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“Our greatest weakness lies in giving up. The most certain way to succeed is always to try just one more time.” 

– Thomas Edison 
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Synopsis 

Innovation is needed in the high-tech industries to achieve sustainability. Most companies innovate 

to keep track of fast changing technologies and to outperform competitors (Bos-Brouwers, 2010; 

Kratzer, Gemünden, & Lettl, 2011). The rapid change in technologies forces firms to rely more on 

external technologies than before.  This has resulted in a significant growth of large collaborations in 

many industries (Carlson, 2006; Carley, boardman, & Bozeman, 2006).  

This study focuses on the collaboration and how this influences the development of a technology. 

Therefore the central question in this study is: 

Main research question: 
How does collaboration influence the use of innovation processes in the aviation industry in The 
Netherlands? 

 

The aviation industry in The Netherlands is chose as research area. This industry differs significantly 

from other high-tech industries in that it is a very small industry controlled by the government.  This 

study is relatively unique in that there is no other comparable research executed with respect to 

collaboration and innovation processes in the Dutch aviation industry.  

Literature 

Innovation is the creation of a new product or process for an existing market, a new market or a new 

industry (Schumpeter, 1934). In present time it is often only associated with something substantially 

different from existing practice. In the aerospace industry it is common to innovate incrementally 

rather than radically (Alfonso-Gil & Vazquez-Barquero, 2010). Instead focusing on technology 

differentiations and technical features are aerospace companies focusing on cost and value when 

they develop technologies (Smith & Tranfield, 2005).  

Literature describes several innovation processes, where the most well-known innovation process is 

the Stage-Gate process which is a product innovation process (Cooper, 2008). This process consists of 

several stages where activities are completed. Every stage is followed by a gate where the progress 

of the stage is reviewed. Most companies in different industries have adopted or adapted this 

process. A recently created innovation process is open innovation. Open innovation aims at 

collaborating with other companies in developing or offering products. 

A typical innovation process follows a certain diverging path where a technology is developed which 

is part of a larger system. Therefore companies need to collaborate to offer a complete product. 

Accordingly, it is common to collaborate with other companies. The aerospace industry is a very 

international oriented industry and because of that many companies have suppliers all over the 

world. However, the typical prime-supplier relationship has transformed to a more partnership 

(Smith & Tranfield, 2005). On the other hand companies also develop technology together with 

universities (McAdam, O'Hare, & Moffett, 2008) and companies by operating in another industry 

(Benzler & Wink, 2010).  
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Case methodology 

The author divided the aerospace industry in the aviation industry and the space industry in The 

Netherlands. This study will only focus on the aviation industry which develops and manufactures 

components for aircraft. The researcher has to research a case where the history of thermoplastic 

composites is analyzed and compared with the development of Glare.   

This study uses a process research where eight R&D managers or general directors were interviewed. 

Extra information is gathered through other sources such as presentations, news articles and 

company websites. One interview was performed with a manager from a consulting company whose 

expertise is, amongst others, innovation. The semi-structured interviews were analyzed with nVivo. 

The report uses three analyzing strategies: narrative, visual mapping and temporal bracketing 

strategy. 

Main findings 

The table below presents the main findings between the Glare case and the thermoplastic case.  

Table 1: Comparison of thermoplastics and Glare 

 Glare Thermoplastics 

Technology development 

Discovery 1970s by TU Delft 1970s by TU Delft 

Fundamental knowledge time period Approximately 15 years Approximately 8 years 

Tested  at TU Delft Fokker 

Potential customer Airbus (2004) Gulfstream (1995) 

Major player adopted Airbus Airbus 

Current technology status Stagnated Evolving 

Collaboration 

Number of partners involved in early 
stage 

Medium, 3M, ALCOA, AKZO, Fokker, 
TU Delft, NLR 

Low, Ten Cate, Fokker, TU Delft, NLR 

Numbers of partners partners 
involved after first adoption 

High, ALCOA, Global Tech-nics,, FMLC, 
Fokker Aerostruc-tures, GTM, TU Delft, 
Airbus, NLR 

Medium, Ten Cate, Fokker, TU Delft, 
NLR, Airbus, Gulfstream 

Numbers of partners involved after 
major player adoption 

Low, Fokker Aerostructures, GTM, TU 
Delft 

High, Ten Cate, KVE, DTC, Technobis, 
Airborne, Fokker Aerostructures, NLR, 
TU Delft, University of Twente, Airbus, 
Boeing 

 

Technology Readiness Levels (TRLs) are principally used in the aerospace industry. Only Fokker and 

Airborne actively used this innovation process while other companies know how TRLs in general 

work, when these aviation companies communicate with each other about innovations, they use 

terms which are embedded in the TRL method.    

It is common to collaborate with other commercial and non-commercial companies in technology 

development in the Dutch aviation industry. In the beginning of the development, there is a 

technology push but this evolves to a technology pull once the development is matured and 

established.  

Conclusion 
The findings of this study indicate that collaboration with other companies and research institutes 

influence the use of certain innovation processes. However this does not mean that companies are 
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forced to use this innovation process in their own organization but only as a method of working in 

the collaboration. So there is a distinction in the innovation process in the company and in a project.  

While most innovation processes do not explicitly force a company to collaborate, it is common for 

companies to work together with other companies in the development of technologies to speed up 

the development. Mainly these companies are suppliers but must be viewed more as partners since 

they are more than just supplying goods and involved in the development. This is not consistent to 

what Smith & Tranfield (2005) found in the British aerospace industry where they observed a change 

in the relationship from supplier to partner in the 1990s.  

This study also shows that commercial companies make extensive use of universities and research 

institutes. It is better to collaborate with partners of the same industry, since there is no conflict in 

that the developed technology can destroy the market of existing technology (Berends, Van Burg, & 

Van Raaij, 2008).  

The developoment of both technologies, thermoplastic and glare, described in this report progressed 

in a similar way as described by Van de Ven, Polley, Garud, & Venkataraman (1999). However there is 

a significant difference in the road to technology adoption between the two cases. In the 

thermoplastic case Gulfstream plays an important role, while no such company was found in the 

development of Glare. In the thermoplastic case Gulfstream adopted the material in an early stage 

and remained an important customer throughout the development. it is important to retain the first 

customer throughout the development of a technology, since this adopting company will provide the 

developing company with development directions.    

In the development of thermoplastics the author only witnessed the augmentation of its network 

while in the Glare case partners also left the network. So no knowledge is lost during the 

development of thermoplastics and to retain the knowledge companies need to stay committed to 

the development of the technology.  

Limitations and directions for further research 

Before going into depth on any subject, the researcher want to emphasize that it is quite difficult to 

organize interviews. The researcher is very depended on the willingness to cooperate from the 

people working in the aviation industry in The Netherlands.  

The next limitation is related to the Glare case. The Glare case makes use of a book, while the 

thermoplastic case makes use of interviews. To make a better comparison it is recommended to 

gather information more equally.  

Although this thesis describes the thermoplastic case fairly extensively, the information was gathered 

at one point in time and often superficial. Another possibility is to point out several interview 

moments before a project starts. The researcher can identify if respondents are consistent in their 

answers throughout a project. Another direction for future research is to compare the results with 

another network (Berends, Van Burg, & Van Raaij, 2011) or industry (Broekel & Boschma, 2011).   



 
VII 

List of tables and figures 

Tables 
Table 1: Comparison of thermoplastics and Glare .............................................................................. V 

Table 2: Advantages and disadvantages for thermoset and themoplastic (Niu, 2005) ........................ 20 

Table 3: Participating companies and their technology...................................................................... 30 

Table 4: Company overview .............................................................................................................. 36 

Table 5: Innovation process per company ......................................................................................... 36 

Table 6: Motives for TRL ................................................................................................................... 38 

Table 7: Comparison of thermoplastics and Glare ............................................................................. 51 

Figures 
Figure 1: Stage-Gate model (Cooper, 2008) .........................................................................................6 

Figure 2: Modified Stage-Gate process (Cáñez, Puig, Quintero, & Garfias, 2007) .................................7 

Figure 3: Innovation path (Van de Ven, Polley, Garud, & Venkataraman, 1999) ................................. 10 

Figure 4: Time line of thermoplastic projects with the Dutch partners only ....................................... 35 

Figure 5: The TRL principle and its 9 levels ........................................................................................ 37 

 



 
1 

Table of contents 

1. Introduction ................................................................................................. 3 

2. Literature ..................................................................................................... 5 

2.1. Innovation ...........................................................................................................................5 

2.2. Innovation in the aerospace industry ...................................................................................5 

2.3. The innovation process ........................................................................................................6 

2.3.1. The Stage-Gate model..................................................................................................6 

2.3.2. A Modified Stage-Gate process ....................................................................................7 

2.3.3. Open Innovation ..........................................................................................................8 

2.4. The innovation process in practice .......................................................................................9 

2.5. Collaboration in the aerospace industry............................................................................. 10 

2.5.1. Suppliers and partners ............................................................................................... 10 

2.5.2. Research institutes, universities and partners outside the industry ................................ 11 

3. Methodology ............................................................................................. 13 

3.1. Case Context ..................................................................................................................... 13 

3.2. Research questions ............................................................................................................ 13 

3.3. Process research ................................................................................................................ 14 

3.4. Case methodology ............................................................................................................. 14 

3.4.1. Unit of analysis .......................................................................................................... 15 

3.4.2. Case selection ............................................................................................................ 15 

3.4.3. Collection of data ....................................................................................................... 15 

3.4.4. Interviews .................................................................................................................. 16 

3.4.5. Documentation .......................................................................................................... 16 

3.5. Analysis strategies ............................................................................................................. 16 

3.5.1. Narrative strategy ...................................................................................................... 17 

3.5.2. Visual mapping strategy ............................................................................................. 17 

3.5.3. Temporal bracketing strategy .................................................................................... 17 

4. Case description ........................................................................................ 19 

4.1. Composites........................................................................................................................ 19 

4.1.1. The First composites .................................................................................................. 19 

4.1.2. Advanced composites ................................................................................................ 19 

4.1.3. Thermoset vs. thermoplastic ...................................................................................... 20 

4.2. The story of Glare .............................................................................................................. 20 



 
2 

4.2.1. Arall (1970-1989) ....................................................................................................... 20 

4.2.2. Glare (1990-2001) ...................................................................................................... 22 

4.2.3. Glare and CentrAl (2001-present time)....................................................................... 23 

4.3. The story of thermoplastics ............................................................................................... 24 

4.3.1. The invention of Thermoplastics ................................................................................ 24 

4.3.2. The development of thermoplastics in projects .......................................................... 24 

5. Innovation processes ................................................................................. 36 

5.1. Formalized innovation processes ....................................................................................... 36 

6. Collaboration ............................................................................................. 41 

6.1. Collaboration between commercial companies ................................................................. 41 

6.2. Collaboration between commercial companies and research institutes ............................. 43 

7. Collaboration and innovation ................................................................... 45 

7.1. Collaboration influences the innovation process ................................................................ 45 

7.2. Innovation process influences the collaboration ................................................................ 46 

8. Comparison with Glare .............................................................................. 48 

8.1. Technology development .................................................................................................. 48 

8.2. Collaboration ..................................................................................................................... 50 

9. Conclusion ................................................................................................. 52 

9.1. Motives to use innovation process..................................................................................... 52 

9.2. Collaboration with commercial organizations .................................................................... 52 

9.3. Collaborating with research institutes and companies outside the industry ....................... 52 

9.4. Direction from the industry ............................................................................................... 53 

9.5. Lack of direction from the industry .................................................................................... 53 

9.6. Network ............................................................................................................................ 53 

9.7. Typical innovation process ................................................................................................. 54 

9.8. Limitations and directions for further research .................................................................. 54 

Bibliography .................................................................................................... 56 

Appendix .......................................................................................................... 60 

 

  



 
3 

1. Introduction 

Companies innovate to achieve sustainability. The development of innovations is needed to realize 

economic growth, competitive advantage, profitability, and etcetera in a fast moving industry (Bos-

Brouwers, 2010; Rebolledo & Nollet, 2011). This is especially needed in high-tech industries, such as 

the aerospace industry, where the competition is intense and the customers are assertive. 

Companies operating in these industries must innovate and manage innovation processes effectively 

to stay ahead of the competition and to meet the demands of the customers at the same time. 

Shortening the development time is necessary to win ‘the battle’ from the competition and to 

achieve sustainable competitive advantage. It is therefore very important to outperform competitors 

by accelerating the development of technology. One method to realize this is to incorporate external 

technology. This has resulted in a significant growth of large collaborations in many industries 

(Carlson, 2006; Carley, boardman, & Bozeman, 2006). 

This study focuses on the innovation process in the aerospace industry, in particular on the 

collaboration element during the innovation process of developing new technology. Scientific 

scholars have conducted a few studies in this high-tech industry. Most of these studies are describing 

parts of the innovation process of a single firm but never an entire innovation process and how 

companies manage their innovation process. One aspect of the innovation process is the choice of 

collaborating with other partners in developing a new technology. Only a handful studies have 

researched this aspect and most of them are in a supplier-buyer setting. Even less of them are 

situated in a technology partner setting or a whole value chain setting by including the supplier, the 

manufacturer and the customer. This reveals there is a ‘gap’ in the innovation literature about this 

topic.  

Many studies were performed in other high-tech industries, such as IT and automotive, but these 

industries differ significantly from the aerospace industry. The main differences are the size of the 

industry and the control on the industry. The aerospace industry is a relatively small industry 

compared to the automotive and the IT industry. On one side, the industry is dominated by a few 

large players which are controlling the other players and the direction of innovation of other 

companies operating in this industry. On the other side, the aerospace industry is monitored by 

several institutes since it is a safety-critical industry, meaning that a failure of a delivered product 

results in a failure of the whole system and in the worst case a catastrophic accident. A very active 

actor in this monitoring process is the government which on an ongoing basis supervises this industry 

intensively. This is particularly true for larger companies which are manufacturing complete systems 

and airliners which are operating the aircraft. Due to the facts mentioned before it is difficult to 

generalize findings from studies performed in other high-tech industries towards the aerospace 

industry since there are several significant differences.  

This research will give more insight in how collaboration has an influence on the innovation 

processes within the aerospace industry by conducting a process research. The main goal of this 

research is to understand the innovation process in the aerospace industry. The focus lies in how 

collaboration influences the development of a technology. Therefore the central question in this 

study is: 
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Main research question: 
How does collaboration influence the use of innovation processes in the aviation industry in The 
Netherlands? 

