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I 

Sammanfattning 

Denna avhandling genomfördes inom affärsområdet av verkstäder för 

reparationer av luftfartygskomponenter. Avhandlingen fokuserar på 

specifika aspekter och aktiviteter som är relaterade till tillhandahållning av 

material för en enskild reparationsverkstad. 

Efter införing och definition av komponentsreparationsverksamheten inom 

flygverksamheten undersöks flera aspekter av materialbestämmelse på 

områden: efterfrågan, del klassificering, materialhanteringsaktiviteter och 

logistik. Varje avsnitt inleds med en allmän utredning av litteratur. 

Utöver den teoretiska undersökningen, är examensarbetet utförd på en 

provverkstad enligt EU:s lagstiftning. Den studerade reparationsverkstaden 

strävar efter att växa från ett litet till ett medelstort företag med förmågan 

att hantera upp till 1000 luftfartygskomponenter per år. 

Forskningsresultaten utgör underlaget för att förbättra och genomföra 

materialbestämmelseprocesser som är standardiserade, robusta och 

reproducerbara. Varje avsnitt innehåller en rapport om de relaterade 

praktiska resultaten. 

Kapitlet "Efterfrågan" behandlar betydelsen av uppföljning av 

materialförburkning samt exakt kvalitet på materialdata. Det första avsnittet 

"Delklassificering" diskuterar processen inom kompetensutveckling i 

kombination med en ekonomisk analys av kriticiteten. Paragrafen om 

Processen inom Materiella bestämmelser ritar upp den nuvarande 

materialbeställningsprocessen och integrerar fördelarna av den tidigare 

presenterade kriticitetanalysen. I slutet av kapitlet om "Logistik" avslutar 

materialbestämmelse-konceptet genom att ange behovet av och 

förutsättningarna för ett eget lokalt lager. 

Det sammanfattande avsnittet påvisar det uppnådda resultatet och ger en 

översikt över öppna uppgifter för den närmaste framtiden samt möjliga 

ytterligare utvecklingar på lång sikt. 

Nyckelord: materialbestämmelse, reparationsverkstad, luftfartygskompo-

nent, verksamhetsstyrning  
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Abstract 

This thesis is conducted in the business field of repair shops for aircraft 

component repair. It focuses on specific aspects and operations which are 

related to material provisioning for a single repair station. 

After introducing and defining the repair shop business in aviation, several 

aspects of material provisioning in this field are investigated: demand, part 

classification, material management operations and logistics. Each section 

begins with a general literature research. 

In addition to the theoretical investigation, this degree project is carried out 

at a sample repair shop under European law. The studied repair station 

intends to grow from a small company to a medium-sized work shop with 

the ability to handle up to 1,000 components per year. The research 

findings build the base to improve and implement material provisioning 

processes which are standardized, robust and reproducible. Each section 

provides a report about the related practical results. 

The chapter “Demand” treats the importance of material consumption 

tracking as well as accurate material data quality. “Part Classification” as 

following section covers the capability extension process combined with an 

economical criticality analysis. The paragraph about “Material Management 

Operations” draws the current material ordering process and integrates the 

advantages of the previously presented criticality analysis. In the end, the 

chapter “Logistics” completes the material provisioning concept by 

specifying the need and the requirements for an own local warehouse. 

The concluding chapter summarizes the achieved results and provides an 

overview on open tasks for the near future as well as possible further 

developments in the long-term perspective. 

Key words: material provisioning, repair shop, aircraft component, 

operations management 
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1 Introduction 

The first chapter generally introduces the reader to the topic and provides 

information about the scope, delimitations and structure of this degree 

project. 

1.1 The Repair Shop Business in Aviation 

In general, the repair shop business can be described by the following 

cycle. The customer operates a primary product. During maintenance of 

this primary asset, the customer removes a component because its state is 

not capable for further operations. It is replaced by another component 

which is waiting on stock in order to get the primary product back to 

operations as soon as possible. In the meantime, the removed component 

is shipped to a repair shop. The repair shop conducts component 

maintenance. After that, the component is ready again for installation and 

can be sent back to the customer. 

Bauer, Schmidt (2011) illustrate the process about the repair component 

cycle in Figure 1.  

Component Repair Cycle

Customer

Primary Product 

Maintenance

Repair Shop

Component 

Maintenance

Warehouse

Repairable Parts

ready for

installation

not 

capable for 

installation

Customer delivers component 

which not capable for installation

Customer receives component 

which is ready for installation

 

Figure 1: Component Repair Cycle in General 
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The repair shop business in aviation is similar to the previously described 

process. During a scheduled or urgent maintenance of an aircraft on 

ground, the customer removes a faulty component from the affected plane. 

Subsequently, a replacement unit is taken from the customer’s inventory 

and installed in the aircraft. This ensures that the plane is back to service 

with a minimum time in maintenance. 

Meanwhile, the defective component is sent to a repair station. The repair 

shop inspects, repairs and certifies the item and ships it back to the 

customer. Here, the customer places the component on stock in order to 

be available for the break-down of the next component. Figure 2 

summarizes this cycle. 

Customer’s

Inventory

Repair Shop

Customer’s 

Maintenance

Customer’s 

Aircraft in Service

Repaired

Aircraft Component

 

Figure 2: Component Repair Cycle in Aviation 

In more detail, following operations are carried out for each received 

component inside the repair station. Firstly, the customer’s shipment 

passes the goods reception. After that, a receiving incoming inspection is 

conducted. During this inspection, it is checked if the received component’s 

serial number matches with the attached documents. Both the serial 

number and the attached documents are tested for plausibility. 

Furthermore, the part is visually inspected.  
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The consecutive inspection follows the individual requirements of each 

component. It can contain e.g. disassembly, mechanical tests, electrical 

tests or hydraulic tests. The inspection’s objective is the identification of 

defective sub-items which need to be replaced. These findings are 

combined with an approximation about the required labour times. With this 

information, a quote is sent to the customer containing proposed price, 

lead time and detailed part list to repair the component. 

Once, the quote has been approved by the customer, all needed material 

can be acquired. After the provisioning of all articles, the repair itself can 

be carried out. The repair task is completed by collecting all certificates for 

all installed spare parts. Thereafter, the airworthiness release certificate 

(ARC) can be issued. Without a proper ARC, a component is not allowed 

to be installed in an aircraft. After that, the part and its documents are 

safely packed and shipped back to the customer. Figure 3 provides an 

overview of the involved operations. 
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Figure 3: Operations inside the Repair Shop in Aviation 

Concerning the objectives in this business field, Slack et al. (2011) provide 

a general approach by listing the following five operations performance 

goals which are quality, speed, dependability, flexibility and cost. 
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Quality means to do things correctly in order to provide services without 

errors and according to their purpose. Speed refers to the goal to minimize 

the time between the customer’s order and the delivery of the full service. 

Dependability is about to do things on time by keeping the delivery 

promises which have been quoted towards the customer. Flexibility 

represents the ability to change the current operations to adapt in case of 

changing circumstances or individual treatment of the customer. Lastly, 

cost means to offer services in a way which allows pricing according to the 

market while generating profit for the organization. 

This approach can be applied to the field of the repair shop business in 

aviation. The most important objective is speed, as the customer is waiting 

for the repaired component to arrive on site again. Short turnaround times 

(TAT) for repaired parts are a competitive advantage and enable the 

customer to minimize the number of replacement units on stock. Slack 

(2005) supports this fact by stating that customers expect fast responses. 

Combined with that, dependability is significant for the customer, as the 

quoted TAT needs to be reliable and kept. Costs cover the next 

competitive factor as well as flexibility. This is obviously essential, as every 

repair order is individual. Needless to say, that all aeronautical quality 

standards for staff, material, operations and certifications have to be 

obeyed. 

1.2 Scope and Delimitations 

This thesis focuses on the processes of material provisioning within the 

different operations of a repair shop in aviation. Material provisioning 

covers the procurement of all parts and material, excluding tools, which are 

needed to restore the airworthiness of a defective component. During the 

inspection step, the required items are identified and listed. After that, the 

expected costs for material and labour are collected in a quote and sent to 

the customer. Once the quote has been approved by the customer, the 

necessary material can be acquired and delivered to the repair station’s 

shop floor, so the repair operations can start. Figure 4 illustrates this 

procedure. 
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Figure 4: Material Provisioning Triggered by Repair Approval 

Accordingly, material provisioning is concerned with all processes of 

ordering, holding and delivering of material. This results in a broad concept 

for material provisioning, as it touches various aspects. However, the depth 

of research for each aspect is limited in order to stay within the timely 

scope of the degree project. 

Chapter 1.3 defines the different fields which the thesis investigates. These 

are demand, part classifications, material management and logistics. Each 

section begins with a literature research in order to provide a well-funded 

introduction to each field. 

Moreover, this degree project is conducted at an existing repair station. 

This means, that the theoretical results of each section can be used for the 

applied work and outcomes at the investigated company. 

Due to confidentiality reasons, the company cannot be named in this 

thesis. Therefore, practical results are formulated in a rather abstract and 

neutral form in order to prevent the reader to draw links to the actual 

enterprise. 
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Nevertheless, the examined repair shop influences the scope of this 

project. The company as well as the university are located in a member 

state of the European Union, so the applicable aeronautical regulations are 

issued by the European Aviation Safety Agency (EASA). Hence, 

comparable competent authorities of other countries are similar and not 

considered in this research. 

