
 

MG202X Degree Project in Production Engineering Master Thesis paper 

Adrien DELAMARE KTH Royal Institute of Technology 

 

 

 

 

 

 

 

 

Cost Reduction Key Drivers Within a Small Batch 

Aerospace Manufacturing Line 

 

by Adrien DELAMARE 

adrien.delamare@kth.se 

July 2015 - January 2016 

KTH Supervisor: Amir Rashid 

Airbus DS Supervisor: Morgane Fessard 

 

 

 

 

 

 

 

 

 

 

 



  Master Thesis paper 

Adrien DELAMARE  KTH Royal Institute of Technology 

 

     2 

 



  Master Thesis paper 

Adrien DELAMARE  KTH Royal Institute of Technology 

 

     3 

Abstract 

This report details my work at the endpoint of the internship I spent within the Composite 

Manufacturing Unit of Airbus Defence & Space in Les Mureaux, France. It is as well the 

conclusion of the master’s program in aerospace engineering that I attended at KTH Royal 

Institute of Technology, Sweden. 

This document gives an overview of the cost reduction key drivers within a small batch 

aerospace manufacturing line. Some of the suggested leads developed in the paper have been set 

up in the past on the composite production lines and are proving their value. Some others are 

currently being deployed within the scope of a large cost reduction program called "Cap 

Composite". Finally some of them are my own responsibility since I have been in charge of 

developing them or taking them a few steps further.  

The internship took place within the ULR (ultra-light reflector) manufacturing line. As 

mentioned in the problematic, it is a small batch manufacturing line and most of the mentioned 

points of the report are applied on it. 

On the one hand, cost reduction drivers have been investigated to finally come up with a few 

guidelines to efficiently organize the production. The importance of management, the benefits of 

smart design and industrialization of the products, but also the workshop-oriented lean 

approach will be explained. 

On the other hand, the second part of the report will propose extended information about my 

missions within the manufacturing unit and the results that were engendered. I will also give my 

personal opinion and feedback about my different assignments and more generally my 

internship. 
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1. The company and the general scope 

1.1. Airbus Group 

The 10th of July 2000 the European Aeronautic Defence and Space Company (EADS) was formed 

by the merger of several European companies. In January 2014 EADS became Airbus Group. 

Airbus Group is a multinational corporation in aeronautics, space and defence-related services. 

It is fair to consider Airbus Group as the European leader in the aerospace and defence industry. 

Airbus Group is divided in 3 different subsidiaries. The most important one is Airbus, which is 

responsible for manufacturing aircrafts.  Airbus Helicopters is one of the world's leaders in civil 

and military helicopters' business. The third one is Airbus Defence & Space. 

 

Figure 1-1: Airbus Group organisation 

1.2. Airbus Defence & Space 

Airbus Defence & Space is one of the three subsidiaries of Airbus Group created in January 2014, 

built up from the merger between Cassidian, Astrium and Airbus Military. Space and military 

activities of Airbus Defence & Space represents about 38 600 employees and a turnover of more 

than 12 billion euros. Airbus Defence & Space is the European leader in the defence and space 

industry, with a large range of products such as the Eurofighter military aircraft, the A400M 

military transport aircraft, and of course the Ariane rocket family with the current Ariane 5 

heavy launch vehicle. 

The site of Les Mureaux is located 40km west of Paris, and gather about 1900 employees. The 

site comprises most of Airbus DS central offices, with simulation and validation platforms, 

project management services, large metallic and composite structure manufacturing plants, plus 

the integration of the Ariane 5 Cryogenic Main Stage. 



  Master Thesis paper 

Adrien DELAMARE  KTH Royal Institute of Technology 

 

     8 

 

Figure 1-2: manufacturing site of Les Mureaux [2] 

1.3. The composite manufacturing unit 

The composite manufacturing unit is composed of 4 different workshops and 2 services:

 

Figure 1-3: organization chart of the composite unit 

1.3.1. Performance measurement 

The person in charge of Industrial Performance measurement is held accountable for the 

following: 

- scheduling the use of all the common material resources. 

- taking into account the needs of the different workshops and allocating the human 

resources accordingly. 

- developing robust tools to keep track of the manufacturing performance of the different 

projects. The KPI (key performance indicators) are to be identified depending on the 

structure of the project, on the project steering degree of accuracy, and on the timescale. 

These KPI are necessary to oversee the manufacturing efficiency, the estimated cost at 

completion of a project, and potential unexpected drawbacks. 

1.3.2. Methods and Industrialisation Department 

The Methods and Industrialisation Department is the service responsible for providing the 

workers the material means to manufacture any product, but also the manufacturing sequences. 

More generally, the Methods and Industrialisation Department is held accountable for the 

smooth running of the manufacturing process. 

Manufacturing 
composite unit 

Performance 
measurement 

Process 
planning 

department 
ULR workshop Sylda workshop 

Tube & 
Dispensers 
workshop 

M51 workshop 
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This department is also responsible for manufacturing processes evolution, investigating new 

technologies and very important, influencing the design of the product in agreement with the 

Research & Development Department to allow the use of new technology. 

1.3.3. ULR workshop 

The ULR workshop is the place where I actually did my internship. Morgane F. is the workshop’s 

Supervisor and my internship supervisor too. She is responsible for planning the work, 

allocating human and material resources. She is also in charge of making the manufacturing 

process as easy as possible, solving the problems while involving the proper services when 

necessary, such as the Technical Control Department, the Quality Control Department, the 

Methods and R&D departments and the Project Management. 

ULR stands for Ultra-Light Reflectors. These satellites antennas are used for satellite's 

communication from and towards Earth. They are the main functional components of any 

satellite to broadcast a signal, and can be compared to large satellite dishes. 

 

Figure 1-4: distribution area of a shaped ULR (left) and of a parabolic ULR (right) with dissipated power lost 

in the sea [2] 

Contrary to all expectations, each ULR is unique and cannot be swapped with the one next to it. 

The shape of the ULR is not completely parabolic, and has some bumps so that the direction of 

the broadcasted signal perfectly fits with the shape of the country or continent aimed for. It 

avoids signal power to be wasted in unnecessary territories (see Fig 1-4). Therefore one cannot 

talk about mass production and its specific manufacturing methods, but more about batch 

production or almost single copy production.  

 

Figure 1-5: ultra-light reflectors put up on a satellite [2] 
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One could divide the production of the reflectors into the following steps: 

- metallic and composite primary parts production (tubes, coupling sleeves...) 

- shell manufacturing with a honeycomb sandwich inner structure 

- backing structure assembly using primary parts 

- assembly of the backing structure and the composite shell 

Globally the valuable skills of Airbus when manufacturing a composite antenna are the 

operations of draping the composite plies and bonding the different parts together. In the end 

this product weighs between 12kg and 30kg depending on its size and its broadcasting 

frequency. The diameter can vary between 2.2m to more than 3.5m. 

 

Figure 1-6 : ULR architecture [2] 

1.3.4. Other workshops 

Sylda workshop 

The Sylda component is short for "Double launch system of Ariane". It is a mechanic structure 

that allows Ariane to launch two satellites weighing up to 10 tons on the same flight. One Sylda 

weighs no more than 500kg, and the production rate is about 6 per year. Once again the 

production can be divided in a few elementary steps: 

- primary parts production (lateral panels, top and bottom cone) 

- assembly and bonding of the different parts together 

- customization of the Sylda depending  on the satellites geometry and design 

Shell 

Backing structure 
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Figure 1-7: Sylda workshop and cross section of Ariane launch vehicle [2] 

Tube & dispenser workshop 

The central tube is literally the spine of a satellite. It is the inner structure of a satellite that 

allows it to withstand the gigantic loads during lift off. Nevertheless, the central tube remains 

extremely light (less than 100kg for a diameter of 1.2m and height of 3m) compared to the total 

mass of a satellite, that can reach up to 5 tons.  