 

In process research it is common to use a case methodology. The information is gathered through 

interviews and documents from different companies that are involved in an innovating process in the 

aviation industry in The Netherlands. The information is analyzed using the narrative strategy, visual 

mapping strategy and the temporal bracketing strategy (Langley, 1999). The outcome is a 

combination of a written story and a visual representation of the process. A comparison between the 

technology cases reveals more information on how the technology developments and partnerships 

relate to each other.  

The structure of the report is as following. First, the academic literature is presented that is related 

to innovation processes and collaboration in technology development. The research questions and 

the methodology for data collection and analyzing the case are reviewed chapter 3. Subsequently in 

chapter 4 both cases are presented extensively, followed by a chapter about innovation processes, 

collaboration and the influence of collaboration on innovation and vice versa. Both cases are 

compared in chapter 8. The final chapter provides conclusions together with limitations of this 

research supplemented with recommendations for further research.   
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2. Literature 

The introduction already introduced the term innovation, a word that is sometimes used incorrectly. 

Therefore the term innovation is clarified to the reader first, followed by a theoretical framework on 

the innovation processes. The described innovation processes are the Stage-Gate model, a modified 

version of the Stage-Gate model and Open Innovation. The subsequent chapter describes the 

differences between theory and practice on managing innovation. Finally a chapter is dedicated to 

the collaboration in these innovation processes. 

2.1. Innovation 

Developing innovation is needed to serve customers better but also to outperform the competition 

(Porter, 1985; Porter, 1987; Porter & Stern, 1999; Reed & Walsh, 2002). Schumpeter (1934) already 

defined the term innovation in 1934 as the creation of a new product or process for an existing 

market, a new market or a new industry. In present time, innovation is often associated with a 

significant change of existing practice. Frequently, something new must be substantially different 

from existing practice to be called innovative. In this respect a distinction must be made between an 

invention and an innovation (Schumpeter, 1934). An invention is the transformation of cash into 

ideas, while innovation must be seen as the transformation of cash into ideas and ideas into cash 

again.  

Innovations can be distinguished further into radical and incremental innovations (Schilling, 2008). A 

radical innovation is defined as an innovation that is very new and different from prior products or 

services. This newness could be new to the world, new to the industry, new to the firm or new to an 

adoption business. The development of a radical innovation often means taking risks; radical 

innovations often embody new knowledge and suppliers and/or partners. The contradictory 

definition of radical innovation is incremental innovation. This type of innovation is a relatively minor 

change from existing practice. This means that an existing product or process is changed or adjusted 

slightly. Sometimes this is called re-innovation, where existing knowledge is combined with new 

knowledge.  

The relatively of radicalness of an innovation may change over time. A technology once called radical 

innovation could be considered over time as an incremental innovation. In addition, what is radical 

for one company seems incremental for another company.  

2.2. Innovation in the aerospace industry 

The aerospace industry is operating globally and locally (Longhi, 2005). Aerospace companies are 

using global and local suppliers in the development of new technology to gather different 

technologies such as electronics and materials. Alfonso-Gil & Vazquez-Barquero (2010) claim that the 

aerospace industry differs from other high-tech industries as in aerospace companies prefer to 

develop incremental innovations instead of radical innovations. Smith & Tranfield (2005) add that 

competition pressure in the past was based on differentiation and technical features, while 

companies are now only looking at costs and value.  

An example is the study performed by Smith & Rogers (2004) at Rolls-Royce Aero Engine 

Manufacturing where they studied the derivative strategy. Rolls-Royce is one of the three aero-

engine manufacturing companies in the world. Rolls-Royce engines were successful in the past.  To 
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compete with the other two aero engine manufacturing companies in the future they have to 

innovate. As a strategy they adopted the derivative strategy, which entails that the company’s core 

strategy is to innovate incrementally. All the ‘newly’ developed engines are derived from older 

versions. The findings of this study show that the pursuit of this strategy produced several benefits in 

terms of lower development cost and shorter lead times. This is needed to stay ahead of the 

competition and to develop aero engines for several markets. For an aero engine manufacturer it is 

important to have a wide product range in all sectors, from business till large commercial aircraft, 

since an airliner tend to stick to the engine when it was delivered with the aircraft.  

2.3. The innovation process 

An innovation process is a structured way of developing a product or technology. Often the 

innovation process is described in steps that should be taken sequentially or concurrently. A widely 

used innovation process is the basic Stage-Gate model. Many innovative high-tech companies have 

adapted this innovation process. The next sections describe the basic principle of the Stage-Gate 

model followed by an adaptation that companies have made to this innovation process. Also, a third 

innovation process called Open Innovation is described which is focusing on collaboration.  

2.3.1. The Stage-Gate model 

The stage-gate process is a management tool to guide the new product development process 

systematically. The Stage-Gate model was developed by looking at innovation processes of successful 

companies (Cooper, 2008). When new product development fails, it is because they are: not well 

structured or managed by leaders; did not execute all the needed steps or activities; bad planning; 

and bad quality deliverance. 

 

Figure 1: Stage-Gate model (Cooper, 2008) 
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Figure 1 shows that the Stage-Gate process consists of a series of stages and gates. In each stage the 

project team performs the work by gathering information to produce deliverables. Information is 

gathered to define the purpose of the stage. The information also reduces the risks and uncertainties 

that could be present in the project. While each step in the Stage-Gate process will cost more 

resources, it will also decrease the risks and uncertainties because of the structured way of working. 

The deliverables are produced in parallel and by a team from different departments in the company. 

This means that multiple departments are working together in all stages. Each stage is followed by a 

gate, where the decision is made to go on or kill the project. A gate serves as a quality control point. 

The deliverables are judged on quality and progressed. The criteria set-up prior to the project should 

be used to decide whether a project should be continued or be killed. Sometimes the project team 

decides to hold or recycle the project. Often checklists and scorecards are used as a tool to come to 

these kinds of decisions.   

2.3.2. A Modified Stage-Gate process 

The basic Stage-Gate innovation process is presented in figure 1, however, high-tech companies have 

altered this innovation process to optimize their development process, without making trade-offs on 

quality, cost, deliverance and product novelty (Ettlie & Elsenbach, 2007). Ettlie & Elsenbach (2007) 

proclaim that more innovative firms are also more creative in modifying the Stage-Gate process. An 

example of a modified Stage-Gate process can be found in figure 2. 

 

 

 

 

 

 

 

 

 

Figure 2: Modified Stage-Gate process (Cáñez, Puig, Quintero, & Garfias, 2007) 

The adapted Stage-Gate process is modified by Cáñez, Puig, Quintero & Garfias (2007) with the help 

of practitioners from the industry. The process lacks the idea generation stage but adds a technology 

acquisitions route (Route A). The process has two points of entry (F1 and D1) and three routes (F, D 

and A). Route F is for radical innovations, which includes a stage for executing fundamental research 

and Route D is for incremental innovations, which starts immediately at the scoping stage. The 

scoping stage is also one of the key stages where the company must define the technology that 

needs to be developed. This determines also whether the technology will be developed in-house 

(Route D) or obtained elsewhere when it is already available on the market (Route A). For route A is 

the initial stage of the development process the scoping stage. When the scoping phase determined 
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that Route A is going to be followed, the development process will move on to the business case 

phase. This phase consists of assessing and selecting suppliers and partners. In addition, a business 

case has to be build to support the project. The role of the suppliers and partners are defined and 

documented into a contractual agreement together with issues about intellectual property and 

knowledge sharing. When the business case is established and approved then the resources should 

be allocated to acquire the technology, this includes licensing, purchasing but also collaboration. 

After this stage, the route merges with the Development route (Route D) into the testing phase. The 

technology solution can be launched after the testing phase is completed.  

2.3.3. Open Innovation 

Open Innovation is the use of internal and external solutions to advance technology. Open 

Innovation was ranked 22nd place in popular management tools & trends in 2011 according to a 

survey performed by Bain & Company (Rigby & Bilodeau, 2010). Bain & Company launches a survey 

every year to rank the most popular management tools and trends. Bain & Company predicts 

through the survey that Open Innovation will have the largest increase in usage in the next years. At 

the point of conducting the survey, only 21% of the 11,000 respondents use Open Innovation, while 

they predict that this will increase to 57% in 2011.  

The finding of the report by Bain & Company (Rigby & Bilodeau, 2010) confirms the claim of 

Chesbrough (2004), that there is a paradigm shift in how companies commercialize their knowledge. 

Companies were first using a closed innovation approach, wherein they are looking only internally for 

ideas because companies should not be depended on other parties on quality and idea generation. 

The paradigm shift suggested by Chesbrough (2004), is that companies now use internal and external 

ideas and internal, and external paths to market.  

‘Not all the smart people work for us. We need to work with smart people inside and outside our 

company’ (Chesbrough, 2003).  

This quote already makes clear that there is a focus on collaborating with other companies to 

advance the technology. Enkel, Gassmann & Chesbrough (2009) even assert that cooperation with 

externals is core to increase innovativeness and reduce time to market. The success of open 

innovation lies in the balance of openness in the open innovation approach. Three core processes 

can be distinguished in open innovation. The first core process is the outside-in process. The outside-

in process is about enriching the company’s knowledge base through the use of external parties, such 

as suppliers, customers, institutes and universities. Enkel, Gassmann & Chesbrough (2009) found out 

that companies are using much support by other sources as well, such as non-customers, non-

suppliers and partners from other industries. The second process is called the inside-out process. This 

process refers to the use of others to bring your idea faster to the market than they could realize 

through internal development. By transferring the technology to the other firms it is not only 

restricted to its own market. The main idea is to transfer the technology to more markets that could 

not be reached so easily when the firm is trying to do it without external support. The last process is 

the coupled process, which aims at co-creation with complementary partners. In essence it is a 

combination of the outside-in and the inside-out process. This approach is widely used by high-tech 

industries, where 50% of all R&D projects are conducted through collaboration. Gassman (2006) 

suggests that open innovation is more appropriate in contexts characterized by globalization, 

technology intensity, technology fusion, new business models, and knowledge leveraging. High-tech 
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industries, such as the aerospace industry could, according to Gassmann (2006), benefit from the 

Open Innovation approach. Gassmann, Enkel & Chesbrough (2010) adds that the industry is currently 

managing Open Innovation through trial and error than in a professional way. Extensive research on 

how to manage the Open Innovation approach more efficiently and effectively is required to 

professionalize the industry further. 

2.4. The innovation process in practice 

Tidd, Bessant & Pavitt (2002) identify innovation as a process not as a single event, therefore it can 

be managed. Organizations distinguish themselves from institutes insofar as they produce routines 

and rules. These routines determine the success of an innovation. Most actions are at this point 

executed automatically. A routine should not be mistaken as a repetitive action that is performed 

without thinking. It is more a formalized way of how things are done. This still involves thinking on 

how to solve problems and perform actions, but only according to a certain prescribed manner to 

ensure a collective coordination with a view to a collective action (Kechidi & Talbot, 2010).  

The Stage-Gate process almost assumes that the innovation process is a simple sequence of steps 

that should be pursued. Van de Ven, Polley, Garud, & Venkataraman (1999) and Tidd, Bessant & 

Pavitt (2002) examined similar innovation studies (outside the aerospace industry) and found out 

that what was assumed in the traditional innovation literature was not consistent with their results.  

The traditional innovation literature assumes that innovation is an orderly process where a fixed 

number of people are working full time on one invention in a fixed network in a stable new order. 

Instead of this, observed processes and developed patterns contained many paths, some diverging 

(Van de Ven, Polley, Garud, & Venkataraman, 1999; Tidd, Bessant, & Pavitt, 2002; Cooper, 2008), 

because a technology is developed not a single product, which is often part of a larger system. They 

noticed that a company is not focusing on one type of innovation but on many types of innovation 

from re-invention to proliferation and even termination of the innovation to minimize chance of 

failure. The initiation of an innovation project is influenced by multiple incidents, multiple persons 

and takes more time than anticipated before. Sometimes a ‘shock’ is needed, triggered by internal or 

external resources to shift the focus back on this innovation.  

The next observed phenomenon is that setbacks are encountered frequently in the innovation 

process. These setbacks can cause that the criteria of success or failure is changed by persons that 

are conducting the development of the technology and the persons that are controlling the 

resources. Mostly the differences in criteria are greater when more time has elapsed.  

Another observed pattern is the involvement of different parties. Personnel are often added to the 

project team when needed and are reallocated when their particular job was executed. In case of 

significant development problems the help of investors and top managers were needed. Van de Ven, 

Polley, Garud, & Venkataraman (1999) claim that in any case where big problems arise, the investors 

and the managers solve the problem. Sometimes unintended consequences occur when multiple 

organizations are participating in the development process. Often the role of these organizations is 

pre-determined but when one organization cannot deliver the pre-determined technology, it will 

have an effect on the innovation process of the dependent organization. In some industries 

innovations need thorough testing; this means that government agencies and other institutes are 
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integrated in the innovation process. Ven, Polley, Garud, & Venkataraman (1999) observed the 

following innovation path (figure 3), which include all their findings. 

 

Figure 3: Innovation path (Van de Ven, Polley, Garud, & Venkataraman, 1999) 

The observed process is divided into three temporal periods. The first period is the initiation period, 

where efforts are launched to develop the innovation. The second period entails the development 

period which is used to transform ideas into a technology. The last period is the implementation or 

termination period, where the technology is launched on the market or abandoned. The vector A in 

the figure is the direction where to an organization operates. When the innovation is launched it will 

proceed in the direction of vector B.  

2.5. Collaboration in the aerospace industry 

Langerak & Hultink (2008) examined the impact of nine acceleration approaches on innovation 

speed. The findings show that supplier involvement, lead user involvement, speeding up tasks and 

activities, training and rewarding of employees and simplification of organizational structure increase 

development speed. Thus, collaboration has a positive effect on development speed in the 

development of technology. This chapter focuses on the collaboration with other companies. The 

chapter starts with suppliers and partners. The chapter ends with a description about cooperation 

with non-commercial companies.   