The European Aviation Safety Agency (2014) structures its basic 

regulations as shown in Figure 5. 
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Figure 5: Structure of EASA's Basic Regulations 

In total, the basic regulations are separated into eleven different 

categories. However, the most important group for this degree project is 

continuing airworthiness. It regulates the continuing airworthiness of 

aircraft and aeronautical products, parts and operations as well as the 

approval of organizations and personnel. 

Within this group, the sub-sections Part-M and Part-145 influence the 

business of a repair station in aviation. Part-M covers all measures which 

need to be conducted in order to keep up the airworthiness including 

maintenance. Additionally, conditions are specified which need to be 

followed by personnel and organizations which are involved in the 

observance of the continuing airworthiness. Part-145 defines all 

requirements for companies which are qualified to issue or renew an 

approval about the maintenance of aircrafts and components. 
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All remaining groups, e.g. the initial airworthiness defining production 

requirements, and subsections, such as Part-66 about issuing licences for 

aircraft maintenance and Part-147 about the approval to offer trainings, are 

not considered in this thesis. 

In aviation, the maintenance market can be separated into the four 

segments engine, components, line maintenance and heavy airframe 

maintenance according to Zhao (2008). Here, the thesis investigates the 

repair shop business which only deals with aircraft components. 

Generally, there are three different types of organizations which offer 

aircraft components. The original equipment manufacturer (OEM) only 

produces and sells new products. A maintenance, repair and overhaul 

(MRO) enterprise receives used components and processes them in order 

to restore their airworthiness. Furthermore, a combination of OEM and 

MRO in the same company is possible, as it is the case in the selected 

company example. 

It is currently a rather small repair shop which carries out handling and 

tracking of parts manually. However, the management wants to expand its 

business to a medium sized company with a capacity of handling up to 

1,000 components per year. Apart from profiting of the market potential, 

this business offers the possibility to create ergonomically friendly work 

places which is a great benefit for a workforce facing the demographic 

change. According to the increasing volume of components, the processes 

in this department require further investigation and improvement 

suggestions. Subsequently, all involved processes need to be transformed 

into standardized procedures which ensure reliable, robust and 

reproducible operations. 

Compared to the OEM section of the company, the MRO department is 

fairly small. Thus, the structural framework of the OEM division has to be 

accepted for the repair operations. This means, for example, that the 

supplier selection and the invoicing are carried out by the OEM 

departments. The same applies for the IT infrastructure as well as ERP-

system. Furthermore, internal logistics such as goods receipt, goods 

dispatch and internal transportation are centrally contracted to a third-party 

logistics provider (TPL). All these aspects are out of scope of this thesis. 



8 

1.3 Structure of the Thesis 

As described in the previous chapter, the outcome of this degree project is 

a general and holistic concept for the provisioning of material, which is 

needed in the different repair operations and the related processes. There 

are several main aspects within this concept that have been identified by 

brainstorming. Figure 6 presents these results. 

Material Provisioning
(Repair Shop in Aviation)

Part 

Classification

Logistics

Demand Criticality

Material 

Classification

Warehouse

Spare Parts 

Logistics

Forecast

Tracking

Certification 

Requirements

Material 

Management

Ordering

Inventory

 

Figure 6: Brainstorming for Aspects of Material Provisioning 

These identified aspects provide the main structure of this thesis. The 

different chapters are not necessarily based on each other, but might have 

several interrelations. 

First of all, the demand provides the base for all operations which are 

concerned with material procurement. The generation of precise forecasts 

increases the efficiency and effectiveness of the material provisioning. By 

tracking the usage of materials for different order categories, the forecasts 

can be continuously improved by material consumption statistics. 

The parts needed in the repair shop have to be classified. On one hand, 

the classification is influenced by aeronautical regulations which require 

different levels of certifications for piece parts, standard parts and 

consumables. On the other hand, a criticality analysis is useful from the 
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business point of view in order to keep the right parts in the right amount 

on stock. 

For material management operations, factors are investigated which have 

influences on ordering and inventory. Advantages and disadvantages of 

inventory are collected as well as different policies for inventory levels and 

ordering processes. 

The chapter about logistics deals with the specific field of spare parts 

logistics and the specification of a warehouse. As the required material can 

only be ordered after the identification during inspection, the logistic 

requirements in the aeronautical repair shop business are similar to spare 

parts logistic. The warehouse specification is based on the research on 

different warehouse strategies and types. Moreover, technical standards 

have to be kept to comply with aeronautical regulations. 

A final conclusion is provided and an outlook with recommendations on 

future tasks completes the thesis. 
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2 Demand 

The second chapter deals with different forecasting methods to estimate 

future demand. Then, the importance of tracking of material consumption is 

underlined as it helps to refine the forecasting. The concluding sub-chapter 

describes how these aspects are realized at the investigated repair station 

and its capability extension process. 

2.1 Forecast of Future Demand 

Referring to Baune, Westphal (2006), spare parts logistics can be seen as 

the art of conjecture which is the purpose in stochastic as well. The costs 

of the inventory cover about 15-20% of the turnover, so the decision on the 

inventory strategy is important in order to achieve economic spare part 

logistics. However, centralization on its own is not necessarily helpful, as a 

certain level of flexibility is required at the same time. 

Baune, Westphal (2006) add that a forecast of amount and orders based 

on deliveries is a prerequisite for effective central spare part logistics. Parts 

should be classified into “high runner” and “low runner” according to their 

demand frequency. Items classified as high runner need to be delivered in 

a very short time. In addition to that, they offer the chance of fiercer pricing. 

Consequently, high runner articles need more consideration to prevent 

stock-outs while the risk of low runners lay within their capital tie-up and 

shelf-life. 

According to Rosentritt, Knigge (2010), a strategy to fulfil spare parts 

demand should have high flexibility in terms of changing demands, 

freedom to change or add another strategy as well as least interference 

with core business. This policy should cause low costs by generating low 

stock inventory, few capital assets, low expenses on planning and control, 

minimized operating costs and decreased prices for checking of purchased 

items. Additionally, risks should be lowered and therefore long, 

respectively good, quality demand forecasts should not be expected. 

Consequently, the risk for stock-out effects and the threat of over-stocking, 

as it might be applicable for shelf life articles, should be reduced and 

combined with high logistics performance. The logistic performance is 

characterized by a high level of service, short lead times and high delivery 

dependability. 
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Regarding risk management Johnson, Flynn (2015) differentiate three 

different categories. Operational risk treats the interruption of the flow of 

goods or services. Significant price changes can become a financial 

hazard. The third risk covers negative influences on the reputation. All 

three risks might have impact on the continuance and the competitiveness 

of the business. 

In terms of forecasting Johnson, Flynn (2015) define the overall goal to 

support inventory decisions on how much to order, when to order and how 

to order effectively. Both authors provide following categorization of 

techniques to arrive at a forecast. Quantitative methods use past data to 

predict the future, whereas qualitative methods gather opinions from a 

number of people and use these opinions with a degree of judgment to 

give a forecast. 

Slack et al. (2012) investigate these categorizations on forecasting in more 

details. 

Qualitative methods work with collected judgements, options, best guesses 

and past performances from experts to arrive at a prediction. Here, Slack 

et al. (2012) present three tools panel approach, Delphi method and 

scenario planning. 

The panel approach uses a panel which gathers speculated outcomes 

from several persons. The advantage is that more than one person is 

interrogated. On the downside, a consensus is hard to find because the 

loudest or highest ranked person might be over-represented and even 

experts can be wrong. 

In order to conduct the Delphi method, a questionnaire is set up and sent 

to all experts. After analysing the replies, the results are again distributed 

amongst the experts who are then asked to reconsider their original 

answers. This procedure is repeated several times in order to arrive at a 

consensus or a least a narrower range of decisions. It is possible to weigh 

different experts individually. This method can cause problems while 

creating the right questionnaire and defining the correct circle of experts. 

Scenario planning is a long-range forecasting tool with greater uncertainty. 

Experts are asked to draw a range of scenarios and discuss them and 

evaluate their risks. Here, a consensus is not the goal. Afterwards, plans 
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are generated to avoid the most hazardous scenarios and to support the 

most desired ones. 

Following Slack et al. (2012), quantitative methods consist of two main 

methods which are called time series analysis and causal modelling. 

The first tool takes a single occurrence or a pattern of previous 

occurrences into consideration. It analyses reasons for past changes in the 

trend in order to estimate the future development of the phenomenon’s 

behaviour. Causal modelling identifies key variables and their complex net 

of relationships to each other. Conclusions from this analysis form the 

forecast. 

Biedermann (2008) divides demand calculations into deterministic, 

stochastic and subjective approaches. 

The deterministic approach is also called programme oriented demand 

calculation. It is a fixed planning which is linked to production planning 

respectively planned overhaul programmes. Stochastic demand calculation 

uses mathematical-statistical calculations based on data about past 

consumption. It is very suitable for the management of C-items which is 

presented in Chapter 3.3. The subjective demand calculation is based on 

the experience of employees of the company.  

Overall, Biedermann (2008) summarizes that the demand forecast is the 

fundamental base for optimal order planning. 

2.2 Tracking of Past Consumption 

Based on his experiences, Kelly (2006) states that inventory policy for 

circulating items, like repairable spare parts, is often guessed and 

estimated. Subsequently, it might be adjusted by considering usage history 

and experiences. 