 

Figure 1-8: Central structural tube of a satellite & Dispenser carrying several small satellites [2] 

The dispenser is once again a composite structure that permits launching into orbit a large 

amount of small satellite called a constellation of satellite. The objectives are to maximize the 

payload and to reduce the weight of the structural components. 

M51 workshop 

The M51 is the French ballistic nuclear deterrence missile. The fairing of this missile is 

manufactured within the composite manufacturing unit of Les Mureaux. This fairing is very 
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specific since as the missile is submarine-launched, the missile first evolves under water then in 

the air. It consequently needs to be both hydrodynamic and aerodynamic. 

 

Figure 1-9: M51 nuclear missile evolving in both water and air [2] 

1.4. The ULR production line challenges 

1.4.1. Very high technical requirements 

Unlike in the aeronautic industry, composite structures in aerospace are usually not associated 

to low costs. Traditional design methods are very time consuming, materials and manufacturing 

processes very expensive as well as labor-intensive. One of the reasons is that in the aerospace 

industry, customers are ready to pay the price that will ensure them high standards of quality 

and reliability, not to fail launching a fully operational satellite in space because of a too tight 

budget. 

Here are few technical requirements that have to be taken care of during the antenna 

development, and kept in mind during the manufacturing process. 

- Low mass to minimize the cost of launching a satellite in space 

- Specific antenna shapes, to target precisely an area on the ground 

- Diameter of the shell must be in line with the wave type 

- Materials used must endure high thermal gradient, charged particles, strong vibrations, 

specific wavelength reflection, vacuum etc. 

- Fulfill very restrictive dimensional requirements, especially on the shell shape 

1.4.2. Production rate and planning 

The production line works on a fully Make To Order (MTO) basis. Manufacturing starts only after 

a customer's order is received, no primary parts except the junction sleeve are manufactured 

prior to the order. Concerning the production rate, we’re talking here about a small batch 

manufacturing line and several units produced every year. There are not hundreds of ULRs 

manufactured every year. 

1.4.3. A large range of products 

As it was previously mentioned in paragraph 1.3.3, the ULR product is very specific. Indeed, 

despite similar architecture using a backing structure plus a honeycomb sandwich composite 



  Master Thesis paper 

Adrien DELAMARE  KTH Royal Institute of Technology 

 

     13 

shell, each backing structure is different and each composite shell has a different shape. In the 

past years the range of products used to be less large, and it recently became wider to fulfill the 

customers’ very specific needs. 

  

Figure 1-10: existing types of reflectors (1/2) 

 

Figure 1-6: existing types of reflectors (2/2) 

During my internship I have seen either completely finished either partially 1 ULR F, 1 ULR T, 1 

ULR MSRA, 1 ULR U, 3 ULR G, 2 ULR N, 2 ULR P, 1 ULR R and 1 ULR S. One can therefore realize 

the wide range of manufactured products. 

1.4.4. A competitive market 

Airbus Defence & Space products in the antenna market are very appreciated from their 

customer all around the world for their very high quality and reliability. Yet prices remain too 

high, over 30% higher than Canadian competing products. This is why it is necessary to reduce 

drastically the manufacturing cost to reach the market price, while of course securing its high 

quality and standard.  

1.4.5. Agreed common objectives 

Within the scope of the continuous improvement project ULR Neo, different objectives were 

given. 

- Mastering the estimates and agreeing on manufacturing reference costs  

  ULR R ULR S 
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- Reducing by 20% the manufacturing costs on the ULR production line 

- Drawing lines of thought for potential future improvements leading to cost reduction 

2. Theoretical overview 

2.1. Managing and steering efficiently 

2.1.1. Define key performance indicators 

In order to follow the evolution of the manufacturing costs, whether it is about raw materials or 

manufacturing hours, it is necessary to develop indicators that will genuinely express the state 

of the actual performance. These indicators have different objectives: 

- evaluation of  the performance of the process linked to the indicator 

- diagnosis and develop potential curative or preventive measures 

- communicate on the accomplished performance 

- motivate the people invested in a project 

Furthermore, the KPI must feature a scale (whether it is about time, money, number of items 

etc.) conveniently chosen and appropriate to the process to follow. On the one hand if the scale is 

too large, following the process will not be heavy work but the indicators will not bring very 

useful information. On the other hand if the scale if too thin, the information will be too 

numerous and it might be hard to interpret the data. Of course these data will be harder to 

gather. 

Finally, one important thing to point out is that having an indicator that expresses a marked 

decrease in "subtask A total cost" is pointless if one does not state clearly the boundaries and 

signification of this "total cost". Thus a reference must have a clear perimeter and be well 

situated in time. 

Applied example on the ULR manufacturing line 

 

Figure 2-1: performance indicators about ULR production (modified data) 

On the ULR manufacturing line, there is a weekly meeting to discuss the evolution of different 

criteria that matters. They can express either cost performance, quality performance, or time 

(planning) performance. In the following table one can see the cost performance on several 

subtasks (bare shell and backing structure) of two different products (ULR P and ULR N). 

    ULR 1     ULR 2 
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2.1.2. Going further: the DMAIC tool  

Once performance indicators have been developed, the performance managers and the unit 

supervisor can have a clear vision of what project resources are used in comparison to the 

estimated cost at this time of the project. Therefore they can clearly state whether the project is 

going in accordance with the planning and the allocated budget. 

In situations where managers and supervisors are in limbo concerning a particular subtask of 

the product, it can be interesting to get a better understanding of what happens. A subtask can 

be new for the Methods and Industrialisation Department, and the workers might have little 

experience on this particular work. The managers are reporting a mediocre performance, it is 

necessary to find preventive or curative actions. 

Having a better understanding of the process 

The DMAIC analysis is a tool that is data driven, to improve business processes and designs. 

DMAIC stands for Define, Measure, Analyze, Improve and Control. Using the results of such an 

analysis, starting from a very complex process composed of several steps, lasting several days 

and carried out by many workers, one can point out: 

- the tasks that are really bringing added value to the product, such as following step by 

step the manufacturing sequences, draping composite plies or fitting two composites 

parts before bonding 

- the tasks that are not bringing any added value to the product, but are still useful to the 

manufacturing workshop and the product. It can be for example the time needed to read 

the manufacturing sequence, or to clean the work station 

- the tasks that are not bringing any added value at all. This time is a complete waste, and 

can be of several form, such as waiting for further instruction, walking all across the 

workshop to find raw materials, looking for a particular tool that is no longer where it is 

supposed to be etc 

Thus out of a total working day, the DMAIC tool can point out the amount of time spent on 

particular manufacturing sequences, but also the time wasted doing useless work. These results 

can be pretty surprising for the workers as well as for the managers. An action plan is 

implemented to reduce the wastes and the useful non-added value tasks. 

 

Figure 2-2: DMAIC 5 steps 

In a few words, the 5 steps of the DMAIC analysis are the following: 
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- Define the extent of the process to be analyzed. This step should be done with a team 

coming from different services, such as workers, unit supervisor, a member of the 

methods department etc 

- Measure objectively the performance and the potential gap between and ideal 

production and the actual one 

- Analyze the data and find the root causes of the problem. Everything cannot and should 

not be corrected, but select 3 or 4 problems, find the root causes and the actions plan 

- Improve the process based on the improvement actions found earlier in the DMAIC 

analysis, using a potential PDCA cycle (Plan - Do - Check - Act) 

- Control the improvements to ensure continued and sustainable gains. 

This DMAIC work can be hard to implement on the field. Indeed, the workers can feel that they 

are being under heavy policing and that they are being blamed for all the results. Yet it is very 

important to communicate the objectives of such a tool. It is a good way to create a synergy 

between the different services and to work all together instead of easily blaming the service next 

door without taking any responsibility. 