2.5.1. Suppliers and partners 

Accelerating the development speed of technology is needed to stay ahead of competition. One of 

the approaches to accomplish this is to cooperate with suppliers. Large aircraft manufacturing 

companies are focusing more on their core competences and transfer functions from prime 

contractors to suppliers. Smith & Tranfield (2005) witnessed that there was a hierarchal prime-

supplier relationship before 1990 in the aerospace industry. Prime contractors improved this 

relationship by outsourcing functions to talented suppliers to increase innovativeness and to 

outperform competition (Lamming, 1996). The relationship between primes and suppliers has 

transformed to a more collaborative and supportive relationship instead of just delivering a product 

because the alignment of the different elements is needed (Geels, 2006). Alfonso-Gil & Vazquez-

Barquero (2010) ascribes this to the high amount of resources that is needed to design and 

manufacture an aircraft and to the international nature of conducting daily operations. They found 

out in their study at Airbus SAS that this company is also focusing more and more on its core 

competences. What was formerly produced in-house is now being outsourced to contracted 

companies. The method of awarding the contract has also changed. Formerly companies were only 
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assessed on their production capabilities while these companies are now required to have 

production and designing skills. These companies are competing to win a contract where the prime 

contractor is looking for the best technological solution. Another transformation is observed by Ehret 

& Cooke (2010). Large prime contractors have acknowledged the importance of strategic suppliers 

and increasingly partner in long-term mutually supportive collaborations for high value technologies 

such as composites. Companies such as Airbus and Boeing divide the aircraft in large subsystems, yet 

this has no effect on the development speed (Langerak & Hultink, 2008). In this way these companies 

try to pursue a lean management approach by reducing the amount of suppliers and to deal only 

with first tier suppliers. However, they are also encouraging lower-tier suppliers to jointly 

manufacturer or merge to produce more complex components. The outsourcing of complex 

components puts more weight on the relationship between prime contractors and suppliers. The 

relationship is becoming more equal than in the past because responsibilities are being transferred 

to the supplying companies. In many cases, the suppliers are also responsible for R&D, finance and 

risk (Kechidi & Talbot, 2010). Boeing and Airbus have changed their producing strategy to a 

‘shopping’ strategy. These large assemblers are waiting for the technology to be developed till a 

certain level before they will reward a company with a contract. The smaller firms are innovating and 

the larger companies assemble all these innovations into one product: an aircraft.  

A recently conducted study illustrates the transfer of responsibilities to other companies (McGuire, 

Fai, & Ozaki, 2010). Boeing Company relies for most of the components on the Japanese aerospace 

industry. Boeing decided in 2000 to design and manufacture the 787 by using composite materials 

more extensively. However, Boeing has little technical expertise in this area. Their already existing 

relationship with the Japanese aerospace industry was again used to gain access to this expertise, 

because Japanese aerospace companies fulfilled key roles in the design of the composite 

components.  

Another example is the formation of Airbus. The formation of Airbus came forth out of the 

partnership of Aérospatiale and Deutscher Aerospace. Later on CASA and British Aerospace also 

joined Airbus, while British Aerospace participation ended in 2006. The reasoning for the formation 

was to compete with the large American aircraft manufacturing companies and to combine expertise 

in designing and building an aircraft which was needed to stay ahead of competition (Antoine, Frank, 

Murata, & Roberts, 2003).  

2.5.2. Research institutes, universities and partners outside the industry  

While companies increasingly rely on joint R&D projects with other firms, universities and knowledge 

institutes are also becoming more incorporated into technology development (McAdam, O'Hare, & 

Moffett, 2008). Universities and knowledge institutes are extremely useful in producing fundamental 

knowledge through research. In addition, they are less subject to radical changes and they are able to 

have more divergent goals than commercial institutes. While companies collaborate with universities 

to transfer knowledge, it is regularly the case that no transfer took place. Bloedon & Stokes (1994) 

claim that when there is knowledge transferred it is often to develop a product not the end product. 

So, the emphasis must lie on quality not on quantity. They also identified that companies must 

handle the knowledge with care, because when this knowledge is available in the company it could 

be recognized as a potential competitive advantage and developed further into a technology. Again 

quality is important before this can occur. Another point of concern before companies engage in a 

research project with a university or knowledge institute is that they have the tension to publish 
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findings (Behrens & Gray, 2001). Issues with right of ownership and intellectual property must be 

contractually arranged prior to the start of the project.  

Companies in the aerospace industry can also opt to cooperate with companies outside the 

aerospace industry (Benzler & Wink, 2010). The main benefit is that the companies are not operating 

in the same market and are able to use each other’s R&D departments and distribution channels for 

example. An aircraft exists of several technologies, for instance electronics, materials etc. 

Collaborating with partners in other high-tech industries could accelerate the development of the 

technology. An example is the increasing use of composite materials in the automotive and 

aerospace industry.  
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3. Methodology 

This chapter begins with a description of the case context, followed by the main research question of 

this master thesis. Furthermore, the term process research and case methodology are further 

explained. This chapter ends with a description of the proposed analysis strategies. 

3.1. Case Context 

The context of this study is the aviation industry in The Netherlands. The author makes a distinction 

between the aviation industry and the aerospace industry, since aviation industry together with the 

space industry forms the aerospace industry. The Dutch aviation industry has a yearly turnover of 2.2 

Billion Euros produced by approximately 200 companies1. The Dutch aviation industry has a long 

history with the foundation of three companies in 1919 which are currently still active in the 

aerospace industry. These companies are: KLM, commercial airliner; Fokker, manufacturer of aircraft 

and aircraft parts and the precursor of NLR (Nationaal Lucht- en Ruimtevaartlaboratorium), 

knowledge center specialized in the aviation and space industry.    

The Dutch aviation industry can roughly be divided into three segments: Airliners (KLM, Transavia, 

etc.), aircraft component manufacturing companies (Fokker, Airborne, etc.) and maintenance & 

repair companies (KLM Engineering & Maintenance etc.). In every segment there is a major Dutch 

company represented in the world. This is important because these companies attract again other 

aviation companies (Niosi, 2010). This study will only focus on the companies which are involved in 

the production of aircraft components in the Dutch aviation industry.     

3.2. Research questions 

The literature study already explained that the aerospace industry has moved from a closed attitude 

towards collaboration to an open attitude towards collaboration in innovation development. 

Collaboration is in present time one of the core elements in developing a technology since the 

industry has transformed from a local industry to a global industry. Collaboration is needed to 

expand the knowledge base of the company and to accelerate the technology development in 

general. While, the author thinks that the companies are aware of this, they do not adapt their 

innovation process to this change in their strategy. Therefore the following research question is 

defined: 

Main research question: 
How does collaboration influence the use of innovation processes in the aviation industry in The 
Netherlands? 

The main research question can be divided into sub-questions: 

Which innovation process does the company currently use? 

The literature study suggests that many companies have routines (Tidd, Bessant, & Pavitt, 2002; 

Kechidi & Talbot, 2010). These routines determine how companies ‘do things’. Sometimes this is 

referred to as company policy. A policy is a by company prescribed manner of how to deal with 

projects or problems, while routines are not always officially formulated. The innovation process 

itself could be a company policy to use certain methods or models in new technology development.  

                                                             
1 http://www.nag.aero/Branchesites/NAG/Downloads/Brochure%20NAG%203.pdf 
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How does the company organize the collaboration with others in a project? 

Companies outsource activities that are not defined as their core competences. To produce a 

product they have to collaborate. The innovation process used by the company should facilitate the 

use of internal and external knowledge. How do these companies organize a partnership? 

What is the relationship between collaboration and innovation process? 

The relationship could be that collaboration influences the use of a formalized innovation process. Or 

maybe there is (also) a formalized innovation process which influences the way of collaboration 

during technology development. Evidence should reveal what is the case. 

3.3. Process research 

‘How’ questions entail a process model or event driven explanation. A Process research is based on a 

story or historical narrative. Process theory is not about whether a change occurs but how a change 

occurs. A sequence of events or patterns is usually the result of process studies. Event-driven models 

are built forward and events are observed but do not always have an obvious consequence. The 

consequence should then be found in prior processes. 

The research question of this research requires a process model because the goal of this research is 

to find out how the innovation process evolves over time. The term process needs more clarification 

since it may have two different definitions. Process can be defined as: (1) a category of concepts or 

variables that pertain to actions and activities and (2) a narrative describing how things develop and 

change over time (Van de Ven, 1992). The first definition is typically linked to a variance model, while 

the second definition requires a process model approach. The second definition is therefore used to 

define process in this study.  

3.4. Case methodology 

A case methodology is used to provide an answer on the research question. Case study research is a 

thorough investigation combined with data collection in a certain context over time (Cassell & 

Symon, 2004). The aim of case study research is on the one hand to understand how the process 

evolves and why it evolves. On the other hand it is to develop more general ideas about how this 

process evolves and why it evolves (Fidel, 1984). So, a specific case is studied to explain it in more 

general. An often heard argument is that it is not possible to extract a general theory from a specific 

case; however (Yin, Applications of case study research, 2003) proved that this is absolutely not true 

and that it is possible. Several researchers (Eisenhardt, 1989; Yin, 1994) provide extensive guidelines 

on how to execute case study research. Yin (2003) explains in the following quote when the usage of 

a case study is appropriate: 

“The method is appropriate when investigators either desire or are forced by circumstances (a) to 

define research topics broadly and not narrowly, (b) to cover contextual or complex multivariate 

conditions and not just isolate variables, (c) to rely on multiple and not singular sources or evidence. 

(p. i)” 

The quote above explains several reasons when a researcher should conduct a case study. Therefore 

the author chooses to use a case study to answer the research question, since all conditions are 

present in this research. 
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3.4.1. Unit of analysis 

Baxter & Jack (2008) explain that a researcher should determine the characteristics of the case. 

Constantly one should wonder what should be in it and what should be excluded, as it is not easy to 

isolate units of analysis (Langley, 1999). Several questions could help the researcher to answer this 

sometimes difficult task. These questions are concerned with performing the research on individuals, 

programs or processes. The unit of analysis is in this case the innovation processes. The 

understanding of the decisions in these processes and how it evolves over time is the focus of this 

research. One should place boundaries on the case to determine what is not the case (Yin, 2003) 

(Stake, 1995). These boundaries can be set by time and place (Creswell, 2003); time and activity 

(Stake, 1995) and/or by definition and context (Miles & Huberman, 1994). In this case the research 

question already determined that the aviation industry is the first boundary and that all other 

processes which are not an innovation process should not be studied. Also the location is a 

boundary, since only companies in The Netherlands will be used in this case. A last boundary is that 

the innovation process should include the materials thermoplastic composites and Glare.  

3.4.2. Case selection 

This study aims to compare cases, therefore a minimum of two cases are required to conduct a 

comparative study. The subjects of this study are innovation processes and technology development. 

The development of technology is often organized in projects and these projects cannot be seen as 

single projects since they are all contributing to the development of a complete technology. This 

research focuses on the technology development of the materials thermoplastic and Glare. Since the 

aviation industry is a relatively small industry compared to other high-tech industries it is difficult to 

find many participants which are active in the technology development of thermoplastic composite 

material. This last material is the subject of this case regarding to the research question, though a 

company may be used to research the Glare case to obtain additional data, since there is already 

data available through earlier conducted researches. 

3.4.3. Collection of data 

The collection of data is needed to provide an answer on the research question. Yin (1994) suggests 

three principles of data collection for case studies: 

 Use multiple sources of data 

 Create a case study database 

 Maintain a chain of evidence 

The use of multiple sources of data enhances the reliability of the data and how this data is gathered 

(Patton, 1990; Yin, 2003). Baxter & Jack (2008) view this as a big puzzle. Every source of data should 

be considered as a piece of a puzzle. However, it is tempting to collect overwhelming amounts of 

data; one should not do this because it makes the analysis of the data very difficult. The use of 

multiple sources and views increase the validity of the data, but should not skip into gathering as 

much data as possible.  

It is important to organize the data in an effective and systematic way. The usage of a database 

increases the reliability of the case study, because the researcher has easily access to all the collected 

data and is able to organize this data again. Tellis (1997) suggests using two databases: one for the 

raw data and another one for the report of the investigator. Both databases contribute to the 
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possibility to replicate this research by other researchers. The author uses nVivo to rearrange the 

data. This is a qualitative software tool which acts as a database, especially created for qualitative 

research.  

Yin (2003) proposes to have an external observer involved in the derivation of the evidence. In this 

way the reliability of the study is increased. This external observer should evaluate if the researcher 

interpreted the data in the right way. This is done by two graduation mentors who guide the author 

continuously.   

3.4.4. Interviews 

The aim of the interviews is to create understanding how the process of innovation evolves over time 

for both cases. In interviews it is easier to switch from one subject to another and to ask more in-

depth questions when one this subject is interesting for research. Interviews are useful in this case 

because the answers are not predictable and cannot be captured into statistical numbers. Interviews 

are also very useful to obtain different views on the same phenomena. This brings us to the people 

that need to be interviewed. Several types of people are usually involved in the process of 

innovation. Typical interviewees are managers. In this case, the author would like to conduct 

interviews with managers that were involved in the innovation processes and those who have or had 

influence in making decisions during the execution of the company’s policy. The key is to find out 

how and why these decisions are made and led to this outcome. To make it more clear the author 

will interview R&D managers, program managers, project leaders and project team members. But 

also head of technical departments who are responsible for all these people and they are responsible 

for the company’s policy. Each interview will approximately have duration of one hour.  

The sub-questions are again divided into interview areas. The interview itself follows the 

chronological order of a project conducted by the company. A project can be divided into several 

phases: the selection of a project; progress of a project; collaboration in a project; commercialization 

of the technology and improvements of the innovation process. The interviews are semi-structured 

organized, meaning that some questions are set up in advance of the interview and most questions 

are generated during the interview, depending on the answers of the interviewee.  

3.4.5. Documentation 

Besides the data from interviews it is possible to use documentation, written reports of meetings, 

peer evaluations, learning point’s reports, presentations, articles etc. Everything that was 

documented in respect to how decisions were made should be researched. The data could especially 

useful by reconstructing a chronological story because most people do not remember when or what 

occurred at what moment in time. Also policy documents that state how innovation and adoption 

procedures occur should not be forgotten. This extra source of data also validates the data that was 

collected during interviews. However, the data could also be used to guide the questions of the 

interviews when the document data revealed something interesting.   