According to Voss (2009) it can be added that the processes in spare part 

forecasting provide chances for improvement. In order to achieve good 

results, the data base needs to be as valid as possible. That is the reason 

why several data sources should be considered. Information about past 

consumption is necessary as well as feedback from customers about 

planned maintenance activities. However, this requires a close contact to 

selected customers. 
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After having tracked the material consumption over a longer period of time, 

parts can be classified following the XYZ-Analysis.  

Wannenwetsch (2010) describes this analysis as a classification of articles 

concerning their demand structure. This is important to adjust policies for 

procurement and storage. The author’s findings for the different material 

categories are summarized in Table 1. Furthermore, Wannenwetsch 

(2010) suggest to order X-items just-in-time, Y-articles on a monthly basis 

and Z-items on demand only. 

Table 1: Characteristics of the Material Classes in the XYZ-Analysis 

Material 

Class 

Demand 

Structure 

Demand 

Prediction 

Accuracy 

Estimated Share 

of Total Amount 

of Parts 

X continuous  high 50% 

Y fluctuating  medium 20% 

Z irregular  low 30% 

 

Compared to the previous author, Biedermann (2008) discusses the XYZ-

Analysis in a very similar way. X-articles come with continuous demand 

and high accuracy for demand prediction. Consequently, it is possible to 

order them in synchronization with the demand. Y-parts are characterized 

by a continuously changing or trend-following demand. Hence, they can be 

ordered on stock. Z-items have a more or less coincidental demand. Based 

on past consumption data their demand prediction accuracy is low which 

makes it hard to order them in accordance with the demand. 

After the collection of parts consumption data for a few years, further 

improvements can be applied to the field of demand forecasting. The 

author van Jaarsveld (2013) presents an extensive approach in his 

doctoral thesis for this. His methods have been tested and approved within 

a case study at Fokker Services in the Netherlands. As Fokker Services is 

a well-established aircraft components repair shop, the results of this 

thesis can be most likely implemented at the investigated company as well. 

Another improvement method based on previous consumption data 

considering the underlying repair process is provided by Romeijnders et al. 

(2012). The authors’ two-step approach conducts at first a forecast of the 
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number or repaired components and the number of parts per component 

repair with the help of exponential smoothing. Secondly, they are 

combined into a joint forecast on the part level. 

With their studies, Romeijnders et al. (2012) show that additional 

information on when components are repaired can be derived from 

schedules for planned overhaul operations. The inaccuracy of their method 

can be reduced by up to 20% by integrating this data. This approach 

provides further information to help making inventory decisions by linking 

demand to specific repair operations. A case study at Fokker Services 

supports the authors’ results. 

2.3 Practical Results 

During this degree project, one basic problem occurred. The base data of 

the required material is not always registered in the company’s ERP-

system. This has various reasons. The MRO department is forced to use 

the pre-defined system structure of the OEM division. However, the OEM 

focuses on the manufacture of its current product portfolio. Consequently, 

the ERP-system knows all items which are used in the actual production. 

According to that, the repair shop can easily handle all items from the 

current OEM’s business. Conversely, the repair business also copes with 

components which might not be presently in production. In aviation, it is not 

unusual to operate an aircraft for several decades. Therefore, old material 

data is not listed in the ERP-system. 

Another source of the problem is connected with the fact that the OEM is a 

multi-site company with factories in different countries. As every country 

runs its own version of the ERP-system, material data is not known to 

other sites. 

The last problem root has links to vendor components. In the repair 

business, it is possible to repair items which are not manufactured by the 

own OEM section. In this case, the repair shop buys the component 

maintenance manual (CMM) of the vendor company which is the actual 

OEM of the related component. The purchase of the CMM legally enables 

the repair shop to maintain the vendor component. Needless to say, that 

the related material data is not yet entered to the repair station’s ERP-

system as well. 
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While conducting this thesis project, the key prerequisite of the material 

core data is revealed. Without the material being listed in the ERP-system, 

correct accounting and consumption tracking cannot be guaranteed. In 

addition to that, all concepts related to material planning, material 

management and warehouses which are presented in the consecutive 

chapters rely on correct material data in the ERP-system. 

Therefore, searching for a procedure to implement new data sets into the 

system has become a task for this degree project. Several meetings with 

different internal experts and key users lead to the chance to test a 

process for the implementation of new material core data. By the end of 

this thesis project, the test run is successfully completed. Now, the repair 

shop and the related key user’s department need to agree on a standard 

process for the daily business. 

In accordance with the previously described problem, there is currently not 

enough data to generate insights from parts consumption until today. 

However, the research results of Chapter 2.2 show the potential of a 

consistent data history in order to support future ordering and inventory 

decisions. This underlines the motivation to solve the issue of lacking 

material data. 

Nevertheless, material demand is generally estimated for each new 

component which is added to repair station’s portfolio. In the aviation 

business, every repair shop has a so-called capability list. It covers all 

components including their part numbers which the repair station is 

allowed to process. The extension of this list is essential for the repair shop 

to fulfil its objective to grow. The capability manager goes through the 

following procedure for each new component. 

As mentioned before, every component is equipped with a CMM. The 

CMM describes the function of the component and provides all required 

supplementary information for the component’s handling and maintenance. 

This can be e.g. strategies for fault isolation and repair procedures. The 

CMM is completed by the illustrated parts list (IPL). The IPL consists of a 

technical drawing of the component as well as a bill of material (BOM) of 

all installed items. This list of parts builds the base for the following 

demand forecast. 
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Due to insufficient base data, the demand cannot be estimated by any of 

the qualitative tools. Consequently, only quantitative tools are helpful. The 

common methodology used in the investigated repair shop follows the idea 

of Biedermann’s approach for quantitative forecasts as described in 

Chapter 2.1. The forecast for required material is based on the 

experiences of the repair station’s employees. Ideally, the capability 

manager gets together with involved experts from the shop floor in order to 

identify possible material demand. The team discusses which items are 

prone to errors and which are not. Afterwards, the likeliness for each item 

to fail is predicted in percentages. The overview in Figure 7 displays this 

situation. 

 

Figure 7: Overview on Failure Rate Allocation during Capability Extension 

The estimated demand for every single item in one component’s bill of 

material is combined with a criticality analysis. The criticality examination 

as well as the generated results are presented in the following chapter. 
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3 Part Classification 

In this chapter, material classifications based on aeronautical regulations 

as well as literature research are presented. Specific certification 

requirements are explained in accordance with the aeronautical 

classifications. Furthermore, a method to determine criticality classes is 

described. Afterwards, all these research results are linked to the company 

example. 

3.1 Material Classification 

The European Aviation Safety Agency (2003b) defines following categories 

for material in its regulations for Part-M, Acceptable Means of Compliance 

(AMC) 501 (c) and 501 (d) for installation: standard parts, consumable 

material and raw material. 

Standard parts are produced in strict accordance with an established 

specification by the industry or any other competent authority. This 

specification contains all necessary information for production and 

verification of conformity of the standard part. It is published in order to 

entitle any party to manufacture the standard part and to ensure that the 

same standard is kept throughout the industry. 

Consumable material covers all material which is used only once. 

Examples are lubricants, paints and sealants. 

Raw material describes all material that needs further processing to make 

it a component. Samples are metals, plastics and fabrics. 

Apart from the official authorities, the literature provides own approaches 

for the classification of spare parts. First of all, Biedermann (2008) defines 

spare parts as parts, assemblies or products which replace broken, worn 

out or missing parts, assemblies or products. 

According to their purpose he mentions following material classifications 

for spare parts: replacement parts, consumable parts and standard parts. 

Replacement parts are spare parts which can be used for one or more 

assets. Most of them are expensive and characterized by a low number of 

pieces which locks a high amount of capital. 
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Consumable parts represent spare parts which are designed to wear out 

during usage and therefore cannot be repaired economically. They can 

also be standardized and their life duration is fairly predictable (e.g. small 

engines, bearings). 

Standard parts cover spare parts which can be used in general. They are 

often standardized and with low individual value. However, they are 

characterized by high stock levels with low value (e.g. screws, nuts). 

Taking their origin into consideration, Biedermann (2008) names three 

different material classes for spare parts: original parts, vendor parts and 

used parts. 

Original parts are produced by the OEM itself or bought and provided by 

the OEM. Vendor parts are manufactured by a supplier which is not 

necessarily the OEM. Used parts are either repaired parts or parts which 

are re-used from scrapped assets. 

3.2 Certification Requirements 

According to AMC 501 (b) in Part-M of the European Aviation Safety 

Agency (2010b) any part which should be installed in an aircraft needs to 

be certified with a document called EASA Form 1 which defines the 

airworthiness of an aircraft component. 

Furthermore, the European Aviation Safety Agency (2003b) publishes 

AMC 501 (a) in Part-M to define the purpose of the EASA Form 1 in more 

detail. The certification is used to release components after manufacture or 

maintenance and thereby ensure that all conducted work has been carried 

out under the approval of a competent authority which is in this case the 

EASA itself. According to that, any item in storage which has no EASA 

Form 1 must not be installed on an aircraft, unless an EASA Form 1 has 

been issued by a maintenance organization which is approved for this task. 

Nevertheless, exceptions apply for some of the material categories which 

are described in Chapter 3.1. 

