally even though they experience a fail of some kind according to J.Johansson. 

Försvaret's aviation school at Malmen is one of the Helicopter Wing units that use Hkp15. They 

only use helicopters that are 100% operative and they do not fly even if the problem is a broken 

bolt for example.26 

According to J.Johansson and Lindh, Saab is affected by all the minor helicopter problems at 

Line. They further states that Försvaret's employees only work during daytime, and problems 

found during the afternoon are postponed until the next day. Försvaret never handle minor 

problems the same day. This decreases the possibilities for Försvaret to use a helicopter. If the 

contract with Försvaret would have included maintenance on Line as well, Saab would have 

been able to serve the helicopters during the afternoon or evening, thus having them ready until 

the next day and thereby increasing the availability of helicopters on Line. This is however not 

possible since Försvaret naturally want to keep a part of the overhaul and maintenance work 
within the organization to maintain knowledge and expertise about the aircrafts they use.26 

                                                             
26 Gustav Lindh, Head of section at Military Rotor Wing, interview 2015-04-20 
27 Jörgen Johansson, Deputy head of military motor wing, interview 2015-04-20 
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Many helicopter failures might originate from infrequent use according to J.Johansson and 

Lindh. Keeping a helicopter un-used impair the helicopters' systems. Hkp 15 is built to fly 

approximately 800 hours a year and many of the Hkp 15 used by Försvaret is varying between 

100 and 200 hours per helicopter with an uneven distributed over the year.28 

An availability problem is according to P.Johansson that Försvaret usually use a numerous 

amount of helicopters for a few hours, instead of focusing the flight hours on a few helicopters. 

This increases the demand of helicopters way beyond the actual need of helicopter bodies.29 

According to Lindh and J.Johansson, the planners at Försvaret and the pilots feel differently 

regarding when to fly and how to fly. The planning of both parties must correspond in order for 

a flight to be conducted. If one part cancels the flight for some reason, it is not completed. The 

organizational structure effectively prevents any attempts to make up for lost flights 

retrospectively. If an exercise is planned on a Monday but the weather forces the exercise to be 

cancelled, Försvaret does not correct their plans and changes the exercise day to Tuesday, even 

though Tuesday has great weather and no other exercises are planned. This further decrease 

the possibilities of high helicopter utilization and might be a reason why Försvaret plan for a 

higher amount of flight hours than they usually use.28 

1B. How does Försvaret define helicopter availability and how high is it 

today due to their definition? 

The contract between Saab and Försvaret does not include a lower limit for helicopter 

availability. There are however a couple of KPI:s, Key Performance Indexes, measured by 

Försvaret e.g. Turnaround time for a number of repairables, availability of personnel at Base 

and overhaul times, which should be measured according to the contract. According to the Head 

resource manager of Hkp 15 at Försvaret, Stefan Johansson, a working component flow is the 

key to a high availability. It is hard to keep a high availability if the stream of repairables is 

obstructed or if repairables is missing.30 

The amount of repairables has to this day been continuously increased to a point where longer 

turnaround times can be afforded. Former problematic repairables have been targeted to reach 

an acceptable inventory level, but the helicopters have been operating approximately ten years 

and they start to experience new problems with other repairables.30 

According to S.Johansson, Försvaret considers a helicopter to be available when it is located at 

the Line and is ready to fly. The helicopter availability over a year corresponds to an estimated 

average of 10 helicopters a day. Planned overhaul contain an average of four helicopters. The 

rest of the helicopters are based on either Line or Base and unavailable due to unplanned 

repairable problems, non-repairable problem or on loan to Testing and Experiments.30 

According to S.Johansson, in average one or maybe two helicopters are usually unavailable on 

Line due to minor errors, while the rest belong to Base. Minor services are however conducted 

fast, and most unavailable helicopters on Line are due to repairables. At the 5th of May, 

Försvaret considered their availability to be 10 helicopters. One helicopter was unavailable on 

Line waiting for a repairable, one unavailable due to testing and experiments, and eight 

helicopters unavailable on Base.   

                                                             
28 Gustav Lindh, Head of section at Military Rotor Wing, interview 2015-04-20 
29 Peter Johansson, Maintenance planner, interview 2015-04-07 
30 Stefan Johansson, Head resource Manager Hkp 15, Försvaret, interview 2015-05-05 
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Of these eight unavailable helicopters at Base, four helicopters was at planned overhaul, one 

was unavailable due to a modification test, one unavailable due to a missing repairable and 

another two unavailable due to service longer than two days according to S.Johansson.31 

According to S.Johansson, most of the minor services are done during the evening and the 

helicopter is then flight able in the morning. The non-repairable problems are minor and easily 

fixed, as long as spare parts are in stock.  

Försvaret rarely calculates flight time, instead they calculate flight ready machines on Line. The 

demand is however varying, some occasions require a high number of helicopters while military 

operations would prefer helicopters with high possible flight time, i.e. the time left before 

planned overhaul or services. Operations abroad are most effectively carried through without 

large services.31 

A helicopter with a minor error is considered an unavailable helicopter. During the first years of 

service, the status of each Hkp 15 was carefully monitored and followed up. This however 

required more work than the result would return.31 

Försvaret is only able to estimate whether Saab has provided the needed availability during the 

years or not. The availability was bad during the first two years in 2012 and 2013, and 

Försvaret suffered from not being able to fly the desired amount of hours. The availability from 

Saab has however been increased during 2014 and 2015, and is now on a satisfactory level. If 

the demand keep as high as it has been so far 2015, 4000 flight hours might be reached this 

year.31 

1C. How many flight hours does Försvaret use today and how are they 

distributed?  

Försvaret owns 20 helicopters, Saab handle maintenance and service of the helicopters and 

Försvaret pay for 2500 flight hours per year. Every extra flight hour exceeding 2500 hours is 

paid separately, the charge is however constant per flight hour.Table 9 below shows the number 

of flight hours Försvaret has used of each helicopter and year, ranging from 1st of January 2012 

until 16th of April 2015. Data about how the flight hours have been distributed during the years 

with regards to months or weeks is either classified by Försvaret or unavailable from Saab. 

Försvaret however usually uses less flight hours during June, July and August compared to the 

rest of the year due to vacations.32  

                                                             
31 Stefan Johansson, Head resource Manager Hkp 15, Försvaret, interview 2015-05-05 
32 Peter Johansson, Maintenance planner, interview 2015-04-17 
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Table 9: Number of fight hours that Försvaret has been using for each helicopter each year since 2012. 

HKP/Year 2012 2013 2014 2015 

751 166 165 125 101 
752 74 177 130 81 
753 83 157 198 38 
754 190 110 133 41 
755 96 134 148 105 
756 98 109 151 48 

757 118 187 177 94 
758 120 92 157 40 
759 121 169 89 45 
760 133 103 187 1 
761 189 109 140 90 
762 91 131 199 65 

763 146 103 111 0 
764 143 170 156 56 
765 112 86 190 27 
766 128 137 166 91 
767 96 134 45 58 
768 33 127 136 53 
769 101 200 7 59 
770 57 166 168 24 

Total 2295 2766 2813 1117 
  

Saab receives information on a monthly and yearly basis during the year regarding the number 

of expected flight hours used by Försvaret. The utilization of planned flight hours varies, used 

flight hours is higher than planned some months while other months underperform compared 

to the plan. The utilization on yearly basis is however almost lower than planned. According to 

Saab, Försvaret planned to use 4000 flight hours during 2014 but ended at 2813 flight hours. 

Försvaret also informs Saab how many helicopters they want to use each day about a month in 

advance. This information can be considered more accurate according to P.Johansson, but the 

data regarding desired amount of helicopters is not saved.33 There are many factors that affect if 

the planned flight hours will be used or not. The weather has to be good, a pilot should be 

available and a helicopter must be available.34 

Försvaret’s Helicopter Wing plans the helicopter usage on a yearly basis. Time and money is 

distributed between different units, such as Hkp 15 or Hkp 16. The stakeholders, e.g. Flight 

School, Special Operations then meet each month to plan helicopter usage and distribution for 

the following month, and every single flight session is planned. Prognoses by Försvaret are 

therefore supposed to be precise, since the budget is determined on a yearly basis and all costs 

are predetermined and expected to correspond well to reality. However the need in different 

helicopter instances might vary over the year, if one helicopter is unable to fly, the other will 

receive a higher amount of available hours etc.35 

                                                             
33 Peter Johansson, Maintenance planner, interview 2015-04-07 
34 Jörgen Johansson, Deputy head of military motor wing, interview 2015-04-20 
35 Stefan Johansson, Head resource Manager Hkp 15, Försvaret, interview 2015-05-05 
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1D. How many flight hours does Försvaret want to use during a year and 

how are they distributed?  

Today’s service and maintenance program is based on 200 hours overhaul intervals. The 

maintenance of Hkp 15 includes a one-year check as well as 200 hour overhauls. The overhaul 

time is minimized if these two checks would be merged and performed simultaneously. With a 

helicopter fleet of 20 helicopters and an individual use of 200 hours a year, this result in 4000 

yearly flight hours. This is considered the optimal number of flight hours by Försvaret with 

today’s prerequisites. S.Johansson at Försvaret does however not consider a use of more than 

4000 flight hours a problem since the one-year check is considered relatively minor.36 

The helicopter maintenance program has been changed in order to reach longer periods 

without overhauls. The planning is closely connected to the distribution of fundings between 

the units in Försvaret as well as the different helicopter systems, but used flight hours usually 

correspond well to planned hours according to S.Johansson. The desired amount of hours 

depends on the external environment, i.e. the entire world. Where flights are planned and for 

what impact the helicopter use.36 

The used amount of flight hours does not correspond to the desired amount of flight hours. The 

difference derives from turnaround times for some repairables or waiting for answers from 

suppliers, usually Agusta. There is also a possibility of intractable or unanticipated helicopter 

fails which might affects almost the entire helicopter fleet, or helicopter tests and experiments. 

External factors also have a big impact on actual used flight hours. Helicopters exposures to the 

elements are affecting the use of flight hours and flights will be cancelled if the weather is bad. 

Sweden and Försvaret's economy varies over the years and this further affect the use of flight 

hours. The fundings retrieved from the government have to be distributed between all of 

Försvaret operations, i.e. the different departments and different helicopter contract, in a 

satisfying way.36 

1E. What is Försvaret prepared to pay for an increased availability? 

Försvaret’s Pilot School, Special Operations, Sea Operations as well as Tests and Experiments. 

All the stakeholders have individual requests and the demand is high when several stakeholders 

request numerous helicopters. They are aware that more flight hours likely will require higher 

total inventory levels, in order for Saab to provide service and exchange repairables for Line 

when needed.36 

According to S.Johansson, several measures are needed in order to increase today’s availability 

without changing the total inventory levels. The turnaround times of components have to be cut, 

and the support as well as the communication between Agusta and Saab/Försvaret has to be 

improved. It is more likely that a higher availability will derive from a larger inventory. 

Försvaret lack fundings to invest in all repairables they would like to, since it is a matter of 

prioritizations from Försvaret's Head Quarter but they are willing to invest of the need exist. 

Future operations might require modifications to be made, which then occupies fundings 

intended for flight hours or other systems might be prioritized.36 

                                                             
36 Stefan Johansson, Head resource Manager Hkp 15, Försvaret, interview 2015-05-05 
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7.2 Mapping of how overhaul and non-repairables effect 

helicopter availability 
2A. How much time are helicopters unavailable due to non-repairables 

problem? 

A helicopter in need of exchange of a non-repairable might be grounded if the non-repairable is 

important enough. The downtime includes changing the non-repairable, as well as possible 

waiting time for a non-repairable to arrive if there is a stockout.37 

Försvaret does not register any times but they estimate that non-repairable problems are a 

minor issue. Mostly one or two helicopters at a time are unavailable due to non-repairable 

problem, and occurring problems can usually be fixed the same evening making the helicopter 

available the next day.38 

According to P.Johansson, the most non-repairable problems are not critical and the problem 

can be fixed during the next overhaul. P.Johansson as well as Lindbom estimates that around 

25-30% of the helicopter overhaul time is due to non-repairable problem. The only time spent 

on non-repairables by Saab outside the overhaul time is when Försvaret considers a non-

repairable problem to occupy more than two working days.39 

2B. Which repairables are in need of overhaul? 

Around 20-25 % of all the repairables are in need of overhaul according to Anna Kardell. Of the 

19 investigated repairables, only the Self-regulated Pump requires overhaul. However, 

according the modified version of the pump does not need any overhaul, only the unmodified 

pumps. There are some conflicts of interest within the Försvaret regarding the overhauls. The 

purchasing department of Försvaret would like to use helicopters with repairables in need of 

overhaul for as long as possible to maximize the utilization, while Försvaret's helicopter Wing 

would like to exchange repairables in need of overhaul early if the repairable exchange can be 

combined with a regular service and availability thereby could be increased.39 

No component overhaul is performed at Base. The repairables in need of overhaul are 

dispatched to the same suppliers that repair the repairable when failed.40 The less expensive 

repairables usually have several possible overhaul suppliers, while the larger and more 

expensive repairables usually only has one supplier. When the overhaul of a repairable has been 

completed, it is returned to Base and is considered to be in a brand new condition and all gauges 

are reset. Some repairables are in need of periodic inspections and other minor checks. These 

are shorter, more frequent visual inspections of repairables and could be performed at Base or 

Line instead of sending repairables to a repair shop.39 However, none of the 20 investigated 

repairables in this study are in need of this.   

An example of a repairable that needs overhaul is the helicopter engine, which is not 

investigated in this study. The engine is the most valuable repairable in Hkp 15 and will need 

overhaul, starting in 2016. The process of all 20 engine overhauls extends over several years. In 

order to be able to overhaul all helicopters without creating stockouts due to the long overhaul 

times, Saab initiates the overhaul procedure in advance.40  

                                                             
37 Jörgen Johansson, Deputy head of military motor wing, interview 2015-04-20 
38 Stefan Johansson, Head resource Manager Hkp 15, Försvaret, interview 2015-05-05 
39 Peter Johansson, Maintenance planner, interview 2015-04-17 
40 Anna Kardell, Operational purchaser Hkp 15, interview 2015-04-29 
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By not utilizing the full capacity of the motor before it is in need of overhaul and taking 

precautions, Saab may lower the risk of engine inventory stockout. In this case, an overhaul is 

performed in advance rather than keeping high inventory costs.41 

2C. How long is the overhaul time of helicopters and repairables?  

All helicopters are in need of overhaul and the overhauls therefore need to be planned so they 

are as spread as possible over the year. The maintenance planner P.Johansson at Saab is 

responsible for planning the overhauls together with Försvaret's flight planner. Three 

helicopters are optimal to keep on overhaul at the same time. If Försvaret wants to have more 

than three helicopters on overhaul at the same time, P.Johansson negotiates for longer overhaul 

times. Försvaret tries to plan helicopter use to keep an even flow of yearly or planned overhauls 

into the Base workshop. But this flow varies and the Base workshop has to accommodate up to 

six helicopters on planned overhaul at the same time in extreme cases.42 

Saab considers the overhaul time to start when a helicopter arrives to Base, and end when the 

overhaul is finished and a certificate regarding the services approval has been sent to Försvaret. 

A small flight test has to be performed before the helicopter can be submitted to Försvaret. The 

process of retrieving the certificate and approving it can be estimated to an average of ten 

days.42 

Several different checks or screenings should be performed during the overhaul. However, the 

amount of checks varies for every overhaul. Because of that, the time that technicians need to 

spend on each overhaul depends on the number of performed checks. The total time of every 

overhaul is nevertheless relatively constant. More checks indicate that more technicians will be 

working on that helicopter. The overhaul time also depends on how many faults the technician 

finds. The planned overhaul time is normally between seven and nine weeks and the planned 

average overhaul time is 7,8 weeks.42 

The overhaul time for components are sometimes known, the Self-regulated Pump in this study 

is however unknown. The pump has not yet been overhauled and there are no contract 

regarding overhaul times.41 

The maintenance planner strives to plan and merge the overhaul of repairables and the 

overhaul of the affected helicopter in order to minimize downtime.42 The overhaul of 

repairables almost never extends the overhaul time of the helicopter according to P.Johansson.  

2D. How often is overhaul performed on helicopters and repairables? 

How often the different repairables need overhaul is either measured by the number of flight 

hours or by the number of landings.42 The interval between overhauls is individual for each 

repairable. In this case, the Self-regulated Pump pumps that are not yet modified are in need of 

overhaul after operating 1600 flight hours. 

The different overhaul checks should be performed every 200, 400, 800, 1200 or 2400 flight 

hours. The frequency of overhaul checks indicates that all helicopters needs to be overhauled at 

least once every 200 hours of flight. This service program was introduced in 2014, overhauls 

was earlier done each 100 flight hours. By introducing longer service intervals, total helicopter 

availability has been increased.  All helicopters also need a 1-year check with a three months 

tolerance.   

                                                             
41 Anna Kardell, Operational purchaser Hkp 15, interview 2015-04-29 
42 Peter Johansson, Maintenance planner, interview 2015-04-17 
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The maintenance planner P.Johansson together with the flight planner at Försvaret strives to 

schedule the 1-year checks at the same time as the regular overhauls, and when the service 

intervals was increased to 200 hours, more service intervals could be combined with the yearly 

check. However, if 200 flight hours is not reached during the maximum time of a year and three 

months, the 1-year check has to be performed anyway.43 

A plan made by the maintenance planner P.Johansson of the expected amount of helicopters at 

planned overhaul in Malmen Base workshop during W.33 2014 to W.18 2016 can be seen in 

Figure 21 below. The data was gathered 22nd of April and the unplanned data until that date is 

also illustrated in the figure. According to this, the amount of helicopters in Malmen base is 

fluctuating between zero and six helicopters with an average for all weeks of 1,95 helicopters, 

including only the unplanned overhaul. Some overhauls has been extended due to different 

problems, so called unplanned overhaul, also illustrated in Figure 21 below. 

 

Figure 21: The planned and unplanned overhaul from week 34 2014 until week 20 2016. 

7.3 Mapping of how costs and helicopter availability are affected 

by repairables for the four alternatives 
3A. How often do repairables fail? 

The maintenance planner at Saab registers each fail of a repairable in IFS Sherpa.43 The failed 

repairable is sent for repair by Saab’s logistic department every time it fails, unless it is too 

broken and has to be discarded. The number of fails for all repairables and the years is 

unknown, since Saab has not defined all repairables yet, but the amount of total repairs each 

year for the 19 examined items can be seen below in  

Table 10 below. How the fails have been distributed each month can be seen in Table 11 below. 

The number of fails is during the period 2012-01-01 – 2015-03-31. 

Table 10: The fail distribution for each year of the Hkp 15 contract. 

Year Number of fails 
2012 43 

2013 62 

2014 61 

2015, 1st quarter 18 

                                                             
43 Peter Johansson, Maintenance planner, interview 2015-04-17 
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Table 11: The fail distribution each month since the start of the contract. 