The effectiveness of the DMAIC analysis lies in the fact that the workers themselves are giving 

leads on what they feel is not added value to a process. It is their daily work that is being 

analyzed, so they often have very interesting propositions but not always the means and the 

occasions to express it. 

Applied example on the ULR manufacturing line 

 

Figure 2-3: DMAIC analysis on the ULR F bare shell (modified data) 

DMAIC analyses have been developed during the past months before my internship on the ULR 

manufacturing line. These analyses have brought several conclusions and potential 

improvements, which were currently under development during the time of my internship. 

2.2. Smart design and industrialisation 

2.2.1. Standardisation and delayed différenciation 

Standardisation benefits and limits 

Standardization was one of the strong guideline in Fordism, facilitating mass production using 

the same primary pieces for a large range of vehicles for example, the amount of different 

references decreases and the work was much less time consuming. 

1 
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Nevertheless one characteristic in the aerospace industry that has to be taken into consideration 

here is that total mass of the product really matters. Sending into space 1 more kilogram 

increases the bill of more than 10 000 euros. 

Drastically decreasing the number of available references results in having much less design 

choice opportunities to solve highly technical problems. For instance, when usually designing a 

square backing structure with 10 available tubes references, you only have 2 references left due 

to strong standardization process. To satisfy the same mechanical properties for the backing 

structure, the final design choice will be less optimized if you only have 2 possible references to 

use, i.e, you would have to use 6 standardized tubes instead of 4 specific ones to satisfy the same 

mechanical properties. The backing structure is heavier, the customer is not satisfied. 

 

Figure 2-4: standardization key drivers. What about delayed differentiation? 

As seen is the above figure, standardization has very interesting benefits, but also a few 

drawbacks. Thus a tradeoff is necessary to balance the drawbacks of a too advanced 

standardization inducing a higher mass of the final product, versus its benefits which are 

manufacturing cost reduction and easier organization. Another potential solution could be the 

use of delayed differentiation. 

Potential benefits of delayed differentiation 

Delayed differentiation or postponement could partially be the solution to the previous problem. 

It is a concept in supply chain management that consists in starting making a generic or family 

product, that is not associated with any customer, and later differentiate the product into a 

specific product. This concept has many advantages, especially in an industry where every single 

product answers to a Make To Order rule. Here are a few of the main advantages: 

- keeping the benefits of mass production in the first part of the manufacturing line before 

the differentiation takes place 

- staying quite flexible while having the possibility to assign a common reference to one 

product or another 

- keeping the benefits of a large number of available references once the generic products 

have been differentiated 
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Applied example on the ULR manufacturing line 

In the particular case of the ULR manufacturing line, standardization or even delayed 

differentiation might be of some interest when designing carbon fibers reinforced tubes for the 

backing structure. Indeed so far, composite reinforced tubes can have: 

- a different type of fiber and epoxy resin, depending on the type of ULR (perforated or 

solid sheel) 

- a different number of layer 

- different types, either square either rectangular 

- specific carbon internal or external reinforcements, with adaptable positions 

- different length up to 2 meters long. 

 

Figure 2-5: hypothetical positions for standardized tube with delayed differenciation (on the right) 

In the previous figure, in order to manufacture 2 tubes of 1 meter long, with a particular position 

for the reinforcements, one can therefore manufacture only 1 tube of 2 meters long, and then cut 

it in half to get the desired tube. One can also potentially remove one of the carbon fiber type 1 

plies, since carbon fiber type 2 has better performances.  This solution could be interesting in 

terms of production, but it needs to be validated through simulation to check the mechanical 

characteristics and the mass of the final product. 

2.2.2. Improve the current manufacturing processes 

Working in the aerospace industry implies that all the implemented processes have been 

developed and qualified through very important qualification tests, undergoing a large specimen 

manufacturing campaigns. These high standards are necessary to be 100% sure that the 

products are completely reliable, that the potential risks are reduced to the minimum, and that 

investing into Airbus Defence & Space products is worthy. 

Moreover to set up the context, the composite manufacturing unit is working with small batch 

production, and composites technology is particularly tricky, with models and manufacturing 

processes still being currently developed. As it was mentioned earlier in this report, the ULR 

x plies of carbon fibers type 1  (x-1) plies of carbon fibers type 1  
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production line manufactures about 15 antennas a year. Therefore the means and objectives are 

completely different from the ones in the automotive industry where the production cycle scale 

must be the minute. 

Surface preparation before bonding and peel ply 

Most of the time manufactured composite parts are not used alone and have to be mechanically 

joined either to other composite materials, or to metallic parts. Either way, there are several 

ways to bond these materials: 

- mechanically join the two parts together using a rivet or a screw for example. This 

process is pretty robust and easy to implement. Yet it has some drawbacks, lightness is 

often the objective when using composites, and rivets are making the product heavier. 

Moreover composite are not isotropic materials, and drilling a hole in the composite 

creates a start for cracks. 

- chemically join the pieces together, whether it is a composite composite joint or a 

metallic composite joint, using an adhesive. It is more difficult to implement, the process 

has to be well controlled, but it is very light and efficient. 

A chemical joint requires a proper surface preparation, both on composite and metallic 

materials. There are several ways to prepare the surface before bonding: 

- by hand using sandpaper abrasion plus solvent wiping 

- through grit blasting with alumina, silica or other abrasive material 

- surface preparation using peel ply 

- laser treatment 

- plasma treatment 

Applied example on the ULR manufacturing line 

In the composite manufacturing unit where I have done my internship, some previous 

researches and trials have been made years ago about the potential benefits of using peel ply for 

Automatic Fiber Placement use only. Therefore so far sandpaper abrasion along with solvent 

wiping is preferred since it offers a very good surface aspect and high mechanic strength. 

In the past year, peel ply surface preparation before bonding gained attention since one of the 

worker on the ULR manufacturing line proposed to study this process, having already dealt with 

this process in one of his previous job. I have been in charge of steering peel ply surface 

preparation feasibility trials, explained in further details in Part 3. 

2.2.3. Subcontracting, sometimes a more profitable way to manufacture 

The interest of subcontracting 

In every manufacturing process, there are primary parts or subtasks that are the main specialty 

of the company and represent an important part of the added value in the final product. These 

subtasks are the key skills of a manufacturing site, and must be produced internally. Concerning 

the composite manufacturing unit of Les Mureaux, the key skills and the main added value in the 

ULR production line are the manufacturing of the sandwich-structured composite shell. The 

assembly between the backing structure and the cured shell is also a key step when 

manufacturing an antenna. Both of them require high dimensional accuracy. 
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On the other hand, there are also some parts that are not strategic skills and that could be 

manufactured externally. It is even vital for a company to subcontract some of its production. 

Otherwise in a competitive business the company can be too expensive because of having a too 

wide field of expertise. Here are a few advantages and drawbacks when choosing to subcontract: 

 possibility to lower the cost  

 allow the company to allocate its resources towards strategic work only 

 give access to another field of expertise than the one of the company  

- lower the control on the subcontracted products 

- a company can become too dependent of its subcontractor, and cannot change easily if 

the quality or the delay are note sufficient 

Applied example on the ULR manufacturing line 

Concerning the ULR manufacturing line, the angle brackets are already manufactured by a 

subcontractor. These are small carbon fiber reinforced parts that are the links between the 

honeycomb-structured shell and the backing structure. They are bonded to the shell and the 

tubes using a chemical adhesive. 

Noticing the amount of hours spent manufacturing some primary parts, compared to the added 

value brought in the final product, Projects Managers have decided to study in further details the 

potential benefits of subcontracting junction sleeves and tubes. This study will be detailed in 

Part 3, since I have been partly working on this Make or Buy analysis. 