In AMC 501 (c) of Part-M, the European Aviation Safety Agency (2003b) 

states that an EASA Form 1 is normally not issued for standard parts and 

therefore none should be expected. Instead, the documentation which 

accompanies standard parts should contain a clear relation to the 
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particular parts as well as a conformity statement. It is completed by 

information on both the manufacturing and supplier source. Information on 

special conditions like storage requirements or shelf life should be added if 

they are necessary. 

AMC 501 (d) explains similar requirements for consumable material and 

raw material because both can only be accepted when they meet the 

required specification. Documentation accompanying these materials 

should clearly relate to the particular material and contain a conformity 

statement and information on both manufacturing and supplier source. 

Statements on batch number and special conditions need to be added if 

required. 

In an amendment, the European Aviation Safety Agency (2010b) releases 

following additional information for AMC 501 (d) in Part-M. 

An EASA Form 1 should not be issued for both consumables and raw 

material and therefore none should be expected. In case items are ordered 

in batches, they should be delivered in a package. The packaging itself 

should be marked with the applicable specification or standard, part 

number, batch number and the quantity of items. In addition to that, the 

documentation which comes with the package list the related specification 

or standard, part number, batch number, supplied quantity and the 

manufacturing sources. If the material has roots in different batches, 

required information on each batch needs to be provided. 

3.3 Criticality Classification 

Slack et al. (2012) name the objective of ordering the right quantity as key 

inventory decision. However, Slack et al. (2011) list day-to-day inventory 

decisions more detailed in terms of volume, timing and steering. 

Volume is the answer to the question of how much to order. In the moment 

of placing a replenishment order, the needed amount needs to be known. 

A common tool for this task is the economic order quantity. 

Timing treats the point to order considering either the stock level or the 

point of time as the trigger to place a refill order. Continuous or periodic 

reviews are standard means for this decision. 
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The steering decision is how to control the system. It covers the selection 

of procedures which help to make these decisions as well as the allocation 

of different priorities to different items on stock. A sample tool for this 

decision is the ABC-Analysis which is treated in this chapter. 

Molenaers et al. (2012) recommend an efficient and detailed evaluation of 

spare parts based on their level of criticality. The identification of critical 

items is the base to make operations of any modern industrial system run 

reliably and safely. In addition to that, the level of criticality is a valuable 

indicator to justify decisions regarding inventory as well as service 

requirements. 

According to Wannenwetsch (2010), The ABC-Analysis enables the 

segregation of significant parts from insignificant ones with a focus on 

areas with high economic impact. In addition to that, it minimizes activities 

in other fields by means of simplifications. The overall goal is to increase 

cost effectiveness. 

Regarding the procedure to conduct an ABC-Analysis, Quantschnig (2010) 

presents a general sequence in three steps: record, sort and analyse the 

figures. 

During recording the value of the investigated characteristic (e.g. yearly 

demand) is allocated to each of the investigated objects (e.g. spare part 

group). Following to that, the objects are sorted according to their value 

from high to low. Afterwards, the amount of objects as well as their values 

are transformed into percentages and categorized. They are usually 

separated into A-, B- and C-classes which gives this method its name. 

Biedermann (2008) assigns following characteristics to each criticality 

class. A-items are normally stored at a single place and replace parts 

which generate high costs in case of failure. B-items can be stowed in 

several places. They are often standard assemblies which can be used 

independently such as pump gears and engines. C-items cover the 

remaining spectrum including standard and consumable material. 

Wannenwetsch (2010) adds following information to the different material 

classes as displayed in Table 2. 
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Table 2: Distribution for Amount on Stock and Value in the ABC-Analysis 

Material Class Amount on Stock Value 

A  low (15-25%)  high (60-80%) 

B  medium (30-40%)  low (10-25%) 

C  high (40-70%)  low (5-15%) 

 

Together with the information of Transtutors , the item classes of the ABC-

Analysis can be generally displayed as in Figure 8. 

 

Figure 8: Item Classes in the ABC-Analysis 

Wannenwetsch (2010) additionally provides a special focus on the 

handling of A-parts and C-parts. 

The management of A-articles requires an intensive market supervision 

and analysis which enables significant material cost reduction, 

minimization of duration on stock, optimized lead times as well as the 

selection of reliable and efficient suppliers. 

Concerning C-parts, following characteristics apply. They have sporadic 

demand, simple quality like standard parts, low piece price, low amount in 

the bill of material and bear a low procurement risk. Therefore, and 

keeping in mind that each order usually has administrative costs between 
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50€ and 150€ for the ordering company, a simplified handling of c-items is 

required. This permits larger safety stock limits, simplified ordering and 

possible agreements on combined invoices with suppliers. 

Wannenwetsch (2010) points out that the ABC-Analysis can be combined 

with the XYZ-Analysis which has been previously discussed in Chapter 

2.2. This combination results in nine different categories. Here, 

improvement for material provisioning and capital tie-up should focus 

articles with high value (A-class) and high demand predictability (X-class). 

In general it can be said that the categories AX, BX and AY qualify for just-

in-time approaches, whereas efforts need to be minimized for items of low 

value with bad demand predictability which are located in the category CZ. 

All remaining material groups in between require an individual 

investigation. 

Table 3 summarizes the characteristics of the nine different material 

classes after combining the ABC-Analysis with the XYZ-Analysis according 

to Wannenwetsch (2010). 

Table 3: Part Characteristics in the Combined ABC-XYZ-Matrix 

 A B C 

X   high value 

  high predictability 

 continuous demand 

  medium value 

  high predictability 

 continuous demand 

 low value 

 high predictability 

continuous demand 

Y   high value 

  medium predictability 

 fluctuating demand 

  medium value 

  medium predictability 

 fluctuating demand 

 low value 

 medium predictability 

fluctuating demand 

Z   high value 

  low predictability 

 irregular demand 

  medium value 

  low predictability 

 irregular demand 

 low value 

 low predictability 

irregular demand 

 

In addition to that, Sommerer (1998) advises different inventory strategies. 

The matching target inventory levels are shown in Table 4. 

Table 4: Suggested Inventory Target Levels in the Combined ABC-XYZ-Matrix 

 A B C 

X  low inventory  low inventory  low inventory 

Y  low inventory  medium inventory  high inventory 

Z  medium inventory  medium inventory  high inventory 
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Huiskonen (2001) proposes a slightly different approach to categorize 

parts and to allocate certain policies for each category. First of all, items 

are separated into user-specific and standard parts. 

User-specific parts inventory is held in the user’s own safety stock. A 

partnership with local suppliers can help to minimize lead times, increase 

reliability and acquire prioritization in emergency situations. However, 

standardization should be sought in the long term perspective. 

Standard parts are again subdivided according to their value and their 

criticality. For standard items which are less critical and of low value order 

processing should be simplified and automated or their entire inventory 

control is outsourced to a supplier. Similar to that, stock is pushed back to 

the supplier for articles with high value and low criticality. 

Standardized material with high importance and low costs should be stored 

in the user’s decentralized safety stocks with comparatively generous refill 

lot-sizes. Special focus should apply to standard articles of high value and 

high criticality. Here, the user’s safety stock can be optimized in case of 

high and smooth demand. Items with low and irregular demand should be 

supplied with a time guarantee from an established service company. For 

parts with very low demand, co-operative stock pools can be installed by 

several users. 

For further investigation, Bacchetti, Saccani (2011) present a wide base 

research on various literature sources on spare parts classification as well 

as spare part demand forecasting for stock control which is treated in the 

following chapter. 
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3.4 Practical Results 

Compared to the research results in Chapter 3.1, the studied company 

defines a mixed material classification. It considers characteristics of origin 

as well as suggested sorts of the EASA. As the overview in Figure 9 

shows, the used categories are own parts, standard parts and vendor 

parts. 

Classification

of EASA

 Consumables

 

Standard Parts

 

Raw Material

 

Components

 

Classification

of Origin

 

Vendor Parts

 

Original Parts

 

Used Parts

 

 

 

Vendor Parts

 

Own Parts

 

Standard Parts

 

Classification

of Investigated 

Company

 

Figure 9: Comparison of Material Classifications 

The OEM section of the investigated organization ensures the selection of 

approved suppliers. Consequently, all ordered items are delivered with the 

required certificates. During the goods receipt procedure which is carried 

out by a TPL, the certificates are scanned and stored inside the ERP-

system. A goods receipt number is allocated to every single shipment. With 

this specific number the electronic copies of the documents can be 

retrieved from the system by any authorized user. This confirms the 

required traceability for every part. The traceability is completed by adding 

the batch number wherever applicable. 

As described in Chapter 3.2, standard parts, consumables and raw 

materials are legitimated by certificates of conformity. All other parts 

require an ARC. Regardless of the material category, all items obtained 

from an after-sales warehouse are delivered with an ARC. During this 

degree project, minor improvements could be added to the field of 

airworthiness certification. A problem occurred concerning components 
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which are long enough in storage so that their certificates are no longer 

registered due to limited archiving times. It is confirmed that a new ARC 

can be issued for such a component as long as it has never left the 

production company before. 

Furthermore, it is verified that all items provided by shop floor 

supermarkets (refer to Chapter 5 for further details on warehouses) are 

delivered with the related goods receipt number and the batch number. 

Consequently, parts offered by this warehouse type are good to use for the 

repair shop. Conversely, it is double-checked that consumables which can 

be obtained from a tool centre cannot be installed in flying components. 

Tool centres can only be used for non-flying objects. 