Part Description Number of fails 
January 14 

February 9 

March 28 
April 8 

May 11 

June 9 

July 15 

August  13 
September 12 

October 26 
November 15 

December 22 

 

The number of times each repairable has been sent on repair has been collected below. There is 

some delay between when a component is sent on repair and when it actually failed. The real 

number of fails might be higher for some repairables since they have not yet been sent for 

repair and are therefore not yet registered. Four components have been discarded throughout 

the contract between Saab and Försvaret. These items were registered as "being sent for 

repair", but was found unrepairable at the repair shop and therefore disposed of. Since they 

were registered as sent for repair, they are still included in the data in ￼Table 12 below even 

though they never returned as repaired. 

Table 12: Number of fails of each repairable since 2012. 

Part Description Number of fails 

Linear Actuator 1 10 

Linear Actuator 2 11 

Linear Actuator 3 18 

AHRS 8 

Airborne Data Loader 11 
Autopilot Control Panel 4 

CMU 17 

Digital clock  2 

Flight Control Unit 9 

GCP panel 13 
IFF transponder 6 

LVTD 7 

Multifunction Display 7 
Navigation Module 4 

Self-regulated Pump 27 

Radar Weather 3 

Tail Rotor Blade  16 

Vehicle Monitoring Module 8 
VHF/UHF antenna 3 
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How the fails have been distributed during the years varies between different repairables. Some 

are rather evenly distributed. Others did not fail at all the first year and then started to fail 

either evenly or very fluctuating. Figures over the repairables fails can be found in Appendix 4. 

It should be noted that the registered dates for fails is not the actual fail dates. The actual fail 

dates is not registered by Saab or accessible. Instead the fail date corresponds to the date when 

the failed repairable was sent to the repair shop. Two examples of how the fails have been 

distributed are presented in Table 13 and Table 14 below. The multifunctional display did not 

fail at all during 2012. During 2013 it had an even fail distribution and then the repairable did 

not fail for almost a year until three more failed in October 2014. The airborne data loader has 

failed more evenly; three times during 2012, five times during 2013, two times during 2014 and 

once so far 2015.  

Table 13: The fail distribution of the multifunction display. 

Part Description Serial No Delivery Date To Supplier 
Multifunction Display 59AC 2013-01-30 

Multifunction Display 46 2013-03-06  

Multifunction Display 107 2013-09-27 

Multifunction Display 228ABC 2013-12-03 

Multifunction Display 188 2014-10-07  
Multifunction Display 23 2014-10-07  

Multifunction Display 59 2014-10-21 
 

Table 14: The fail distribution of the airborne data loader. 

Part Description Serial No Delivery Date To Supplier 
Airborne Data Loader C61475 2012-06-18  

Airborne Data Loader D09819 2012-12-03  
Airborne Data Loader C56723 2012-12-03  

Airborne Data Loader C42501 2013-01-30  

Airborne Data Loader D07127 2013-03-22  

Airborne Data Loader C53923 2013-07-15  

Airborne Data Loader D09811 2013-12-10  
Airborne Data Loader D07128 2013-12-10  

Airborne Data Loader D09819 2014-04-23  

Airborne Data Loader D07127 2014-10-17  

Airborne Data Loader D07119 2015-02-04  
 

3B. How often do stockouts of the repairables occur? 

There was no compiled registered data available within Saab regarding how often stockouts 

occur. Nor was data compiled regarding how often the inventory was zero. An investigation in 

IFS Sherpa was made by the study's authors and the investigated repairables inventory levels 

were traced backwards. The data contains the first day of the contract 2012-01-01 until 2015-

04-22, which is 1207 days. There is not possible to track where a specific serial number is all the 

time in IFS Sherpa. The data that was available is when component leaves and arrives to Saab's 

system and possessions and weather it is functional or broken. Table 15 below shows during 

what periods and how many days there has been zero inventory levels of the investigated 

repairables. 
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Table 15: Which period and how many days there has been zero of each repairables in stock. 

Part Description Period Total days of zero 
inventory level 

Linear Actuator 1 13-04-29 - 13-09-12 = 136 days 
14-11-20 - 14-11-20 = 0 days 

136 days 

Linear Actuator 2 12-09-20 - 12-12-14 = 85 days 
13-01-31 - 13-02-04 = 4 days 
13-02-06 - 13-03-13 = 35 days 
13-06-18 - 13-08-07 = 50 days 
13-08-21 - 13-08-26 = 5 days 
13-12-12 - 14-01-14 = 33 days 
14-11-20 - 15-02-12 = 84 days 
15-03-04 - 15-03-10 = 6 days 
15-03-10 - 15-04-07 = 28 days 

330 days 

Linear Actuator 3 12-01-26 - 12-03-12 = 46 days 
12-06-08 - 12-06-12 = 4 days 
12-06-13 - 12-09-12 = 91 days 
12-09-13 - 12-10-02 = 19 days 
12-10-02 - 13-03-13 = 162 days 
13-03-13 - 13-04-15 = 33 days 
13-05-20 - 13-06-05 = 16 days 
13-06-07 - 13-08-08 = 62 days 
13-08-19 - 13-08-27 = 8 days 
13-09-04 - 13-09-12 = 8 days 
13-11-28 - 14-03-13 = 105 days 
14-03-19 - 14-06-02 = 75 days 
14-06-23 - 14-06-24 = 1 days 
14-06-24 - 14-10-15 = 113 days 
14-10-15 - 14-10-16 = 1 days 
14-10-17 - 14-11-06 = 20 days 

764 days 

AHRS 12-08-16 - 13-04-17 = 244 days 
13-04-17 - 13-05-21 = 34 days 
13-06-03 - 13-08-23 = 81 days 
13-10-14 - 13-10-16 = 2 days 

361 days 

Airborne Data 
Loader 

Never  0 days 

Autopilot Control 
Panel 

12-01-31 - 12-10-02 = 245 days 
12-10-04 - 12-11-15 = 42 days 
13-02-12 - 13-08-08 = 177 days 
14-01-17 - 14-06-26 = 160 days 
14-06-26 - 14-07-01 = 5 days 
15-03-05 - 15-04-08 = 34 days 

663 days 

CMU 12-10-23 - 13-06-27 = 247 days 
13-06-27 - 13-06-28 = 1 days 
13-06-28 - 13-09-12 = 76 days 
13-09-17 - 13-10-22 = 35 days 
13-11-04 - 13-11-21 = 17 days 
14-11-17 - 14-12-09 = 22 days 
15-01-19 - 15-04-22 = 34 days 

432 days 

Digital clock  12-01-01 - 15-04-22 = 1207 days 1207 days 

Flight Control Unit 12-04-19 - 12-08-15 = 118 days 
12-11-06 - 12-12-12 = 36 days 

416 days 
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13-09-11 - 13-09-12 = 1 days 
13-11-04 - 14-01-20 = 77 days 
14-10-20 - 15-04-22 = 184 days 

GCP panel 13-09-28 - 13-11-26 = 59 days 59 days 

IFF transponder 12-05-28 - 12-09-14 = 109 days 
12-09-14 - 12-11-09 = 56 days 
14-01-17 - 14-04-22 = 95 days 
14-05-05 - 15-01-05 = 245 days 

505 days 

LVTD 13-02-26 - 13-09-16 = 202 days 
13-09-18 - 13-10-17 = 29 days 
13-10-17 - 13-03-18 = 152 days 
14-03-18 - 14-03-24 = 6 days 
14-06-03 - 14-11-20 = 170 days 
14-11-21 - 15-03-11 = 110 days 
15-03-11 - 15-04-09 = 29 days 

698 days 

Multifunction 
Display 

Never  0 days 

Navigation Module Never 0 days 

Self-regulated Pump Never 0 days 

Radar Weather 13-05-31 - 13-08-14 = 75 days 
15-03-31 - 15-05-16 = 16 days 

91 days 

Tail Rotor Blade  15-01-27 - 15-03-17 = 49 days 
15-03-17 - 15-04-22  = 36 days 

85 days 

Vehicle Monitoring 
Module 

Never  0 days 

VHF/UHF antenna 12-01-01 - 13-07-02 = 548 days 
13-08-19 - 14-10-08 = 415 days 
14-10-15 - 14-10-16 = 1 days 
14-10-16 - 15-04-22  = 188 days 

1152 days 

 

7.3.1 Alternative 1: The repairable is in stock 
3C. How much time are helicopters unavailable due to exchange of a 

repairables in stock?  

A helicopter can operate until it experiences a fail or has to be overhauled or serviced. If in need 

of repair, the repair chain is initiated when a technician at Line tries to locate the failed 

component. Once the failed component is located, it is removed and a fault description is 

made.44 S.Johansson estimated that actions are taken quickly and a new repairable is demanded 

from Saab only a few hours after the problem has occurred. This is agreed by Ulf Gustafsson, 

Head of Försvaret’s Helicopter Wing at Malmen. 

A repairable in stock could be located either in Malmen Base or Ronneby. Mostly located in 

Malmen, a repairable is then dispatched to one of the Line stations or retrieved from Malmen 

Base by someone at Line. If urgent, Försvaret usually retrieve the component the same day. 

Otherwise it is delivered within a day or two.44 How long the installation of the repairable takes 

depends on the repairable. Sometimes a test flight is needed as well before the helicopter is 

returned to available state.45 

                                                             
44 Peter Johansson, Maintenance planner, interview 2015-04-17 
45 Stefan Johansson, Head resource Manager Hkp 15, Försvaret, interview 2015-05-05 
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The length of a helicopter’s unavailability can be summarized to depend on the urgency to get 

the helicopter flight able again. It could be done the same day or else within a day or two if 

nothing unexpected occurs. 

3D. What are the component values repairables?  

The component values are based on Försvaret’s purchasing price. Försvaret received the first 

price list in early 2012. The original component value of all Hkp 15’s repairables in early 2012 

range from a few thousand SEK to 4,3 million SEK, while the 19 repairables in the study ranges 

from 32 000 SEK to 1,5 MSEK. There are no up to date values available but the changes between 

the years are estimated to be 3-4% according to Kardell. The component values have therefore 

been adjusted with a yearly price increase of 3%. The component values of the investigated 

repairables can be seen in ￼Table 16 below. The adjusted component value is the calculated 

value in 2015, which will be used in the rest of this study.  

Table 16: The purchase value and present value of the investigated repairables. 

Part Description Component value Adjusted 
component value 

Linear Actuator 1 500 000 SEK  546 400 SEK 

Linear Actuator 2 540 000 SEK 590 100 SEK 

Linear Actuator 3 540 000 SEK 590 100 SEK 

AHRS 600 000 SEK 655 600 SEK 

Airborne Data Loader 158 000 SEK 172 700 SEK 

Autopilot Control Panel 306 000 SEK 334 400 SEK 

CMU 1 170 000 SEK 1 278 500 SEK 

Digital clock  32 000 SEK 35 000 SEK 

Flight Control Unit 1 250 000 SEK 1 365 900 SEK 

GCP panel 400 000 SEK 437 100 SEK 
IFF transponder 630 000 SEK 688 400 SEK 

LVTD 38 200 SEK 41 700 SEK 

Multifunction Display 1 500 000 SEK 1 639 100 SEK 

Navigation Module 600 000 SEK 655 600 SEK 

Self-regulated Pump 135 800 SEK 148 400 SEK 

Radar Weather 1 636 180 SEK 1 787 900 SEK 

Tail Rotor Blade  288 200 SEK 314 900 SEK 

Vehicle Monitoring Module 380 000 SEK 415 200 SEK 

VHF/UHF antenna 190 000 SEK 207 600 SEK 
 

3E. What are the inventory levels of the repairables today?  

As mentioned earlier in chapter 3.1 Spare parts, Saab received around 1000 different 

repairables at the start of the contract, in addition to the original repairables already in place in 

the helicopters. However, not all of these repairables were received 2012-01-01 when the 

contract started.46 Some of the repairables was received as late as in February 2013. A large 
completion of the inventory was done in March 2013, and some of the ordered repairables 

arrived in March 2015. When all repairables arrived can be seen in Appendix 5. This 

information is extracted from IFS Sherpa. 

                                                             
46 Anna Kardell, Operational purchaser Hkp 15, interview 2015-04-29 
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The total inventory level is individual for each repairable. Table 17 below shows the total 

inventory, the inventory from the start of the contract, the completion and current inventory of 

the investigated repairables. Total inventory is the amount of each part number that Saab 

received in the start of the contract plus the complementation made. The 20 repairables 

installed in the helicopters are not included in total inventory. The total inventory does not 

equal the amount that is currently available in stock, because many repairables are being 

repaired. The current inventory shows how many of each part number that was available in 

stock in Malmen Base, Malmen Line and Ronneby Line 2015-04-22. It is not possible to find 

historical data of the current inventory, which is why that specific date is used. 

Table 17: The total inventory and current available inventory of the investigated repairables. 

Part Description Inventory 
from start 

Completion 
of inventory 

Total 
inventory 

Current 
inventory 

Linear Actuator 1 6 1 7 4 

Linear Actuator 2 4 1 5 2 

Linear Actuator 3 3 5 8 5 
AHRS 3 4 7 2 

Airborne Data Loader 6 1 7 4 

Autopilot Control Panel 1 0 1 1 

CMU 5 0 5 0 

Digital clock  0 0 0 0 

Flight Control Unit 6 0 6 0 

GCP panel 7 1 8 5 

IFF transponder 3 2 5 1 

LVTD 3 0 3 1 

Multifunction Display 6 2 8 1 
Navigation Module 3 0 3 2 

Self-regulated Pump 9 0 12 8 

Radar Weather 2 0 2 1 

Tail Rotor Blade  17 0 15 0 

Vehicle Monitoring Module 7 4 11 5 

VHF/UHF antenna 0 0 0 0 
 

3F. What is the stock interest rate?  

The stock interest rate is equivalent to the inventory carrying costs. Försvaret keeps inventory 

for Hkp 15, and the most beneficial scenario would have been if Försvaret could provide the 

inventory carrying cost used to calculate the inventory carrying costs. This was however not 

possible. Inventory carrying costs are generally considered to be 25 % of a company’s inventory 

costs. The inventory carrying costs could be estimated in many ways. Försvaret does not 

manufacture products and the components have low obsolescence, and Försvaret should not 

consider inventory investments to be a capital cost like many other businesses since they are 

government funded, which is why the inventory carrying cost in this study is estimated to 15%. 

The stock interest rate affects the cost of keeping inventory. The adjusted component value 

estimated in 3D. What are the component values repairables? was combined with the inventory 

carrying cost to calculate a yearly cost of increasing the inventory with an additional repairable. 

This can be seen in Table 18 below. 
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Table 18: The purchase cost and yearly cost of each repairable to keep in stock. 

Part Description  Adjusted component value  Yearly cost  

Linear Actuator 1  546 400 SEK  81 960 SEK  

Linear Actuator 2  590 100 SEK  88 515 SEK  

Linear Actuator 3  590 100 SEK  88 515 SEK  

AHRS  655 600 SEK  98 340 SEK  

Airborne Data Loader  172 700 SEK  25 905 SEK  

Autopilot Control Panel  334 400 SEK  50 160 SEK  

CMU  1278 500 SEK  191 775 SEK  

Digital clock   35 000 SEK  5 250 SEK  

Flight Control Unit  1 365 900 SEK  204 885 SEK  

GCP panel  437 100 SEK  65 565 SEK  

IFF transponder  688 400 SEK  103 260 SEK  

LVTD  41 700 SEK  6 255 SEK  

Multifunction Display  1 639 100 SEK  245 865 SEK  

Navigation Module  655 600 SEK  98 340 SEK  

Self-regulated Pump  148 400 SEK  22 260 SEK  

Radar Weather  1 787 900 SEK  268 185 SEK  

Tail Rotor Blade   314 900 SEK  47 235 SEK  

Vehicle Monitoring Module  415 200 SEK  62 280 SEK  

VHF/UHF antenna  207 600 SEK  31 140 SEK  

 

7.3.2 Alternative 2: Cannibalization 
3G. How often is cannibalization performed? 

Cannibalization is performed when a repairable experience stockout and it is not viable to wait 

for a repairable to return from repair. Since the start of the contract, acts of cannibalization have 

been registered 422 times according to IFS Sherpa. This is the total number of cannibalizations 

of all components, not just the 19 investigated repairables. This number may be slightly higher 

in reality because there is no standard way of register a cannibalization in IFS Sherpa and 

therefore some cannibalizations may have been missed. See Table 19 below for total number of 

cannibalizations each year. 

Table 19: Number of cannibalizations that have been performed each year. 

Year Number of cannibalizations 
2012 146 

2013 158 

2014 99 

2015, 1st quarter. 19 

Total 422 
 

According to P.Johansson, cannibalization is almost exclusively performed on Base. Försvaret 

may perform a few cannibalizations, but it is very rare. This is agreed by Försvaret. Most of the 

cannibalizations are done by Försvaret on missions or during more extensive exercises.47 

                                                             
47 Stefan Johansson, Head resource Manager Hkp 15, Försvaret, interview 2015-05-05 
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Whenever a component is needed on Line and is out of stock at Base, cannibalization is 

generally performed on an overhauled helicopter on Base.48 Both Saab and Försvaret consider 

cannibalizations to be necessary in order to keep helicopter fleet availability high. S.Johansson 

does however believe keeping a higher inventory to minimize the cannibalizations outweighs 

the possible economical savings from performing cannibalization. How many times the 

investigated repairables have been cannibalized since 2012 is presented in Table 20 below.  

Table 20: Number of cannibalizations of each repairable since the start. 

Part Description Number of 
cannibalizations 

Linear Actuator 1 0 

Linear Actuator 2 5 

Linear Actuator 3 13 

AHRS 19 

Airborne Data Loader 0 

Autopilot Control Panel 4 

CMU 24 

Digital clock  9 

Flight Control Unit 0 

GCP panel 1 

IFF transponder 8 

LVTD 9 

Multifunction Display 0 

Navigation Module 0 

Self-regulated Pump 0 

Radar Weather 1 

Tail Rotor Blade  5 

Vehicle Monitoring Module 0 

VHF/UHF antenna 8 
 

3H. How long time does a cannibalization take?  

As mentioned before the cannibalization time includes the time to remove the component from 

the overhauled helicopter, the time to install the component in the failed helicopter and the time 

for running different test on the helicopter to make sure it works correctly. Saab and Försvaret 

do believe cannibalizations occupy a relevant amount of time, how long is however unknown. 

S.Johansson believes some cannibalizations can be done within five minutes, while others might 

take a day. However, the technicians do not always measure the time. When they measure the 

time, they sometimes just include the actual removal or install, sometimes they also include the 

different tests and the paperwork linked to the cannibalization. This makes the data pretty 

uncertain. According to the Technician Lindbom at Saab, 15 minutes could be added to all 

removal times due to the fact that additional activities such as paper work etc. are not included 

in the measured time.  

  

                                                             
48 Peter Johansson, Maintenance planner, interview 2015-04-17 
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Some cannibalization times deviate noticeably, most likely because technicians forget to stop 

the work order when the cannibalization is performed and the time keeps counting. The 

deviations was eliminated by calculating an average cannibalization time and standard 

deviation for each repairable. All values above or below the mean value plus standard deviation 

was eliminated. The longer install and removal times, the bigger difference was found between 

installation and removal times. Note that the Radar Weather unit is extremely uncertain since it 

has only been cannibalized one time and the removal time is unknown, only the install time is 

known which is why it has been estimated. The average time for each repairable was then 

calculated and doubled since a cannibalization is a removal and an installation. Another fifteen 

minutes was then added to all cannibalization times, since the technician estimated that there 

was a deviation from real values. The actual cannibalization times are classified and will 

therefore be described within a range. Short cannibalization time equals 0-3 hours, medium 

equals 3-6 hours and high equals 6-12 hours. The average cannibalization time for all 19 

repairables is presented in Table 21 below. 