 

Figure 2-6: angle bracket and junction sleeve [2] 

2.3. Facilitate the workers' efficiency 

2.3.1. 5S approach 

The 5S method is a Japanese management methodology that aims continuous improvement 

within a company, through organizing the work space for efficiency and effectiveness. These five 
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S in the initials of the five Japanese words: seiri, seiton, seiso, seiketsu, and shitsuke. Translated 

into English their meaning is: 

 

Figure 2-7: 5S methodology and its 5 fundamentals steps 

Here are the main important ideas to remember about the five steps of 5S methodology. 

- Sort: keeping only what is really useful for the job, take care of the wastes, prevent 

accumulation of the waste 

- Set in order: all necessary items must have a defined place, otherwise they are not 

necessary. Prevent loss and make the objects easy to find, with smooth workflow 

- Shine: clean the workplace, prevent the machinery from deterioration and keep the 

workstation safe 

- Standardize: make the best practices obvious for everyone, the same goes for using and 

sorting out the workplace 

- Sustain: perform regular audits, make the practices last and a regular behavior 

Lean manufacturing and 5S methodology are applied to a large variety of industries. Yet, while 

implementing 5S methodology within a workshop, one must pay attention to the image that 

already has 5S methods, but also the image that one is going to transmit when introducing the 5S 

methodology. It is very important to teach and explain the all package, and not only the parts 

Sort and Shine that would make the 5S methods look like a big spring-cleaning.  

Applied example on the ULR manufacturing line 

Since I myself had the experience to launch and implement 5S methodology within a part of the 

ULR workshop, further information will be given about 5S method in Part 3. 

2.3.2. Encourage greater commitment to success together 

The goal of management is not simply to direct and control employees seeking to shun work, but 

rather to create conditions that make people want to offer a maximum effort. High commitment 

management [1] believes in Natural Theories of Motivation rather than rational ones. Among 

others, work is believed to be as natural as to play or rest, and that people are naturally seeking 

for responsibility. High commitment management is currently almost considered as a universal 

method, seen to be effective in companies. 

Applied example on the ULR manufacturing line 

There are several examples at the composite manufacturing unit that are going in this direction. 
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First of all, on the ULR manufacturing line the supervisor Morgane F. tended to empower the 

workers and to commit them to the product or sub product they have to deliver. When the 

planning is allowing it, instead of assigning a task to 4 or 6 workers, only 1 or 2 of them were 

assigned to this particular task. As a result, the job is the responsibility of 2 workers, which 

makes it more interesting and stimulating. The final product is the result of one's commitment, 

without them the work would not have been done this way. 

Moreover, each year every employee at Airbus Defence & Space is getting yearly objectives. 

These objectives are agreed by both the manager and the employee, and must be fulfilled during 

the year to get one part of the yearly bonus. It can seem like the choice is between the carrot and 

the stick, yet that is not entirely true since these objectives are set up and agreed by the 

employee. It is a way to challenge the person. An interesting fact is that the "Feasibility trials" 

studied in Part 3 are originating from a worker's improvement idea, and that its yearly 

objectives were to go through with this proposal. 
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3. Main work achieved 

3.1. Manufacturing line capacities and costing tool development 

3.1.1. Background and objectives 

The scope here will be limited to the ULR products, and to the manufacturing department, which 

includes Methods and Industrialisation services, the Technical Control Department, the 

supervisor and managers, and of course the blue-collar staff. 

What is costing? 

Costing consists in estimating what will be the final manufacturing price of a product if this one 

goes through all the manufacturing steps, according to the specifications given in the call for 

tenders. One of the person in charge of costing is the Industrial Authority (IA) who belongs to 

the Methods and Industrialisation department. 

Each times the project managers are receiving a potentially interesting call for tenders, it 

triggers several steps of costing. Of course the degree of costing accuracy is not the same 

whether it is the first round of proposals, or the signature of the contract. 

 

Figure 3-1: the different steps of costing 

What are the current problems? 

As explained in Part 4.5 about the ULR production line challenges, one reflectors is always 

composed of one sandwich-structured shell and one backing structure. Yet despite their similar 

appearance, they are often involving different diameters, different primary parts and 

manufacturing equipment. In 2014, the unit used to manufacture mostly ULR F and ULR G, in 

2015 they manufactured two derivated products the ULR U and ULR T (see Figure 1.10). 

Moreover as explained in the previous paragraph, when answering one call for tenders there are 

at least three different levels of costing with different magnitude of accuracy. 

Finally, a costing price must involve a large number of parameters, such as the manufacturing 

and quality control hours, raw material costs, subcontracting services, and other inputs from 

R&D services and project management. The quantity of data and interlocutors makes costing a 

very heavy step that takes a lot of time. It happens that mistakes are made, and that some data 

are irrelevant with the actual capabilities of the manufacturing unit. 
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Figure 3-2: costing difficulties and resulting problems 

For instance, when I arrived on the ULR manufacturing line, there were some inconsistencies 

between what has been sold to the customer, and the actual possibilities in the workshop. The 

estimate of the Kevlar mosaic manufacturing time was twice the one needed, whereas the 

estimate of the solid shell was not realistic. Since manufacturing performance is based on the 

estimates, it was a problem during weekly meetings when analyzing the performance: "Why are 

we exceeding the shell budget by 50% here?" 

What already exists? 

Currently, exaggerating a little bit it might look like the following. For each new estimate a new 

Excel file is opened, the IA is using the information of a previous similar estimate to draw up the 

new one. Yet some inputs have changed so the IA is using the last estimate that he has done to 

get the most recent inputs. 

This is a bit of an exaggeration but globally this is the way it currently is. The person in charge of 

making these estimates also has few automatic tools, but not achieved at all. 

What is expected from the solution? 

The solution is expected to solve the different problems exposed in the figure above. Here are a 

few important characteristics that must handle the costing tool: 

- quick and approximate estimates from the type of ULR (ULR F, ULR M etc.) and the 

diameter of the shell 

- possibility to change precisely the composition of the product, such as modifying the 

types of tubes, the number of links between the backing structure and the sandwich-

structured shell etc. 

- handling configuration management and versions. One must be able to trace the 

modification of any input data. 

- each input data such as manufacturing time to realize operation X must have a detailed 

perimeter of validity, and a reference 

Any change in the previous features must update the outputs of the costing tool such as 

manufacturing hours, quality control hours, raw materials quantities and costs. The output data 
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are to be gathered in convenient tables that are available on demand, depending on the user's 

needs. 

3.1.2. Construction of the costing tool and architecture 

Together with Joël H. the IA on the ULR production line, we decided that Excel would be 

sufficient software to realize this tool. Using powerful tools such as macro, pivot tables, and 

Excel's very useful formulae, there should not be any limit to the problem, except my own ability 

and knowledge about how to use Excel. I already knew at the time some fundamentals in Excel 

macro and common utilization, but with time and efforts, I managed to solve myself most of the 

problems I have encountered. 

The beginning was very hesitating and neither Joël nor I had completely in mind what was going 

to look the final costing tool. A lot of functionalities have been added all along the development 

of the project. 

 

Figure 3-3: ULR costing tool structure diagram 

In the figure above are gathered all the important features that must have the tool. Using former 

Excel documents used to draw up the estimates, the costing tool must have at least the following 

sheets: 

- Detailed costing: gather all the fundamentals steps of an antenna production, from the 

writing of the manufacturing sequences in the Methods department, by the use of the 

common machinery resources, going to the smallest amount of hours spent working on 

the product in the workshop. This data sheet will work as a big pivot tables and 

centralize all the necessary information. 
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- Standard structures: gather all the elementary parts of the different backing structures, 

such as the number of links with the shell, the number of tubes, types of tube, necessary 

length of carbon fiber, the cost of specific subparts etc. 