3.5. Analysis strategies 

Analyzing qualitative data is not simple. The aim is to reconstruct the whole process and to find out 

how the process evolves over time and why certain decisions are taken that led to this outcome. The 

reconstruction can be achieved by stories of key persons in the process or documented history of the 

process. The main goal is to understand the process and all the different events that lead to the 
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outcome. This sense-making can be obtained by pursuing several strategies. These strategies should 

not be exclusively used but should be combined. Each approach aims to make it easier to interpret 

the obtained data by structuring the data in a certain way. The strategies differ in that some are 

more focused on the meaning of a process while others are more concerned with prediction. The 

author selected three strategies that will be used to analyze the data. 

3.5.1. Narrative strategy 

This strategy involves a detailed reconstruction of the process from stories with key persons. 

According to Langley (1999) the narrative strategy serves different purposes depending on the 

objectives of the researcher. The different objectives are: to obtain a chronological analysis of 

events, to add an analytical element to find causal links or to use it as the main part of the research 

to achieve understanding of the process. An advantage is that this approach is not fixed on one 

anchor point. The research of multiple views is possible and maybe necessary to obtain a detailed 

and complete construction. Time plays the most important role in this strategy. And this approach 

works best for samples for one or a few cases. The narrative approach has also a high degree of 

authenticity that cannot be achieved with large samples. It avoids the necessity to define clear 

boundaries and easily accommodates variable embeddedness and eclectic data (Langley, 1999). 

However, one should avoid that the story is described so specific that the reader looses interest 

because it was not involved. The reader also loses interest when there is no clear conceptual 

contribution. Golden-Biddle & Locke (1993) suggests adding learning points so that readers have a 

purpose to read the study and maintains their interest.  

3.5.2. Visual mapping strategy 

Most compelling and interesting studies are not purely descriptive according to Langley (1999). 

Therefore, the author chooses to add two other strategies in combination of the narrative strategy. 

These two strategies aim to visualize the process into two different ways.  

The visual mapping strategy is the presentation of large quantities of information in relatively small 

space. This process data analysis relies on the manipulation of words. The result of this strategy is a 

visual illustration of the information required and can also be used in respect with time. This visual 

illustration should be seen as the step between data and theory. Multiple visual illustrations can be 

drawn of different cases for comparison, to detect common sequences or significantly differences.  

3.5.3. Temporal bracketing strategy 

The temporal bracketing strategy is very similar to the visual mapping strategy. However, in visual 

mapping strategy time is expressed as points, in temporal bracketing strategy time is expressed in 

periods or phases. A process is divided into two periods or phases and the study examines how 

decisions in the first period led to a change in the second period. This second period can be again the 

starting point for another examination period. This strategy is useful for one or a few cases and can 

be easily replicated.  

This research focuses on the aspect time and phases in an innovation process. It also uses only a few 

cases but examines this process in depth. These criteria influence the choices of the strategies and a 

combination of strategies is possible and desired. This study uses a combination of narrative strategy, 

visual mapping and temporal bracketing strategy to analyze the data. These three strategies have the 

same outcomes and key anchor points. The narrative strategy and visual mapping strategy focus 
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more on time as in separated points and temporal bracketing strategy focuses more on phases of 

time. However, the data obtained can easily be analyzed according to all three selected strategies. 

Another advantage is that the narrative strategy produces a reconstruction of a story in words and 

that visual mapping and temporal bracketing strategy produces a graphical illustration of the process. 

This complements each other because the text can clarify the picture or vice versa and could help in 

explaining it to the reader and maintaining their interest.  
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4. Case description 

The literature study already emphasized the importance of developing innovations in high-tech 

industries. Another important aspect is the focusing on core competences. This means that 

companies need to divide the product into components and should collaborate to offer a complete 

product. An aircraft could be divided into several components, such as: wings, engine, interior, 

electric, materials, etc. In previous chapter the author already explained that this study will use two 

cases. The first case is the ‘older’ aircraft material Glare and for this case the author makes extensive 

use of the book Glare: History of the development of a new aircraft material written by Vlot (2001) 

supplemented by articles found on the internet. The second case is the ‘newer’ aircraft material 

thermoplastics. The following subchapters will elaborate more on these two materials that form the 

basis for the cases but first some explanation on composites is given.  

4.1. Composites 

First a short overview will be provided about composites to give the reader more basic knowledge 

about this relatively unknown material.  

4.1.1. The first composites  

A composite is a matrix material reinforced with continuous filaments (Niu, 2005). A matrix is the 

essentially homogenous material in which the fiber system of a composite is embedded. The 

continuous filament is a fiber with extreme length such that there are normally no filament ends 

within a part. The exception is at of the edges of a shape. The strength of composites lies in the 

combining of different materials. In early history this was already done by reinforcing mud bricks 

with straw to build houses. The mud bricks act like a matrix and the straw acts as a fiber. Another 

commonly used natural composite is wood. Wood consists of different suppressed layers. The 

direction of these layers determines the superiority of the wood laminate and prevents the material 

of wrapping. 

4.1.2. Advanced composites 

In the 1960s the term advanced composites was introduced when boron filaments were embedded 

in composites. In present time, many more fibers are used, such as carbon, boron, glass, Kevlar or 

ceramic. In this thesis the term composites also refers to advanced composites with the modern 

fibers. The importance of composite was already acknowledged during the discovery. Weight savings 

of airframe structures of 30% were achieved. However, composites structures are generally more 

expensive then metal ones. Cost reduction of composite structures can be reached by structural 

simplification, reducing part count and eliminating costly design features (Niu, 2005). Cost is a very 

important consideration to commercial aircraft manufacturers and lagged the adoption of 

composites in commercial aircraft. Another barrier to use composites is safety, since it is more 

difficult to certify a composite component than a metal equivalent.  

Still, there were some business aircraft manufacturers which replaced aluminum with composites for 

the reason that it has an excellent strength-to-weight ratio. In the 1980s they already designed and 

manufactured all-or mostly composite aircraft.  
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4.1.3. Thermoset vs. thermoplastic 

The advanced composites can be divided roughly into two groups: thermoset and thermoplastic, 

where hybrid materials, such as Glare, are excluded since they are not merely a composite or a metal 

but both. Thermoset or thermosetting composites is a polymer material that irreversible cures 

through a chemical reaction (Niu, 2005). A thermoplastic or thermosoftening plastic is a polymer that 

turns into a liquid state when it is heated and can be hardened by cooling (Niu, 2005). In the softened 

stage it can be shaped by molding or extrusion. This process of softening, shaping and cooling can be 

executed repeatedly without (much) loss of material strength. The table below shows some 

advantages and disadvantages of both composite groups. Important is that the matrices are 

compared since the fibers can be used for both groups.   

Table 2: Advantages and disadvantages for thermoset and themoplastic (Niu, 2005) 

Thermoset matrices Thermoplastic matrices 

Advantages 

Relatively low processing temperature Superior toughness to thermosets 

Good fiber wetting Reusable scrap 

Formable into complex shapes Rejected part reformable 

Low viscosity Rapid (low cost) processing 

 Infinite shelf life without refrigeration 

 High delamination resistance 

Disadvantages 

Long processing time Less chemical solvent resistance than thermosets 

Restricted storage Requires very high processing temperatures 

Requires refrigeration Outgassing contamination 

 Limited processing experience available 

 

While thermoplastics can be repeatedly reformed it is easier to form thermosets into complex 

shapes. However, thermoplastics are tougher and processed more rapidly than thermosets. They 

also have a high delamination resistance and scrap can be reused but they have less chemical solvent 

resistance and the process of melting the material requires very high temperatures, while 

thermosets need relatively low processing temperatures. On the other hand, thermoplastics have 

infinite shelf life and do not need any refrigeration while thermosets has a restricted storage time 

which requires refrigeration. Above all it is the cost of manufacturing the product that determines 

which material is going to be used and thermosets are still in favor in this respect.  

4.2.  Case1: The story of Glare 

The story of Glare is divided into three time periods where fundamental research or usage of the 

material took place. The story starts at the discovery of Arall and ends with the downfall of Glare.  

4.2.1. Arall (1970-1989) 

The need for new aircraft material increases when aircraft engineers found out that fatigue and 

corrosion in aluminum aircraft structures causes serious deterioration and even failure of the whole 

aircraft. The discovery of this weakness of aluminum as structural material led to an increase of 

maintenance inspections, which at its turn increased the cost of aircraft operations. According to 

Vogelesang (McMullin, 2001) this was the reason to focus more on the development of no-repair 
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structures to decrease maintenance cost and to develop a material that would not suffer from 

fatigue and corrosion, both phenomena deteriorate the strength of an aircraft structure.  

Arall stands for Aramid Reinforced ALuminum Laminates and was invented by TU Delft professor 

Vogelesang and Schijve in the 1970s. This was his answer on the problems with fatigue and 

corrosion: an Aramid fibre laminate combined with aluminum sheets. In the 1970s TU Delft already 

maintained close contact with NLR and Fokker, however, Fokker did not consider Arall to be a 

potential replacement for aluminum aircraft structures, although cooperation in the aviation industry 

was essential to develop this material further. Vogelesang and Schijve acknowledged this and were 

highly committed to carry on with the research to make this new material a success. Vogelesang 

started to search for new useful contacts and found support outside the aviation industry from AKZO, 

a Dutch manufacturer of Aramide fibers and ALCOA, an American aluminum producer. To start the 

production of prepregs, a combination of adhesives and fibers, Vogelesang also contacted 3M which 

made at that time adhesives and was able to produce prepregs. The companies were more than just 

material suppliers. They were also actively involved in the development process of Arall and this step 

taken by a university was rather radical at that time. 

The 1980s were used to conduct more fundamental research to develop the material further, so that 

it could be embedded on an aircraft since this is essential for adoption by the aviation industry. 

Fokker announced the design of the Fokker 50 and 100, however, the design bureau decided 

composites would make up about 50% for a new to be designed aircraft, the F-XX. But the new F-XX 

was never designed and Fokker lost its interest in Arall after its usage for secondary, non load-

carrying structures in the F-27. Up till now only small tests were conducted on Arall that reinforced 

the belief in this material by its researchers. But to convince the conventional aviation industry, Arall 

requires to be implemented on a primary structure (a load carrying structure in an aircraft). The 

approval of the F-27 wing panel project facilitated this. Test results were promising and it looked like 

Arall conquered fatigue and corrosion.  

Then suddenly Fokker started to negotiate with the NLR in 1986 to explore how NLR could be more 

involved in the development process of Arall. This damaged the relationship between Fokker and TU 

Delft. Fokker tried to position itself more central in the project and felt that TU Delft has done its part 

by creating the idea and that it was time to commercialize the product together with NLR. The 

quarrel did not aid the development of Arall. New variants of Arall were researched when 

researchers found out that broken fibers did not slow the crack growth anymore. This was 

considered to be a very serious issue since this was seen as one of the main benefits of Arall over 

aluminum. The only purpose of these new variants was to produce also non-flying products, such as: 

cycles, tennis rackets and body armor to accelerate its adoption in other industries. It became also 

clear that Arall was not suitable for fuselages of aircraft. Still, ALCOA managed to commercialize Arall 

for the first time on a C-17 military transport aircraft. This aircraft suffered from a heavy rear end and 

its large cargo doors would be manufactured from Arall. Until now only test were conducted on 

aircraft, while the C-17 has the first commercial application of Arall. Only 30 C-17 were manufactured 

with Arall cargo doors for the reason that it was eight to ten times as expensive as aluminum doors. 

This was maybe the biggest problem of Arall.   
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4.2.2. Glare (1990-2001) 

Glare stands for Glass Reinforced aluminum and is invented by Roebroeks and Vogelesang, two 

(presently) former professors of TU Delft. The difference between Arall and Glare is the substitution 

of Aramid fibers with the much stronger glass fibers. Many things happened to Arall and Glare in this 

period simultaneously in Europe and US.  

In the US ALCOA was still marketing Arall and started also the production of various Arall variants 

while Glare was advocated by TU Delft to replace Arall, since test results were significant better. So, 

TU Delft destroyed the Arall business for ALCOA. Another remarkable fact is that ALCOA had a license 

to produce Arall while Aramid fibers were produced at AKZO and AKZO owned the patent of Arall and 

Glare while Glare did not contain any ingredients produced by AKZO. This did not reinforce the 

relationship but still a joint venture was founded between ALCOA and AKZO under the name of 

Structural Laminates Company (SLC). The presence of ALCOA did open the door to Boeing, which was 

at that time designing the Boeing 777. For the vital parts it was already too late because the design 

was already in its final stage. Still the initial idea was to use Glare for the cargo floor in 1990 since it 

has a high impact resistance in contrast to Arall. Boeing was also interested in Glare fuselage parts, 

however the Glare parts were too small and too many expensive joints were needed to connect all 

the Glare parts. Ultimately McGill was chosen as supplier of the cargo floors with a similar material 

technology and no Glare was used in the Boeing 777 in the end. The relationship between AKZO and 

ALCOA was ended in 1997 and all commercial activities were stopped. SLC was kept alive by ALCOA 

for the American market and AKZO obtained the license to commercialize Glare in Europe.  

In Europe Airbus became more interested in Glare. Airbus consists of several European partners and 

each partner has its own expertise. Airbus started tests on large Glare parts and results were 

promising. Yet, the development of Glare was slowed down when a large reorganization took place 

at Airbus and the finance on new developments was considerably decreased. The results from the 

tests were enough to produce and manufacture a bulkhead section for the A340. This part is difficult 

to inspect because it is hidden behind the interior of the aircraft. The improvement of production 

techniques led to the possibility to produce double curved spliced Glare sheets that are 50% larger 

than before. One of the problems of Glare is that it is a hybrid material while Airbus material groups 

are divided into two camps: aluminum and composite camp. So, Glare is or both or none of them. 

Members of the aluminum camp viewed Glare as a composite while for the composite camp it was 

still unclear what it was. Even so the tests that were carried out by Roebroeks in 1995 did not 

facilitate the acceptance of Glare. His test results revealed that strength reductions takes place when 

the material is exposed continuously to a high humidity environment. However, these test results 

were easily refuted since it only takes place on the edges of the structure. In addition, a structure is 

never exposed to a high humidity environment that long. Still, this is a test that is common to 

examine composite materials.  