Table 21: The average time of cannibalization. 

Part Description Cannibalization time 

Linear Actuator 1 - 

Linear Actuator 2 Medium 

Linear Actuator 3 High 

AHRS Low 

Airborne Data Loader - 

Autopilot Control Panel Low 
CMU Low 

Digital clock  Low 

Flight Control Unit -  

GCP panel Low 

IFF transponder Medium 

LVTD Medium 

Multifunction Display - 

Navigation Module - 

Self-regulated Pump - 

Radar Weather High 
Tail Rotor Blade  High 

Vehicle Monitoring Module - 

VHF/UHF antenna Medium 
 

3I. How much does the execution of cannibalization cost?  

There is an execution cost connected to the cannibalization, as it has to be performed by a 

technician at Försvaret or Saab. This is the salary cost of the technician and depends on the 

hours spent on the cannibalization work. There will also be a cost connected to how the 

execution of cannibalization affects working components, which has to be taken into account to 

the total costs of cannibalization. This is described under the question 3K. How does 

cannibalization affect working components? below.49 

                                                             
49 Jörgen Johansson, Deputy head of military motor wing, interview 2015-04-20 
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The average cannibalization time for each repairable was multiplied with the hour cost of a 

technician. The actual cannibalization costs are classified and will therefore be described within 

a range. Low cannibalization cost equals 0-2000 SEK, medium equals 2000-3000 SEK and high 

equals 3000-6000 SEK. For estimated cannibalization cost, see Table 22 below. 

Table 22: The time and calculated cost of cannibalization. 

Part Description Cannibalization cost 
Linear Actuator 1 - 
Linear Actuator 2 Medium 

Linear Actuator 3 High 

AHRS Low 

Airborne Data Loader - 

Autopilot Control Panel Low 
CMU Low 

Digital clock  Low 

Flight Control Unit - 

GCP panel Low 

IFF transponder Medium 
LVTD Low 

Multifunction Display - 

Navigation Module - 

Self-regulated Pump - 

Radar Weather High 
Tail Rotor Blade  High 

Vehicle Monitoring Module - 

VHF/UHF antenna Low 

 

It should be noted that these costs are based on the estimated cost of a cannibalization. As 

determined in the empirical chapter, the cannibalization does not affect the helicopters 

overhaul time. Cannibalization having no effect on overhaul time indicates that the technicians 

do not work 100% since extra time may be spent on cannibalization, which was also confirmed 

by Lindh. However, the time spent on cannibalization could be spent on other things if 

cannibalization were not performed. The cannibalization cost above is an estimated cost for the 

technicians’ time as well as some overhead costs.50 

3J. How does Saab choose between when to perform cannibalization or wait 

for returning repairs today?  

Whether to cannibalize or not depends on the situation. When a repairable has failed and there 

is a stockout, Försvaret discusses with the maintenance planner P.Johansson, whether to 

cannibalize or wait for a new repairable to be repaired. If there is an urge, cannibalization is 

performed regardless of the time left until a repairable returns from repairs.51 

If a helicopter on overhaul is missing a repairable, the maintenance planner in general decides 

about cannibalization a couple of weeks in advance. The most recently received helicopter on 

overhaul is then cannibalized. The decision to cannibalize or not is based on the following 

parameters:51 

                                                             
50 Gustav Lindh, Head of section at Military Rotor Wing, interview 2015-04-20 
51 Peter Johansson, Maintenance planner, interview 2015-04-17 
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 Time left before the next repairable returning from overhaul is expected to reach Saab. 
 How urgent it is to get one extra helicopter able to fly. 
 How many more hours Försvaret expect to use during the year. 

Usually, cannibalization is performed if the return time from repair exceeds the promised 

delivery date of the helicopter on overhaul. The delivery date from overhaul is compared to the 

return date of the repairable and a dialog takes place with Försvaret whether to cannibalize or 

not. Performing cannibalization could mean that an overhaul is delayed. If Försvaret's demand 

of helicopters is low, it could be more profitable to wait for a repairable to return from repairs. 

However, the workshop can only accommodate a maximum of six helicopters. Any additional 

helicopter has to be placed elsewhere while waiting for space.52 

The flight hours used by Försvaret have had a relatively even distribution over the years. If a 

calendar year approaches the end and Saab notices that Försvaret has used almost all flight 

hours they planned for, the incentives are low for keeping the availability up and the desire to 

cannibalize decreases.52 

3K. How does cannibalization affect working components?  

This is the most difficult question to answer about cannibalization. It is impossible to calculate 

the impact of cannibalizations on the cannibalized component, other components or the 

helicopter as a system. All the interviewed people from Saab believe that cannibalization has an 

impact on working components, the components itself or the helicopter's systems, but nobody 

knows or even dare to guess how big the impact might be. 

Whenever a repairable is removed or installed, it may involve attaching and disengaging of the 

repairable, plug connectors, bolts and second attachments. Other repairables may even have to 

be removed occasionally in order to access the position of the cannibalized repairable. This 

creates stress on the components since they are not designed to be relocated. J.Johansson and 

Lindh believe that the helicopters are best maintained by not being touched unless necessary 

and that the risk of breaking machines due to disassembly is impendent. This is agreed by 

S.Johansson at Försvaret, believing that cannibalization is bad and more frequent handling 

increases the risk of breaking repairables. According to P.Johansson, most repairables can be 

removed without removing another repairable. Both P.Johansson and S.Johansson believe that 

the main issue is breaking the plug connectors when attaching and disengaging the repairable 

into the helicopter's electronic system. This operation might take up to two days to correct but 

how often this is done is unknown. 

Problems with repairables or other parts of the helicopter from performing cannibalization 

might not appear immediately. It can bring far-reaching problems, and components might fail 

earlier than expected or irregularly. It is therefore impossible to determine the impact of 

cannibalization on working components, since it in most cases cannot be determined whether 

detected problem is due to the cannibalization or if it would have appeared anyway.53 

  

                                                             
52 Peter Johansson, Maintenance planner, interview 2015-04-17 
53 Jörgen Johansson, Deputy head of military motor wing, interview 2015-04-20 
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3L. How does cannibalization affect the overhaul time?  

An act of cannibalization is performed relatively quickly, usually within a couple of hours unless 

something goes wrong. A cannibalized helicopter might be grounded more than needed if there 

is no spare repairable returning from repairs within the overhaul time. According to 

J.Johansson, P.Johansson and Lindbom, this is almost never the case. When a helicopter is 

cannibalized for a repairable, it is usually the most recently received helicopter on overhaul. 

This means there are approximately six to eight weeks before the helicopters overhaul is done 

and it should be back on the Line. The maintenance planner takes action when there are just a 

couple of weeks left on the overhaul and there still are not any repairable is stock. If the decision 

is to cannibalize, it is done before the overhaul time ends.54 

The total amount of man hours that the overhaul takes might however be delayed due to 

cannibalization according to Lindbom.  This is because the man hours planned for a helicopter 

overhaul is fixed and a technician has to address work hours into a cannibalization act too.55 

J.Johansson claims that a helicopter overhaul usually is not delayed at all, even though it is 

cannibalized. This is because the workload on the Base's technicians is below 100% and a 

technician therefore has time to spend on cannibalization without it affecting the total overhaul 

time.56 

7.3.3 Alternative 3: Wait for the repairable to be repaired 
3M. How long is the repair lead time for the repairables?  

When a repairable has failed and it is removed from the helicopter at the Line, it is sent to Base. 

The time between when the failed component is located and when the component is actually 

dispatched to base fluctuates a lot.54 This normally takes up to two days if the repairable is 

located at the Line. If the helicopter is out on a mission far away it could take longer time, up to 

two weeks according to S.Johansson. However, according to Kardell it sometimes takes a few 

months before the failed component reaches Saab. An average time was calculated from data 

from IFS Sherpa, which is classified. The data that was used to calculate this time is the time 

from a work order was issued and a component left Saab's system to the time a failed 

component arrived to Saab's system. It is impossible to know which work order and what 

arrived failed component that belong to each other and because of that not all data were used. 

66 different data was used and they varied between 2 and 145 days. 

The component is sent electronically into Saab's system but is often sent physically at a later 

time. The maintenance planner then accepts the repairable in Saab's system. The logistic 

department is then notified of the arrived repairable, which in turn notifies a technician at Base 

that examines the repairable, verifying the fault description and tries to detect so called "No 

faults found". The technician then notifies the logistics department if the repairable is ready to 

be sent for repair.54 The logistic departments then should request a RMA, which stands for 

"return material authorization" from the supplier.57 All this could be called the internal lead 

time of repair.  

  

                                                             
54 Peter Johansson, Maintenance planner, interview 2015-04-17 
55 Johan Lindbom, Technician, interview 2015-04-17 
56 Jörgen Johansson, Deputy head of military motor wing, interview 2015-04-20 
57 Anna Kardell, Operational purchaser Hkp 15, interview 2015-04-29 
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The time from when the repairable is accepted in Saab's system until the repairable is sent to 

the repair shop is measured. The data was collected from IFS Sherpa and the mean time was 

calculated. The data is classified. The time varies a lot and according to Kardell, the main reason 

that this time sometimes is very long is due to the time they wait for the RMA. Kardell estimated 

that Saab spends around five to ten days of the total time and the rest of the time is because of 

the supplier. 

Saab and Försvaret have no contracts with sub-contractors regarding repair times. The lack of 

repair contracts and repair requirements implicates that there are no incentives to the repair-

shops to minimize the lead times. The repair suppliers are not service-oriented according to 

Kardell. Due to this, lead times vary a lot from time to time and between repairables. J.Johansson 

agrees with this. He claims that the suppliers are not service oriented at all and it is the reason 

behind the varying lead times, although some repairs are complicated and therefore brings a 

longer lead time.58 

According to J.Johansson, some suppliers are very fast with a couple of weeks repair time, while 

other suppliers do not care about the lead times. A lot of the repairables has to be sent to a 

repair shop through Agusta as mentioned before. This is a big issue, since Agusta has monopoly 

on numerous repairables and can thereby treat their customers in any way they want. There is 

single sourcing of repairs, and Saab has to accept that Agusta is the main supplier of both spare 

parts and repairs of repairables and experiences it hard to influence Agusta. The only way to 

decrease the repair lead times is to constantly send requests about the repairables 

whereabouts. Agusta does not know or seem to care where the repairables are. According to 

Saab’s logistics department, the repair lead times have been relatively constant since the 

beginning. Sending the repairables through Agusta increases both the lead times and the cost.58 

How long the repair lead times from Agusta have been during the years of the contract can be 

seen in Figure 22 below. 

 

Figure 22: The repair lead time from Agusta for all investigated repairables since the start of the contract. 

  

                                                             
58 Jörgen Johansson, Deputy head of military motor wing, interview 2015-04-20 
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Saab spends a lot of time searching for new suppliers to send the repairables to. They have 

found new suppliers to three of the investigated repairables. These are the Self-regulated Pump, 

AHRS and VHF/UHF antenna. However, IFF transponder has to be repaired at Agusta now. Some 

special repairs can also be performed at the workshop in Malmen Base or in another of Saab's 

workshops in Malmen and is always preferred if it is possible due to the shorter repair times.59 

How the repair lead times have changed for all the investigated repairables have been 

conducted but that information is classified and cannot be shown in this report.  

The repairs that have been performed in the work shop in Malmen Base or another of Saab’s 

workshops in Malmen should according to Kardell not be included in the calculations of mean 

lead time. There were also some outliers that Kardell recommended to remove from the data 

because of special causes. The actual repair lead times are classified and will therefore be 

described within a range. Short repair lead time equals 0-200 days, medium equals 200-400 

days, high equals 400-500 days and very long equals over 500 days. The calculated mean repair 

lead time can be seen in Table 23 below and includes both the internal lead time from when the 

repairable has failed until it is sent for repair and the repair lead time from the supplier. 

Table 23: The mean repair lead time from supplier and the total mean repair lead time. 

Part Description Total mean repair 
lead time 

Linear Actuator 1 Medium 

Linear Actuator 2 Medium 

Linear Actuator 3 Medium 

AHRS Low 
Airborne Data Loader Medium 

Autopilot Control Panel Medium 

CMU High 

Digital clock  Medium 

Flight Control Unit Medium 
GCP panel High 

IFF transponder Very long 

LVTD High 

Multifunction Display Medium 

Navigation Module Medium 
Self-regulated Pump Low 

Radar Weather Medium 

Tail Rotor Blade  High 

Vehicle Monitoring Module High 

VHF/UHF antenna Low 
 

  

                                                             
59 Anna Kardell, Operational purchaser Hkp 15, interview 2015-04-29 
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3N. During stockout, what is the mean time between a repairable fails and 

the same part number return from repair? 

Table 15, under the question 3A. How often do stockouts of the repairables occur is presenting 

which periods that have had zero of each repairable in stock. As mentioned before, there is no 

data available of when stockouts have appeared. The only data available is when there has been 

zero inventory level and when a failed repairable have been sent to a repair shop. This makes it 

impossible to know the mean time between a repairable fail and the same part number returns 

from repair.  

7.3.4 Alternative 4: Replenish instead of repair 
3O. What is the scrap rate of the repairables?  

Some of the repairables have a predetermined service life measured in flight hours or years in 

service. Some repairables also have a predetermined amount of years they can be in storage 

before they have to be discarded. That time only includes when the repairable is in store, not the 

time when the repairable is operating.60 Table 24 below shows the predetermined service life of 

the investigated repairables. The repairables not displayed in Table 24 below do not have any 

predetermined service life. 

Table 24: The repairables that have a predetermined service life. 

Part Description Service life (flight hours) 

Linear Actuator 1 30000 FH 

Linear Actuator 2 30000 FH 

Self-regulated Pump 4800 FH 

Tail Rotor Blade  10000 FH 
 

When a repairable reaches 80% of its lifetime, the maintenance planner at Saab have a 

discussion with Försvaret whether it should be scrapped or not. It is discarded right away when 

more than 90% of expected lifetime has been reached.60 

Three of the investigated repairables has had discarded units so far; the Tail Rotor Blade, Digital 

clock and LVTD due to inability to repair, not expended lifetime. The tail rotor blade has been 

discarded two times during 2014. However, another four Tail rotor blades seems to be unable to 

repair. But Agusta has not confirmed this yet. The Digital clock was discarded once 2014 and 

LVTD has been discarded once 2012 and once 2014. Only LVTD has been replenished again.61  

3P. What is the lead time for ordering a new repairable?  

There are no contracts between either Saab or Försvaret with suppliers regarding ordering of 

new repairables. The lead times for a new repairables depend on whether the supplier has the 

repairable in stock or not. There are no data available regarding expected lead times. According 

to Kardell, the lead times could range from a couple of weeks to a couple of years, and an 

estimated lead time from a supplier might be unexpectedly changed if they suddenly increase 

their stock by one unit for some reason. 

  

                                                             
60 Peter Johansson, Maintenance planner, interview 2015-04-17 
61 Anna Kardell, Operational purchaser Hkp 15, interview 2015-04-29 
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3Q. What is the purchase cost of a new repairable?  

The purchase cost of a new repairable is unknown. The component value of each repairable can 

instead be used as the purchase cost, with respect to an estimated yearly cost increase of 3-4 

%.62 

3R. How much does the repair of the repairables cost? 

Many articles are sent to Agusta, however Agusta seldom perform the repairs. The items are 

sent to external repair shops, as discussed in 2.4 External component flow. This is a part of the 

contract between Agusta and Försvaret in order for Agusta to recover some previous 

investments by acting as a repair shop-wholesaler. According to Kardell, the price is almost 

twice as high when sending through Agusta compared to when sending straight to the external 

supplier. J.Johansson estimated that the price is 50-70% higher. 

The same part number can entail different costs from time to time. The repair cost also varies 

between the different repairables. This variation is due to the state of the repairable and how 

much work is needed to fix it, but it could also depend on what repair shop it is sent to. Below is 

three different repairables presented, every time they have been repaired and the repairs 

respectively cost. In general, the different repair prices are often closely connected to the 

severity of the repair. If a repairable experience some high deviating repair costs, it is often due 

to modifications or severe malfunctions. Low deviations within a repairable can often be 

connected to "No fault found", i.e. the repairable has only been reviewed at the repair shop and 

is sent back without any repair. 

The repair cost is sometimes 0. This is either because the invoice has not yet been paid, or 

because Saab should not pay it and it has been forwarded to Försvaret instead. Saab has had 

some problems recently with Agusta not paying the invoices they own Saab. This backfires since 

Saab then withholds their payments of Agustas invoices, which is the reason some of the 

invoices are unpaid. Saab forwards invoices to Försvaret in case of operator misuse, a 

repairable return with a "No fault found" description or if the contract between Saab and 

Försvaret states that Försvaret should pay the repairs, as they do with the red items as 

previously stated in 3.1 Spare parts. Three of the 19 repairables in this study will be presented 

below in order to depicture how the data was gathered and show the many differences between 

repairables and the differences between one single repairable from time to time. Some 

repairables will be presented to show the variations in fails, repair costs and invoice payments. 

As previously discussed, the available data regarding repair costs differed between repairables. 

Some repairables experienced relatively even repair costs and the invoices have been paid, 

increasing the number of available data points. Other repairables only have a couple of paid 

invoices with varying value, making an interpretation of likely repair cost difficult. Each 

repairable was examined individually, and outliers were removed. High repair cost outliers was 

likely due to modifications of repairables, while low value outliers were due to "No fault found". 

An average was calculated when a repairable experienced similar repair costs. If not, when the 

repair was made and by what company was taken into account to calculate a standard repair 

cost. In addition to these prices, Saab also has to pay for the transportation. However, the 

transportation cost will also appear when ordering new components and will therefore not 

affect the cost when choosing between replenish or repair.  

                                                             
62 Anna Kardell, Operational purchaser Hkp 15, interview 2015-04-29 
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The actual repair costs are classified and will therefore be described within a range. Low repair 

cost equals 0-100 000 SEK, medium equals 100 000-200 000 SEK, high equals 200 000-300 000 

SEK and very high equals 300 000-400 000 SEK. The repair costs for each repairable can be 

found in Table 25 below. The Digital clock and tail rotor blade did not have any repair invoices 

paid by Saab. 

Table 25: The repair cost of each repairable. 

Part Description Repair cost 
Linear Actuator 1 Medium 
Linear Actuator 2 Medium 

Linear Actuator 3 Medium 

AHRS Low 

Airborne Data Loader Medium 

Autopilot Control Panel Medium 

CMU Medium 

Digital clock  - 

Flight Control Unit Very high 

GCP panel Low 

IFF transponder Low 

LVTD Low 

Multifunction Display Very high 

Navigation Module High 

Self-regulated Pump Low 

Radar Weather Very high 

Tail Rotor Blade  - 

Vehicle Monitoring Module Medium 

VHF/UHF antenna Low 
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8 Analysis 
In this chapter, the empirical results together with the theoretical framework will be used to 

answer the analysis and main questions. The answers will create the foundation to the suggestion 

of suitable inventory levels. 