Still, the definition of non-flying consumables lacks. On one hand, 

consumables like gloves or cloths can be considered as non-flying. On the 

other hand, paint and lubricants remain on or in the component and 

therefore they are flying materials. However, the field in between these 

obvious categories remains unclear. For example, the CMM can require 

the application of a specific cleaning agent. There is no internal or external 

reference which clarifies if the traceability of the cleaning agent has to be 

provided. Maybe the usage of a wrong cleaning agent can cause a 

chemical reaction with the flying material, so that a documentation of this 

consumable becomes necessary. This issue cannot be solved through 

research during this thesis. Therefore, it is recommended to officially ask 

the EASA as responsible agency to set a definition. 

Chapter 2.3 has already provided the general procedure of capability 

extension. Now, this procedure is combined with the research results about 

item criticality from Chapter 3.3. Following Quantschnig’s procedure, the 

required figures can now be sorted as well as analysed in order to 

differentiate their criticality. 

In practice, this procedure is implemented in a spreadsheet. The BOM 

from the IPL provides the part number and its quantity for each sub-item. 

The BOM is compared with the listed material in the ERP-system. This 

comparison results in a list of items with purchase prices. Consequently, 

the difference between the parts list with prices to the BOM leads to a set 

of part numbers which are not listed in the ERP-system at all or lacking 

allocated prices. This intermediate result needs to be corrected in the ERP-

system before the procedure can proceed. 



26 

Once all required material data is loaded to the ERP-system, a complete 

list exists including part number, quantity and purchase price. Now, the 

failure rate for each item can be allocated. The determination of the failure 

rate is presented in Chapter 2.3. After that, the estimated number of 

repairs of the entire component per year is added as well as the currency 

conversion rate from Euro into Dollars. The figures on repairs per year are 

determined in a close communication with the customer interface and 

quotes to the customers are usually valued in Dollars. 

Now, the total value per year per part can be calculated by multiplying the 

BOM quantity, the purchase price, the failure rate and the number of 

component repairs per year. The total number of items per year results 

from the multiplication of BOM quantity, the failure rate and the number of 

component repairs per year. For each part the fraction of the total value 

per year as well as the total number of items per year is calculated in 

percent. 

In the last step, the boundaries for the criticality classes A, B and C are 

fixed. Chapter 3.3 offers an orientation on how to set these values. With all 

these information, the spreadsheet automatically calculates and allocates 

the criticality classes A, B and C. 

Table 5 sums up all input information which are required to carry out the 

criticality analysis for one aircraft component. 

Table 5: Input for Criticality Analysis 

Source Information 

Illustrated Parts 

List (IPL) 

 Part Number 

 Quantity 

ERP-System  Purchase Price 

Capability 

Extension 

 Estimated Failure Rate per Part 

 Estimated Number of Component Repairs per Year 

General  Boundary Settings for Criticality Classes (A, B, C) 

 Factors for Currency Conversion 

 

 

 



27 

Figure 10 shows the flow the information takes during the criticality 

analysis. 
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%
%
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Figure 10: Information Flow for Criticality Analysis 

With this standardized spreadsheet, the administrative time for each 

capability list extension is minimized. In addition to that, it is now possible 

to set proper inventory strategies for each item. Once this worksheet exists 

for every component on the capability list, material management can be 

further developed. Merging all lists into a single data base is one 

suggestion that enables holistic material management of all required parts 

in the repair shop. Then it is possible to run one criticality analysis for the 

entire inventory of the repair shop. In the long-term perspective, it is even 

possible to integrate all these data in the ERP-system which allows direct 

links to the departments of purchasing, logistics, accounting and customer 

services. 

Nevertheless, there is still one issue in connection with the criticality 

analysis and material planning. As presented in Chapter 2.3, the ERP-

system focuses on material data of the OEM’s actual production scope. 

For this material, procurement is set and standardized. All other articles 

are currently provided by the company’s spare section and the spare’s 

procurement department. This leads to the problem of higher prices 

because items are delivered from the after-sales market. In addition to that, 



28 

operations take more time, as several different procurement departments 

are involved in the repair shop’s business. 

Therefore, it is desirable to connect the OEM’s production procurement 

division to all material which is introduced to the ERP-system by the repair 

shop. This offers the chance to receive parts quicker for lower production 

purchase prices. In addition to that, the pre-defined processes of the OEM 

for incoming goods and internal transport apply. 
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4 Material Management Operations 

Chapter 4 contains research information on inventory management and 

ordering processes in the field of material management operations. Then, 

the ordering procedure of the investigated repair shop and related issues 

are introduced. 

4.1 Inventory and Ordering 

The authors Johnson, Flynn (2015) list following objectives for material 

management. It is the goal to provide the right materials in the right quality 

which meets the pre-defined requirements. Consequently, delivery needs 

to be at the right time and to the right place from the right source. This is 

related to suppliers which are reliable and eager to meet their 

commitments in a timely fashion. In addition to that, they offer the right 

service before and after sales as well as the right price in a short and in a 

long term perspective. The authors underline that it is a challenge to 

achieve all these objectives simultaneously. 

Sommerer (1998) adds the influence of lean to the objectives in the applied 

field of procurement. These goals are shortened lead times, minimized 

inventory, integrated suppliers in the supply chain as well as external 

transport joined in the process chain. 

In order to provide a common understanding for this chapter, 

Wannenwetsch (2010) provides the definitions of the following specific 

terms safety stock, maximum stock, replenishment time, costs for stock-

outs and service level. 

When the amount of parts on stock reaches the safety stock or safety 

stock level, the refilling delivery should have arrived. The reorder level or 

reorder point is situated above the safety stock level. When it is reached, a 

replenishment order is triggered which should be delivered before the 

safety stock is touched. The maximum stock or maximum stock level is 

defined by the available extensions in terms of space and costs of the 

warehouse. The replenishment time is the duration between order 

placement and delivery and it is influenced by e.g. preparation, production, 

quality check, risk surcharge, transport time and reception. Costs for stock-

outs or costs for shortages occur when there is no stock left of a part. 

Resulting expenses can rise because of potential stop of production, more 



30 

intense follow-up, contractual penalties and bad reputation. The service 

level describes the ability to fulfil demand. 

In terms of demand, Wannenwetsch (2010) differentiates in three 

categories. Primary demand is related to finished products, goods and 

spare parts. Secondary demand needs to cover raw material, sub-

assemblies and standard parts which are necessary to serve the primary 

needs. Tertiary demand contains all consumables and supplies which are 

used for equipment and machinery. 

Schuh et al. (2014) briefly treat the field of supplier selection. With a rising 

complexity of the field of procurement and its sub-task supplier selection, 

the economic influence of this section on a company becomes more 

important, too. Low delivery quality, high delays and bad supplier relations 

cause interruptions in the own company’s processes, products and 

services. Accordingly, a strong focus on the supplier selection is required. 

However, as the company investigated in this thesis is mainly active in the 

OEM business, the repair section has no influence on the strategic 

selection of suppliers. This means that the selection of suppliers is not 

further investigated in this paper. Nevertheless, it is important to mention, 

that all selected suppliers have to be certified to manufacture aircraft parts 

according to aeronautical regulations issued by competent authorities. 

While focussing on inventory, Slack et al. (2012) consider following 

disadvantages and advantages. Inventory has an impact on the company’s 

working capital and throughput times. Furthermore, inventory may obscure 

problems. It causes storage costs, administrative costs and comes with the 

risk of damage and obsolescence. On the other hand, inventory provides a 

back-up against uncertainty and it can compensate inflexibilities in the 

production. In addition to that, it provides the chance of making profit from 

short-term opportunities and anticipating future demand. Over all, Slack et 

al. (2012) summarize that the reduction of inventory with a continuously 

acceptable customer service at the same time is the underlying objective 

for inventory management. 

Wannenwetsch (2010) adds more chances and risks of inventory which 

are displayed in Table 6. 
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Table 6: Chances and Risks of Inventory 

Inventory Enables Inventory Conceals 

 smooth production 

 high readiness for delivery 

 compensation of interruptions 

 economic manufacturing 

 constant usage of production 

 high service degree 

 liable to break-down 

 unbalanced capacities 

 inadequate delivery flexibility 

 production of scrap 

 inadequate delivery dependability 

 high capital tie-up 

 

In relation with inventory, Slack et al. (2011) list seven different sorts of 

expenses which are costs of order placement, price discount, stock-outs, 

working capital, storage, obsolescence and inefficiencies. 

The cost of order placement relates to the number of transactions needed 

to place an order including e.g. the preparation, documentation and 

payment of the order. The fact that prices for larger amounts might come 

with reduction, while smaller amounts might be more expenses results in 

the costs of price discount. 

In case of re-ordering mistakes, a stock can run empty and thereby cause 

the risk to fail to supply the customer. The resulting expenses are called 

costs of stock-outs. The time difference between the payment of the 

supplier and receiving money for a delivered good containing the 

previously ordered item needs to be funded. This causes costs of working 

capital. 

Expenses resulting from the physical keeping of storage together with the 

warehouse insurances are called costs of storage. Changes in demand as 

well as items with limited shelf life can trigger costs of obsolescence. 

Considering lean principles, costs of inefficiencies can occur if high 

inventory prevents the chance to identify actual problems within the own 

operations. 

In order to achieve the various objectives, Slack et al. (2012) propose two 

types of review. 