Only one hurdle should still be taken to successfully implement Glare in primary structures. The 

material must be certified by the aviation authorities. In 1989 Airbus already announced to develop a 

very large aircraft as an answer to the very successful Boeing 747-400. From the beginning they 

mentioned Glare as a candidate for the fuselage. The Dutch government took a risk and decided to 

finance the development project of Glare to accelerate the development of Glare and support the 

Dutch aviation companies. The funding was needed to advance the technology further in terms of 

qualification, production and design concepts. Fokker was also involved in this process by Airbus but 
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went bankrupt in 1996. This created an enormous delay of at least three years on their part. When 

the parent group of Airbus EADS was involved it considerably accelerated the work because a 

planning was made to ensure the completion of the project in time and more funds became available 

for this project. Still several minor problems occurred which delayed the project.  

In 1996 Airbus started the material selection for their A3XX. Until now it was never decided that 

Glare would be used, but it was also never decided that Glare would be excluded. Ultimately, a 

contract was signed between EADS and Fokker for the deliverance of Glare parts for the fuselage and 

leading edges on the vertical and horizontal tail plane on the new A380.   

4.2.3. Glare and CentrAl (2001-present time) 

During the 1990s Boeing already lost its interest in Glare and showed more interest in thermoset 

composites by the announcement of a composite aircraft, the 7E7, probably better known as the 787 

Dreamliner. The switch from ‘traditional’ aluminum to thermoset composite at Boeing is not entirely 

surprising since Boeing never was very enthusiastic about Glare. What is surprising is the amount of 

composites they included in their new design. The airframe of the 787 will consists of 50% 

composite, while Boeing has little knowledge about composite structures. To gain knowledge about 

thermoset composites Boeing fully relies on the Japanese aerospace industry.  

As a reaction on the 787 Dreamliner Airbus started the design of the A350 in 2006. Technologies 

from the A380 will be transferred to the A350 to simplify the design process. Remarkable is that 

Glare will not be applied on the A350, while Airbus was satisfied with all the test results and used 

Glare extensively on the A380. The A350 will also make use of composite materials, comparable to 

Boeing’s 787.  

One can imagine that this event is not helping the adoption of Glare in the aviation industry. The 

reason of not using Glare anymore should not only be searched in technical aspects but maybe more 

in political issues. As described before, Airbus consists of different material camps. The choice for a 

material is not purely based on technical properties but also on symbolic and political grounds. 

According to Schatzberg (2004) was a similar ‘battle’ fought in the past during the transformation of 

aluminum over wood as the new aircraft material. During those days there were also two camps: the 

wood camp, depicted as conservatives and the aluminum camp, which were advocating that 

implementing aluminum equals progression. The results of his study also explained that the choice of 

aluminum over wood had little to do with a rational choice based on which material has the best 

properties, because metal was clearly better than wood. According to Schatzberg (2004) was the 

choice based on symbolic grounds because wood was associated with tradition and aluminum with 

modernity. The media also played an important role by influencing the industry and gave the 

materials the status which was again decisive in the transformation of aluminum over wood. The 

‘battle’ took no more than 15 years to replace wood.  

While the development of Glare already takes more than 20 years is the adoption of Glare still a long 

way to go since Airbus decided to not use Glare in their next aircraft design. However, Fokker still 

offers Glare products but is currently focusing its research and development on another new aircraft 

material. Arnt Offringa tells about this the following:  
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“Two years ago we had the impression that it was the end of Glare. Airbus did not want it anymore 

and said this explicitly. On the A380 it is fine but on other aircraft not.” (Arnt Offringa, R&D manager 

Fokker Aerostructures Hoogeveen). 

More on this is described in the second case. However there are still a few companies developing 

Glare further. One of them is GTM, which is a small company with a focus on hybrid materials such as 

Glare. They claim that they developed Glare further into a new skin material called CentrAl. The idea 

behind it is simple: place Glare sheets between aluminum sheets to discourage crack growth. The 

result is an excellent wing material with slow crack growth compared to aluminum sheets and 

resistant to fatigue according to Gunnik, director of GTM and Benedictus, professor at TU Delft 

(Muller, 2007).   

4.3.  Case 2: The story of thermoplastics 

The story of thermoplastics is considerably shorter for two reasons. It has never been the sole 

subject of scientific researches while Glare was. Secondly, and this may have something to do with 

the first reason, Glare is already much further in its development cycle compared to thermoplastics. 

Thermoplastics could be considered to be in the early stages compared to the more than 30 years 

development time Glare already experienced.  Therefore only some information on the discovery of 

this material can be found.  

4.3.1. The invention of Thermoplastics 

Carbon reinforced thermoplastics is also invented at TU Delft by Dreumel. Thermoplastic composites 

can be softened by heating the material. In the attenuating condition it can be deformed and when 

the material is cooled down it preserves it strength. Dreumel already developed carbon fiber 

reinforced plastics in the 1970s and 1980s. The invention of carbon reinforced thermoplastics took 

place at the same time as the invention of Arall.  

4.3.2. The development of thermoplastics in projects 

The development thermoplastics progressed by the completion of several projects. Most of the 

projects that were executed are displayed in figure 4 on page 35. The figure shows which projects 

were conducted and which companies were participating in these projects. Below there is an 

explanation of every project that is displayed in the figure.  

4.3.2.1. First themoplastic prepreg (1982-1989) 

In 1982 Ten Cate Advanced Composites started the development of thermoplastic prepregs. Prepreg 

is short for pre-impregnated composite fibers. Prepregs already contain an amount of the matrix 

material used to bond them together and to other components during manufacture. Ten Cate is in 

The Netherlands the only large composite material supplier of thermoplastic and thermoset 

composite material. The first usage of thermoplastic material in aerospace was in 1989. However no 

information is available what this usage exactly meant.  

4.3.2.2. VTP 1 (1987-1996)  

The first concern in this stage of technology development is to obtain more fundamental knowledge 

about the technology. An invention has been discovered and in this early stage it looks promising but 

no man can predict the future of this invention since it depends on many factors, such as other 

inventions, economical reasons, company resources, and etcetera. The advancement of the 
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fundamental knowledge is necessary to identify the possibilities of this technology. Fokker started 

therefore a project called VTP. VTP stands for ‘Vliegtuig Technologie Programma’ (Dutch for Aircraft 

Technology Program) and was a collaboration of Fokker, at that time still manufacturer of aircraft, 

Ten Cate, material supplier and NLR, Dutch aerospace and aviation laboratory. The VTP aims to 

research the areas of aerodynamics; design methods; advanced construction and materials; internal 

and external; sound and some other areas. In the VTP 1, they used the F-100 as test subject. Arnt 

Offringa explains that he just moved from the design department to Hoogeveen to become the 

project leader for thermoplastics: 

“I had several friends who were working in design groups and I could ask them which products caused 

problems” (Arnt Offringa, R&D manager Fokker Aerostructures Hoogeveen). 

One of the designers told him about a tiny titanium container in the cargo of the Fokker-100. These 

six tiny titanium containers were replaced by pressed thermoplastic composite containers. The 

material was supplied by Ten Cate, which started the production of thermoplastic material in 1990. 

The replacement was not difficult to justify since it was a small light part which was also fireproof 

since thermoplastic excels in fire resistance. It was very small and did not mean anything according to 

Arnt Offringa. There were no machines yet to press the containers. A metal press in Hoogeveen was 

converted and Ten Cate was included to supply the material. An intimate collaboration started 

between the two companies to develop the material and the applications further.  

Fokker acknowledged at that time that there were some problems with the cargo floors of their 

aircraft and considered thermoplastic composite as new material. But there was still much resistance 

from Fokker engineers in those days. Many questions were unanswered about this new material:  

“We did a test with a trolley with weights which drives around; this is a well-known test for floor 

panels. Then the trolley broke down. But still this was not enough” (Arnt Offringa, R&D manager 

Fokker Aerostructures Hoogeveen). 

Arnt Offringa illustrates here the resistance for something new by some of the engineers at Fokker. 

The trolley test was still not enough to convince these engineers. Eventually the main constructor of 

the Fokker-100, Rudi den Hertog made the decision to develop thermoplastic further. But they 

already manufactured some thermoplastic floor panels and tested these panels extensively because 

there were many problems with the ‘old’ metal cargo floors. The problems occurred mainly at the 

edges of the floor panels where the panels started to crumble. The test results of the thermoplastic 

floors were impressive since the floor panels turned out to be much stronger and lighter than the old 

floor panels. Fokker also provided repair kits to keep the floor intact. A half year later Rudi den 

Hertog decided to pursue with the development of thermoplastics.  

Thereafter Airbus designed a peculiar looking cargo aircraft, the Beluga. Fokker easily obtained the 

assignment to equip the Beluga with large thermoplastic floor panels but only five Belugas were 

manufactured and they are solely used by Airbus to transport parts between its branches. Most of 

the research within Fokker stopped with the bankruptcy of Fokker in 1996. However, research in 

some areas, such as the advanced construction and materials Glare and thermoplastics continued 

because they saw a great potential.  
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4.3.2.3. Gulfstream Floor Panels (1995-1996) 

In this period the company, which is developing the technology, tests the technology in-house and is 

also looking for potential customers. Thus the company identifies problems with current technology 

and uses these problems to market the new technology. When these tests are considered to be 

successful the company starts to look for possible applications and potential customers. Arnt Offringa 

emphasizes that it is very important to get the technology established: 

“With a minimal team with different disciplines we try to set it up and when there is a growth in 

volume and the innovation is settled, you as company start to look around. For example search for 

other suppliers.” (Arnt Offringa, R&D manager Fokker Aerostructures) 

The first potential customer is therefore very important in the innovation process to get the 

technology established. The technology is developed towards a real life problem. However, it is very 

difficult to find this first customer. The technology is new to the world in this case and the technology 

is probably unknown to its customers. The developing company needs to convince the potential 

customer to adopt its technology while it is still in an early stage. The company that considers 

adopting the technology takes a risk. 

Fokker already tested the floor panels in their own aircraft and they discovered that Gulfstream had 

some difficulties with their metal floor panels as well. In 1995, during the execution of VTP 1, they 

contacted Gulfstream and showed them that their technology could solve their floor panel problem. 

Gulfstream already tried plastic floor panels but did not designed them very well. Gulfstream decided 

to go back to metal floors when Fokker contacted Gulfstream about their latest material. A 

laboratory tested the thermoplastic floor, the plastic floor and the metal floors extensively with little 

stiletto heels. The metal and plastic floors were full of dents, where the thermoplastic floor showed 

little damage. Gulfstream was very impressed and decided to replace their old floor panels with 

thermoplastic floor panels in 1995. However this floor was a primary structure. This floor needed 

much more engineering and testing. 600 tests were conducted to prove the strength of the small and 

large panels. This was considered to be the breakthrough because of the increase in volume and 

complexity.    

Subsequently Fokker also equipped warehouses with thermoplastic panels. But this was not 

profitable for Fokker since alternatives are much cheaper. The medical market was still a good 

option. Thermoplastics panels seem to be excellent for certain medical equipment, such as CT scans. 

However, Fokker felt that this should not be done by an aircraft manufacturer and sold this market 

segment.  

4.3.2.4. VTP 2 (1997-1999) 

The second VTP was again conducted with Ten Cate, NLR and Fokker. Fokker was merged into Stork 

and abandoned its aircraft manufacturing activities and was forced to change its role to component 

manufacturer. The second VTP was to develop the technology of thermoplastic components further. 

This resulted into a welded thermoplastic landing gear door for the Fokker 50 in 1997. This was only 

a test product, but it did fly for several years.  
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4.3.2.5. Gulfstream press-formed ribs (1997-1999) 

In the mean time Fokker also started a project with Gulfstream to develop thermoplastic ribs. 

Gulfstream was already familiar with thermoplastic floor panels and expanded the use of 

thermoplastic parts to the ribs of their small aircraft. The project successfully ended in 1999. Ten 

years later Fokker transformed the ribs to a fully welded construction to eliminate the need for 

´heavy´ joints.  

4.3.2.6. Wing fixed leading edge Airbus (1998-2003) 

The bankruptcy in 1996 led to a major decrease of employees in the aerospace industry in The 

Netherlands. The Dutch government did not redraw their support to the aerospace industry and 

initiated two stimulation programs. This stimulation program helped Stork to obtain a diversification 

of customers because at this moment only Gulfstream adopted the technology. Stork is able to use 

the results at Gulfstream as a reference to convince other companies. The adoption of a technology 

by Airbus results into a stable flow of income through the demand of larger volumes. However, 

Airbus is normally very conventional in the adoption of external technology and requests a mature 

technology before it decides to adopt such a technology 

The aim of the stimulation programs was to support Stork, which acquired Fokker, to participate in 

an Airbus aircraft developing program, the so called A3XX. This happened in 1998, where Fokker, Ten 

Cate and University of twente collaborated in the development of a thermoplastic fixed leading edge 

of the wing of Airbus A340 and A380. Arnt Offringa explains that the experience with the Fokker 50 

helped the communication with Airbus. They started with the development of a prototype in a few 

months. Ten Cate and Fokker were both enthusiastic about this project. The timing was excellent 

because Airbus was busy designing the A340 at that moment. Airbus dared to implement four 

thermoplastic fixed leading edge parts on the wing of the A340. This technology became the base 

line technology for all the leading edges. The change to the A380 was actually quite simple, since 

Airbus already comprehended and valued this new technology. The leading edge of the A380 consists 

of 16 thermoplastic parts, while the A340 had only four parts. Fokker admits that it sold the 

thermoplastic parts with large margin, but the company also took a big risk with this technology:  

“This all went simultaneous with the Glare story. The leading edge was developed in Hoogeveen. Here 

in Papendrecht we and TU Delft developed Glare. Both technologies were embedded in the A380” 

(Arnt Offringa, R&D manager Fokker Aerostructures Hoogeveen). 

4.3.2.7. Thermoplastic induction welding (2000-2003 

Until KVE started this project all thermoplastic parts were assembled to other parts with rivets. KVE 

started this project to develop a technology to weld thermoplastic components to save more weight. 

KVE tried different welding techniques and found out that the induction technique is the best option 

to weld thermoplastic composite components.  

4.3.2.8. Floor beam (2003-2005) 

In 2003 Fokker started a project to develop woven floor beams. This is a narrow beam produced with 

the help of an American material supplier.  
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4.3.2.9. Gulfstream thermoplastic control surface (2003-2009) 

The welding technique was further developed in this project when KVE cooperated with Fokker and 

Ten Cate in this project. Gulfstream was again considering more thermoplastic parts in the tail 

section of their next business jet, the G650, and approached Fokker for this task. Fokker partnered 

again with Ten Cate and also involved KVE in this project for their induction welding technique.  