8.1 Determination of sufficient helicopter availability 
What is the relation between Saab and Försvaret's view on availability? 

Helicopter availability is a widely used concept within the system of Saab and Försvaret, but the 

two stakeholders define it differently. Saab considers helicopter availability as the number of 

helicopters that is not situated in Malmen workshop. This includes transportation to and from 

Line, helicopters on missions as well as helicopters on Line. It does not matter whether the 

helicopter are in flight able condition at the Line, a helicopter is available as long as it is not in 

Malmen workshop. A helicopter is situated in Malmen workshop either when it is on planned 

overhaul or if there is a problem that should take more than two days to fix. According to 

interviews with Saab, they provide Försvaret with a helicopter availability of fourteen to twenty 

helicopters.63 

Försvaret however, considers a helicopter available when it is located at Line and is ready to fly. 

Försvaret does not care if the problem that causes the helicopter unavailability is Saab's or 

Försvaret's responsibility to fix. Försvaret considers the helicopter availability to be ten 

helicopters in average, which is a big difference from Saab's view.64  

Saab considers 16 helicopters to be available on average. Since Saab considers helicopters 

outside base to be available, Line should always have 16 helicopters. Figure 23 below shows 

how Saab considered the helicopter availability to be the 5th of May 2015. 

 

Figure 23: Saab’s view of average helicopter availability today. 

Försvaret considers the availability to be in average ten helicopters, which indicates that six 

helicopter in average should be unavailable at Line. This is however not the case. Försvaret 

consider an average of one or sometimes two helicopters to be unavailable on Line, which 

indicates that four or five helicopters has unknown whereabouts. Figure 24 below shows how 

Försvaret considered the helicopter availability to be the 5th of May 2015.  

                                                             
63 Jörgen Johansson, Deputy head of military motor wing, interview 2015-04-20 
64 Stefan Johansson, Head resource Manager Hkp 15, Försvaret, interview 2015-05-05 
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Figure 24: Försvaret’s view of average helicopter availability today. 

At the 5th of May, Försvaret considered their availability to be ten helicopters. Eight of the 

unavailable helicopters were considered in Saab’s possession. The actual number of helicopters 

in Base workshop that day was however five, indicating that three helicopters is "missing". 

There seem to be a gap between Försvaret and Saab regarding perceived availability. Both 

parties would likely favour from a closer communication and a development of a more common 

view on availability.  

There are some other differences between Försvaret and Saab's view of availability as well. 

According to Saab, Försvaret's technicians only work during day time and minor repairs or 

issues are therefore not fixed until one or in worst case two days later, indicating that a 

helicopter will be unavailable one or two days. Försvaret however claim that technicians resolve 

minor issues during the evening and the helicopters are flight able the next day. The different 

views are interesting and another indication that they could favour from having the same 

availability view.  

The view on repairable availability from Saab and Försvaret differ. Saab considers the 

availability of repairables to be bad since cannibalizations generally has to be done. Försvaret 

however considers the availability, as things stand, to be sufficient even if it has been too low 

during the first years of the contract. The repairables availability is considered by both parties 

to have a big impact on the helicopter fleet availability, even though Saab considers non-

repairables to have a bigger impact than Försvaret does.  

Saab considers Försvaret to be inconsistent regarding the use and planning of flight hours. 

Försvaret on the other hand claim to mostly stick to the planned flight hours. This indicates that 

some information is lost on the way, and could be improved by increasing the communication 

between the two parties. Further suggestions and solutions are however outside this study.  

The two parties seem to agree about the use of the helicopters. Saab considers Försvaret to use 

numerous helicopters for a few hours each, increasing the demand of the number of helicopters. 

Försvaret varies between desiring numerous helicopter to fly a few hours on each and a few 

helicopters to fly many hours at a short period of time, depending on the field of use. It is likely 

that Saab experience the need to mostly consist of many helicopters with few hours, since it has 

more impact on the helicopter fleet. The need of ten helicopters for a long time becomes more 

easily noticed than the need of three helicopters with many hours for a couple of months.  
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Försvaret's use of flight hours seems to rise slightly in demand each year. The use of flight hours 

each month is unknown and the flight hours used in 2015 cannot be predicted. If the trend of 

2015 continues, Försvaret will have used approximately 4500 flight hours when the year ends. 

This is unlikely, since it corresponds to an increase of 60% compared to 2014. Most signs points 

to a high utilization of flight hours during the first quarter of 2015 and lesser utilization for the 

three remaining quarters.  

However, the utilization during the first quarter of 2015 shows an important feature. Using 

approximately 1110 flight hours during the first quarter of 2015, shows that both Försvaret and 

Saab have the capacity today to produce and use 4500 flight hours a year. Saab can provide 

above 4000 flight hours a year with the current work capacity. Saab is not the bottleneck, which 

set boundaries for flight hours and could be considered to fulfil their part of the contract. Saab 

provides the possibilities of using up to 4000 flight hours a year but it is up to Försvaret to 

utilize the possibilities, either by actually using more flight hours or being more efficient at Line, 

increasing the helicopter availability at Line.  

What is sufficient helicopter availability? 

By setting a minimum service level constraint, optimal inventories can be found in subject to the 

constraint according to Tracht et al. (2013). To this day, Försvaret has been using an increasing 

amount of flight hours. However, the use of hours has been around 2800 hours a year for the 

last two years even if it has slightly increased. It is likely that even if Försvaret would like to use 

more hours, they will not be able to do that due to internal distributions of funding and 

prioritizations. The external impact from the outside world as well as funding from the Swedish 

Government is other factors that affect the flight hour’s usage. Therefore, there is a likely 

possibility that future flight hours will stay around 3000 flight hours unless external and 

internal factors changes. Therefore, 3000 flight hours can be considered sufficient under the 

current circumstances. 

Försvaret’s optimal flight hour use is however 200 flight hours per year and helicopters, since 

this minimizes the planning and execution of helicopter maintenance. This indicates that 4000 

flight hours is optimal to use each year, which is agreed by Saab. During the first quarter of 

2015, Försvaret used slightly over 1100 flight hours, indicating that 4000 flight hour during 

2015 is a possibility. It is likely that the use will decrease during 2015, but the possibility exists 

and it corresponds to the optimal flight hour use. It is likely that 4000 flight hours will increase 

the need for repairables, and 4000 flight hours can also be considered a future sufficient 

availability. 

Therefore, this study will investigate optimal inventory levels for the current 3000 yearly flight 

hours as well as the future optimal 4000 yearly flight hours. 

8.2 Determination of the impact of overhaul and non-repairables 

on helicopter availability 
How do non-repairables and overhauls affect helicopter availability?  

The overhauls of repairables will affect the helicopters availability once the repairables reaches 

the overhaul time. Using the helicopter engine discussed in 2B: Which repairables are in need of 

overhaul? as an example, keeping reserves in the inventory is crucial when the overhauls are 

initiated.  
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Approximately 20-25% of all repairables are in need of overhaul according to Kardell, although 

only one of the 19 studied repairable. This is the Self-regulated Pump if it has not been modified 

yet. It is in need of overhaul every 1600 flight hour. Försvaret has used approximately 3000 

flight hours the last years, distributed on 20 helicopters, corresponding to an average of 150 

flight hours for each helicopter and year. With an average of 150 flight hours a year, reaching 

1600 flight hours will take almost 11 years. 

It is very wasteful in terms of funds to keep a constant higher inventory only to cover for 

demand peaks occurring once for each helicopter every 11th year. This is however only 

applicable on the Self-regulated Pump. If repairables have a lower overhaul time than 1600 

flight hours, the overhaul period will be reached faster and the need for higher inventory will be 

higher. But in this study and for every repairable in need of overhaul, the overhauls should be 

considered apart from the regular inventory levels. The overhauls of repairables should be 

individually considered and planned for several years in advantage in order to minimize the 

impact on helicopter availability, but the overhaul time should not be included when 

determining the regular inventory levels since the overhauls are too scarce.   

Overhaul of helicopters have a bigger impact of the availability. Best case scenario would be if 

all helicopters flew 200 hours a year, since this would minimize the amount of overhauls and 

increase each helicopters flight time. If almost 200 flight hours has been reached when the 1-

year overhaul is approaching, the 200 flight hour overhaul is performed as well.65 If Saab owned 

the helicopters, Saab would try and maximize the flight hours on each helicopter before 

overhaul to make maximum use of the available hours and to minimize the overhaul costs. This 

is however not the case with Försvaret. Försvaret do not pursue maximum utilization, instead 

they use the helicopters whenever it is suitable and does not endeavour a utilization to 

minimize costs.66 

The amount of overhauled helicopters seems to fluctuate up and down between high and low 

amount of helicopters according to a cycle of approximately 15 weeks as seen in Figure 25 

below. The cyclic fluctuation is a problem that should be addressed. Försvaret is planning 

overhauls in consultation with Saab’s maintenance planner P.Johansson. The average planned 

overhaul time for helicopters during 2015 is 7,8 weeks and the average helicopters in Malmen 

workshop is 1,95 helicopters. In a perfect world, the overhaul maintenance could be planned to 

keep two helicopters in at all times.  

                                                             
65 Peter Johansson, Maintenance planner, interview 2015-04-17 
66 Gustav Lindh, Head of section at Military Rotor Wing, interview 2015-04-20 
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Figure 25: The planned and unplanned overhaul from week 34 2014 until week 20 2016. 

There are however many variables affecting the maintenance plans, i.e. weather, pilots and 

unplanned workshop visit, agreed by both Saab and Försvaret. It is hard to draw firm 

conclusions regarding helicopter availability and what affects it without extensive historical 

data over planned flight hours and actual flight hours. But the maintenance should be able to be 

planned more evenly, despite the fact that lots of parameters affect the real flight time. There 

are 14 weeks in total with zero helicopters on overhaul and 24 weeks with 1 helicopter, 

indicating that the workshop personnel will have too few tasks to keep themselves busy 40 

hours a week. It is however outside this study to propose another helicopter maintenance plan, 

but the authors do believe it is possible to achieve a more even flow of helicopters to the 

workshop, which would increase the available helicopters on Line and thereby increase both 

Saab's availability and the available helicopters on Line.  

The non-repairables also have some impact on helicopter availability. According to Försvaret, 

non-repairables keep one or sometimes two helicopters grounded, but this varies and many 

non-repairable problems can be solved at Line during the evenings to provide a flight able 

helicopter the next day. Around 25-30% of the time needed for overhauls is connected to non-

repairables, which is included in the average of 7,8 weeks of overhaul. The time is however 

mostly not connected to waiting for non-repairables since they are usually in stock.  

How big impact does non-repairables and overhauls have on helicopter availability? 

The impact that overhaul of repairables have on helicopter availability is that small that is 

neglected in this study. The overhaul of helicopters has a bigger impact. In a perfect world and if 

the maintenance plan would be fulfilled, two helicopters would always be unavailable due to 

helicopter overhaul. However, in reality an average of 3,1 helicopters is unavailable due to 

extended overhaul and amount of overhauled helicopters vary much more than wanted. 

How often and for how long that helicopters are unavailable due to non-repairables problems 

are not registered but S.Johansson at Försvaret estimate it to be one or two helicopters in 
average. 
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The availability needed to reach 3000 respectively 4000 flight hours will be considered to not 

depend on the non-repairables and overhauls. The overhauls affect availability, but the time 

needed for overhauls up to 4000 flight hours is almost the same.  

8.3 Comparison of the four alternatives 
In the task specification it was stated that the cost categories inventory holding cost, 

maintenance cost, transportation cost and purchase cost affect the four different scenarios. 

Repairables kept in stock will result in an inventory holding cost. The maintenance cost and 

transportation cost appears when performing cannibalization and when waiting for the 

repairable to be repaired in terms of repair cost. Replenishing a failed and discarded repairable 

will require a purchase cost. 

8.3.1 Determination of future fail rate 
As stated in the Empirical results, the fail rate is irregular and differs a lot between different 

repairables. This is consistent with Fortuin and Martin’s (1999) theories. The fails has been 

analysed in order to investigate if there is any trends in the historical data. If the climate impact 

on the fails of the repairables or if the amount of flight hours affects the fail rate is investigated 

below. Then the estimated fail rate for 3000 flight hours and 4000 flight hours is determined. 

Forecasting the demand is however one of the most complex problems when dealing with spare 

parts according to Botter and Fortuin (2000). 

The climate impact on repairables 

This study takes place at Malmen base in Linköping, Sweden, while Hkp 15 is manufactured in 

Italy in southern Europe. Linköping may during some winters experience an average 

temperature of almost -10°C (app.linkoping.se) with deviations considerably colder than -10°C.  

In the summers however temperature may rise over 30 degrees Celsius.  There is a possibility 

that the helicopters were not intended to fly in a Swedish climate and that the weather and 

climate in Sweden has an impact on the helicopters ability to fly and the rate of which 

repairables fail. All investigated repairables was analysed based on their failures over the year. 

If the climate would have an impact on repairables fails, a seasonal trend would appear and fails 

would appear more frequent in either the cold part of the year or the warm part of the year. 

Försvaret’s lower usage of flight hours during the summer should be taken into account. 

There are no data about number of fails available; instead the numbers of repairs are used to 

determine number of fails. All fails of the 19 repairables was separated based on the month of 

the fail and combined into a diagram. The diagram can be seen below in Figure 26 below.  
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Figure 26: The distribution of repairables fails each month. 

Each repairable was also individually examined and can be found in Appendix 6. The four 

repairables with the most amounts of fails are however presented below in Figure 27 below. 

 

 

Figure 27: The four repairables with the most amounts of fails. 

Based on Figure 26, Figure 27 and Appendix 6, it is hard to tell whether the climate has an 

impact or not. Since the numbers of fails is relatively even distributed over the years but 

random over months, the weather and climate in Sweden does likely not affect the repairables. 

The graph indicates that some months experience a higher frequency of failures, but it cannot 

be established that this is due to the climate. 
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Connection between repairable fails and flight hours 

The number of fails implies little on its own. The flight hours may however be related to the 

repairable fails. High utilization of the helicopters one month and a low utilization the next 

would likely influence the results, since more flight hours should increase the possibility of 

creating or discovering a failed repairable. A more accurate analysis could have been performed 

if the number of flight hours used as well as planned flight hours each month by Försvaret 

would have been available, but unfortunately that is classified information. The fails for the 19 

investigated repairables each year was combined with the amount of flight hours to conclude if 

there was a relation or if it is random. The three years and three months the contract has been 

active and the respectively amount of fails can be seen in Figure 28 below. 

  

Figure 28: The relation between number of flight hours and number of fails each year. 

It has already been shown in the empirical chapter that the fails are very irregular on 

component level. It seems however as if the fails are linear on a more general level. It is hard to 

draw any conclusions about whether the fails per flight hour also is linear when examining each 

repairable individually since the number of repairs is so few and the fails are expected to occur 

erratic. Deviations have bigger impact the fewer measure points that are used. The four most 

failed repairables was examined individually to find any trends or relations between flight 

hours and fails. As seen in Figure 29 below, the data shows that the fail rates are very individual 

between repairables. 
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Figure 29: The relation between number of flight hours and number of fails each year for four different 
repairables. 

There should be a positive trend in each chart in Figure 29 above if there was no random factor 

and the fails had correlation with the amount of flight hours. However, the figures show that 

there is a big random factor and it has to be taken into account. The measure points are too few 

in order to draw any further conclusions and randomness might be a likely reason for variations 

within individual repairables. The tail rotor blade seems to experience an increased amount of 

fails each year, while the CMU has had a decreasing amount of fails each year but already during 

the first quarter of 2015 experienced more fails than during any other full year. 

Based on Figure 28 above, it is likely that the number of fails is generally, for all repairables, 

approximately linear to the number of flight hours used by Försvaret, i.e. if Försvaret use more 

flight hours, the number of fails increases linearly and the need for spare repairables as well. 

Försvaret pay Saab for 2500 flight hours, and then a fee for each additional flight hour. This 

seems to correspond well to the linear correlation between flight hours and numbers of repairs, 

i.e. most of the costs for Saab. Neither Saab nor Försvaret seem to benefit more than the 

counterpart when the flight hours exceed 2500 hours, which could be considered optimal for 

the system Saab-Försvaret.  

Aging of repairables 

Any repairable is increasingly worn when the repairable is being used. It is likely that a 

repairable experience fails more frequent when it is older and has been used more flight hours. 

The helicopters have been in service for a numerous amount of years, and the repairables could 

experience aging. The fails of the 19 investigated repairables was combined for all 39 months 

the contract with Försvaret has been active, as seen in Figure 30 below. With a constant use of 

flight hours, the number of fails should be constant over the years as well. However, the amount 

of flight hours has not been constant during 2012-2015 and it is therefore hard to draw 

conclusions regarding ageing of repairables.   
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The repairables generally show signs of an increasing fail trend, but since the flight hours have 

been increasing each year, the increased amount of fails could be due to the increased use of 

helicopters. 

 

Figure 30: Fail distribution of the 19 repairables since the start of the contract. 

Repairable fail anomalies 

As presented above, the fail of repairables seems to increase each year, possibly due to more 

used flight hours or aging of components. The fails on individual repairable level is however 

very irregular, as can be seen in Appendix 4. The registered fail date is as previously stated the 

date when the repairable is sent to the supplier. Due to this, the actual fail date can vary quite a 

lot.  

 

It has been noted that a seemingly stunning large amount of repairables has been sent for 

repairs the same month and day, even though the total amount of fails during the contract years 

are low. The Linear actuator 3 is an example of this. It has been sent for repairs 18 times in total, 

and three times on 2012-10-09 as well as 3 times 2014-03-03. It is highly improbable that a 

repairable failed three times during the same day, for two times in three years, considering an 

average of less than six fails per year. Therefore fail dates, or dates the repairable was sent for 

repair, should be observed with care. Helicopters are sometimes used on missions and failed 

repairables most likely won’t be sent to repair shops until the helicopters return. This could be a 

reason why several repairables have registered several fails the same month and year, 

sometimes even the same day. Another reason might be that Försvaret keep failed repairables 

at Line instead of sending them to Saab right away, which have a big impact on the time 

between a repairable fails and when it is actually sent for repair. 

 

Estimated fail rate 

The demand structure makes forecasting difficult and is a topic that has received limited studies 

within the aviation industry. Forecasting is hard but it is even harder to do properly with low 

demand items. (Ghobbar and Friend, 2003) Due to limited time, the fail forecast will probably 

not be inaccurate. The predicted fail rate during one year is calculated as the average fail rate 

during this contract. Fortuin and Martin (1999) discuss the risk of standard forecasting showing 

inaccurate results. The use of inaccurate forecasts might lead to invalid inventory control 

models. It is therefore important to keep in mind that the forecast might be inaccurate. 
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The fail rate and the estimated amount of fails during a year for each repairable when using 

3000 respectively 4000 flight hours is presented in Table 26 below. If more or less flight hours 

are used, the predicted fail rate will change linearly.  

Table 26: The predicted amount of fails during a year when using 3000 versus 4000 flight hours. 