- Standard shells: for all the elementary parts of the different types of sandwich-

structured shell, such as number of required pieces of honeycomb, what types and 

quantities of plies to drape the shell etc. 

- Settings: to set what type of ULR you want to estimate, which shell and which backing 

structure? 

- Cost: gather all the necessary data concerning the cost raw materials and consumable 

materials. 

- Allocated Times: gather the production, control, machinery resources allocated time for 

all the potential elementary tasks to realize within the composite manufacturing unit. 

- Tool Version: to feature configuration management and keep track of the modifications. 

- Outputs: one or more output sheets that are using pivot tables to extract the wanted 

information 

Theoretically, developing an Excel document having all the Excel worksheets mentioned above, 

with the proper links between them to get the right information should satisfy the required 

initial objectives. All the work lies in the smart construction of each one of these sheets, so that 

the links are easy to set in place, and that adding information here, a line or a column there, will 

not affect the correct working of the tool. 

 

Figure 3-4: the 9 manufacturing states for ULRs [2] 
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3.1.3. Main worksheets of the costing tool 

Detailed costing worksheet 

Briefly, here are the 9 manufacturing states that are used all along the work to describe and 

organize the tasks (see Figure 3.4): 

For these nine steps, the detailed costing Excel sheet will contain all the manufacturing 

information. One can see in Figure 3.5 and Figure 3.6 a few lines out of more than 300. 

 

Figure 3-5: partial view of the detailed costing worksheet (column B to J) 

 

Figure 3-6: partial view of the detailed costing worksheet (column K to V) 

- Column B is the manufacturing state, and will be useful for discrimination when using 

pivot tables 

- Column I details what kind of cost it is, whether it is raw materials (MEA), blue collar 

hand work (TM REFLECTEURS), autoclave, waterjet cutting (DECOUPE), non-destructive 

control (CND) etc. 

- Column J describes more in details the objectives of the work 

- Columns K to V are columns dealing with quantities, unit price, time to perform the work, 

and others to finally get the total production cost per line in column V. 

Standard structures and standard shells worksheets 

The goal of these two sheets is to gather all the essential data about the elementary components 

of the different types of backing structure (structure F, structure G, structure M, structure V etc.). 

The same goes for the sandwich-structured shells (solid shell diameter 2.2, perforated shell 

diameter 2.2, solid shell diameter 2.4, perforated shell diameter 2.4 etc.). 
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These parameters are inputs that will allow the user to draw up an estimate simply by choosing 

one of the available backing structures and shells. 

 

Figure 3-7: partial view of the standard structures sheet and elementary components 
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Settings worksheet 

 

Figure 3-8: view of the setting worksheet 

The figure above explains briefly how works the setting sheet. It is from this page that the user is 

mostly able to configure the costing tool. Actually all recurring costs (RC) can be adjusted using 

this user form. The non-recurring costs (NRC) have to be adjusted manually, which is quite 

logical since those costs are not general at all and are fully specific to each estimate. 

Allocated times worksheet 

This worksheet gathers the manufacturing data about all the working skills such as waterjet 

cutting times, autoclave times, draping and assembly times etc. Each line is correlated with a job 

skill applied to a particular product. It is specified the type of object related to the data, but also 

the validity cases and what is the reference, "who has validated the number?" 

 

Figure 3-9: partial view of the allocated times worksheet 

This worksheet is one of the most important. Indeed among the problems to solve with the 

costing tool, one of them was sometimes the inconsistence between the estimate's data and the 

reality of the workshop. On one simple Excel worksheet are gathered all the data concerning the 

ULR manufacturing times. It makes several data to cross check together with the supervisor and 

the IA, but once it is done these tables becomes a strong basis and capitalize the entire know-

how of the production line. 
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Finally, another problem to solve was that the lack of a unique reference. The allocated times 

worksheet together with the Tool Version worksheet is doing the job perfectly. There is only one 

available data for each task, and any modification is recorded using the Tool Version worksheet 

that records any modification. 

3.1.4. Personal feedback 

The opportunity to structure a complex but useful Excel document 

This mission has been the first one that was given to me, in parallel with another reporting 

mission on the ULR manufacturing line. Despite the Excel-oriented side of this task that 

frightened me a little, I was very curious and interested since this mission seemed quite 

ambitious. There were many potential difficulties to solve but a very interesting potential result 

if I would manage to come through with it. 

The beginning of the work was a lot of trials and errors, always reconsidering the structure of 

the costing tool, what Excel functionalities to use between macros, existing functions etc. It made 

me truly think about the global structure of the tool, and the architecture between the different 

parts. It was complex but interesting thoughts, about a kind of work that I never had done before. 

A deep knowledge of the ULR manufacturing processes and times 

Since I got assigned this mission at the start of my internship, it was for me the opportunity to 

learn the ropes of the ULR manufacturing workshop. The costing tool must comprise everything 

from the ULR manufacturing sequences writing, to the procurement of the raw materials. Thus it 

made me ask questions and try to understand as far as I could a lot of different things such as: 

- all the steps of an antenna manufacturing done in the workshop 

- their corresponding approximative duration 

- how shall one break down the production of such a complex product to finally end up 

with a subtask one can put a figure on 

In the beginning I was mostly surprise  that it was "that" long to perform an activity. After a while 

I managed to seize the subtleties behind the work, and finally become critical concerning the 

manufacturing processes and data, thinking "oh no I don't agree this would take more that X 

hours because etc.". 

An interesting costing and money-related component 

While looking for extended information on costing, I ended up learning about costing science 

and ideas that I would not have even suspected to exist. It was a completely new field for me, 

and I became a bit more familiar with the costing technics, the cost distribution, or even the 

budgets at stakes. 

As a conclusion 

First of all, I would say that yes, it was not an easy mission, because of the complexity of the 

costing tool and all the inputs that it must feature. It was also hard to figure that the piece of 

work that I spent so long working on it was almost pointless, because the way I built the tables, 

the macro I looked for were not the easiest and cleverest way to build the file. But it is doing 

mistakes that one learns and I would handle the problem completely in a different way now. 
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Finally, as a conclusion, I enjoyed working on the costing tool and spend hours improving the 

software and user interface to design something more robust, more efficient. I learned a lot, as 

well as in Excel science as in ULR manufacturing specificities. The money-related component 

was very interesting, since it is not something I was used to deal with. It is a very positive 

experience and I do hope that the costing tool's architecture will be strong and ergonomic 

enough to be used for a while! 

3.2. Feasibility trials: surface preparation before bonding using peel ply 

The peel ply is a woven material that is draped at the same time as the other carbon plies, and 

allows getting a surface already prepared for adhesive bonding when it is removed after curing. 

This solution has been proposed by an operator on the ULR manufacturing line, so I offered my 

help on the subject since I was interested by the approach, and motivated to help develop it. 

First of all the objectives were to study the process and show the potential benefits that would 

bring such a method. Then the goal was to organize the feasibility study, and to show through 

test samples that this material could fit our needs and requirements. In this project I realized the 

feasibility trial documents, organized the production and also manufactured myself together 

with the operator the test samples. 

3.2.1. Presentation of the improvement 

What is peel ply? 

The nominal surface preparation before adhesive bonding consists in sanding a surface 

previously marked with an adhesive tape using a sanding paper. This process is very meticulous 

and one must carefully sand the surface in one direction, then repeating it in the other direction. 

It can take up to 15 minutes per small surface (less than 10cm by 10cm). One this action is done 

the surface has to be wiped off to clear the surface from any pollution that would be harmful for 

the bonding quality. 