Fokker already started a research project several years ago to develop a welding technique. Only 

they made the choice to develop resistance welding instead of induction welding, developed by KVE. 

Arnt Offringa states that Fokker still has this welding technique but the development has stopped. 

The project required to design and manufacture thermoplastic rudder and elevators for the 

Gulfstream G650. For KVE this project was an excellent way to demonstrate their induction welding 

technology in a large project. Martijn van Wijngaarden explains that this project is very important to 

speed up the adoption of induction welding of thermoplastic composites:  

“At this moment only one manufacturer purchased an induction welding license which is Fokker.” 

(Martijn van Wijngaarden, R&D manager at KVE).  

Martijn van Wijngaarden admits that there are many more unexplored research areas which hamper 

the adoption of this technology by other aircraft manufacturers. These manufacturers are still not 

convinced that this is the best welding technology, while Fokker already acknowledged that this 

welding technique is better than their own developed welding technique. Fokker builds the business 

cases around two factors: cost and weight. Fokker declares that an aircraft assembler will adopt this 

technology when the structural weight and production cost are decreased. For the cost they 

compare the thermoplastic technology with thermoset technology. For the factor weight they view 

aluminum as the most important opponent of thermoplastics. The welding technique contributed to 

a thinner skin with more ribs. The thermoplastic control surface is 10% percent lighter than its 

thermoset equivalent, while the production cost decreased with 20%. Test flights of the G650 were 

conducted in 2009 while certification of the whole aircraft will be received in 2011. The project was 

in 2010 awarded with the JEC Innovation Award because it was the first welded thermoplastic 

primary composite component in series production. JEC organizes the largest composite oriented 

events worldwide. Remarkable is that JEC added this year thermoplastics as extra category to their 

Innovation Award.  

4.3.2.10. TPRC (2009-No end) 

Adjacent to the thermoplastic control surface project, Boeing started ThermoPlastic Research Centre 

(TPRC) in The Netherlands. Currently Boeing, Fokker, Ten Cate and University of Twente are 

connected to TPRC:  

“Boeing has founded many research centers all over the world and had already contact with Ten Cate. 

Boeing was interested in founding a research centre in Twente in the area of Thermoplastics.” (André 

de Boer, professor applied Mechanics University of Twente). 

TPRC describes itself as an open innovation, research and development centre aimed at 

thermoplastic composite products. Every company that would like to partner with TPRC is able to do 

this since this is considered to be an open innovation centre. This means that all knowledge created 

in the centre is available to all the partners. There are some limitations because there is a difference 

in knowledge availability between Tier 1 and Tier 2 members. Tier 1 members pay more money to 
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partner with TPRC and have full access to knowledge while Tier 2 members pay less but also have 

limited access to knowledge. TPRC is not a single project but long term partnership between several 

members. TPRC is currently performing fundamental research; this means that the first priority is to 

develop thermoplastic technology further before actual products can be produced. The emphasis lies 

on the performance of new composite materials and advanced joining methods of thermoplastic 

materials. Arnt Ofringa also emphasizes that the goal of TPRC is to develop general knowledge about 

thermoplastics (TRL 1-3). This is according to him also the major difference with TAPAS project (next 

project). The technology in TAPAS project is more applied to particular components in the aircraft 

while within TPRC this is still undefined:  

“Within TPRC a relatively complete value chain is represented where Ten Cate is the material supplier, 

Fokker component manufacturer and Boeing is the assembler of the final product. The collective 

research projects enable the acquaintance of new technology. So, new technologies can be 

implemented at a faster rate.” (Harald Heerink, Business director of TPRC)  

Harald Heerink explains that the whole value chain accelerates the development and adoption speed 

of new technology by the use of industry’s demand. Partners of TRPC should provide the demand, so 

that a research project can be defined within TPRC. The other partners should execute the project to 

satisfy this demand. When companies are acting independently, it would slow down the 

development and adoption process according to Harald Heerink: 

“When companies do this separately, they should find a market for it. Then they have to convince the 

other company to implement it.” (Harald Heerink, Business director of TPRC) 

However, Arnt Offringa also observes a limit to this type of performing research. He states that TPRC 

aims at performing fundamental research and members will not innovate radically within TPRC 

because of ownership and patent rights issues. He also denotes that it is for Fokker vital to 

participate to maintain contact with Boeing.  

4.3.2.11. TAPAS (2009-2012) 

TAPAS stands for Thermoplastic Affordable Primary Aircraft Structure and aims to develop 

thermoplastic primary structures with the help of the Dutch aerospace industry for Airbus.  

Start of TAPAS project 

The TAPAS project started one week before the start of TPRC and was initiated by Airbus in 2006. 

Airbus sent a request to the Dutch Government to define a project in this research area to accelerate 

the development: 

“Subsidy projects are often initiated by a large company and they try to form a consortium. Every 

partner in this consortium has its own capabilities. Airbus is one of these companies which initiate 

several projects with different themes or in the case of TAPAS something with thermoplastics.” 

(Robbert Bakker, program manager at Airborne) 

Airbus started the formation of this project by the Dutch Government and actually Airbus handed the 

formation of the consortium over to them. The Dutch Government subsidizes this project together 

with Airbus. The project will have duration of 4 years and will approximately cost 13 million Euros. 

Remarkable is that the Dutch Government subsidized such a large amount of money. Robert Bakker 
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explains that the Dutch Government created a special arrangement to allocate the money to this 

project. In 2009 all the participants signed a memorandum of understanding to collaborate in one 

large project. Pim de Kat explains that the formation of the consortium was for his company very last 

minute. 

“I had a meeting with NIVR (Dutch Institute for (Aero)space); this is now called AgentschapNL. I had a 

meeting about our technology and its applicability in the aerospace and the availability of programs 

to participate with.” (Pim Kat, president of Technobis FIbre Technologies) 

Pim Kat immediately called Arnt Offringa as soon as the meeting was over but this was the day 

before the deadline of the project plan, to ask him to include Technobis in the project plan as well. 

Arnt Offringa called in his turn AgenschapNL again to verify this and they told him that they would 

like to have the technology of Technobis included into the TAPAS project. And so it happened that 

Technobis was also implemented in the project plan.  

The project 

The project itself is divided into two work packages. Work package 1 is the production of a 

demonstrator of a skin of a fuselage, led by Airbus. Work package 2 is a demonstrator of a torsion 

box of the Gulfstream G650, led by Fokker Aerostructures. André de Boer of University of Twente 

sees a third work package in the project executed by the universities. The third work package is 

conducting fundamental research to develop the thermoplastic technology further. He declares that 

the third work package is performed by both universities but does not influence work packages 1 and 

2.  

Airbus and the Dutch partners 

The companies that are participating in this project are: Airborne Technology Centre, Dutch 

Thermoplastic Components (DTC), Kok & Van Engelen Composite Group (KVE), Stork Fokker AESP 

(Fokker Aerostructures), Technobis Fibre Technologies, Ten Cate Advanced Composites, Technical 

University of Delft (TU Delft) and University of Twente. The NLR is not an official partner but it is 

incorporated in this project to test the demonstrators.  

Table 3: Participating companies and their technology 

Company Technology 

Fokker Aerostructures Assembling the product 

Airborne  Tape layer 

University of Twente Optimizing calculation methods 

TU Delft Optimizing production process and cost 
calculations 

KVE Induction welding 

Technobis Fibre 
Technologies 

Structural Health Monitoring (SHM) 

DTC Pressing ribs 

Ten Cate Material supplier 

Airbus Aircraft assembler 

 

Every partner in this project has its own specific capability as can be seen in table 3. The whole value 

chain is also represented in this project. Ten Cate is again the material supplier and in this case Airbus 
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is the aircraft assembler and customer. Fokker, Airborne and DTC are manufacturing the 

components, with the technology of KVE. The Universities of Delft and Twente optimize the 

designing and manufacturing processes. The technology of Technobis is in a very early stage but is 

incorporated in this project to monitor the structural health of composite structure. The NLR will test 

the product for certification.  

“The TAPAS project is special because it is a one-off project. It is not that every three years there is a 

TAPAS project.“ (Menno Verkade, TAPAS project leader at Airborne) 

Companies desire to participate in this project because it is a unique project.  It is unique because of 

the number of companies involved and that the project is initiated and funded by Airbus and the 

Dutch government. Pim Kat also adds that this project is for his company important because of the 

contact with Airbus and the other members of the project since his main market is not the aerospace 

industry. This project creates the possibility to introduce the technology of Technobis in the aviation 

industry and expands the activity in this industry.  

The progress of the project 

Practice always differs from what was planned in advance. The progress of work package 2, the 

torsion box is monitored by Fokker. Several events happened that negatively influenced the progress 

of this work package.  

 Ten Cate not (yet) able to deliver material; 

 Replacement of Airbus persons which are responsible for TAPAS; 

 Economical crises causes a shift of priority within Airbus;  

 Requirements are not clearly defined by Airbus 

The initial idea was to use material from Ten Cate. However, Fokker could not wait and started the 

production of a demonstrator from another supplier. Ten Cate is a member of this project and is at 

this moment still working on the development of new material. When this material is qualified it will 

be incorporated in the project again. At this moment they have the R&D material available but it 

needs to be tested before it can be qualified.  

A second event happened when persons that were responsible for the TAPAS project within Airbus 

were replaced by other persons who were not familiar with this project and technology:  

“The person responsible for work package 1 is really enthusiastic. But he does not possess much 

knowledge about this technology and needs to consult with colleagues and that takes time” (Arnt 

Offringa, R&D manager Fokker Aerostructures Hoogeveen). 

The quote has to do with the replacement of persons that were first responsible for TAPAS project at 

Airbus. Arnt Offringa compares Airbus with a supertanker. It takes a lot of time before it changes its 

course because there are many people involved in the decision making process.  

The third event, the economical crises, caused a shift in priority. Work package 1, the skin of the 

fuselage was led by Airbus and they just delayed the project for a few months. They also decreased 

the size of the demonstrator. Arnt Ofringa sees this as something the members of this project have 

to accept, because Airbus made the choice to delay work package 1.  
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The last event is about unclear requirements. Martijn van Wijngaarden expected more information 

and directions from Airbus in this project. He experienced problems with contacting Airbus, also due 

to the replacement of persons, and defining clear project requirements. Martijn van Wijngaarden, 

from KVE, is responsible for the induction welding technology. The fuselage skin of an aircraft is 

normally equipped with metal gauzes so that it can survive a lightning strike. The metal gauzes 

conduct the electricity around the aircraft during an impact. The requirements set by Airbus did not 

mention the implementation of these metal gauzes. This was first not requested by Airbus. Martijn 

van Wijngaarden explains that it is logical to include this into the fuselage skin design but it was not 

defined as an important requirement during the start of the project. However, KVE decided to 

include this and this had an impact on the welding technology because the metal gauzes should stay 

intact when the thermoplastic parts are welded together. The next challenge is to connect all these 

metal gauzes automatically. This job was first done manually while this project also tries to do more 

production work with the aid of robots. The robot only produces fuselage skin parts and all the metal 

gauzes on these parts should be linked together before it can conducts the electricity. Also in this 

case, Martijn van Wijngaarden expected clear requirements and more interference from Airbus.    

So the project is delayed first by Airbus and secondly by Ten Cate. According to some respondents 

the delay has to do with political considerations within Airbus. Airbus is together with Boeing the 

largest aircraft manufacturer in the world and these companies exert power over the relatively small 

Dutch companies. This is illustrated by the fact that work package 1 is considerably delayed and 

decreased in size. The Dutch members of the project just have to accept these changes according to 

Martijn van Wijngaarden. Arnt Offringa adds that he asked Airbus when they will decide to use 

thermoplastic components on their next aircraft, the A350. At this moment Airbus initiates several 

projects such as TAPAS project to monitor the current state of all technologies. So, for every 

component they have a small list of possible materials that could be used in the next design. Airbus 

decides which material it is going to use when they launch the next aircraft. He also explains that 

Airbus declared in their last meeting that the decision moment has been delayed for 1.5 year till end 

of 2012. They first choose which composite they would like to use, thermoset or thermoplastic. 

Afterwards they are going to choose between metal and composites. These decisions will be 

influenced by the state of the technology on that time.  

Collaboration in the project 

All of the respondents qualify the collaboration in this project between the Dutch partners as 

effective. All the Dutch partners meet frequently to discuss problems and changes in the design. The 

meetings are always held by one of the partners. Sometimes Airbus is also attending these meetings. 

Martijn Van wijngaarden explains that the collaboration has been improved when the frequency of 

meetings were increased: 

“Currently there is more contact between the partners than at the start of the project. This has 

accelerated the progress of the project.” (Martijn van Wijngaarden, R&D manager at KVE)   

The increased frequency of meetings results in the sharing of more knowledge. However these 

meetings are held on a very global level. Martijn van Wijngaarden explains that there is nothing that 

protects your own technology in this project. Therefore are the conversations during the meetings 

very globally and never specific about problems or solutions in the project. This is one of the reasons 

that he sees the TAPAS project more as a separate contribution of all partners to the project. Martijn 



 
33 

van Wijngaarden working for KVE compares the collaboration of TAPAS with the Gulfstream project. 

In the TAPAS project KVE is more a partner while in the Gulfstream project they are added as supplier 

of the welding technology. However, everything is better planned and communicated because less 

project members are involved. Geert Berkvens, senior manager at Accenture sees through 

experience that a thorough preparation is the key to a successful collaboration.  

The exchange of knowledge during meetings is especially important for companies that are more 

dependent on other companies. In work package 2 is Ten Cate currently replaced by another 

material supplier due to the material problems. When Ten Cate is able to deliver certified material it 

will be used instead of the material from the other supplier. This ‘new’ material supplier delivers 

thermoplastic material to Fokker. Fokker manufactures the skin of the torsion box and distributes 

some material to Airborne and DTC. The torsion box consists of a row of stiffeners and Airborne 

produces the pre-forms for these stiffeners. Airborne sends the pre-forms to DTC and DTC presses 

the stiffeners out of the pre-forms. DTC delivers the stiffeners to Fokker again. Subsequently, KVE 

welds the stiffeners on the skin of the torsion box and Fokker finishes the product.  