Part Description Fail rate [fails/FH] Fails 3000 FH Fails 4000 FH 
Linear Actuator 1 0,0011 3,3 4,4 
Linear Actuator 2 0,0012 3,7 4,9 

Linear Actuator 3 0,0020 6,0 8,0 

AHRS 0,0009 2,7 3,6 

Airborne Data Loader 0,0012 3,7 4,9 

Autopilot Control Panel 0,0004 1,3 1,8 
CMU 0,0019 5,7 7,6 

Digital clock  0,0002 0,7 0,9 

Flight Control Unit 0,0010 3,0 4,0 

GCP panel 0,0014 4,3 5,8 

IFF transponder 0,0007 2,0 2,7 
LVTD 0,0008 2,3 3,1 

Multifunction Display 0,0008 2,3 3,1 

Navigation Module 0,0004 1,3 1,8 

Self-regulated Pump 0,0030 9,0 12,0 

Radar Weather 0,0003 1,0 1,3 
Tail Rotor Blade  0,0020 5,3 7,1 

Vehicle Monitoring Module 0,0009 2,7 3,6 

VHF/UHF antenna 0,0003 1,0 1,3 

 

8.3.2 Determination of past inventory levels 
According to Fortuin and Martin (1999), stockouts is a critical problem when dealing spare 

parts because it may lead to seriously consequences for the system. Storhagen (2003) also 

states that it is more important to have a high service level for spare parts than for finished 

goods because a stockout of spare parts may cause a delay of the main product, which will lead 

to high costs. 

As stated in the empirical results, there is no data of how often stockout appears. But in the 

empirical results, the periods of zero inventory level of the investigated repairables were 

conducted. If there has been a cannibalization during the zero inventory level there has likely 

been a stockout. The stock levels and cannibalizations of all the repairables have been 

investigated and plotted in charts that can be seen in Appendix 7. 

Even if there has been long periods of zero inventory in the past it does not have to mean that it 

will happen as much in the future because the inventory of some repairables have been 

increased since the start. 

8.3.3 Alternative 1: The repairable is in stock 
When is it profitable to add an additional repairable to the inventory? 

Inventory holding cost is the cost that the inventory entails when stored in a warehouse. The 

holding cost usually consists of the inventory components’ value, a calculated stock interest rate 

and the inventory levels. (Lambert et al, 1998) The stock interest rate was estimated in the 

empirical chapter and the yearly inventory holding cost was calculated.   
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The actual purchase cost is unknown and the component value 2012 with a yearly increase of 3 

% is used to estimate the purchase cost. The purchase cost and inventory holding cost of each 

investigated repairable is presented again in Table 27 below. 

Table 27: Calculated yearly inventory holding cost of each investigated repairable. 

Part Description  Purchase cost Inventory 

holding cost 

Linear Actuator 1  546 400 SEK  81 960 SEK  

Linear Actuator 2  590 100 SEK  88 515 SEK  

Linear Actuator 3  590 100 SEK  88 515 SEK  

AHRS  655 600 SEK  98 340 SEK  

Airborne Data Loader  172 700 SEK  25 905 SEK  

Autopilot Control Panel  334 400 SEK  50 160 SEK  

CMU  1 278 500 SEK  191 775 SEK  

Digital clock   35 000 SEK  5 250 SEK  

Flight Control Unit  1 365 900 SEK  204 885 SEK  

GCP panel  437 100 SEK  65 565 SEK  

IFF transponder  688 400 SEK  103 260 SEK  

LVTD  41 700 SEK  6 255 SEK  

Multifunction Display  1 639 100 SEK  245 865 SEK  

Navigation Module  655 600 SEK  98 340 SEK  

Self-regulated Pump  148 400 SEK  22 260 SEK  

Radar Weather  1 787 900 SEK  268 185 SEK  

Tail Rotor Blade   314 900 SEK  47 235 SEK  

Vehicle Monitoring Module  415 200 SEK  62 280 SEK  

VHF/UHF antenna  207 600 SEK  31 140 SEK  

 

The cost of this alternative is high but the availability of helicopters is the best when choosing 

this alternative. As stated in empirical results, the time the helicopter is unavailable depends of 

how urgent it is to get the helicopter flight able again. It could be done the same day, otherwise 

within a day or two if nothing unexpected appears. 

8.3.4 Alternative 2: Cannibalization 
When is it profitable to perform cannibalization?  

Whether to cannibalize or not is an issue in this study. Cannibalization is performed quite often, 

422 times during 39 months, an average of 11 cannibalizations each month. This corresponds 

well to Cassidy et. al.'s (2003) claim that all military services rely on cannibalization as a part of 

the daily maintenance of aircrafts. However, Cassidy et al (2003) further addresses the problem 

of long term effects from cannibalization. The likeliness of failing of components in a helicopter 

increases with the number of times a helicopter is cannibalized.  

The theories correspond to how both Saab and Försvaret consider cannibalization. Every 

person that has been interviewed or questioned concerning the impact of cannibalization has 

addressed the problem with cannibalizations impacts on working components. However 

nobody knows how big the impact is or how it can be calculated. When discussed with 

Försvaret, cannibalization was considered bad and a higher inventory was generally preferred 

over performing cannibalizations. Other factors affecting the reasoning on cannibalizations 

were the cannibalizations frequency and cost of the cannibalized units. 
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Number of cannibalizations each year was presented in the empirical results. Most number of 

cannibalizations was performed during 2013 and least number of cannibalizations has been 

performed so far 2015. Because the used amount of flight hours have change during the years, it 

is interesting to see how many cannibalizations per flight hour have been performed. The result 

can be seen below in Figure 31 below. 

 

Figure 31: The amount of cannibalizations per flight hour during the years. 

The figure shows that less cannibalization per flight hour have been made during the years. This 

could be due to the fact that not all repairables was received in the beginning of 2012 and the 

inventory therefore was lower and cannibalizations were needed to cover for this lack of 

inventory. Simultaneously, Försvaret has bought new repairables during the years, which 

further increased the inventory. 

When choosing to perform cannibalization the helicopter is not unavailable much longer than if 

the repairable were in stock. The additional time is the discussion between Försvaret and the 

maintenance planner at Saab and the removal of the repairable from a helicopter on overhaul. 

This additional time is considered negligible and the unavailability when choosing to perform 

cannibalization is considered the same as when the repairable is in stock. 

8.3.5 Alternative 3: Wait for the repairable to be repaired 
When is it profitable to wait for the repairable to be repaired?  
The lead times for repairs are fluctuating a lot. In order to determine the optimal inventory 

levels the lead times have to be estimated. The importance of reducing lead times in situations 

where customer demand is uncertain is high according to Glock (2011) as well as Li et al., 

(2011), since companies risk running out of stock before an order arrives. Reduced lead times 

might lower safety inventory, reducing stockouts and improve service towards Försvaret, 

resulting in lower total costs.   

Repairables sent through Agusta is by Saab considered to experience longer lead times than 

repairables sent directly to the repair supplier. That is consistent with Fortuin and Martin's 

(1999) view that due to spar parts' low erratic demand, they are often down prioritized and 

therefore witness longer lead times. Three of the investigated repairables has been sent both 

directly to Agusta and directly to the repair shop. Even though the repairable was sent through 

Agusta, it still reached the same repair shop in time. The three repairables can be seen in Figure 

32 below. 
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Figure 32: Lead times sending repairables through Agusta compared to immediately repair shop delivery. 

Figure 32 above indicates that sending repairables through Agusta extends the repair lead time 

with a significant amount of time. The AHRS, previously sent through Agusta has experienced a 

lead time reduction of approximately 200 days. The Antenna, also previously sent through 

Agusta experienced a lead time reduction of approximately 100 days. The IFF Transponder, 

previously sent to BAE Systems but now through Agusta due to Agustas constrains on their 

suppliers to only accept repairs from Agusta, has experienced a 300 days increased lead time. 

The figure indicates that a huge amount of time can be saved by sending repairables straight to 

the supplier rather than through Agusta.  

If more repairables could be dispatched straight to the supplier, the impact on inventory levels 

would be massive and the inventory could generally be heavily reduced. The lead times of the 

repairables not repaired by Agusta are also much more stable than the lead times when repairs 

are made by Agusta. 

The number of cannibalization has been seen in the empirical chapter to decrease for every 

year. This could be due to a higher inventory, but it is also possible that Agusta and the other 

suppliers are increasing in efficiency regarding repair lead times. To be able to see any trends, 

all repairs performed by Agusta on the 19 investigated repairables are plotted in a Figure 33 

below. 
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Figure 33: The trend of the repair lead times by Agusta. 

The general opinion at Saab logistics is that Agusta has performed unaltered lead times during 

the years. The trend of the Agusta repair lead times however shows that the lead times are 

slowly exponentially decreasing. All repairables does not follow this trend on an individual 

level, some repairables follow it very well while others do not. The repairables repaired by 

Agusta will be combined together with this trend to estimate an expected future lead times. This 

is an uncertain estimation although more likely to correspond to reality than an average lead 

time for all previous years. 

Since some of the repairables only have been repaired a few times, it is hard to predict how long 

the repair lead time will be. The Digital Clock has only been repaired once and the lead time that 

time is the only data that exists. This estimation will therefore be very uncertain and not 

changed. The more times the repairable has been repaired, the more credible the predicted lead 

time will be. 

New repair lead times from supplier have been calculated with the trend and the percentage 

changes are presented in Table 28 below. The total repair lead times include both mean repair 

lead time from supplier with trend and the mean internal lead time.   
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Table 28: The calculated total repair lead time. 

Part Description Total repair lead 
time without trend 

Percentage change 
with trend 

Linear Actuator 1 Medium -10% 
Linear Actuator 2 Medium 0% 

Linear Actuator 3 Low -20% 

AHRS Medium 0% 

Airborne Data Loader Medium -10% 

Autopilot Control Panel High 0% 
CMU Medium -40% 

Digital clock  Medium 0% 

Flight Control Unit High -10% 

GCP panel Very high -20% 

IFF transponder High -10% 

LVTD Medium -20% 

Multifunction Display Medium 10% 

Navigation Module Low 10% 

Self-regulated Pump Medium 0% 

Radar Weather High -10% 
Tail Rotor Blade  High -10% 

Vehicle Monitoring Module Low -5% 

VHF/UHF antenna Medium 0% 
 

The repair lead time is not equivalent with the time that the helicopter is unavailable if this 

alternative is chosen. Most of the repairable almost always have one or a few repairable that has 

already been sent on repair when another repairable fails. Unfortunately it is impossible to say 

how many days that normally is. It differs from case to case. The decision also depends of how 

soon the failed helicopter should be used. This is the only alternative that does not cost anything 

and is therefore favourable if the need of the failed helicopter is crucial. 

8.3.6 Alternative 4: Replenish instead of repair 
When is it profitable to replenish instead of repair? 
Most repairables have an expected lifetime during which the repairable is serviceable. If the 

repairable has less than 20% lifetime left when a fail occurs, a discussion with Försvaret takes 

place whether to repair or replenish according to P.Johansson. Only four of the nineteen 

repairables has a predetermined lifetime, of which the shortest is the Self-regulated Pump with 

4800 flight hours.  It takes Försvaret approximately 30 years to reach 4800 flight hours on a 

helicopter at this rate, indicating that replenishing of repairables due to lifetime generally will 

not be done within the total life time of the Hkp 15 unless the used flight hours increases 

drastically. As for the studied repairables, reaching a predetermined lifetime can therefore be 

eliminated from the replenish situation. It will never be feasible to replenish instead of 

repairing. 

The replenish lead times are unknown. It might be a couple of weeks or a couple of years, 

depending on whether an exchange repairable is in stock at the supplier when the repairable is 

broken and unrepairable. Therefore, replenish lead time is simplified and estimated to 

correspond to the repair lead times.   
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It would have been interesting to examine all repairables in order to find any correlation 

between if a repairable is repaired more often when more flight hours has been used. This is 

however not possible to do, since the data of repairs are too few per article number and each 

repairables used flight time is not logged. A specific serial number of a repairable has never 

been repaired more than three times. But can it be profitable to replenish instead of repair? 

If a specific repairable is sent to repair several times in a short period of time, the repairable 

should be further investigated. It is possible that the repairable experience some kind of 

problem insoluble through repairs, and money is wasted on repairs even though it will keep 

failing. Therefore, it might be better to discard the repairable and replenish it with a new one, as 

the new one likely will follow the standard fail rate of repairables of that serial number. It 

usually requires several repairs in order to reach the same cost as a new repairable would 

bring. The ratio between the purchase cost and repair cost does not include the yearly holding 

cost since the cost would appear in both the replenish situation and the repair situation. 

The thought process can be exemplified by looking at the Airborne Data loader. The Airborne 

Data Loader has a repair cost almost as high as the purchase cost as seen in Table 29 below. 

This indicates that 1,3 repairs can be done before the repair cost of a single repairable has 

reached the cost of the purchase of a new one. If the ratio would have been below 1, the repair 

cost would be higher than the purchase cost and purchasing a new repairable would always be 

more profitable than repairing. 

Table 29: Calculation of the how many repairs that can be done before reaching the cost of another repairable 

Part Description Purchase cost / 
Repair cost 

Linear Actuator 1 3,7 

Linear Actuator 2 4 

Linear Actuator 3 4 
AHRS 7,3 

Airborne Data Loader 1,3 

Autopilot Control Panel 2,6 

CMU 9,3 

Digital clock   

Flight Control Unit 4,3 

GCP panel 5,5 

IFF transponder 16,8 

LVTD 3,2 

Multifunction Display 4,2 

Navigation Module 2,8 

Self-regulated Pump 3,8 

Radar Weather 5,2 

Tail Rotor Blade   

Vehicle Monitoring Module 3,1 

VHF/UHF antenna 10,9 
 

As seen in Table 26 under chapter 8.3.1 Determination of future fail rate, the Airborne Data 

loader fails 3,7 times a year in average. The total repairable inventory of the Airborne Data 

loader is 20 repairables in the helicopters and 7 repairables in the inventory, seen in Table 17 in 

7.3 Mapping of how costs and helicopter availability are affected by repairables for the four 

alternatives, which equals 27 repairables.   
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With an even fail rate of 3,7 fails per year, each repairable should then fail 
27

3,7
= 7,3 ≈ once 

every 7th year. This can be compared to the ratio with purchase cost / repair cost from table 

Table 29 above. If a specific serial number of the Airborne Data loader fail more than the 

purchase cost / repair cost from Table 29 above during the calculated years of use, it could be 

profitable to replenish the Airborne Data Loader. Instead of repairing it at the more frequent 

rate than the average Airborne Data Loader, it would be profitable to buy a new which then 

would fail as often as the regular, i.e. once every 7th year. In this case, if a single Airborne Data 

Loader fail more than 1,3 times during a period of 7 years, it would be profitable to replenish it 

instead of keep repairing it and have a new repairable with an average fail rate of once every 7th 

year. 

This is good to know when searching for fail deviations within repairables, but this will not 

affect the inventory levels. As of now, the maximum repairs of a single repairable have been 

three times during the contract time of over three years. Usually it will never be profitable to 

replenish, but if a specific serial number is found to fail more than the column “Accepted fails 

during the calculated years of use” in Table 30 below, it could be profitable to replenish. 

Table 30: Calculated amount of repairs needed per year to make it profitable to replenish instead of repair. 

Part Description Fail rate Total inventory 
(including 20 
helicopters) 

Calculated 
years of use 

each 
repairable 

Accepted fails 
during the 
calculated 

years of use 
Linear Actuator 1 3,3 27 8 3,7 

Linear Actuator 2 3,7 25 7 4 

Linear Actuator 3 6,0 28 5 4 

AHRS 2,7 27 10 7,3 

Airborne Data Loader 3,7 27 7 1,3 

Autopilot Control Panel 1,3 21 16 2,6 

CMU 5,7 25 4 9,3 

Digital clock  0,7 20 29 - 

Flight Control Unit 3,0 26 9 4,3 

GCP panel 4,3 28 7 5,5 

IFF transponder 2,0 25 13 16,8 

LVTD 2,3 23 10 3,2 

Multifunction Display 2,3 28 12 4,2 

Navigation Module 1,3 23 18 2,8 

Self-regulated Pump 9,0 32 4 3,8 

Radar Weather 1,0 22 22 5,2 

Tail Rotor Blade  5,3 35 7 - 

Vehicle Monitoring Module 2,7 31 11 3,1 

VHF/UHF antenna 1,0 30 30 10,9 

 

8.3.7 Determination of the most beneficial alternative 
Four possible inventory alternatives were determined early in the study. All alternatives have 

different prerequisites and are most beneficial at different occasions. A summary of the 

different alternatives’ effect on availability and cost is presented below. 
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Repairable in stock 

Having repairables in stock is the most favourable alternative for availability. According to 

P.Johansson, Försvaret collects repairables personally from Base if urgent. This is done the same 

day as the repairable was found failed at Försvaret. If not urgent, the internal lead times are 

usually one or two days from Saab to Försvaret.  

The cost of keeping repairables in stock is however high. All repairables have high purchase cost 

and thereby also high inventory holding costs. Choosing to increase repairables in stock should 

therefore be done if the availability gained is considered more important than the cost of 

holding inventory. 

Cannibalization 

Cannibalizations have a positive impact on availability if there is a stockout. It is pointless to 

perform cannibalization unless there is a stockout. The decision whether to cannibalize or not is 

made by Försvaret and Saab, usually when the fail occurs but varies depending on the severity. 

A cannibalization generally takes between ten minutes and a day, and Försvaret often collects 

the unit immediately after the cannibalization. 

Calculations show that the cannibalization cost range between 600 and 6000 SEK for each 

cannibalization. The future impact from cannibalization on fails and costs are however 

unknown and Försvaret does believe keeping a higher inventory is better than performing 

cannibalization on a regular basis even though cost of keeping inventory is higher than 

cannibalizing.  

Wait for a repairable to be repaired 

How waiting for a repairable to return from repair affect the availability differs from case to 

case. The decision to choose this alternative or not has to be made individually each time a 

repairable has failed and the repair supplier has been contacted. 

This is the only alternative that does not cost anything. This alternative is favourable if the time 

until a repairable is short and the need for the repairable is not crucial.  

Replenish 

Replenish instead of repairing a component have been found never profitable. Lead times for 

new purchases are unknown and might vary between a couple of weeks and a couple of years 

depending on whether the component is in stock at the supplier or not.  

The cost of replenish, i.e. the purchase cost of repairables are always higher than repairing the 

components. One single serial number has to fail at least 1,4 times a year in order for it to be 

replenished instead of repaired. 

Due to this, the study concludes that replenish never will be a more beneficial alternative than 

the others three alternatives under present conditions and is therefore disregarded. 

8.4 Suggestion of repairable inventory levels 
Keeping high availability on helicopter fleet is important to Försvaret. Two availability levels 

were found to provide an appropriate basis for determining optimal inventory levels of 

repairables. These were the current 3000 yearly flight hours and the optimal future 4000 yearly 

flight hours. Both 3000 flight hours and optimal 4000 flight hours will therefore be investigated. 