During continuous review, the stock level of each item is reviewed 

constantly and the part is re-ordered, once the stock level reaches a 
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certain pre-defined amount of pieces. One example is the two-bin system 

where the front bin contains the calculated useable amount of parts. The 

second bin keeps the safety stock plus the re-order point quantity. A new 

order is placed when the first bin empties and the second bin is used until 

the re-ordered amount arrives. 

Periodic review means ordering at a predetermined period of time, such as 

by the end of every month. However, safety stock levels needs to be 

calculated and retained as well. 

Wannenwetsch (2010) describes the definition of order point and safety 

stock level as core task for inventory planning and control. It is influenced 

by fluctuating demand, long lead times and the reliability of demand 

predictability. 

With produce and purchase, Rosentritt, Knigge (2010) add two major 

strategies for material management. 

The producing strategy can either be conducted parallel to the current 

production or in a separate internal or external workshop. This policy has 

several advantages. It is flexible in terms of time, amount and changing 

demand. No long-term forecasting is needed. High responsiveness 

enables the lowering of inventory as well as direct influence on quality. 

Moreover, the know-how is kept in-house. On the other hand, this bears 

the risk of potential high costs, comparatively long set-up times due to 

small batches as well as more capital assets in form of additional 

production equipment and testing tools. 

If spare parts are bought from suppliers instead, the strategy purchase is 

selected. This provides the chance to transfer the demand risk to the 

suppliers. There is also a low impact on the own production and it does not 

require further capital assets. This strategy has the disadvantage of being 

dependent on the suppliers. The fewer suppliers are available, the higher 

is the dependency. Moreover, the know-how is transferred towards the 

related contractor. 
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4.2 Practical Results 

In this section, the first investigations deal with the ordering process which 

is conducted to obtain the needed material for one repair order. As 

previously presented in Chapter 1.2, the inspection step defines all items 

which have to be replaced. The resulting material list is part of the 

inspection report. 

This information is the base to go through the following material ordering 

process which needs to be carried out separately for every single item. The 

first questions sorts out all consumables which are classified as non-flying. 

Material which is necessary to support the consecutive repair operations 

but which will not remain in or on the flying component, such as protective 

glove, cloths, temporary adhesive tapes, can be called non-flying 

consumables. It is not mandatory to track the traceability for this kind of 

material. Therefore, these items can be obtained by the shop floors 

personnel on demand from the nearest tool centre, once the customer has 

sent the repair approval. Figure 4 illustrates the process of the customer’s 

approval. 

If the required part is not a non-flying consumable, it is checked if the item 

is recorded in the OEM’s ERP-system. In case that it is not listed, another 

check inside a different part of the ERP-system can reveal if the material 

can be interchanged by another part. In case of interchangeabilities, the 

user returns to the step of checking the material in the ERP-system. 

Once an item is known to the ERP-system, its availability on the OEM’s 

production stocks can be checked. In case the right quantity is available, 

the item is ready to be released from stock. If there is none or not enough 

in storage, it is clarified if the part can be produced by the OEM itself.  

If the item cannot be manufactured in-house, the inventory of the OEM’s 

after-sales warehouses is examined. The material is ready for release, if 

enough items can be found on stock. Regardless of the fact that the 

material is taken from a production or an after-sales warehouse, the 

customer approval is essential to actually release the material from stock 

and deliver it to the repair shop. 

In case that the item can be produced in-house in one of the OEM’s 

manufacturing shops, an internal production order is placed to start this 

procedure. 
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In the situation that the required part is neither available through one of the 

different warehouses nor at the internal production shops nor listed in the 

ERP-system without any interchangeabilities, a purchase order is directly 

placed at the supplier. First, the supplier sends a quote. After that, the 

customer needs to approve the repair order before actually purchasing the 

item. 

Material which is released from stock or sent by a supplier arrives at the 

central logistic area of the repair station. During the transfer of the material 

from this area to the shop floor, the correctness of the parts and their 

certificates is checked. 

Figure 11 displays the entire material ordering process. The grey milestone 

symbol marks the point in the process map where the customer is asked 

for the repair approval. Once the approval is received, the material can be 

obtained and sent to the shop floor. During the degree project, this process 

map has been created down to the level of single transactions in the 

related ERP-systems. In order to keep the company’s data confidential, 

only the highest overview level is presented in this report. 
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Figure 11: Process Map of the Ordering Process 
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It can be observed that this ordering process is fairly complex. Moreover, it 

is time consuming, as it needs to be carried out for every single item of 

every repair order. A timely evaluation of this procedure is hard to achieve 

as the different loops take different times and not every loop applies for 

every item. 

However, the entire process is mainly pre-determined by the system 

structure of the OEM part of the company. Only small adjustments are 

possible in this procedure in order to abandon doubled work steps and 

double responsibilities. Nevertheless, this sequence is consistent and 

currently hard to replace by a generally simpler method. 

Contrary to changing the entire process, the number of parts it applies for 

should be reconsidered. As discussed in Chapter 3.3, the material can be 

differentiated according to their criticality. This enables material planning 

for about 80% of the required parts on a rather long-term perspective. 

Together with the research results of the previous Chapter 4.1, it can be 

recommended that order strategy for these 80% can be set once. After 

that, the re-supply occurs automatically if the re-ordering point is reached. 

Nonetheless, it is important to review these order strategies regularly on a 

yearly or half-yearly basis. During such a review the order strategy is 

compared to the consumption history. Adjustments are implemented if 

there is a significant deviation. 

The remaining amount of 20% of the necessary spare part consists of A-

items and critical B-parts. For these, the previously described ordering 

process applies on demand, as it is suggested to keep none or only a 

minimum of inventory for these material classes. 

However, the basis requirement for material planning is directly linked to 

the ability to build up and store own inventory. This results in the need to 

analyse the different warehouses which are accessible for the repair 

station. This is presented in the following Chapter 5. 
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5 Logistics 

Logistics in the aviation repair business can be compared to spare parts 

logistics which are presented in this section. Research information on 

warehousing is linked to logistics, too. Under practical results, different 

warehouse types at the investigated company are discussed. A 

specification of an own warehouse for the repair station is described and 

well-founded. 

5.1 Spare Parts Logistics 

Similar to the goals presented in Chapter 4.1, Koether (2011b) defines 6 

“R”s as basic objectives for logistics. The right amount of the right objects 

should arrive at the right place at the right time in the right quality with the 

right costs. The objectives can also be concluded as the reliable supply of 

material and goods at optimal costs with optimal inventory. This task 

contains all procedures and tools for planning, controlling and operations. 

Regarding spare parts logistic, Doikas (2008) provides a definition which is 

more specific. The major task of spare parts logistics is to supply primary 

products such as machine tools, systems and equipment. Provisioning 

occurs preventively or reactively with spare parts like piece parts or 

consumables in order to secure optimal productivity and maximized 

availability of the primary product. This is fulfilled if the right part is 

delivered at the right time at the right place with lowest costs. Spare parts 

logistics cover the entire process chain from the provisioning at the 

outgoing goods section to the delivery of the part on site with success-

oriented coordination and realisation. 

Biedermann (2008) adds cost optimization, service optimization, stock 

inventory optimization, reliability maximization and availability maximization 

as efficiency criteria for spare parts logistics. 

As part of these processes, Johnson, Flynn (2015) point out the prime 

purpose of receiving goods which is one fraction of the TAT. It covers the 

confirmation if the placed order has actually arrived and if the shipment has 

been delivered in good condition. After checking the right quantity, the 

shipment is forwarded to the proper internal destination which can be e.g. 

storage or inspection. In addition to that, it needs to be ensured that proper 

documentation of the receipt is registered and accessible to all appropriate 

parties. 
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5.2 Warehouse 

According to Haaß (2009), the spare parts business usually operates a set 

of different warehouses. Standard parts and material that is used in several 

machines are stored in a central warehouse. This ensures the availability 

of spare parts to all the different components. Further logistic 

competencies are often located here as well. In addition to that, on-site 

stocks can be located in close distance to an asset in order to have 

specific items on hand in a very short time. 

Heerd (2006) names different warehouse strategies. A consignment stock 

provides the chance to lower storing costs and increase supply reliability if 

the customer can decide on what to stock and how much. Risky parts are 

preferably selected. However, vendor managed inventory can reduce 

labour costs for expediters and fixed lot-sizes lead to inflexibility. 

Nevertheless, the availability of parts is increased and it can be useful if 

the vendor can actually bundle its deliveries to have less transport costs 

and transferring these reduced expenses with lower prices to the 

customer. 

Johnson, Flynn (2015) split vendor managed inventory up into even more 

detailed approaches. Supplier managed inventory can be described as 

inventory stored by the supplier. This eliminates the buyer’s investment in 

own inventory and storage space. A part from that, jointly-managed 

inventory can be seen as an extension of vendor managed inventory. 

Here, both supplier and customer create a more detailed business process 

together in order to intensify involvement in sales and order forecasting. 

Regarding different types of warehouses, Jünemann, Pfohl (1989) list 

inventory stock, buffer stock and distribution stock. 

An inventory stock is used to compensate fluctuating demand. It provides 

material for production between two incoming deliveries for a longer 

period. This warehouse type has a lower turnover rate compared to buffer 

stocks 

In return, a buffer stock handles quite a high turnover rate. It is generally 

installed to compensate fluctuations between incoming and delivered 

goods in shorter time intervals. It is often used to link different work steps 

in a production. Both inventory and buffer stocks are mainly used to cover 

supplies over a time period. 
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The distribution stock keeps inventory and re-modifies the composition of 

loading units between incoming and delivery. Several picks can be 

combined into single shipments. In industry such a warehouse is often 

occupied by raw material and bought items. 