The flow of materials shows that there is some dependency in this project. In case of KVE this is 

especially the case. KVE is not producing a component such as Fokker, Airborne and DTC but is only 

providing a technology. KVE is therefore very depended on the information it receives during the 

meetings and values the information exchange during these meetings more than most other 

respondents. Sjoerd Hooning adds that when Ten Cate is able to offer it new material it will also have 

an influence on their production process since all production processes are linked to each other. A 

distinction can be made between alterations of material properties or alterations of products. The 

process setting will be adapted according to the material properties by definition. Thus an alteration 

in material properties and adaption of process settings will influence the products delivered by DTC 

which ultimately influence the end-product.   

“The material properties of Ten Cate will influence the production process of the pre-forms of 

Airborne. This will affect our press settings again. Ultimately this will also influence the welding 

technology of KVE.” (Sjoerd Hooning, R&D manager DTC) 

The flow of materials left out both universities and the company Technobis Fibre Technologies. The 

universities are, as André de Boer puts it, not embedded in the critical path. The universities are 

mainly included after the manufacturing process. The universities will study the used design and 

production processes to see where improvements can be made. The technology of Technobis Fibre 

Technologies is also not influenced by other partners. The structural health monitoring is so different 

from the other technologies in this project that they are mainly acting on their own.  

For work package 1, the fuselage skin, there is some difference since this work package is led by 

Airbus. Three stiffeners will be welded onto the fuselage skin. Two of these stiffeners are developed 

by Fokker and Airborne and DTC produce the third stiffener. The welding technology is again 

provided by KVE. Airbus will assemble all the elements to one product. Technobis Fibre Technologies 

is at this moment not included in this work package but negotiations are still ongoing to include the 

structural health monitoring technology as well.  
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Current status of the project 

The demonstrator of work package 2 is finished and was presented on the JEC 2011 in Paris by 

Fokker. As mentioned before there was some delay in work package 1. However, Arnt Offringa 

explained that the project is running again and Airbus started preparations to assemble the 

demonstrator. The project should be finished in 2012 where both demonstrators are presented to 

Airbus to show them the current status of thermoplastic technology. Arnt Offringa already 

mentioned a sequel to this project to develop the applications of thermoplastic in primary structures 

even further.  

“We would like to move on to the next level when we have finished the TAPAS project. A TAPAS 2. 

Probably with the same consortium.” (Arnt Offringa, R&D manager Fokker Aerostructures) 
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Figure 4: Time line of thermoplastic projects with the Dutch partners only 
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5. Innovation processes 

To recap, the main question of this research is as follows: How does the collaboration influence the 

use of innovation processes in the aerospace industry in The Netherlands. As case study the author 

used the development of two aircraft materials: Glare and Thermoplastic. The story of Glare and 

thermoplastics are already extensively described in previous chapter, where mainly the major events 

are described and which companies were involved during these events.  

The interviewed companies can be found in the table below. Additional information is provided to 

give the reader more insight in the company.  

Table 4: Company overview 

Company Company 
size 

Company type Market 

Fokker Aerostructures Large Commercial Aerospace 

Airborne  Medium Commercial Antennas, High-end 
machines, marine & 
off-shore, Space, 
aerospace, oil & gas 

UTwente Large Non-commercial - 

TPRC Small Nom-commercial - 

Kok & Van Engelen Small Commercial Energy, Military, 
Machinery, 
medical, aerospace 

Technobis Small Commercial Solar, life science, 
medical 

DTC Small Commercial Aerospace 

5.1. Formalized innovation processes 

The results of the interview regarding the topic of innovation processes are presented here. The 

companies were all asked which innovation process they currently use during the execution of 

projects. Remarkable is that most of the interviewers admit that they have to think about it and do 

not know what the term innovation and innovation process exactly encompasses. Often the 

interviewers view innovation as the discovery as something new to the world and they do view 

innovation as the discovery of new ideas but not turning these ideas again into cash. The innovation 

process itself is often described in technological steps which are taken during the development of a 

technology while the author is more interested in the management side of the story. Figure 4 

presents the innovation processes that are used per company at this moment and what their degree 

of formalization is. 

TRL stands for Technology Readiness Level and is the result of the new space policy in 1989 at NASA 

(Sadin, Povinelli, & Rosen, 1989). In 1995 the TRL scale was further expanded by the specification of 

the definitions of each level. Since then many US governmental organizations, such as the 

Department of Defense, use this approach. Also the ESA, European Space Agency, utilizes the TRL 

idea in their development programs.  Figure 5 shows this principle and provides the explanation per 

level.  
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Table 5: Innovation process per company 

Company Innovation process Degree of 
formalization 

Fokker Aerostructures TRL High 

Airborne  TRL and Preliminary, Detail & 
critical design 

High 

UTwente Unstructured Low 

TPRC Open Innovation Low 

Kok & Van Engelen Unstructured & Scorecard Low 

Technobis Fibre 
Technologies 

FuMo, Proto, Preserie and Serie High 

DTC Unstructured process Low 

 

 

 

Figure 5: The TRL principle and its 9 levels
2 

However, TRL is in fact not an innovation process but more a measure divided into 9 levels to assess 

the maturity of developing technologies. While table 5 shows that only Fokker and Airborne use the 

TRL approach, it became clear that all the partners know of the existence of TRL and use definitions 

out of the TRL to link this to their own innovation processes. Airborne is currently in the 

transformation of current innovation process to the TRL approach. However, they also admit that 

there are some internal discussions about TRL. Menno Verkade, project leader of TAPAS from 

Airborne, states that while the global definition of the TR levels is clear, practical application of the 

system can lead to a lot of discussion Airborne already implemented TRL’s in their project plans but 

never specified the activities per level.  

“What happens when you change something in your initial design? Are you going back in TR level? 

And when do you know your exact TR level? “ (Menno Verkade, TAPAS project leader Airborne) 

At this moment Airborne is working on a TRL tool, which will be used to monitor the development of 

new manufacturing processes. This tool will be used to evaluate what work remains to be done 

                                                             
2
http://www.spaceoffice.nl/nl/Het%20NSO/NSO%20en%20ESA/Technology%20Readiness%20Levels%20(TRL)/ 

http://www.spaceoffice.nl/blobs/Beeldbank - per thema/Space Technology/TRL_groot.jpg
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before processes can be used for commercial projects. Airborne has chosen for TRL to have a better 

measurement tool to monitor the progress of the process and to give more insight in what the 

company can offer its clients since the company has undergone a tremendous growth explains 

Robbert Bakker program manager at Airborne. This is exactly in line in what Sjoerd Hooning of DTC 

responded. He claims that a system such as TRL is not yet needed within DTC since it is such a small 

company. However he also recognizes the importance of an innovation process when the company 

starts to grow and the communication between colleagues is more difficult.  

The last reason concerns external communication and this is also the reason why the other company 

use parts of TRL and link this to their own innovation processes. The use of TRL enhances the 

communication with other aerospace companies since it became a universal language and many 

aerospace companies use it worldwide. Thus, every company knows what TRL 6 or TRL 3 means in 

general but has problems to work with it, because the designation of the levels is performed by the 

company. The problems are mainly between consecutive levels where the difference, for example, 

between a level 3 and a level 4 is not very clear. The definitions are not clear enough to say that a 

technology is advanced from level 3 to level 4. This definition should be tightened by the company 

itself. Pim Kat of Technobis Fibre Technologies explains that he only talks about TRL when it concerns 

an application in the aerospace market. On the other hand Robbert Bakker of Airborne sees great 

advantages in the use of TRL when communicating with large aerospace companies, such as Airbus, 

on deliverables and when technologies are ready for use. He thinks that this also benefits Airbus 

because it shows also more transparency towards Airbus and that Airbus could make a better 

consideration when the technology of Airborne is ready for implementation at Airbus.   

Table 6: Motives for TRL 

Motives to use TRL: 

 Easier to monitor projects; 

 Transparency in what a company can offer; 

 Improved communication towards other aerospace 
companies 

 

The process that Airborne currently uses in the design phase, next to TRL, is preliminary, detail & 

critical design and is very similar to the formalized innovation process used by Technobis Fibre 

Technologies, FuMo (functional model), Proto (prototype), Pre-series and series only is the 

innovation process used by Technobis Fibre Technologies for the whole cycle while Airborne uses TRL 

for the whole cycle and preliminary, detail & critical for the design phase. Both innovation processes 

consists of a few product stages, increasing in complexity. The two innovation processes start with a 

basic model where research is conducted to create a basic design. Thereafter, a more detailed design 

or a prototype is build to observe the actual behavior of the design. The third step formalized by 

Airborne is to make the technology ready for production. Technobis Fibre Technologies divide this 

stage into two smaller steps by differentiate between the actual production and the preparation for 

production. However, this can be explained by the fact that Airborne has an own R&D department 

whose main task is to create and develop ideas for the production department of AIrborne. So, the 

production department of Airborne does the actual producing while Technobis allocate this activity 

to the R&D department as well. This can be explained again by the difference in size of companies, 

where Airborne is a fast growing medium sized company and Technobis a small company.   
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Kok & Van Engelen (KVE) and DTC did not specify a formalized innovation process during the 

interviews. They both explained that it is a matter of logical thinking, where a project starts with the 

designing of concepts. However KVE does use a scorecard method to choose the right concept. Yet, 

Martijn van Wijngaarden of KVE observed difficulties in this approach and wonders if the choice of 

the concept could be more efficiently. During the past it happened a few times that the scorecard 

indicated that a concept was better than the others. But during the development of the concept it 

turned out to be differently. He acknowledges that this process could be more structured. Sjoerd 

Hooning of DTC follows a slightly different approach. According to him it is a matter of logical 

reasoning to determine the next step. Currently they have ideas for further research and try different 

ways to realize these ideas. Momentarily DTC does not have a formalized innovation process wherein 

the steps are described explicitly. The different steps are determined by the R&D of DTC through 

logical reasoning. However, Sjoerd Hooning also admits that a company needs a more structured 

approach when it starts to grow. At this moment it is still possible to overlook everything without a 

formalized process, since DTC is a small company.  

The two non-commercial companies are using different innovation processes to develop technology. 

The University of Twente (Utwente) is using, a unstructured university innovation approach and is a 

low formalized innovation process. It is in fact not an innovation process because it does not focus on 

the transformation of ideas in cash again only on the generation and development of ideas. A 

university is not depending on the success of an innovation. Its main goal is to do research together 

with and for companies. André de Boer from Univeristy of Twente explains that the applied 

mechanical engineering is conducting research by the following of certain steps in his own research 

area, calculation methods. He says it is important to start simple. Our approach is to know the 

fundamental theory first. This theory is needed to calculate complex constructions. So, start with an 

analytical model and test this model. The theory should confirm the calculations of the analytical 

model. Then a numerical approach must be developed and test this again to this simple analytical 

model to check the numerical approach. The next step is to increase the complexity of the 

construction. The key is to go back and forward and invent own test situations. Decrease the 

complexity when it does not match the analytical model and repair the error and increase the 

complexity when it does. The last step is to translate this numerical method to a production 

environment. The method should be used by engineers in a company. They are not willing to do the 

research again to find out how it works. They are more interested in how can it be implemented 

effectively in our system without many adaptations. Thus, the university starts with something 

simple, increases the complexity of the tests and makes it ready for utilization in a company.  

A similar approach is used by TPRC (ThermoPlastic Research Centre), a collaboration of University of 

Twente, Fokker, Ten Cate and Boeing. TPRC claims to use an open innovation approach. The open 

innovation approach according to TPRC entails that partners are able to accede TPRC at any time to 

innovate jointly. The knowledge that is gathered at TPRC is accessible by all the partners of TPRC. 

Harald Heerink, business director of TPRC, asserts that it can be effective because the whole value 

chain is represented in TPRC, from material supplier to OEM (Original Equipment Manufacturer). This 

will help to identify problems that are needed to be researched and this will help to accelerate the 

implementation of this researched technology. The main idea of TPRC is to advance the 

thermoplastic technology further to make it possible for wider application, for example in primary 

aircraft structures. Although TPRC calls it an open innovation approach it is not the same as the 

explanation given in this thesis. The explanation in this thesis specifically divided the approach into 
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three methods which were not included into the business plan of TPRC. The open in open innovation 

should be considered as that every company can join the collaboration. The author views this more 

as a co-creation process then an open innovation process since it does not involve explicitly the three 

methods described earlier in the literature chapter. Therefore it should be viewed as a low 

formalized innovation process since the innovation process is not specified into steps or activities.  

To summarize the main findings, TRL’s are principally used in the aerospace industry. Only Fokker 

and Airborne actively used this innovation process while other companies know how TRLs in general 

work. Airborne indicated that it struggles with the definitions of TRL on a detailed level, nevertheless 

they and some other companies also see advantages of using TRLs. Important drivers to use the TRL 

approach is to have: a better project overview; more transparency in what companies can offer and 

enhanced communications with other aerospace companies. The small companies do not have a 

structured formalized innovation process apart from Technobis Fibre Technologies. However, when 

these aviation companies communicate with each other about innovations, they use terms which are 

embedded in the TRL method.    
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6. Collaboration  

This chapter provides more information on the collaboration itself and less on the development of 

technology. This chapter is divided into commercial collaboration and collaboration between 

commercial companies and research institutes.  

6.1. Collaboration between commercial companies 

Figure 4 presents (most of) the projects that have been executed in the development of 

thermoplastics in The Netherlands. The figure also contains the companies that were collaborating in 

these projects. Remarkable is that Fokker is involved in almost all the projects and could be 

considered as the driver of this technology. The same holds for Ten Cate which has been involved in 

several projects from the beginning of its development. Also external research institutes such as 

University of Twente and NLR are included in some of the projects. When we look at the first 

projects, we see the same companies working together: Fokker and Ten Cate. Sometimes another 

company is included and sometimes only one of the two companies executes a project. Arnt Offringa 

explains that there is a technology-push at the beginning of a technology development process.  

“There is nothing and there is no one telling you what to do. It is all up to you and there is a 

technology-push. We try to move forward with little steps by increasing volume and complexity.” 