When using a peel ply process, these actions are not necessary if the peel ply is correctly coupled 

with the product resin and fibers. The peel ply is draped on the bonding spots, on the last 

composite ply just before curing the same way in autoclave. Once properly cured just before 

bonding, the peel ply can be removed, a quick wiping is realized and the carbon fiber part is 

ready for bonding. When the peel ply is removed, it is tearing off small pieces of resin at the 

same time, creating the necessary surface aspect for an adhesive to stick on the composite. 

 

Figure 3-10: peel ply objective, avoiding long sanding stages 

What are the potential gains? 

There are numerous potential gains if the process is proved to be efficient and give sufficient 

mechanical properties. First of all there are quantitative gains, coming from the time reduction 

between preparing the surface by hand through sanding, or preparing the surface using peel ply, 

so only draping the peel ply which is pretty quick, and removing it. One can see in the following 
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figure that it is possible to gain up to 17% of the manufacturing hours. The reason is that there 

are many links to set in place, and per link the operator must prepare the surface of the shell, the 

backing structure, the cleat and the counter cleat. 

 

Figure 3-11: quantitative gains of peel ply surface preparation 

There are also qualitative advantages such as robustness and repeatability of the process. 

Indeed, when the manual surface preparation is operator dependent, removing a peel ply will 

always have the same effects on the composite material. Carbon fiber reinforced materials 

bonding is widely recognized to be a critic step. Thus the quality of the surface preparation is of 

the highest importance, otherwise pollution might damage the mechanical behavior of the 

junction. 

These several potential advantages have convinced the project manager to finance the test 

samples manufacturing, and people were mostly interested in this potential evolution. 

3.2.2. Presentation of the feasibility trials 

After having exposed the interest of using peel ply, we had to manufacture the test samples in 

order to demonstrate that the peel ply process was able to meet the needs. It seemed interesting 

to try the peel ply on two different types of woven fabric: a bidirectional and a unidirectional 

woven fabric. Indeed when removing the peel ply from the laminate, there are risks of 

delamination depending on the type of tissue, and the fiber direction. 

Two feasibility trial work plans have been set up, describing the objectives and actions 

necessary for the realization of the tests: 

- the first trial to be conducted  is the one consisting in removing the peel ply in different 

ways, in different directions and making visual observations. The consequences can be a 

delamination or a carbon surface aspect degradation  

- the second trial consists in manufacturing lap shear joint test samples, after bonding two 

composite parts together. The objective is to compare the mechanical characteristics of 

sample test bonded after nominal surface preparation, versus after peel ply surface 

preparation. 
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To this effect we have manufactured two samples of the following composite plate, one with 

bidirectional and the other with unidirectional woven fabric. Each plate of test samples is 

monolithic, which means that it is made of a laminate of several carbon plies. Five peel plies are 

draped on delimited areas, and another area (area PP6 on the following figure), is dedicated to 

the production of test samples whose surfaces will be prepared by the nominal process. One part 

of the plate will be cut out to perform the visual test (small plates on line 3 per example). The 

second part of the plate will be used to stick together two composites parts after having 

prepared the surface, and test it mechanically (parts on lines 1 and 2 for example). 

 

Figure 3-12:  test sample plate plan 

3.2.3. Test samples manufacturing and trials 

Test samples manufacturing 

I have been able to help myself the operator to manufacture the test samples. This has been very 

interesting and instructive. Indeed before starting any actual production process (such as 

draping the laminates), it was a necessary step to correctly build a production document, that 

gathers the manufacturing sequences of the product, but also the necessary tools such as a mold, 

the quality control checks etc. While writing the document, I was not fully aware of the 

consequences one line would have on the production work. 

Indeed, when writing the document I felt necessary to add a few quality control checks here and 

there, to monitor the progress and the quality of the work. It was necessary on a Methods' point 

of view. Yet when actually manufacturing the plates, the operator and I were trying to make the 
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work as quickly as possible, we were both busy somewhere else and wanted to be effective. 

Sometimes since we were pushing the production so it goes faster than the usual process, we felt 

that some instructions were restricting and not completely compulsory. So in order to gain some 

time I had to make some modifications in the manufacturing process, and make it signed by 

someone with the proper abilities. This has been instructive, and I would pay more attention to 

this point the next time I am supposed to write such a document. 

Otherwise, this part has been really nice. I have been through all the composites manufacturing 

steps, from gathering the necessary tools, and draping the composite plies, to organizing the 

water-jet cutting service of the composite plates with a subcontractor. The final product we got 

after autoclave curing is the following, with the 5 peel plies surface preparation, and the nominal 

one to perform on the right hand of the plate. 

 

Figure 3-13: carbon fiber plate with 5 different peel plies surface preparation 

Feasibility trials 

The first test to conduct was the visual observation of the consequences on the product surface, 

when removing the peel ply in different ways. The different parameters to take into account 

when removing the peel ply are: 

- type of woven fabric, whether a bidirectional or a unidirectional woven fabric here 

- the removing direction, in the fibers' direction or perpendicularly to the fibers' direction 

- from a corner or from a side 

- from the border of the composite plate, or from the inside of the plate 
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Figure 3-14: fiber direction removal dependency & removal from the inside or the border of the plate 

Removing the 5 different peel plies while following the previous variables and possibilities, one 

must observe the consequences of the removal on the plate: 

- potential contaminant on the plate left by the peel ply during removing 

- difficulty to remove the peel ply 

- delamination of the external laminate 

- size of the grain created by the peel ply removal 

- surface aspect and resin quantity: dark or bright 

 

Figure 3-15: direction removal dependency and impact on bidirectional carbon laminate 
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Figure 3-16: direction removal dependency and impact on unidirectional carbon laminate 

From the two figures above, one can conclude that there is no precaution to take when removing 

a peel ply from a bidirectional woven fabric. Yet, for a unidirectional woven fabric, it is trickier 

and one must pay attention to remove the peel ply from the inside of a composite part, and not 

from the edges. Indeed, it can potentially create delamination. 

Finally, since the work above has been conducted for 5 different peel plies, we have taken some 

notes regarding the differences between peel plies. We have written down all our remarks in the 

following table. Some of the 5 peel plies seem to be very interesting, and the lap shear joint tests 

will bring a lot of interesting information too. Unfortunately, these tests take a while to perform, 

and I have not been able to do it entirely within the duration of my internship.  

 

Figure 3-17: different peel plies and observations 
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Other colleagues and the operator will continue the feasibility tests after my departure from the 

company. I do hope the results will be interesting, and I will ask them the mechanical strength 

compared to the nominal sanding process, and the conclusions of the tests. 

3.2.4. Personal feedback 

In the beginning of my internship I was not fully sure to work on this mission, since it was the 

initiative of one of the operator on the ULR manufacturing line, Ronan. Being very friendly he 

accepted my help when I offered him to work on the project. This way, with his high experience 

in the composite industry and the products, and my writing skills and available time (being a 

trainee), our team had the means to conduct an interesting project.   

This project was a completely Methods & Industrialisation oriented project, and it turned out to 

be completely the kind of job I could do in the near future. Together we went through all steps 

from the benchmark of the candidates, thinking about the mechanical tests to perform, writing a 

test plan document, assessing the potential gains and funding the test campaign with the 

program managers etc. I learned a lot and it will definitely be a valuable experience. 

3.3. Make or buy analysis of primary composite parts 

3.3.1. Background and objectives 

The Make or Buy analysis project has started a few months before my arrival in August at Airbus 

Defence & Space. A colleague of mine wrote a document specifying the STB (Technical 

Specifications of Needs) for carbon fiber reinforced tubes and junction sleeves for the ULR 

manufacturing line. The procurement department has issued a call for tenders towards several 

subcontractors, asking for an estimate following the requirements. 