Koether (2011c) classifies warehouses according to their sort of material 

respectively goods as shown in Figure 12. 
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Figure 12: Warehouse Classification According Stored Material or Goods 

The European Aviation Safety Agency (2010a) requests in an amendment 

for AMC 25 (d) of Part-145 that aircraft components should be placed in 

storages facilities which are clean, well ventilated and maintained at a 

constant dry temperature to minimize the effects of condensation. In case 

that the manufacturer indicates further storage recommendations, these 

need to be followed. 

In the original version of AMC 25 (d) the European Aviation Safety Agency 

(2003a) adds following facility requirements. 

In general, the storage racks have to be strong enough to hold aircraft 

components. Special support needs to be provided if large aircraft 

components are stored in order to prevent distortion of the part. In addition 

to that, all aircraft parts should remain packaged in appropriate protective 

material whenever this is practicable. This increases chances to prevent 

the items from damage and corrosion during storage. 
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Heerd (2006) adds more storing characteristics. One critical factor of the 

stored goods is limited shelf life. The demand shelf life items should not be 

over-estimated. High volume of items in storage binds a lot of space. 

Furthermore, articles of high value tie-up a significant amount of capital. 

Moreover, dangerous goods require more efforts due to their impact on 

work safety as well as additional documentation and certification. 

Apart from that, Koether (2011c) lists following characteristics as most 

important for warehouse operations. Firstly, the storage capacity is defined 

by the maximum amount of pieces to be stored. Secondly, the amount of 

incoming or outgoing articles per time unit specifies the turnover capacity. 

As an alternative to that, the time to make an ordered item available can be 

a requirement. 

In addition to that, Koether (2011a) proposes the subsequent procedure for 

warehouse planning. 

To specify the requirements, following base date needs to be acquired. 

The types of goods and the types of containers to be stored influence the 

selection of the warehouse type. The amounts of storage places as well as 

the spatial extensions of the warehouse are set by the number of articles 

planned for storage. The turnover rate respectively the amount of 

movements per hours specifies the number of rows and warehouse 

operating tools. In case of seasonal volume or turnover rate the difference 

between average and peak utilization can be estimated. All these factors 

can be considered as ideal planning. 

The next phase is called real planning and is about finding answers to the 

following questions. Which area in terms of spatial size is actually 

available? What is the maximum height for the storing racks if they need to 

be integrated in an existing hangar? Which consequences do result from 

that for the further dimensioning of the warehouse? 

Subsequently, the detail planning is the last stage of warehouse planning. 

It is described by these questions. How is the height distribution of the 

storage containers in order to estimate the shelf dimensions? Which 

articles are linked to a high turnover rate? This enables the warehouse to 

be separated into different zones as well as to simulate the turnover 

capacity. Remaining details are further defined during the call for tender. In 
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this period suppliers place their offers containing specific information of 

layouts, capacity and prices. 

5.3 Practical Results 

This section begins with an analysis of the different warehouse types which 

can be used by the investigated repair station. An overview of all six 

different sorts of storage is provided by Figure 13. 

 

Figure 13: Accessible Warehouse Types 

The largest warehouse is the OEM’s central material management 

warehouse which is located a few kilometres away from the plant site. It is 

operated by a TPL. The contracted lead time for urgent deliveries is three 

hours and charged with an extra fee. 

On site three different warehouse types can be found which are on-site 

production warehouses, shop floor supermarkets and tool centres. 

Contrary to the central warehouse, there are single on-site production 

warehouses which are operated by the OEM’s own personnel. However, 

the TPL remains responsible for the internal transport from the warehouses 

to the shop floor. Depending on their location, material delivery can range 

from a few hours up to several days in case the warehouse is situated at 

another plant site, as the OEM is a multi-site company. 
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Shop floor supermarkets are placed in walking distance for the shop floor 

personnel. The same applies for tool centres. While tool centres are only 

used for tools and non-flying consumables, the shop floor supermarket 

supply small cheap items. They are refilled regularly by the TPL. Both tool 

centre and shop floor supermarkets offer reasonable short lead times and 

they do not result into extra handling charges. 

More storage options are located outside of the production area. Firstly, 

the OEM operates several spare part warehouses worldwide to fulfil its 

after-sales demand. Secondly, several vendor partners all over the world 

run their own after-sales warehouses. Contracts with the OEM offer the 

chance to check their stock levels, too. Material obtained from one of these 

locations is more expensive, as the prices in the after-sales business are 

much higher than the purchasing prices in the production environment. 

Moreover, express shipments are mandatory in order to keep a reasonable 

TAT of the aircraft component in the repair shop. Consequently, high 

delivery costs apply and they vary in a large range, as the location of the 

warehouse can be either in the same country or elsewhere in the world. 

Apart from these specific issues, there is one system-related finding that 

applies for all warehouse types. None of the storages offers the possibility 

to plan or reserve inventory for the repair shop. According to that, all 

warehouses need to be checked following the ordering process which is 

discussed in Chapter 4.2. As the warehouses are also accessible for other 

stakeholders from production or after-sales, required parts can be out of 

stock by coincidence. Overall, there material planning is currently not 

possible for the repair station. 

Figure 14 provides an overview of the warehouse types with delays and 

their operational connection to different repair orders. 



43 

 

Figure 14: Current State of Warehouse Types 

In consequence of that, the need is identified for an own warehouse which 

is only planned and accessed by the repair shop. First, requirements for 

such an internal storage possibility are collected and listed in order to 

approach and further develop this idea. 

Keeping the research results of Chapter 5.2 in consideration, a list of 

requirements is generated. The required conditions are grouped into 

physical, IT and accounting as well as operational prerequisites. In order to 

simplify a possible future call for tender, a criticality classification in terms 

of can, shall or must is allocated to every single requirement. 
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Table 7 lists all physical requirements for such a warehouse. The EASA 

requires certain storage conditions in terms of humidity and temperature in 

order to prevent condensation and corrosion. Furthermore, the agency 

demands sufficient space and support for the storing racks. In order to 

further develop the external and internal spatial dimensions, the amount 

and types of items to be stored are specified. In addition to that, different 

sections for dangerous goods and electrostatic devices are desired. 

Table 7: Physical Requirements for a Repair Shop Warehouse 

Physical Requirements 
Criticality 

Classification 

Minimum and maximum for humidity Must 

Minimum and maximum for temperature Must 

Minimum loading capacity of one storage rack Must 

Sizes and size distributions of the storage racks Must 

Number of items to be stored Must 

Types and type distribution of items to be stored Must 

Section for dangerous goods Shall 

Section for electrostatic devices Must 

 

All requirements which are related to IT or accounting systems are 

recorded in Table 8. In order to prevent obsolescence, the remaining shelf-

life needs to be visible for all parts as applicable. Additionally, it is 

important to keep electronic copies as well as the originals of related 

airworthiness certificates. The fact to keep a seamless traceability of every 

single part results in the required bookings for incoming and outgoing 

goods as well as the identification of parts produced under part 

manufacture approval. The latter are parts which are built under licence by 

a supplier which is not the OEM. Internal transparency demands the 

displaying of available quantity, price per piece, re-order and safety stock 

levels as well as the documentation of new or used items. To avoid other 

divisions to spontaneously acquire parts from the repair shop’s warehouse, 

the number of users with access to this inventory has to be restricted. 
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Table 8: IT and Accounting Requirements for a Repair Shop Warehouse 

IT and Accounting Requirements 
Criticality 

Classification 

Remaining shelf-life clearly visible in % Must 

Remaining shelf-life clearly visible in time units 

(either expiry date or number of remaining time units) 

Must 

Related Certificates are stored in one single section of 

the ERP-system 

Must 

Certificates remain physically attached to the part in 

storage 

Shall 

Certificates are available during the entire storage 

duration of a part 

Shall 

ERP-system shows booking of incoming goods Must 

ERP-system shows booking of outgoing goods Must 

ERP-system shows clear identification of parts with part 

manufacturer approval 

Shall 

ERP-system shows available quantity Must 

ERP-system shows re-order stock level Can 

ERP-system shows safety stock level Can 

ERP-system shows cost per piece Must 

ERP-system shows item classification “new” or “used” Shall 

Availability for a restricted group of users Must 

 

The operational requirements presented in Table 9 mainly relate to the 

necessary performance of a possible future TPL. Moreover, it has minor 

influences on the dimensions of the warehouse. In this list, the maximum 

delivery time for urgent and normal requests is specified. Furthermore, the 

expected operating days per week as well as hours per day are defined in 

accordance with the business hours of the repair station. In addition to that, 

the maximum time to take in new items is identified. Key performance 

indicators have to be generated to measure and control the warehouse 

operations. In case the customer sends additional equipment which is 

related to the main aircraft component, these items need to be identified 

and clearly allocated to the component. 
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Table 9: Operational Requirements for a Repair Shop Warehouse 

Operational Requirements 
Criticality 

Classification 

Maximum delivery time for urgent requests Must 

Maximum delivery time for standard requests Shall 

Warehouse operating times in weekdays Must 

Warehouse operating times in hours per day Must 

Key performance indicators for warehouse operations Must 

Maximum time to book received parts after arrival Must 

Direct allocation of buyer furnishes equipment Shall 

 

To support the approach of an own warehouse for the repair station, a 

business case is calculated. The business case compares the current 

costs for ordering and material transport with the concept of an own 

warehouse. In the current procedure costs occur for every item movement 

from stock to the shop floor. Additional fees apply due to the fact that every 

transport is carried out as express delivery. This is even more expensive 

when material needs to be obtained from any of the after-sales storage 

locations. Here, sample routes are selected to compare expenses. 