As showed in 8.3.6 Alternative 4: Replenish instead of repair and 8.3.7 which of the four possible 

alternatives is most beneficial due to costs and availability, the alternative “Replenish instead of 

repair” is most likely never beneficial.   
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The replenish alternative can be disregarded, unless a specific serial number of a repairable is 

found to fail an unreasonable often within a short period of time. Then the repairable should be 

further investigated but it will not be considered to affect the suggestion of inventory levels. 

The decision to “Wait for a repairable to be repaired” cannot be made in advance of a fail, since 

it is impossible to determine how long time it will take from the fail until a repairable will return 

from repair. An average waiting time depends on the inventory’s size, with what frequency the 

repairables has been sent for repair and how long the repair lead times are. The repair lead 

times fluctuate a lot, as well as the time between repairs. If the alternative “wait for a repairable 

to be repaired” is not chosen, cannibalization has to be chosen. The decision whether to wait for 

a repairable or cannibalize should be considered each time there is a stockout. To “wait” is the 

most cost effective alternative, but probably affect the helicopter availability the most. By 

having a better control of how many helicopters Försvaret actually need and actually can use, 

the decision to wait for a repairable can be used to save money on cannibalizations.  

Cannibalization has been found to represent an inevitable feature when handling aircraft 

maintenance. As stated by Cassidy et al. (2003) and Salman (2006), the main alternative to 

cannibalization of components is to increase inventory levels, although this alternative likely 

bring higher short term costs than performing cannibalization. 

The impact of cannibalization on future fails and costs are unknown. By comparing 

cannibalization cost to the cost of adding another repairable, Table 31 below shows the 

minimum number of cannibalizations needed for each investigated repairable to make it 

economical profitable to add an additional repairable to inventory instead of cannibalizing. The 

calculations do not however cover any variations. And since cannibalizations are performed on 

previously cannibalized helicopters if some repairables are missing for a long time, it is hard to 

estimate the real impact of an additional repairable in inventory. This is however too hard to 

estimate and the study's authors believe the calculated results below in Table 31 below is a 

sufficiently accurate in order to use as guideline. 

Table 31: How many cannibalizations are needed per year to make it economical profitable to add an extra 
repairable to the inventory. 

Part Description Cannibalizations per year 
Linear Actuator 1 - 
Linear Actuator 2 44,3 
Linear Actuator 3 25,3 
AHRS 81,9 
Airborne Data Loader - 
Autopilot Control Panel 50,2 
CMU 159,8 
Digital clock  8,8 
Flight Control Unit - 
GCP panel 46,9 
IFF transponder 49,2 
LVTD 3,5 
Multifunction Display - 
Navigation Module - 
Self-regulated Pump - 
Radar Weather 45,5 
Tail Rotor Blade  13,9 
Vehicle Monitoring Module - 
VHF/UHF antenna 17,3 
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As seen in Table 31 above, a numerous amount of cannibalizations generally have to be 

performed to tie the cost of adding a new repairable to the inventory. LVTD and Digital clock are 

the two most inexpensive repairables but they still have to ben cannibalized 3,5 respectively 8,8 

times during a year in order to reach the same costs as the yearly inventory holding cost of an 

additional repairable. Försvaret has on the other hand expressed that they rather buy an 

additional component instead of cannibalize often. 

In order to provide an appropriate foundation for future inventory control decisions, two 

optimization scenarios will be investigated. The first inventory scenario includes a low number 

of cannibalizations, almost on a non-existent level since Försvaret claim to prefer a higher 

inventory level to cannibalizing. Variations however do occur everywhere, which is why some 

cannibalization has to be expected. The second scenario includes an ABC-classification of the 

repairables. Cannibalizations will generally be performed on the more expensive repairables 

and less frequently on the cheaper repairables. These two scenarios together with the two 

different availability levels form four different inventory suggestions: 

 3000 flight hours without planned cannibalizations 
 4000 flight hours without planned cannibalizations 
 3000 flight hours with ABC-classification 
 4000 flight hours with ABC-classification 

8.4.1 3000 flight hours without planned cannibalization 
As discussed in chapter 4.3 Delivery Service, neither Storhagen (2003) nor Jonsson and Mattson 

(2005) consider a delivery service at 100% to be economically viable. The costs are far too high 

when trying to cover all demand variations by safety stock. These variations will be covered at 

3000 yearly flight hours by some cannibalizations, but the inventory level suggestions at 3000 

flight hours will cover some average deviations in fail rates and lead times. 

As discussed in 8.3.1 Determination of future fail rate, Fortuin and Martin (1999) are stating the 

risk of standard forecasting showing inaccurate results. The use of inaccurate forecasts might 

lead to invalid inventory control models. The study’s authors has not found any existing 

forecasting models that would provide a sufficient result in this study with the retrieved data, 

and it is very hard to create an accurate inventory control model applicable for all repairables. 

Instead, each variable has to be individually examined. 

The suggested inventory levels are supposed to cover for regular variations in order to never 

result in stockouts and so that cannibalizations are never chosen as an alternative. However, 

unusual variations may not be covered and cannibalizations then have to be performed. With 

the constant average repair lead times and fail rates, suitable inventory levels can be calculated 

from: 

𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑙𝑒𝑣𝑒𝑙 =
𝑇𝑜𝑡𝑎𝑙 𝑟𝑒𝑝𝑎𝑖𝑟 𝑙𝑒𝑎𝑑 𝑡𝑖𝑚𝑒

𝐷𝑎𝑦𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑓𝑎𝑖𝑙𝑠
+ 1 

The answer will be rounded up and an additional component is added to cover for the first fail. 

The result of this calculation when expecting 3000 flight hours can be found in Table 32 below. 

The calculated inventory levels are lower than today’s inventory levels for 15 of the 19 

investigated repairables. The calculated levels are however based on averages. Just taking 

averages into account clearly shows the risk of inaccurate forecasting, as discussed by Fortuin 

and Martin (1999). The majority of the investigated repairables has experienced zero inventory 

level, despite the fact that the calculated inventory level should be enough and this derives from 

all variations in both fails and repair lead times. 
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The actual repair lead times with trend are classified and will therefore be described within a 

range. Short repair lead time equals 0-200 days, medium equals 200-300 days, high equals 300-

400 days and very long equals over 400 days. 

Table 32: The calculated optimal inventory levels compared to today’s total inventory levels. 

Part Description Days 

between 

fails 

Total 

repair lead 

time 

Calculated 

inventory 

levels 

Total 

inventory 

levels today 

Difference 

Linear Actuator 1 111 Medium 4 7 -3 

Linear Actuator 2 99 Medium 4 5 -1 

Linear Actuator 3 61 Medium 5 8 -3 

AHRS 135 Low 3 7 -4 

Airborne Data Loader 99 Medium 4 7 -3 

Autopilot Control Panel 281 Medium 1 1 0 

CMU 64 Medium 6 5 +1 

Digital clock  521 High 1 0 +1 

Flight Control Unit 122 Medium 3 6 -3 

GCP panel 85 High 5 8 -3 

IFF transponder 183 Very long 4 5 -1 

LVTD 159 High 4 3 +1 

Multifunction Display 159 High 4 8 -4 

Navigation Module 281 Medium 1 3 -2 

Self-regulated Pump 41 Low 5 12 -7 

Radar Weather 365 High 1 2 -1 

Tail Rotor Blade  69 Very long 8 15 -7 

Vehicle Monitoring Module 135 Very long 5 11 -6 

VHF/UHF antenna 365 Low 1 0 +1 

 

This was done to show how big impact the variations have on the inventory levels. The 

differences between current inventory levels and calculated inventory levels can be found in the 

column to the right in Table 32 above. As seen, the suggested optimal inventory levels with no 

regards to variations is varying between +1 and -7 units difference compared to today’s levels. 

The calculated inventory levels are only sufficient if no variations exist, but deviations will 

always appear. But the variations in this case are too big and the components are too expensive 

to cover with safety stock. 

All investigated repairables was individually examined. Their stock levels throughout the 

contract was compared to actual repairable fails and how the variations has occurred. The 

actual repairable fail distribution since the start of the contract can be found in Appendix 4 

while the registered changes inventory changes can be found in Appendix 7. It is important to 

note that the inventory levels in Appendix 7 shows every time a working repairable enters and 

leaves Saab’s system i.e. leaving or arriving to Malmen Base. This does not equal every time a 

repairable fails. Deviations could be due to e.g. repairables brought to mission, repairables 

brought to Line even though there are no failed repairable to exchange with or repairables just 

not registered at the right time.  
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Linear actuator 1 

During the estimated lead time, four fails have occurred according to Appendix 4. This indicates 

that an inventory level of four repairables would be enough. When looking at Appendix 7 there 

have been zero inventory level two times but no cannibalizations have been made which 

indicates that there has not been any stockouts, but that is not confirmed. An additional 

component was bought 2014-11-20 and the inventory level has not been zero after that. 

Therefore, the total inventory level is suggested to still be seven. 

Linear actuator 2 

During the estimated lead time four fails have occurred at the most. Appendix 7 shows that zero 

inventory level and stockouts have occurred a lot. An additional component was bought 2013-

08-26 but the inventory level has still been at zero after that, however not as often. It looks like 

cannibalizations have been performed even if there is repairables in stock. According to 

P.Johansson, this should never happen. It may happen if Försvaret wants to bring an extra 

repairable to a mission and it is already packed. Another reason could be that the data is not 

totally accurate. The suggestion is because of that to raise the total inventory level with one 

additional repairable to a total of six repairables. 

Linear actuator 3  

Seven repairables have failed at most during the estimated lead time and today’s inventory level 

is eight. The inventory level has been at zero more than half of the time since the start of the 

contract. As seen in Appendix 7, the inventory level has been at a higher since the middle of 

2014. That is because five additional components were bought in the second half of 2014. 

Cannibalizations have not been performed since all the additional components were bought, 

which indicated that the total inventory level today is good. The suggestion is to keep the total 

inventory at eight but investigate after a year if the level has been good. 

AHRS 

During the estimated lead time, AHRS has failed four times at the most. The inventory level was 

zero most of the time during the first one and a half years. That is because Saab did not receive 

all the components they should have until august 2012, when four components were received. 

During this time 16 cannibalizations were made. Four additional components have been bought 

since the middle of 2013 resulting in inventory level that has been three in average, which 

seems too high. The total inventory level is suggested to be lowered to six repairables. 

Airborne Data Loader  

The average inventory level since the start of the contract is around four repairables and the 

inventory level has never been at zero, which indicated that the total inventory level is too high.  

Four repairables have failed during the estimated lead time and today’s inventory level is seven. 

The suggestion is to lower the total inventory level with one repairable so that cannibalizations 

still may be avoided. The total inventory level is suggested to be six repairables. 

Autopilot Control Panel 

The total inventory level is only one repairable and the inventory level has been at zero more 

than half of the time since the start of the contract. It has also been cannibalized four times, 

which means that there probably has been stockout. The most fails during the estimated repair 

lead time is two. The total inventory level is suggested to be two repairables. 

CMU 

The inventory level of CMU has varied a lot as seen in Appendix 7, with long periods of high 

inventory levels that suddenly switch to long periods of zero inventory level. This is probably 

because the fails have occurred irregularly as Appendix 4 shows.   
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Many cannibalizations have also been performed which means that stockout has occurred. The 

calculated optimal inventory level when no variations appear is higher than the total inventory 

level today. The total inventory level should thereby definitely be higher. Eight repairables have 

failed during the estimated lead time. The suggestion is to higher the inventory level with three 

repairables to reach a total of eight repairables. 

Digital clock 

The Digital Clock has had zero inventory level almost all the time since start, which depends on 

that there is no inventory of this repairable. In the beginning of 2014, one component was 

scrapped which means that there is always on clock missing in one of the helicopters. This is 

probably the reason why a lot of cannibalizations were performed after that. Only one 

repairables have failed during the estimated lead time and the suggestion is to have an 

inventory level of one repairable. 

Flight control unit 

The Flight Control Unit has experienced zero inventory level about one third of the contract 

time but have never been cannibalized. All components had arrived in the beginning of 2013 but 

there has still been zero inventory level after that. During the estimated lead time, this 

repairable has failed four times at the most. Because no cannibalizations have been performed 

but zero inventory level has happened, the suggestion is to increase the total inventory level 

with one component to a total of seven. 

GCP Panel 

During the estimated lead time the most fails that have occurred are seven. The GCP Panel has 

only had zero inventory level once. A cannibalization was performed then, which means that a 

stockout appeared. The inventory level has varied a lot but the total inventory level is as high as 

eight repairables, which is the reason that there has not been zero inventory level more than 

once. The suggestion is thereby to keep today’s inventory level of eight units. 

IFF Transponder  

The estimated lead time is very long but this repairable has only been repaired once and the 

estimation could be inaccurate. It has been zero inventory level a lot and cannibalizations have 

been performed as well. However, two additional components were added to the total inventory 

2015-01-16, which might prevent the inventory level to reach zero again. That is why the 

suggestion is to keep today’s inventory level of five repairables. 

LVTD 

During the estimated lead time two fails have occurred at the most and the total inventory level 

is three. LVTD has had zero inventory level more than half of the time since the start of the 

contract. Cannibalizations have been performed a lot as well. This might due to that two 

components were scrapped 2012-09-13 and 2014-11-20. However, the total inventory was 

completed with two additional components in March and April 2015. The inventory level is 

because of that suggested to be kept at three repairables. 

Multifunctional display 

Four repairables have failed at most during the estimated lead time and today’s inventory level 

is eight. The inventory level has never been at zero. Two additional components were bought 

2013-11-28 when the inventory level peaked. It is uncertain why the inventory level is as low as 

Appendix 7 shows. The suggestions is either to investigated the Multifunctional Display further 

because the total inventory level seems a little too high, or remain at the same level which is 

eight. 
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Navigation module 

No zero inventory levels have been reached for this repairable. It could due to that there have 

only been four repairs in total. During the estimated lead time the maximum amount of fails is 

two and the total inventory level is three. The suggestion is to lower the total inventory level to 

two. This may lead to zero inventory levels but not cannibalization if the future will look like the 

history. 

Self-regulated Pump 

The inventory level of the self-regulated Pump has never been zero but it has experienced as 

much as 27 fails since the start of the contract. That is probably the reason why the inventory 

level has been fluctuating a lot. It started of low in the beginning but that is because the last 

repairable arrived as late as 2012-09-06. During the estimated lead time only six pumps have 

failed at the most. The suggestion is to lower the inventory to nine repairables after looking at 

Appendix 7. 

Radar Weather 

Radar Weather has had zero inventory level two times. They did not last very long but 

cannibalizations have been made once but of uncertain reasons because there seemed to be one 

repairable in the inventory at that time. Two repairables have failed at most during the 

estimated lead time and today’s inventory level is two. The suggestion is to stay at today’s 

inventory of two repairables. 

Tail rotor blade 

This repairable is the hardest to suggest an inventory level for because two components have 

been scrapped and four is probably about to be scrapped soon. Even if the total inventory is 15 

without the scrapped components there has been stockouts. The repair lead time is very long 

and a maximum of 13 fails has appeared during the estimated lead time. The problem with 

scrapping needs to be investigated. If the scrapping would not happen, an inventory level of 15 

repairables would be enough.  

Vehicle Monitoring Module 

The Vehicle Monitoring Module has never experienced zero inventory level. New components 

have arrived during all of 2012 and until August 2013. The fails have occurred pretty uneven, 

which have made the inventory level varied. During the estimated lead timed, this repairable 

has failed five times at the most. The total inventory today is eleven and by looking at Appendix 

7 the total inventory seems to be too high. The suggested inventory level is therefore seven. 

VHF/UHF Antenna 

The Antenna does not have any inventory. This is resulting in zero inventory level during most 

of the time and that many cannibalizations have been performed. During the estimated lead 

time, two fails at the most have appeared. Because of that, the suggestion is to add two 

repairables to the inventory. 

Inventory suggestions 

The suggestions of inventory levels based on the previously mentioned conditions and 
considering 3000 yearly flight hours without cannibalizations can be found in Table 33 below. 
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Table 33: Suggested inventory levels at 3000 yearly flight hours without cannibalization 

Part Description Total inventory 

levels today 

Suggested inventory 

levels 3000 FH 

Linear Actuator 1 7 7 

Linear Actuator 2 5 6 

Linear Actuator 3 8 8 

AHRS 7 6 

Airborne Data Loader 7 6 

Autopilot Control Panel 1 2 

CMU 5 8 

Digital clock  0 1 

Flight Control Unit 6 7 

GCP panel 8 8 

IFF transponder 5 5 

LVTD 3 3 

Multifunction Display 8 8 

Navigation Module 3 2 

Self-regulated Pump 12 9 

Radar Weather 2 2 

Tail Rotor Blade  15 15 

Vehicle Monitoring Module 11 7 

VHF/UHF antenna 0 2 

 

8.4.2 4000 flight hours without planned cannibalizations 
4000 yearly flight hours is the amount of flight hours Försvaret considers to be optimal at 
present conditions, which is agreed by Saab. Therefore, suggested inventory levels to be able to 

perform 4000 flight hours with almost zero cannibalizations is presented below. The 

repairables’ fails has been concluded to be linear to the amount of used flight hours, as could be 

seen in chapter 8.3.1 Determination of future fail rate.  

The fails are not linear on individual repairable level, although appear linear when combining 

all 19 investigated repairables. Therefore, all suggested inventory levels presented in the 

scenario with 3000 flight hours without cannibalization was increased by a factor 1,33. This is 

obviously not optimal since the repairables fails between the years varies on individual level, 

but it is considered a sufficient approximation. The ratio 1,33 originates from the ratio of 

4000/3000 flight hours. The deviations of fails might increase with the number of fails, which is 

why the suggested inventory levels for 4000 flight hours could need to be higher to cover the 

larger fail deviations that might occur. This has not been further taken into account since this is 

too uncertain, but could benefit from an investigation in the future. 

Since the inventory levels have to be an integer, the result was rounded up rather than rounded 
down to provide a slightly higher safety margin for fail deviations. This was applied to all 

repairables except the ones with a suggested inventory between zero and three, since one extra 

repairable in inventory already increased the inventory level disproportionally at 3000 flight 

hours. Adding another extra repairable to the inventory at 4000 flight hours would be too much, 

even when covering for larger fail deviations. The suggested inventory levels can be seen in 

Table 34 below. 
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Table 34: Suggested inventory levels at 4000 yearly flight hours without cannibalization 

Part Description Total inventory 

levels today 

Suggested inventory 

4000 FH 

Linear Actuator 1 7 10 

Linear Actuator 2 5 8 

Linear Actuator 3 8 11 

AHRS 7 8 

Airborne Data Loader 7 8 

Autopilot Control Panel 1 3 

CMU 5 11 

Digital clock  0 1 

Flight Control Unit 6 10 

GCP panel 8 11 

IFF transponder 5 7 

LVTD 3 4 

Multifunction Display 8 11 

Navigation Module 3 3 

Self-regulated Pump 12 12 

Radar Weather 2 3 

Tail Rotor Blade  15 20 

Vehicle Monitoring Module 11 10 

VHF/UHF antenna 0 2 

 

8.4.3 3000 flight hours with ABC-classification 
As previously stated by Storhagen (2003) in chapter 4.6 Inventory control of spare parts, cheap, 
vital parts should always be in stock. Vital, expensive components however are more 

questionable to keep in stock. Spare parts with low, erratic demand should be handled with a 

safety stock, which requires large amounts of money invested in inventory. As discussed by 

Botter and Fortuin (2000), also in chapter 4.6 Inventory control of spare parts, high inventory 

investments are undesirable in every warehouse and should be minimized. 