I arrived within the composite unit of Les Mureaux at this time, and working around 

manufacturing costs and estimates within the ULR manufacturing line, it appeared relevant that 

I dealt with all the internal cost parts. I was involved in this project with Morgane F. (my 

supervisor), William D. responsible of the STB writing, and Lydia A. 

What is Make or Buy? 

As explained in paragraph 5.2.3, the Make or Buy decision is a performance lever for the 

company. The decision either to make, or to buy, can not only solve a problem of under capacity, 

smooth the workload or lower the costs, it can also trigger an innovative tendency and challenge 

the production about its solutions and performances. Last but not least, a Make or Buy analysis 

allows a better understanding and development of a company's true competitive advantages. 

Why is Make or Buy interesting? 

On the one hand, as explained in paragraph 4.5 about the ULR manufacturing line challenges, 

within the scope of ULR Neo, there is a need for innovation and cost reduction. Carbon fiber 

reinforced primary parts are very expensive pieces and making primary parts such as carbon 

fiber tubes is not a competitive advantage. There are other companies that are doing it cheaper. 

That is the reason why Airbus is interested in subcontracting pieces. 

On the other hand, some elementary pieces such as the angle brackets (see Figure 2.7) are 

already bought from a subcontractor. Buying was a decision made many years ago, and the ULR 

production line recently had some troubles with the quality standards upon receipt of the goods. 
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This problem had many planning and organizational fallbacks, and therefore the question about 

making again the product is on the table. 

What is the expected from the analysis? 

The expected results from the analysis are to finally come to a motivated decision, whether it is 

more interesting to Make or to Buy the following products, or any combination of them. 

- T junction sleeve 

- Other junction sleeves of particular angles 

- Carbon fiber tubes: x1 plies with lay-up 1+ 5 different potential types of reinforcements 

- Carbon fiber tubes: x2 plies with lay-up 1+ 5 different potential types of reinforcements 

- Carbon fiber tubes: x2 plies with lay-up 2+ 5 different potential types of reinforcements 

- Angle brackets: different dimensions, and different angles  

The tubes can of course measures different lengths between 1 and 2 meters.  This makes a very 

wide range of products to study, but some refinements are of course possible. 

3.3.2. Make or Buy analysis 

Since a call for tenders have been issued earlier before the beginning of my thesis, some 

subcontractor’s data concerning their cost proposals were available at the time of the analysis. 

Let's call them Subcontractor 1, Subcontractor 2 and Subcontractor 3. 

Make or Buy main criteria 

This Make or Buy process was completely new for most of the people of the Production 

Department working on it. Confronted to the large number of variables and the many ways to 

approach the problem, we gathered all the criteria that seemed to be relevant for decision 

making. The way we approached the problem was the following: 

 

Figure 3-18: Make or Buy criteria 

At this time of the analysis the previous figure details the important factors in favor of Buying, 

but also the potential risks that have to be seriously considered before going a step further. 

There are some question that has been answered easily. Indeed, outsourcing the production will 
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not cause any problem for the internal key skills. Draping simple parts such as tubes is already 

mastered by many companies and it is not Airbus DS specialty only. Moreover, as we are 

discussing outsourcing pretty simple pieces, there is not any trouble about the intellectual 

property neither the coherence with the company strategy. Yet there are a few points to 

investigate: 

- the total cost of ownership 

- workload and manpower capacity adequacy 

- subcontractor relationship caracteristics, evolution and impact 

- quality issues and delivery deadlines 

Estimation of the TCO (total cost of ownership) 

Working on ULR estimates and manufacturing costs reporting, I was familiar with the subject 

and I worked on establishing the total cost of ownership. It contains all that is necessary to 

manufacture a product. This is the cost that has to be compared with the buying scenario, and 

what it would cost to manage a subcontractor, organizing the orders and planning to receive the 

product in time etc. 

One of the main challenges lied in the difficulty to present results that are simple enough and can 

be used for decision, without removing the meaning and the reasoning behind. Moreover, as 

explained before there is a large number of different parts concerned by a potential outsourcing. 

It is necessary to come up with hypothesis, to regroup the different parts and create a simple but 

representative scenario. 

Therefore I have calculated the yearly needs of junction sleeves, carbon fiber tubes and angle 

brackets using the ULR production of 2015, and assumed that 2016 consumption would be the 

same. 2015 yearly consumption was about: 

- about x1 tubes of different lay-up sequences, of different lengths 

- about 10*x1 angle brackets of different angles, different types 

- about x1/2 different junction sleeves. 

 

Figure 3-19: total cost of ownership diagram 
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For the previous products the total cost of ownership has been studied: 

- raw material cost: costed using the necessary length of carbon fiber tissue, available in 

the estimates 

- machinery resources cost: not applicable here, since the cost of the machinery resources 

is not charged on the ULR product line 

- support function cost: the product being well mastered, this cost is assessed to be the 

same as the subcontractor relation managing cost. Therefore it is a non-decisive factor 

for the choice. 

- quality cost control: the subcontracted products are going by an acceptance test. It is 

evaluated to be about half of the manufacturing control cost 

- manufacturing cost: costed using the average manufacturing costs of the previous year, 

plus cross-checked using DMAIC analysis on tube manufacturing. 

- training and learning cost: assumed to be neglectable 

 

Figure 3-20: tubes TCO comparison with subcontractors (random figures) 

As one can see in the previous figure, for the three types of product one can make a decision 

using 3 meaningful figures: 

- RC comparison in percentage: this is the economy the company can make outsourcing 

the product, after the ROI (return on investment) duration   

- NRC comparison: outsourcing will result in specific costs such as qualifying and 

monitoring the subcontractor 

- ROI: the time to pay off the outsourcing specific costs 

One can see that some subcontractors are way cheaper than Airbus manufacturing these pieces. 

Total cost of ownership might seem to be one of the most determining factors for decision 

making. If subcontractors would manufacture the same product than Airbus DS 40% cheaper, 

one could easily jump to the conclusion "okay, let's outsource all of our production". Yet we will 

see in the following paragraph that it is not enough and other criteria in Figure 3.18 are 

important. 

Capacity constraints and forecasted workload 

Of course as long as one outsources a part of the company's production, it has some 

consequences on the activity and proper functioning. It is important to keep an appropriated 

balance between workload and manpower capacity for at least two reasons: 

- being able to take a sudden increase of the workload 
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- having enough activity to occupy the employees, otherwise it might get hard to stay cost 

effective. 

Manpower constraints 

This adequacy between workload and capacity has to be done on the entire composite 

manufacturing unit. Indeed, the ULR workers are versatile and can be allocated to the different 

workshops to smooth the workload.  

Therefore, one of the parameter of the equation became a constraint given by the responsible of 

the composite manufacturing unit. The rough number of blue collar requirements for the coming 

year, to take a potential increase of the workload, but also to ensure the smooth running of the 

unit, was between "xx" and "yy" blue collars. Doing a reverse reasoning, we ended up counting 

between "x1" and "x2" permanent contract workers for the ULR manufacturing workshop. 

Forecasted workload, and impacts of Make or Buy on workload 

The ULR manufacturing line is going to undergo a workload decrease during 3 or 4 months in 

the middle of 2016. Yet there will be a satisfying workload for the beginning and the end of 2016. 

Projected workload is never 100% sure and some assumptions have to be made, but the 2016 

workload is assumed to be "x1" FTE (full-time equivalent) and "x2" FTE in 2017. 

Moreover, it is also necessary to assess what will be the impact of the Make or Buy decision on 

the workload. Thus, using the estimated quantities of tubes, junction sleeves and angle brackets 

for a standard year such as 2015, I estimated the FTE workload. The results can be sum up in the 

following table. 