With a separate repair shop warehouse, material planning can be 

performed. Its goal is to implement standardized ordering procedure for 

80% of the required parts. These are ordered in advance, so no additional 

charges for urgent delivery requests apply. However, storage costs occur 

for all material on stock and some extra fees are expected for the 

remaining 20% of the items which are still acquired on demand. 

Nevertheless, the overall result of this business case supports the 

approach to manage own inventory. Table 10 sums up all costs which 

have to be considered for the described business case. 
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Table 10: Business Case for an Own Warehouse 

Costs of Current State Costs of Proposed Concept 

 Picking per item from internal 

warehouse 

 Additional fee for delivery per 

item with urgent internal 

transport 

 Administration for order from 

the after-sales section 

 Express shipment from external 

warehouses 

(sample routes) 

 Higher prices for parts from 

after-sales warehouses 

 Picking per item from internal 

warehouse (incl. standard 

internal transport) 

 Implementation of own 

warehouse location 

 Standard shipment from 

external warehouses 

(sample routes) 

 Operating own warehouse 

 Bound capital by goods on 

stock 

 Remaining fraction for external 

deliveries 

 

The five operations performance objectives which have been presented in 

Chapter 1.1 are applied to the concept of an own warehouse in order to 

identify further advantages. The speed of the operations is increased 

because the repair shop can respond quicker to the customer’s repair 

order. Costs for material provisioning are reduced. The dependability rises. 

Most of the required material is available on stock. This makes TATs 

shorter and more reliable. Quality is ensured by having all required 

certificates on hand. Flexibility is maintained because all other sources are 

kept for urgent material requirements. 

Additional advantages are identified while investigating the waste reduction 

from the lean perspective. Motion is reduced by having all items and 

documents at one single storage location. There is less waiting for the 

customer to receive a quote and less waiting for the repair shop to get the 

material. The number of urgent transports is minimized and over 

processing is decreased, since fewer orders are placed in total. 
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Figure 15 summarizes the operational and timely advantages of the 

proposed concept. 

 

Figure 15: Proposed State of Warehouse Types 
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6 Conclusion 

This degree project successfully describes a holistic concept for material 

provisioning for a repair business in aviation. The base approach is 

implemented in a sample repair station and a road-map for the consecutive 

development of the material provisioning concept is drawn. 

Figure 16 provides an overview of all results of this degree project. 

Following the main section of this thesis, theoretical and practical 

outcomes are outlined. The subsequent chapters investigate all results in 

detail. 

 

Figure 16: Overview of All Results 
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6.1 Theoretical Results 

Accurate demand forecasts are the key to optimized inventory decisions 

and inventory levels. Therefore, the selection of the correct forecasting 

method is essential. Further refinement of the demand estimation can be 

achieved by integrating the results of past material consumption. This 

underlines the importance of tracking all consumed materials and parts. 

Different characteristics can be taken into consideration while classifying 

material in the repair business in aviation. In this field, the EASA plays a 

major role because the agency defines specific certification requirements 

for different material classes. From the economical point of view, spare 

parts for a repair shop need to be differentiated according to their criticality. 

The ABC-analysis proves to be a practicable tool for this task. It is popular 

and therefore many different sources can provide support for this 

approach. In addition to that, the general idea is quickly understood and an 

implementation in practice is fairly easy to realize. 

After estimating the future demand and sorting the material into different 

classes, material management operations take over. In this field inventory 

levels and ordering processes are set. The aggregated information of 

demand forecast and item criticality build the essential base to take the 

best decisions in order to prevent stock-outs or over-stocking while always 

maintaining the ability to fulfil the customer’s demand. 

A special focus lays on the characteristics of spare parts logistics which 

are similar to the requirements for the logistics in the business of 

component repair in aviation where time is the most important objective. In 

order to support short lead times and a well-sorted inventory on stock, an 

own warehouse for the repair station is extremely helpful. Therefore, a 

specification for such a warehouse in the specific field of aviation repairs is 

presented. This completes the scientific approach within the scope of this 

degree project. 
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6.2 Practical Results 

All these previously summarized theoretical findings from the literature are 

successfully linked to and implemented in a sample repair station which is 

part of this degree project. 

Currently, the repair shop’s demand is forecasted by the help of selected 

experts from the operations management as well as the shop floor. At the 

investigated company it is crucial to have all used material properly listed 

in the local ERP-system. This ensures correct processes for ordering, 

inventory management, accounting and consumption. There is not yet 

enough consumption data history to refine the forecasting methods. 

However, a sample procedure is found to simplify the registration of new 

material in the ERP-system, so that information on item consumption can 

be available in the near future. 

In terms of material classification the OEM already pre-determines a 

cluster with own parts, vendor parts and standard parts. Minor certification 

issues with certain material or warehouse categories are investigated. 

Shop floor supermarkets turn out to be safe to use, while tool centres 

cannot provide flying items, as the traceability is lacking for this 

provisioning channel. In addition to that, parts which are on stock for such 

a long time that their certificates are no longer archived can be newly 

certified, provided they never left the OEM environment. Regarding 

economical criticality, a standardized procedure is implemented. It can be 

used for every component which is added to the capability list of the repair 

station. The solution is realized in a normal spreadsheet which saves time 

and provides the chance for future adjustments as well as the same base 

data for upcoming extending developments. 

The actual material ordering process is fairly complex due to the pre-

defined system structure of the OEM section. This leaves hardly any 

flexibility to improvement the process itself. Only few redundancies can be 

abolished. As further optimization of the ordering procedure is not possible, 

the advantages of the criticality analysis are helpful. Instead of going 

through the ordering process for every single item, it is only conducted for 

A-items and critical B-items. The remaining roughly 80% of the required 

material is ordered on an automated regular basis. 
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In order to enable the continuous ordering of most of the parts, the 

possibility to hold inventory which is directly reserved for the repair shop 

becomes necessary. Therefore, an own internal warehouse is needed and 

the last chapter contains all important information for that. A specification 

defines all requirements. In addition to that, a business case as well as 

various advantages for the customer, the operations and the fulfilment of 

lean principles underline the approach for own inventory. 

6.3 Outlook on Future Work 

As the scope of this thesis is limited, there is potential for further future 

work in the field of material provisioning for repairs of aviation components 

which is supported by several authors of scientific publications in the same 

research area. In Chapter 2.2 van Jaarsveld (2013) and Romeijnders et al. 

(2012) underline the importance of material consumption tracking and 

provide ideas for further optimization for material provisioning. The 

scientific paper of Bacchetti, Saccani (2011), mentioned in Chapter 3.3, 

offers an extensive list of various authors who have investigated the 

analysis of item criticality for spare parts. 

In addition to these scientists, Persona et al. (2007) propose an 

optimization model for manufacture to order or assembly to order systems 

which can be considered as similar to the business of a repair shop in 

aviation. In their model they offer two approaches to optimize safety stock 

levels for subassemblies and components. As the design of the aircraft 

components is not part of the repair shop’s business, the idea of modular 

design is probably not helpful. However, the method of a super bill of 

material identifying parts which are multiply used can be part of future 

research for the repair shop business. 

Similar to the theoretical section of this thesis, the practical chapters leave 

a few issues to be solved after the completion of this degree project. A test 

run for the implementation of new material data in the ERP-system is 

successfully completed. Now, a standard procedure between the involved 

departments has to be negotiated for the future daily business. Once the 

material is fully introduced to the ERP-system, a direct link to the OEM’s 

procurement department exists. However, the problem of the available 

procurement channels persists. Currently, many items are acquired for the 

repair shop through the after sales market resulting in higher costs and 

longer lead times. Therefore, it is desired to switch as many parts as 
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possible to the OEM’s procurement, because purchase prices for 

production are usually much cheaper. Furthermore, the segregation of 

consumables into flying and non-flying remains unclear. An official 

question towards the EASA as responsible authority can solve this issue. 

In the long-term perspective, the implementation of an own warehouse will 

take time. A consignment stock for items delivered by the after sales 

market provides an interim solution. It can be stocked by normal 

transportation and this minimizes the costs for worldwide express 

shipments. 

The spreadsheet for the criticality analysis is developed on component 

level. This means, each repair component gets its own spreadsheet which 

is useful to start collecting data in a standardized procedure. Nevertheless, 

this can be refined. Once all components have a properly filled list of the 

criticality of their sub-items, the next step can be approached in the further 

future. The step will cover the combination of all spreadsheets in a single 

data base. This enables the chance to find more communalities as well as 

the opportunity to conduct one criticality analysis for the entire inventory. 

The last step contains the implementation of this data base in the ERP-

system enabling direct links to departments such as procurement, 

accounting and logistics. 

Overall it can be stated that the foundation for a competent material 

provisioning concept is implemented. Open tasks for the near future as 

well as development potentials for the long-term perspective are identified 

in order to smoothen related operations even more. 
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