The study’s authors therefore divide the investigated repairables into an ABC-classification, a 

common way to divide inventory according to both Oskarsson et al. (2006) and Storhagen 

(2003). By doing so, repairable with high value could be cannibalized more often than 

repairables with low value, and thereby decreasing the inventory investments needed to keep 

total availability of repairables high, which corresponds to Storhagen’s (2003) view on benefits 

from ABC-classification. As discussed in chapter 8.3.1 3000 flight hours without cannibalization, 

there is no point in keeping the repairable availability at 100% since the costs outweigh the 

benefits. The total cannibalizations of all 19 repairables were intended to correspond to the 

current amount of cannibalizations. The ABC-classification of the investigated repairables can 

be found in Figure 34 below. The repairables are divided on component value.  
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Figure 34: ABC-classification of the investigated repairables. 

Class A 

The A-classified repairables are the most expensive repairables. Adding an extra repairable to 

the inventory would require a lot of invested money. Therefore, it is beneficial to cannibalize 

these items from a financial perspective. As seen in chapter 8.3.8 Optimal inventory levels, the 

cannibalization cost range within these units between 1200 SEK and 5900 SEK. The Flight 

Control Unit and the Multifunctional Display has not been cannibalized yet and the 

cannibalization cost for these repairables are unknown. However, it is likely that the 

cannibalization cost would be within the range of 1200 – 5900 SEK.  

The inventory levels of the A-classified items are suggested to match a level with a high amount 

of cannibalizations compared to the B and C-classified repairables. How many the actual 

cannibalizations would be is hard to estimate since there is a high uncertainty. The A-classified 

repairables with their suggested inventory levels at 3000 flight hours can be seen in Table 35 

below. 

Table 35: A-classified repairables and their suggested inventory levels at 3000 flight hours. 

Part Description Total inventory 

levels today 

Cannibalizations 

Per year 

Suggested inventory 

3000 FH with ABC 

CMU 5 195 6 

Flight Control Unit 6 - 4 

Multifunction Display 8 - 6 

Radar Weather 2 55,5 1 
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Class B 

The B-classified repairables are less expensive than the A-classified. They should be on an 

inventory level that allows a few cannibalizations, but not as many as the A-classified 

repairables do. They can experience fewer cannibalizations per year before adding another 

repairable becomes viable. The actual number of cannibalizations is however hard to estimate 

even for the B-classified repairables. The B-classified repairables with their suggested inventory 

levels at 3000 flight hours can be seen in Table 36 below. 

Table 36: B-classified repairables and their suggested inventory levels at 3000 flight hours. 

Part Description Total inventory 

levels today 

Cannibalizations 

per year 

Total inventory 

3000 FH with ABC 

AHRS 7 100 6 

GCP panel 8 57 7 

IFF transponder 5 60 5 

Linear Actuator 1 7 - 6 

Linear Actuator 2 5 54 5 

Linear Actuator 3 8 31 7 

Navigation Module 3 - 2 

Vehicle Monitoring Module 11 - 7 

 

Class C 

The C-classified repairables should be kept on an inventory level that never allows 

cannibalizations. The C-classified repairables with their suggested inventory levels at 3000 

flight hours can be seen in Table 37 below. These repairables As shown, the number of 

cannibalizations before adding another repairable is viable is generally low for these items. Two 

items however separates from the others. These are the Tail Rotor Blade and LVTD. 

17 units of the Tail Rotor Blade should be sufficient, if they never fail. Thirteen components 

should cover the fails, and an additional two components could be considered sufficient to cover 

for the purchase lead times. It is however important to examine why six components has 

suddenly failed. LVTD should be able to manage with five repairables in inventory. This is 

increased due to the previously scrapped two units. If scrapping is avoidable or if purchasing a 

new repairable could be done faster, this amount could be lowered to four. 

Table 37: A-classified repairables and their suggested inventory levels at 3000 flight hours 

Part Description Total inventory 

levels today 

Cannibalizations 

per year 

Total Inventory levels 

3000 FH with ABC 

Airborne Data Loader 7 - 6 

Autopilot Control Panel 1 61 3 

Digital clock  0 10,5 2 

LVTD 3 4,5 4 

Self-regulated Pump 12 - 10 

Tail Rotor Blade 17 17 15 

VHF/UHF antenna 0 21 2 
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8.4.4 4000 flight hours with ABC-classification 
Like the estimations previously done in chapter 8.3.2 4000 flight hours without cannibalization, 

4000 hours will be investigated with some cannibalizations as well. Therefore, suggested 

inventory levels to be able to perform 4000 flight hours with ABC-classification are presented 

below in Table 38. This scenario was also estimated by using the ratio of 1,33 on the results 

produced in chapter 8.3.3 3000 flight hours with ABC-classification. The inventory levels were 

however rounded differently than the results in chapter 8.3.2 4000 flight hours without 
cannibalizations. The A-classified repairables was generally rounded down since 

cannibalizations are preferred on these items compared to B- and C-classified repairables. The 

most expensive five B-classified repairables was rounded up or down based on the first decimal. 

The C-classified repairables was rounded up to provide extra safety for variations, however not 

for repairables with an inventory level at 3000 flight hours with ABC-classification between 0-2, 

since one extra repairable in inventory already increased the inventory level disproportionally 

much. 

Table 38: Suggested inventory levels at 4000 flight hours with ABC-classification. 

Part Description Inventory  

ABC-classification 

3000 FH 

Inventory  

ABC-classification 

4000 FH 

Class A 

CMU 6 8 

Flight Control Unit 4 6 

Multifunction Display 6 8 

Radar Weather 1 1 

Class B 

AHRS 6 8 

GCP panel 7 9 

IFF transponder 5 7 

Linear Actuator 1 6 8 

Linear Actuator 2 5 7 

Linear Actuator 3 7 9 

Navigation Module 2 3 

Vehicle Monitoring Module 7 9 

Class C   

Airborne Data Loader 6 8 

Autopilot Control Panel 3 4 

Digital clock  2 2 

LVTD 4 6 

Self-regulated Pump 10 14 

Tail Rotor Blade 15 20 

VHF/UHF antenna 2 2 
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9 Conclusions 
This chapter will answer the purpose of the study and includes conclusions regarding inventory 

control of repairables and recommendations of inventory levels for the four different alternatives 

presented in earlier chapters. 

9.1 Method for determination of repairable inventory levels 
The purpose of this study was to:  

“…develop a method for determination of repairable inventory levels with regards to costs and 

helicopter availability, and suggest suitable repairable inventory levels for Saab Support Solutions 

Malmen.” 

The method for determination of repairable inventory levels used in this study is shown as a 

course of action in Figure 35 below. As the figure shows, the course of actions includes three 

steps including mapping questions, analysis questions and main questions. When all these steps 

have been performed, it is possible to determine inventory levels and for this study to suggest 
inventory levels. 

 

Figure 35: Course of action of this study. 

Sufficient helicopter availability 

The sufficient helicopter availability has been found to be determined by previously used flight 

hours and optimally used flight hours. To this day, Försvaret has been using an increasing 
amount of flight hours. With today’s prerequisites, it is likely that Försvaret will keep using 

approximately 3000 yearly flight hours. The external impact from the outside world as well as 

funding from the Swedish Government are other factors that affect the use of flight hours.   
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It is likely that future flight hours will stay around 3000 flight hours unless external or internal 

factors changes.  

The amount of flight hours that would be optimal to use by Försvaret is however 200 yearly 

flight hours per helicopter. This minimizes the planning and execution of helicopter 

maintenance. Agreed by Saab, this indicates that 4000 yearly flight hours is the future utilization 

goal. Therefore, Saab should be able to provide 4000 yearly flight hours as well. 

This study concluded that 3000 flight hours that are the current utilization of helicopters and 

4000 yearly flight hours that are the optimal utilization of helicopters and should be used for 

future inventory control. There is a big difference between how Försvaret and Saab view 

availability and helicopter affiliation. Developing a closer collaboration could be beneficial to 

both parties and likely help increasing helicopter availability by simply knowing the position 

and state of different helicopters within each stakeholder’s possession.     

The impact of overhaul and non-repairables on helicopter availability 

The repairables overhaul impact on availability has been concluded to be very small in this 

study and has therefore been neglected for further investigations. Non-repairables are generally 

kept in inventory and the service of non-repairables generally does not affect the utilization of 

the helicopters since services are done outside the usual flight time. The overhaul of helicopters 

has a greater impact on availability. The actual helicopters on overhaul deviate from the optimal 

number of helicopters on overhaul, and the number of simultaneously overhauled helicopters 

could be evened out. It is however likely that this will not be improved without Försvaret 

changing mind-set regarding their utilization of the helicopters. The availability needed to reach 

3000 respectively 4000 flight hours is considered to not depend on the non-repairables and 

overhauls, even though they do have a small impact. The overhauls affect availability, but the 

time needed for overhauls up to a total 4000 flight hours is almost constant and cannot be 

lowered easily. The repairables and the availability of repairables have been concluded to have 

the greatest impact on helicopter availability and most improvements could be found by 

improving the availability of the repairables. 

The most beneficial alternative 

Whenever a repairable in a helicopter fails there are four possible alternatives in order to get 

the helicopter flight able again and the four alternatives are: 

 The repairable is in stock 

 Cannibalization 

 Wait for a repairable to be repaired 

 Replenish instead of repair 

After investigating the four alternatives the conclusion is to only consider the alternatives 

cannibalization and keep repairables in stock when determine suitable repairable inventory 

levels. The alternative to wait for a repairable to be repaired is the most favourable due to low 

cost because it does not cost anything. However the time for a repairable to return from repair 

affect the availability differs from case to case and the decision to choose this alternative or not 

has to be made individually each time a repairable has failed. The alternative replenish instead 

of repair was found never to be beneficial and was therefore disregarded. 
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The inventory levels of each repairable since the start of the contract have been mapped. Some 

repairables was found to experience too low inventory while others was assumed to have too 

high inventory level. The main action to prevent too low inventory besides increasing it is 

cannibalization. Cannibalization is today a common feature in the maintenance of the 

helicopters and cost a lot less than keeping additional repairables in inventory. Försvaret 

however indicated that a higher inventory level is preferred over cannibalizations since the 

negative impacts of cannibalizations are hard to estimate. 

Four scenarios were concluded to provide a sufficient basis for Saab to control future inventory. 

This was 3000 or 4000 yearly flight hours, combined with no cannibalizations or some 

cannibalizations, in which the cannibalizations were based on an ABC-classification of the 

repairables. Expensive repairables should be frequently cannibalized while cheaper repairables 

always is supposed to be in stock. Because of the large variations in repair lead time and fail 

rate, cannibalization may be performed on cheaper repairables as well, but the intention is to 

not perform cannibalization. 

9.2 Suggested inventory levels 
The suggested inventory levels are based on the past fail rate, the historical available inventory 

levels since the start of the contract and the estimated repair lead times of each repairable. 

9.2.1 3000 flight hours 
Suggested inventory levels for 3000 yearly flight hours are presented in Table 39 below. 

Considerations were given to both 3000 yearly flight hours with no cannibalizations and 3000 

yearly flight hours with cannibalization based on an ABC-classification of repairables. 

Table 39: Suggested inventory levels at 3000 flight hours, for no cannibalizations and with ABC-classification 

Part Description Today’s total 
inventory 

Total inventory, 
no cannibalization 

Total inventory, 
ABC-classification 

Linear Actuator 1 7 7 6 
Linear Actuator 2 5 6 5 
Linear Actuator 3 8 8 7 
AHRS 7 6 6 
Airborne Data Loader 7 6 6 
Autopilot Control Panel 1 2 3 
CMU 5 8 6 
Digital clock  0 1 2 
Flight Control Unit 6 7 4 
GCP panel 8 8 7 
IFF transponder 5 5 5 
LVTD 5 3 4 
Multifunction Display 8 8 6 
Navigation Module 3 2 2 
Self-regulated Pump 12 9 10 
Radar Weather 2 2 1 
Tail Rotor Blade  16 15 15 
Vehicle Monitoring Module 11 7 7 
VHF/UHF antenna 0 2 2 
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9.2.2 4000 flight hours 
Suggested inventory levels for 4000 yearly flight hours are presented in Table 40 below. 

Considerations were given to both 4000 yearly flight hours with no cannibalizations and 4000 

yearly flight hours with cannibalization based on an ABC-classification of repairables. 

Table 40: Suggested inventory levels at 4000 flight hours, for no cannibalizations and with ABC-classification 

Part Description Today’s total 
inventory 

Total inventory, 
no cannibalization 

Total inventory, 
ABC-classification 

Linear Actuator 1 7 10 8 
Linear Actuator 2 5 8 7 
Linear Actuator 3 8 11 9 
AHRS 7 8 8 
Airborne Data Loader 7 8 8 
Autopilot Control Panel 1 3 4 
CMU 5 11 8 
Digital clock  0 1 2 
Flight Control Unit 6 10 6 
GCP panel 8 11 9 
IFF transponder 5 7 7 
LVTD 5 4 6 
Multifunction Display 8 11 8 
Navigation Module 3 3 3 
Self-regulated Pump 12 12 14 
Radar Weather 2 3 1 
Tail Rotor Blade  16 20 20 
Vehicle Monitoring Module 11 10 9 
VHF/UHF antenna 0 2 2 
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10 Discussion  
This last chapter of the study covers discussion by the authors regarding critic against used 

methods and the results of the study. The authors also discuss suggestions for future research, 

either performed by Saab or perhaps another master thesis. The chapter concludes with a 

discussion around what contribution this master thesis brings to the literature of repairable spare 

part inventory control. 

10.1 Method critique  
During the planning phase, contact with the supervisor at Saab was scarce. This was due to the 

unfortunate change of supervisor a month into the study. After the study's purpose-meeting in 

week two, the next meeting did not occur until week seven. Luckily the new supervisor agreed 

with the direction and range of the study.  

The supervisor and Jörgen Johansson suggested that 15-20 repairables should be investigated 

in this study. 15 were chosen by Saab and four more were chosen by the study's authors. 

Because a large part of the study consists of data gathering and data processing the study's 

authors discovered that 19 repairables was a few too many to investigate. A lot of time has been 

spent on processing and analysing data for all the 19 repairables when the result might be 

similar if only 10-15 repairables would have been investigated. A lot of time would have been 

saved and that time could have been spent on doing a more comprehensive analysis instead. 

More effort could have been put into forecasting the future fail rate. The uncertainty of the 

future fail rate is one of the biggest parts of the deviation of the inventory levels. However, 

because only three years of data is available, the forecasts would likely still be very uncertain. 

The problem in this study was very complex. The study's authors received new important 

information almost every day and during all interviews within entire study. This made the study 

take new, small direction changes during the entire study. A share of this could likely have been 

avoided if the problem was more limited initially. 

Because of the complexity of the problem, more interviews would have been beneficial. Some 

data was not available from the IT-system and needed to be gathered through interviews. If 

more interviews with different people would have been performed the creditability of the 

answers would have been higher. 

It has been hard to get in contact with Försvaret. The credibility would have been higher if more 

information from both Saab and Försvaret would have been gathered. Some questions have not 

been answered properly because of this. If the authors knew this in the beginning of the study, 

Försvaret would probably have been contacted in an earlier stage.  

10.2 Discussion about the result 
It has been clear that Saab and Försvaret have different views of how they define helicopter 

availability and how high the availability is today. The fact that during the 5th of May, three 

helicopters were "missing" because Saab considered 15 helicopters to belong to Försvaret and 

Försvaret considered 12 helicopters to belong to them shows a lot about their different views. 

In order to reach higher availability, a closer agreement is needed regarding what availability is 

and who’s responsibility it is to create availability at different occasions.  

Almost all data gathered varies a lot, which can create large deviation in the estimations. This 

has been the biggest concern in this study. In order to analyse the data more properly, more 

time and knowledge about statistics would have been preferred.  
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Because Saab only has had the contract since 2012, the only data available is during these years. 

According to Regattieri et al. (2005) and Ghobbar and Friend (2003) airlines usually follow their 

own experience or bases forecasts on suppliers’ suggestions. Saab has tried to collect data from 

Agusta and the company that had the contract before Saab with no progress. If more historical 

data would be available, the analysis and the conclusions would be more accurate.  It was found 

during a visit at Saab Tannefors, discussed in chapter 6.2.2 The data collection phase, that 

Optimus is a software intended for inventory control and likely will be implemented at Saab 

Malmslätt as well. This would likely benefit Saab, since that application is a complete 

optimization program, but in order for it to be effective, data needs to exists in IFS Sherpa. 

There is a lot data missing, and it could be beneficial to Saab to try and complement this data 

already instead of when Optimus is supposed to be implemented. 

The used data about the fail rate of the investigated repairables is really data about when failed 

repairables have been sent to the supplier for repair. There are no data about the specific date 

the repairable failed. This means that the number of fails is probably correct but the date the 

repairable failed is not right. This makes it harder to draw conclusions of the fail rate. The 

forecasting of future fail rate is just an average of previous fails and could be done more 

thorough in order to reach a higher reliability. But in order for this to be done, the data would 

need to be correct, which it is not right now. 

The fail rate together with the repair lead times do the study's authors believe to be the biggest 

sources of the uncertainty because of the large deviations. Glock (2011) stresses the importance 

of reducing lead times in situations where customer demand is uncertain, since companies risk 

running out of stock before an order arrives. When estimating the future lead time, a lot of 

assumptions were made. Because only data from three years was available, the trend of shorter 

lead times from Agusta may be accurate, but it also may not. Some lead times in the past was 

eliminated from the data used to calculate the future lead time with help from Kardell. Kardell 

considered the length of the eliminated lead times to be unusual and they would probably not 

appear again. That is however only her opinion, which make the elimination uncertain. Except 

the trend and the elimination of outliers, the estimated future lead time is just an average of the 

past lead times. This could be investigated further to reach a more accurate result.  

In order to lower the deviations of the repair lead times, standardized repair lead times with 

Agusta and the other suppliers would be preferred. If the supplier had to pay penalties when 

exceeding the pre-determined lead time, they would probably make more to effort fulfil the pre-

determined lead times. Support Solutions in Nyköping did not experience any problems with 

the repair lead times because they had penalties included in the contract. Another solution is to 

achieve a deal with Agusta to send components directly to Augusta’s supplier but still pay the 

price that Agusta demands. This will shorter the repair lead times but all stakeholders, Agusta, 

Suppliers and Saab will benefit from it through shorter lead times and less administrative work.  

All information about how often cannibalizations have been performed, how the inventory 

levels of each repairable have changed and the length of internal repair lead time is processed 

data as mentioned in chapter 6.2.2 The data collection phase. This data is probably not 

completely accurate. The study’s authors made some assumptions after discussions with the 

logistics department. To reach a higher credibility than the one achieved, more thorough 

discussions with more involved people would have been beneficial. 