 Buying tubes scenario 
Buying junction 

sleeves scenario 

Making angle brackets 

scenario 

FTE equivalent 
- - -  

Minus lots of FTE 

-  

Minus few of FTE 

+ + 

Plus medium quantity 

of FTE 

Employed blue collars "x2" blue collars in permanent contract 

Unit constraints between "x1" and "x2" workers to run the production line 

Projected workload "x1" FTE in 2016 - - - - - - - - "x2" FTE in 2017 

Figure 3-211: summary of the workload / manpower constraints (production workshop) 

 From the previous table one can draw few conclusions: 

- outsourcing the tubes seems unreasonable since even for 2017 it represents too many 

FTE considering the projected workload of "x2" workers. Outsourcing "lots of FTE" 

might reduce the total workload under "x1" the minimum to run the production line. 

- outsourcing the junction sleeve does not seem to have a too large impact on the 

workload 

- making the angle brackets would increase the workload and make our unit have more 

work during 2016 
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Other constraints 

Once again one must pay attention to this hurried judgement. Indeed there are still the 

subcontractor relationship characteristics plus the quality and delay concerns to take into 

account. Other constraints are: 

- angle brackets are already manufactured by Subcontractor A 

- there have been incoming inspection problems with some products bought from 

Subcontractor A, having relatively large consequences. An action plan has been set up. 

- there is a contract binding Airbus with the Subcontractor A until the end of 2016 

- if outsourcing is decided, it would be better having only one subcontractor for these 

composite parts, rather than having to deal with 2 or 3 subcontractors at the time. 

This is an important parameter to take into account since Subcontractor A is already responsible 

for the angle brackets. Choosing Subcontractor B or C would mean breaking the current 

relations with Subcontractor A. 

3.3.3. Decision making through matrix analysis 

As explained in the previous paragraph, there are so many parameters in the equation that using 

a matrix analysis to draw an impartial decision seemed worthy. For internal use within the 

composite manufacturing building only, a decision matrix has been developed. The objectives 

were to build a matrix that is not specific to this particular ULR production line Make of Buy case, 

but to the entire manufacturing unit. Lydia and I were responsible of this action, and it was 

necessary for us to take a few steps back. To this effect we realized visual brainstorming using 

post-it and whiteboard. After sorting and discussing with several production entities, we agreed 

on a Make or Buy decision matrix, with weighting factors and several criteria.  

 

Figure 3-222: visual brainstorming and matrix working explanations 

The different criteria's perimeter is explained in the following lines. As a reminder, this matrix is 

supposed to be an exhaustive tool that could fit to the entire composite manufacturing unit, even 

maybe an external company. 
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- Workload & capacity adequacy: explained in the previous paragraph 

- RC: all company recurring costs (production, machinery use, control, managing 

functions) 

- NRC & ROI: outsourcing potential investment and how long it takes to pay it off 

- Production management: express the difficulty to deal either with the subcontractor or 

with internal manufacturing daily problematics 

- Reactivity: express the difficulty to organize the planning, last minute changes etc. 

- Quality control: express the difficulty to get a satisfying level of quality 

- Workshop flexibility: express the possibility to use the product as a buffer task 

- Strategy: competitive advantage and intelectual property 

- Sustain and develop bey skills: express the fact that an activity can be vital to maintain 

key skills 

- Technical evolution: effect of potential evolution of the products on the decision 

- Spacial environment: workshop arrangement and space availability 

 

Figure 3-233: decision matrix and its eleven criteria 

The final decision of this Make or Buy case analysis could be the following: 

- Airbus is bonded with Subcontractor A until the end of 2018 with angle brackets 

contract, despite the poor quality standards 

- since here, outsourcing junction sleeves would be cost efficient, and that an action plan 

has been set up with Subcontractor A to solve the quality issues, an attempt to outsource 

the junction sleeves in 2018 could be done. Indeed junction sleeves represent a minor 

part of the production volume, and are not a key skill to keep within the building.  

- there won't be any outsourcing of the tubes before 2019, since they represent a large 

part of the production. Yet it could be interesting to do it considering the subcontractors’ 

price offers, so the question is still on the table for 2019. 

3.3.4. Personal feedback 

This Make or Buy analysis has been a very interesting mission for me, especially since it was sort 

of an unexpected mission. I was involved in it initially because of my manufacturing costing 

abilities, and I have finally worked on all the above mentioned aspects of the Make or Buy 

process, together with my colleagues. It has been a great experience on a very practical subject, 

and I am sure the things I have learned concerning a Make or Buy process will prove to be useful 

one day. 
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Despite the fact that the explanations given above were simplified so that it can easily be 

understood, we have seen that it was very complex to come to a conclusion. There are plenty of 

inputs and my judgement has seriously evolved during the course of this analysis. Sharing my 

opinion on the subject together with other colleagues has been very stimulating, since there 

were many ways to tackle the problem. 
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4. Conclusion and feedback 
Here comes the end of my internship after 6 months spent within the composite manufacturing 

unit of Les Mureaux, and I am glad to conclude saying that it was one of the most valuable 

experience so far regarding my professional life. Indeed, despite a few summer jobs and a one 

month internship a few years ago, it is the first true professional experience I had. There are 

some aspects and stakes that are completely new from what I could learn at school or with my 

extracurricular activities. 

First of all, I must say that the environment where I evolved during these 6 months was thrilling 

and interesting. After studying composites at school both in France and in Sweden, I was 

definitely interested in this process, and having the possibility to learn more about it was great. 

It is for sure a process that I would love to gain further knowledge of, whether it is development 

or production problematics. Moreover, I evolved within a company producing high technology 

products for the space industry, which generates working specific requirements and stakes. It 

was very interesting, and a singular experience. 

Secondly, the particularity of this composite manufacturing unit was that despite it belongs to a 

very large multinational, the unit was operating similarly to a small company of about 200 

employees. Therefore, even if I was working within the ULR production workshop, I was 

punctually in contact with the other workshops, but also with all the other functions in the 

company, such as the Methods Department, the R&D Department, the Quality and Control 

Department, the Program Management too. This was very singular and it allowed me to grasp 

the perimeter of each job and the relations between the different services. Consequently, I have a 

better vision of the kind of job I would enjoy in the future, and the functions I would appreciate 

to have. 

Furthermore, I gain valuable experience and understanding of the professional world, where I 

have not set a foot before. This point is definitely one of the most important for me, and I am 

convinced that I would be better today than I was six months ago. There are some missions that I 

would conduct in a completely different way, and there are some professional relationships that 

I would consider differently now. The first point is that after these six months of internship, I 

know that I should have been better about giving and receiving feedbacks. I have sometimes 

missed these feedbacks in my every day’s working life, evolving too much on my own, and even 

if I was not receiving some, I should have asked for determinedly, and not only to my hierarchy.  

Another thing that I have learned is the importance of involving the right people in the right way, 

in the job you are working on, and in the same way getting involved in their job. This is 

something I have of course done, working in teams, exposing my work and made progress with 

the help of others. Yet I was not fully aware of this idea in the beginning, and it is something that 

has changed for me since the beginning of this internship. Finally, I think I would organize my 

work in a different way today. Indeed it has been hard sometimes to prioritize my tasks, getting 

through my long term tasks, while dealing with the every day’s problematics.  

Globally, it has been a very valuable experience, on a professional point of view as much as on a 

personal one. I have learned a lot and I think I will be a better engineer tomorrow than I was six 

months ago. 
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5. Glossary 
Airbus DS : Airbus Defence & Space 

FTE: Full-Time Equivalent 

IA: Industrial Authority 

KPI: Key Performance Indicators 

MTO: Make To Order 

NRC: Non-Recurring Cost 

R&D Departement: Research & Development Departement 

RC: Recurring Cost 

ROI: Return On Investment 

STB: Technical Specification of Needs 

TCO: Total Cost of Ownership 

ULR: Ulra light reflector 
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