When calculating the adjusted component value, a yearly price increase of 3% was used. This 

increase was estimated together with Kardell and P.Johansson and could be inaccurate. Because 

the component values are very high, only a small inaccuracy in the yearly increase would make 

a big difference. The same applies to the estimated stock interest rate.  
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Fortuin and Martin (1999) discusses that collaboration with other parties that is using the same 

spare parts, called pooling, can save money. Försvaret does not use Hkp 15 in any other sites 

and the pooling has to be created together with other companies in other countries then. This is 

suggested to be investigated because a lot of money can be saved. 

10.2 Suggestions for further research 
When this study was first initiated the extent of the problem was large. The problem was in an 

early state limited down the extent as it is today. The focus areas that were eliminated from this 

study can advantageously be researched. The focus areas were evaluation of repair suppliers 

and repair lead time analysis. 

The return lead time from Försvaret to Saab is not good. The repairable might be sent to Saab 

right away, but it might also take up to a couple of weeks according to both Saab and Försvaret. 

This study however investigated the actual registered times between when a repairable was 

sent to Försvaret and when the expected extracted repairable was sent to Saab, which indicated 

that it may take up to three or four months before the failed repairable was handed to Saab. The 

benefits from having repairables in stock can be neglected if other factors are impairing the 

availability, which is why it should be investigated further by Saab. The study's authors 

therefore suggest that the internal lead times should be investigated further by Saab. 

It is uncertain how much other components affects by cannibalization. All the people that have 

been interviewed believe that other components are affected but they do not know to what 

extent. In order to decide how much cannibalizations should be performed, further research is 

recommended about how other, usually nearby components are affected. 

Because the fails vary so much and that is one of the most important parameters when deciding 

inventory level, further research about how to properly forecast the fail rate is also 

recommended. 

10.3 Contributions to the literature 
The literature in the area of inventory control for repairable spare parts is scarce. When 

searching for literature suitable to this study only articles about similar cases where found. As 

stated in the theoretical framework, the cases in the literature either had infinite repair 

capacity, several stocking point or dealt with a different product than military aircraft. This 

study is the only study found that researches this kind of case.  

The literature study, the presentation of affecting parameters and cost categories may be 

helpful to use in all companies when studying similar cases including inventory modelling of 

repairable spare parts. As seen in this study, cannibalization is an important part of maintaining 

availability, however the cost of cannibalization is less important. The expected impact on 

future fails or components is more important and should be addressed rather than the few 

thousands saved on less cannibalizations.  
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Appendix 1 - Interview questions during the planning 

phase 
 

Interview Jörgen Johansson 15-02-10 
 Do you think it is possible to reduce the repair lead time? 
 What affects the helicopter availability?  
 How many different repairables are there?  
 How many employers does Support Solutions Malmslätt have? 
 How does the flow of repairables look like? 

Interview Peter Johansson 15-02-13 
 Tell us about the five other sites. What product do they use? How does the contracts 

look like? Which cities are the located at? 
 Did you receive 1000 spare parts or 1000 repairables when the contract started? Which 

repairables was it? 
 How many repairable in total is there in a Hkp 15? What percentage of total amount of 

spare parts is repairables? How big percentage of the total value of all spare parts 
belongs to repairables? 

 How many spare parts are there in total in a Hkp 15? 
 When a spare part fails, does Saab or Försvaret purchase a new one? 
 How does it work when you send repairables on repair through Agusta? 
 What does Försvaret pay for? Only per flight hour? 
 Who pays the transportation cost to the repair shop? 
 Can Saab end the contract after six years? Is the contract profitable for Saab? 
 Some suppliers have fixed price on repair. What does that mean? 
 You determine when a repairable should be scrapped instead of repaired, right? How do 

you think? What happens then?  
 From where are new repairable purchased? 
 How often are helicopter unavailable due to stockout? 

Interview Jörgen Johansson 15-02-18 
Started with some clarification from the last interview. 

Spare parts 

 Did you receive 1000 spare parts or 1000 repairables when the contract started? Which 
repairables was it? 

 The 1000 repairable that you received in the start of the contract, what kind of 
repairables was that? 

Repair flow 

 Can you draw the repair flow? 

 How does the component flow between Saab and Försvaret look like? 

Interview Anna Kardell 2015-02-03 
Spare parts  

 How big price difference is it between purchasing a new repairable and repair a failed 
one? 

 Where is the repairable inventory located? 



 

 v 

 Does Försvaret own all the repairables? 

 Is there at least one extra repairable of all repairables in addition to the 20 in the 

helicopters? 

Contract 

 Do Försvaret tell Saab in advance how many flight hours they want to use each 
week/month/year? Does the number of flight hours vary? 

 Who is responsible for optimize the inventory levels? 

Repair flow 

 Can you confirm our drawn component flow? Can you explain the flow of repairables 
between Agusta and the repair shops? 

 When a repairable is sent thru Agusta, does the repaired repairable has to physically be 
sent thru Agusta on the way back? 

 How do you choose between suppliers? What is most important? 
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Appendix 2 – Structured literature search 
 

 
  

Date Key words Setting Database

Number of results 

/ relevant result References

2015-02-17

Repairable (title) + aircraft 

(text) + inventory (title)

Peer 

reviewed Liu bibl 23/6 Tratch et al. (2013)

Kim et al. (2005)

Guide & Srivastava (1997)

Lawrence & Schaefer (1984)

Lee & Moinzadeh (1997)

Cardós et al. (2012) 

2015-02-17

Aircraft + repair* + inventory 

(text)

Peer 

reviewed

Business source 

premier 13/1 Costatino et al. (2013)

2015-02-17

Inventory + repair* + model* 

(text)

Academic Search 

premirer 211/2 Louit et al. (2010)

Fritzsche (2012)

2015-02-17

Aircraft + inventory + 

model*(title) Liu bibl 24/1 Juan et al. (2014)

2015-02-17

Inventor* (title) + aircraft* 

(text) + repairable* (text) + 

optim* (abstract)

Peer 

reviewed Liu bibl 33/6 Tratch et al. (2013) AGAIN

Mabini & Christer (2002)

Cardós et al. (2012) AGAIN

Lawrence & Schaefer (1984) 

AGAIN

Smith & Schaefer (1985)

Yoon & Sohn (2006)

2015-02-20

repairable (title) + "inventory 

control" (title) Google scholar 13/1 Hamann & Proth (1993)

2015-02-20

Repairable (abstract) + 

parameter (text) + inventory 

control (title) Liu bibl 5/1 Chelbi & Rezg (2005)

2015-02-20

repairable (title) + inventory 

(title) + parameter (abstract)

Peer 

reviewed Liu bibl 9/4 Tratch et al. (2013) AGAIN

Lawrence & Schaefer (1984) 

AGAIN

Lee & Moinzadeh (1997)

Lu & Yang (2012)

2015-02-20

Aircraft (title) + cannibalization 

(title) LiU bibl 15/1 Cassady et al. (2003)

2015-02-20

Aircraft (text) + cannibalization 

(title)

Peer 

reviwed Liu bibl 10/1 Salman et al. (2003)
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Appendix 3 - Interview questions during data collection 

phase 

 

Interview Peter Johansson 2015-04-07 
 Have repairables been bought after the contract's start? 
 Do you have data of how long time all the registered cannibalization have been taking? 
 Have it never been stockout of the repairables that have never been cannibalized or can 

they not be cannibalized? 
 Is there any data of how long time overhaul of the helicopters have been taking? 
 How long time does overhaul of components take? 
 Försvaret usually tell Saab how many helicopters they need every month. How many 

helicopters is it usually? 

Interview Jörgen Johansson 2015-04-07 
 What actions are performed at the Line and at the Base? 
 What does Line and Base mean? Is there a Base in Ronneby as well? Does Malmen Base 

only include the workshop? 
 How does Optimus work? 
 Which repairables do you want us to investigate in this study? 
 Tell us about hot items. How many are they? Why are they special? 
 According to the contract, Saab should optimize the inventory level. Should as low cost 

as possible be reached? Any constraints?  

Interview Anna Kardell 2015-04-07 
Clarification of the data that was emailed to us. 

 What date did the contract start? 
 Do you have any data about how long time the helicopters have been unavailable every 

time they have failed? 
 How many flight hours is the maximum amount Försvaret can use? 
 How much does Saab pay for the technicians at Base per hour? 
 How much does Saab get paid per flight hour? 
 Has it never been any stockouts of the repairables that never have been cannibalized? Or 

are those repairables impossible to cannibalize? 
 When do you choose to perform a cannibalization and when do you wait for a repairable 

to be repaired instead? 
 How much time is spent on: 

o Non-repairable fault? 

o Changing a repairable that is available in stock? 

Interview Peter Johansson 2015-04-17 
 

Overhaul  

 You have told us that the overhaul time of helicopters are 6-8 weeks. Does it depend of 
how many checks that need to be performed during the overhaul? Do you have data of 
this? 

 You mentioned different checks last time, how long are the different checks? 
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 Is there any data of how many hours the helicopters have been operating between the 
overhauls? 

 Is the component overhaul combined with the helicopter overhaul? 
 Do component overhaul affect the helicopter overhaul time? 
 Is any component overhaul performed at Base or Line? 

Cannibalization  

 What actions are included in the time for cannibalization that we received? How is the 
times measured? Is the time always measured? 

 How often do Försvaret perform cannibalization at the Line? 
 3J. How does Saab choose between when to perform cannibalization or wait for 

returning repairs?    
 3K. How does cannibalization affect working components?    
 3L. How does cannibalization affect the overhaul time?   
 How much time does Saab has to perform cannibalization? 
 Is it reasonable to perform cannibalization instead of increase the inventory levels? 

Other questions 

 How long is the downtime due to repairable problem do you think? 

 Does downtime due to repairable problem only appear at the Line? Is there any data of 

this that we can receive? 

 How often is it stockout of non-repairables? 

 Are helicopters grounded due to non-repairable problems often or can the problems 

often wait until the overhaul to be fixed? 

 1C. How many flight hours does Försvaret use today and how are they distributed?   

 How far in advance do Försvaret plan how many helicopters they want? 
o Do they follow this plan? 

 Can you explain all the steps that happens after a repairable fails at the Line until they 
receive a new repairable and the failed repairable is repaired again? 

 Do you have any information of the exact time that the repairables have failed at the 
Line? 

o If not, can we use the time when you receive information in the IT-system from 

Försvaret or is that time delayed? 

Interview Johan Lindbom 2015-04-17 
Clarification of the data that was emailed to us. 

Cannibalization  

 Do you always measure the cannibalization time? 
 The cannibalization times differ a lot, why is that? 
 It seems like less and less cannibalizations are performed every year, why is that? 
 What exactly are included in the cannibalization times that we received? 
 3J. How does Saab choose between when to perform cannibalization or wait for 

returning repairs?   
 3K. How does cannibalization affect working components?    
 3L. How does cannibalization affect the overhaul time?  
 Does cannibalization cost include anything more than the technician's cost per hour?   
 How often does Försvaret perform cannibalization? 

The repairable is in stock   

 3C. How much time are helicopters unavailable due to exchange of repairable in stock?    
 3F. What is the stock interest rate?   
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Factors affecting helicopter availability   

 2A. How much time are helicopters unavailable due to non-repairables problem?   
 2C. How long is the overhaul time on helicopters and repairables? Do you have data of 

how long time it has been taking?  
 How much problems are caused by non-repairables at the Base? 

Interview Jörgen Johansson, Gustav Lindh & Anders Lindholm 

2015-04-20 
The assignment 

 How should we look at Saab and Försvaret's costs? Should we merge them or look at 
them apart?  

 Should we include Saab's revenue in this study? 

 There will probably be a lot of assumptions in this study. What is your opinion about 
that? 

 Do you have any contact information to someone at Försvaret? 

Availability  

 1A. How does Saab define helicopter availability and how high is it today due to their 
definition?  

 How are the flight hours during the years distributed? 

 What do you think Försvaret's view on helicopter availability is? 

 How do you think Försvaret considers Saab to fulfil the maintenance contract?   

 If Försvaret would want to use 4000 flight hours during a year, would Saab be able to 

provide that? 

 How many flight hours would Försvaret like to use this year? 

 How many hours per week is Försvaret able to fly? 

 2A.How much time are helicopters unavailable due to non-repairables problem?   

 How often is it stockout of non-repairables?   

 How much time does it take from a helicopter is grounded due to a repairable fail until 
Försvaret receives a new repairable and it is installed and ready to operate when there 

is not a stockout? 

Cannibalization  

 Does Saab have time to spend on cannibalization?  

o How much time is allocated for this? 

o Are there any limitations? 

o Is it a good idea to allocate time for cannibalization in order to lower the 

inventory levels? 

 What do you think about cannibalization?  

 Why have number of cannibalizations been decreasing the last couple of years? 

 How carefully do you record the cannibalization times in IFS Sherpa? 

 3N. How does cannibalization affect working components?    

 3O. How does cannibalization affect the overhaul time?   

 How often does Försvaret perform cannibalization? 

 3M. How does Saab choose between when to perform cannibalization or wait for 
returning repairs?   

 How much does the technicians cost per hour? 

 Does cannibalization cost anything more than the technicians’ salary? 
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Other questions  

 What percentage of all spare part costs are connected to repairables? 

 Downtime due to non-repairable problem. Does this only occur at the Line?    

 3I. What is the stock interest rate?  

 Why does the repair lead times vary so much? 

 3F. How much time are helicopters unavailable due to exchange of repairable in stock?     

 2A. How much time are helicopters unavailable due to non-repairables problem?  

 How much problems are caused by non-repairables at Base? 

Interview Anna Kardell 2015-04-29 
 

Analysis of repair lead times 

 Are Chelton Ltd, Northrop Grumman and BAE systems different suppliers? 

 When the data states that Malmslätt by 19 or SUPPORT AND SERVICES HANGAR 81 is 

the repair supplier, what does that mean? When are they uses? 

 AHRS, IFF Transponder and VHS Antenna have been repaired by both Agusta and 

another supplier. Why? How do you choose between them?  

 How long are the lead times for ordering a new repairable?  

Overhaul of components  

 Where are the components sent on overhaul? 

 Are they always sent to the same supplier? 

 Who pays for component overhaul? 

 How much does it cost? 

 How long are the lead times? 

 Does component overhaul affect the helicopter overhaul time? 

 Do you combine the overhaul of components with overhaul of helicopters? 

 Have any repairable been sent on overhaul yet?  

 How many repairables are in need of overhaul? 

Repair lead times 

 Why does the repair lead times vary so much? 

 How long is the internal lead time? 

Other questions 

 The component values that we received, is that the purchase price? When were the 
prices updated? 

 Why has Tail Rotor Blade been scrapped two times? Do you think more components are 

going to be scrapped? Do you replenish the scrapped repairables?  

 3T. What is the purchase cost of a new repairable?  

 3U. How much do the repairs of the repairables cost?   

 What is included in the repair price? 

 New purchases of repairables have been made. When? 

 How many new purchases have been done? 

 Why was not all repairable received when the contract started? When was the last 
repairable received? 

 On of the repairable has to part numbers, why? 
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Interview Stefan Johansson 2015-05-04  
 How do you define helicopter availability? 

 How high do you think the helicopter availability is today? 

 How do you Saab defines helicopter availability today? 

 How many flight hours would be optimal to use during a year and how would they be 
distributed? 

 If you do not use the optimal amount of flight hours today: 
o Why don’t you use the optimal amount of flight hours? 

 How much are you willing to pay for increased availability? 

 What stock interest rate? 

 Do you think that Saab could provide higher availability? How big part of the 
unavailability is because of problems at Line? 

 How often are helicopters unavailable due to repairable problems at Line? 

 How often are helicopters unavailable due to non-repairable problems at Line? 

 How does Försvaret plan the flight hours? Which are the stakeholders that affect the 
planning within Försvaret? 

 Do you ever perform cannibalization at Line? 

 How have the used flight hours during the years been distributed each month? 

 How much time are helicopters unavailable due to exchange of repairables in stock at 

Base? 

 How long time does it usually take from a helicopter has failed until you contact Saab for 

a new repairable? 

 How long time does it usually take from the failed repairable has been located until it is 

sent to Saab? 

 How long time does it usually take to install a repairable in the helicopter and it is ready 

to fly?  

 How often are helicopters unavailable at the Line because of: 

o Stockout of repairable? 

o Maintenance? 

o Other problems? 
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Appendix 4 – Fail distribution since 2012 
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Appendix 5 – Repairable arrival 

 

Part Description Arrival date  

Linear Actuator 1 11-12-28 

 12-01-04 

 12-08-08 
 12-08-16 

 13-01-16 

 13-02-13 

 14-11-20 

Linear Actuator 2 12-01-12 
 12-01-12 

 12-05-31 

 12-12-14 

 13-08-26 

Linear Actuator 3 12-03-12 
 12-04-10 

 12-06-12 

 13-09-04 

 13-09-20 

 14-11-06 
 14-11-06 

 14-11-20 

AHRS 12-08-15 

 12-08-15 

 12-08-15 

 13-05-21 

 13-08-23 

 13-08-23 

 13-10-23 

Airborne Data Loader 11-12-14 

 11-12-19 

 11-12-20 

 11-12-20 

 11-12-22 

 11-12-22 
 15-03-12 

Autopilot Control Panel 11-12-19 

CMU 11-12-20 

 11-12-22 

 12-01-19 

 12-02-03 

 12-02-14 

 11-12-20 

Digital clock  - 

   
   

   
 

Part Description Arrival date 

Flight Control Unit 12-02-03 

 12-08-15 

 12-08-15 
 12-08-15 

 12-12-12 

 13-02-13 

GCP panel 12-01-17 

 12-02-02 
 12-05-28 

 12-05-28 

 12-05-28 

 12-05-28 

 12-05-28 
 15-03-12 

IFF transponder 12-04-16 

 12-04-16 

 12-09-14 

 15-01-16 
 15-01-16 

LVTD 11-12-29 

 11-12-29 

 12-02-03 

 15-03-11 

 15-04-09 

 11-12-29 

Multifunction Display 11-12-28 

 11-12-28 

 12-01-03 

 12-12-12 

 12-12-12 

 12-12-12 

 13-11-28 

 13-11-28 
Navigation Module 11-12-28 

 11-12-28 

 11-12-28 

Self-regulated Pump 12-01-24 

 12-01-24 

 12-01-24 

 12-02-03 

 12-05-14 

 12-08-14 

 12-08-14 
 12-09-06 

 12-09-06 
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Part Description Arrival date 

Radar Weather 11-12-15 
 12-08-15 

Tail Rotor Blade  11-12-15 

 11-12-19 

 11-12-19 

 11-12-19 
 11-12-19 

 11-12-19 

 11-12-28 

 11-12-28 

 12-01-05 
 12-01-30 

 12-01-30 

 12-01-30 

 12-01-30 

 12-01-30 

 12-03-05 

 12-03-05 

Vehicle Monitoring Module 12-02-03 

 12-02-03 

 12-05-29 
 12-05-29 

 12-05-29 

 13-01-16 

 13-01-16 

 13-06-13 
 13-08-27 

 13-08-27 

 13-09-04 

VHF/UHF antenna - 
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Appendix 6 – Fail distribution each month 
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Appendix 7 – Inventory levels 
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