(Arnt Offringa, R&D manager Fokker Aerostructures Hoogeveen) 

He continuous with explaining that collaboration also depends on the availability of technology. In 

2003 Fokker Aerostructures started a project to develop floor beams. This is a narrow beam and it is 

ideally not produced from a woven material. At that time Ten Cate only produced woven composite 

material and therefore Fokker had to search for another material supplier and found the American 

company Cytek. According to Arnt Offringa this is part of the process. Diversification of suppliers and 

customers take place when technology matures. In the past Fokker was the main customer of Ten 

Cate. However, Ten Cate also searched for other customers to decrease its dependence on Fokker. 

More customers results in more efficient production processes and favorable prices also for Fokker. 

Fokker also started to look for other material suppliers to see what the possibilities are when the 

current material supplier is unable to deliver.  

“There is nothing, so there is no need to look further for other suppliers. With a small team of people 

in all disciplines we tried to set up the technology and when the innovation is established it is time to 

look for more suppliers to reduce risk.” (Arnt Offringa, R&D manager Fokker Aerostructures) 

Thus, first there is a technical improvement of the technology and when the innovation is established 

a business improvement takes place and the technology starts to draw the attention of the large 

aircraft manufacturers. Important is to develop innovations by making every year a small step 

instead of making over four years one big step. This is ‘borrowed’ from the automotive industry 

where Toyota introduces a ‘new’ car model every year. Often these ‘new’ models are not so 

significantly different from the previous model. Arnt Offringa says that the advantage of making four 

times a small step instead of making one big step is the ability to incorporate the learning effect in 

the next step and the ability to guide the direction of the innovation between the steps. The 

experience and the adjusted direction can be earlier incorporated into the next step. Another great 

advantage is that the prospects of the technology are more visible. Thus, the debate over the future 

of the technology is clearer and also the discussion when to abandon a technology.  
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At a point in time Boeing and Airbus show interest in thermoplastic technology and have initiated 

projects in The Netherlands, the technology push changes in technology pull. Pim Kat puts it as 

follows: 

“These companies watch your company and what you are doing and when the development 

technology reaches close to TRL 7 and you advanced the technology all by yourself then they are 

going to consider if they could apply your technology into their system.” (Pim Kat, general director 

Technobis Fibre Technologies). 

Large aircraft companies such as Airbus and Boeing are in the position to wait as long as it is needed. 

They do not interfere in the innovation development and are only scanning the market for new 

technology and are looking in specific for technology that is established or close to be soon 

established. In some cases they ask a company to build a prototype and they will examine this and 

see how this may be implemented into their own system. Often this is also used by Airbus and 

Boeing to see what these companies can do for them. Pim Kat’s company Technobis Fibre 

Technologies is operating in different markets including the aerospace market and says that this is 

specific for the aerospace. He says that companies such as Technobis Fibre Technologies are 

continuously investing in the development of technology till it matures. Boeing and Airbus monitor 

the market and are waiting till the technology is ready for use. There are some subsidiary programs 

to reduce the investing risk but there is always the risk that the company is not selected as supplier 

of the technology.  

However, the approach of these two large aircraft manufacturers differs. Boeing has founded a 

research centre in The Netherlands where Boeing wants to conduct fundamental research to mature 

the technology. Airbus goes one step further and already specified demonstrators in its project (see 

TAPAS project). Thus Airbus already identifies more possibilities for this technology and start 

studying data while Boeing is being more cautious and reticent. The difference between Airbus and 

Boeing is confirmed by Martijn van Wijngaarden and Arnt Offringa. Remarkable is that Boeing took a 

high risk with their new composite aircraft, the Boeing 787, but this resulted in dramatic financial and 

technical consequences for Boeing because at this moment the B787 is delayed for almost 2 years. 

So, Boeing is in general very cautious in implementing new technology in their aircraft but they made 

a radical decision by announcing a new composite aircraft. Another example to show the difference 

between Airbus and Boeing is the use of fly-by-wire technology. Traditionally aircraft were equipped 

with mechanical steering mechanism. The fly-by-wire system uses electronic signals to steer the 

aircraft. Airbus already introduced this technology in its first aircraft the A320 in 1987. Boeing 

implemented this technology ten years later in the B777. Airbus is in most cases less cautious to 

embed new technology compared to Boeing.  

The Dutch companies are focusing on optimizing the production processes by looking at machine 

controlled production. Currently most production of the thermoplastic parts is being executed 

manually which results in huge labor cost. The switch to automatic processes is needed to decrease 

human cost and eliminate human error and to speed up the production process because the 

production could take place during the day but also during the night. Thus the thermoplastic 

technology is at a point that the production process is extensively researched and optimized. The 

focus is less on fundamental research and more on applied research.   
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A difference is the involvement of partners in the projects. TPRC, actually not a project since it is a 

centre located in The Netherlands, consists now of only three Dutch partners, but more partners can 

be added to the project since it claims to be an open innovation centre. TAPAS project consist of nine 

‘fixed’ Dutch partners, so no partners will be added to the project anymore. This is a project because 

it ends in 2012. The innovation takes place at the partners and not at one location. The other 

projects also consisted of fixed partners, thus no partners were added or deleted during the projects.  

6.2. Collaboration between commercial companies and research institutes 

The involvement of research institutes was already briefly mentioned in the beginning of this sub-

chapter. Three research institutes are involved in the development of thermoplastics. All companies 

have a connection with TU Delft or university of Twente. This depended in the past on the location of 

the company. Ten Cate, situated in the east of The Netherlands had intensive contact with university 

of Twente and Fokker more located in the west of The Netherlands had more contact with TU Delft. 

In present time Ten Cate and Fokker also make use of other technical universities in The Netherlands. 

The location is less important and the focus within innovation has shifted to collaboration. The 

smaller companies also make use of the universities to gain more knowledge. Companies can 

collaborate in projects with universities to share R&D activities and temporarily expand the output of 

their R&D department. These companies pay the universities to conduct a piece of the project by 

students, graduates and professors. The universities knows what is going on in the industry by 

regularly participating in projects and are able to produce knowledge by the money provided by the 

industry. So there is an advantage for both parties.  

The third research institute is NLR. This is an institute with a very specific task: create knowledge and 

share this knowledge. This institute focuses on the aerospace and space industry and plays a very 

important in almost every project. This is acknowledged by all the interviewees, which all collaborate 

or have collaborated with NLR in the past. André de Boer has worked 15 years at NLR and is now 

professor at University of Twente. He says: 

“It is essential for universities and research institutes to think ahead for commercial companies” 

(André de Boer, professor applied Mechanics University of Twente)  

He claims that most companies do not know where they want to be in the future, while this is 

important to determine the road to get there. According to André de Boer are many companies 

currently more problem solving than innovating. A company cannot conduct every project and has to 

set up research directions to decide in which project it should participate. Universities and other 

research institutes are much better in specifying these research directions and are able to guide 

these companies in their research projects. These institutes are also very important because a 

company pays them and in return they are willing to share their knowledge because the NLR is a 

foundation and not a commercial company. NLR is not interested in the business case but only in 

how this project could increase our knowledge base. This is important because companies are doing 

more engineering work than before. In the past the larger companies specified their products in 

detail and their suppliers manufactured the products according to these specifications. In present 

time these large companies set up a list of requirements and outsource the engineering work to the 

smaller companies which are also manufacturing the product.  
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The NLR is also able to conduct tests on components. The test results can be used again for 

certification of the components, such as in the TAPAS project. The NLR is not an official partner but is 

involved as an independent test institute in the TAPAS project. The test results must convince the 

authorities to give the component the required qualifications. Thus NLR is a research and test 

company for the aerospace industry in The Netherlands and was already involved in the 

development of thermoplastics from the beginning.  

To summarize the main findings: it is common to collaborate with other commercial and non-

commercial companies in technology development in the aerospace industry. In the beginning of the 

development, where there is a technology push, Fokker involved a material supplier and a research 

institute. Once the development is matured and established it evolves in technology pull. At this 

point more organizations are involved in the projects and the technology products advances in 

volume and complexity. The major players in the aviation industry are very cautious in adopting 

technology and are only interested in technology when it is almost matured.   
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7. Collaboration and innovation 

The research question suggests that collaboration can influence the use of a certain formalized 

innovation process.  However the use of a certain formalized innovation process could also influence 

the collaboration. In this sub chapter both relationships are discussed. 

7.1. Collaboration influences the innovation process 

Companies in the aerospace industry often execute projects with the same partners. These partners 

complement the capabilities of the company to fulfill all capabilities that are needed to complete a 

project. Robbert Bakker gives  an example: 

“We as a company do not have the capability to press thermoplastic material. DTC does. So when 

there is pressing involved we often do projects together with DTC. “ (Robbert Bakker, program 

manager Airborne). 

So when certain capabilities are required, there is also a certain first thought of where to obtain 

these capabilities. There is a certain unwritten list of companies with their own competences and 

when a competence is needed in a project they contact this company. The aviation industry in The 

Netherlands is a very small industry and most companies know each other, especially the companies 

which are only operating in the thermoplastic market. So, the same companies are working together 

in several projects because they already have established a relationship in the past  

Robbert Bakker explains that he has worked at Rolls Royce and they used over there a derivative 

form of TRLs. He also saw that other companies used this innovation process, such as Fokker. So the 

decision to use an innovation process is made by other companies in the aerospace industry. They 

have chosen for an innovation process that is known by almost all of the companies in this industry. 

However, we already saw earlier that this does not mean that all other companies also use this 

innovation process in their technology development. Only the companies Fokker and Airborne use 

TRLs actively, where Airborne is still in the process of optimizing the TRL process. The small 

companies do not actively use the TRL method. They only communicate in TRL language during the 

meetings in the TAPAS project. So the small companies do not use the TRL but have to use the TRL 

process during the TAPAS project because the TR Levels are specified in the project plan. The small 

companies will have to assess TR levels to their own development technology during the project.  

According to Menno Verkade is the project plan of TAPAS based on TRLs. The levels are specified in 

the project plan and it explicitly states that the level sought in the project is 6. This is a demonstrator 

level where a prototype is developed that finally should be tested into a laboratory environment. 

During the project companies asses the level of their own technology and this means that there are 

different levels during a project. Fokker is responsible for work package 2 and is also the integrator of 

all technology into one product. Fokker guards the progress of the project and is also responsible for 

the production of the demonstrator. Thus the level that is assessed by Fokker to its technology is also 

the level of the total project. The other partners assign levels to their own technology which ranges 

from 1 till 6. When it reaches 6 it is ready to implement into the end product. However respondents 

from Airborne have shown that there are some difficulties in this self allocation procedure because it 

is all very subjective. For example: What happens when your technology is part of a bigger 

technology? To make it more clear: the technology of Airborne is delivered to Fokker. When the 

technology is completed at Airborne is it than a level 6 technology? And what when this technology is 
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transferred to Fokker is it than level 1 again? Though respondents have claimed that the use of TRL 

could enhance the communication it also caused a lot of discussion at the respondents and especially 

at Airborne, which is currently optimizing its innovation process.  

Robbert Bakker from Airborne also sees advantages of working together. He thinks that collaboration 

in crisis can also accelerate the innovation process. Contact during crisis can also motivate people to 

deliver the required technology in time. The drive should be in that the company could lag behind in 

the project while it would like to perform as good as the others in the partnership. The company 

should set deadlines and push the employees to the limit from time to time. Someone could 

postpone a deadline endlessly but sometimes it is needed to push harder to meet this deadline. So a 

partnership is also a way of measuring the performance of the different companies and when your 

company underperforms it could motivate personnel to work harder to reach the same level of 

performance of the other companies in the partnership.   

7.2. Innovation process influences the collaboration 

Geert Berkvens, innovation senior manager at Accenture, states that a company should use the 

market to innovate in a smarter way. As an example he mentions Hewlett-Packard (HP) which 

decreased the budget of its R&D manager by 50%. HP still demanded the same products with the 

same manufacturing prices. The R&D manager started to find suitable partners and used the 

capabilities of these partners to complete the product. Thus companies in high-tech industries are 

looking more into the market to see which companies could be a potential partner in a project to 

obtain more research funds but also to obtain specific capabilities. So the change of the innovation 

process within HP influenced the way they started to collaborate and spread risks. The emergence of 

the Internet also helped these companies to use the market more effectively. Companies are able to 

ask the market questions and companies in these markets are able to provide them with the required 

information. So the innovation process could influence the collaboration. Something similar 

happened in the aerospace industry worldwide. Aerospace companies experience a cut in research 

budget but its management team still expects similar results as before. To increase research budget 

companies collaborate with other companies which are also developing similar or complement 

technologies. Earlier was also mentioned the influence of the government in this industry and that it 

is normal that the government co-finance projects. These projects are defined by the Dutch 

government and are often allocated to multiple companies. So, the Dutch government also 

encourages co-development of technologies by multiple companies. 

Although there is no innovation process explicitly used by the respondents which forces the company 

to collaborate with other companies in the development of innovations it is for aerospace companies 

common to collaborate in the development of technology. Especially when there is technology 

required that is not available within the company or which is too costly or time consuming to develop 

themselves. Often the same companies are involved again because of their specific capabilities. 

Earlier was already mentioned that Fokker collaborated with KVE for their induction welding 

technique. Fokker also developed a welding technique based on resistance welding but realized that 

induction welding was a better solution. Thus, companies work together while their innovation 

process does not encourage it. However, companies work more together once the technology is 

established. At the beginning of a technology there are only a few companies intensively developing 

the technology. When the technology is established more companies will change focus from current 

technology to this emerging technology. From this point more and different partners are involved in 
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projects and also more projects are defined because application possibilities are more visible. There 

is no evidence found that the innovation processes has changed after the establishment of the 

technology.  

The formulating of single innovation process during a project should improve the quality of the 

partnership. Boeing, for example, has a section during projects on how to deliver data and products. 

This helps to speed up the development process because everything is created in a universal manner 

and also distributed to other partners again in this way. A strict formalized innovation process could 

shorten the innovation process when criteria and how to use the process is explicitly described. This 

should also make it more clearly during the collaboration on how to act and what is being expected 

from each company. So the usage of a formalized innovation process enhances the communication 

between the partners but also to other aerospace companies outside the project. Respondents know 

in general what the Technology Readiness Levels (TRLs) are and communicate with each other using 

these levels, even when they are not using this innovation approach in their own company.  

To go over the main points again, the use of certain innovation processes is influenced by the 

companies that are collaborating. The project plan of TAPAS project is based on TRL while only 2 of 

the 8 interviewed companies have indicated to use the TRL approach actively. While no evidence is 

found that innovation process influences the way companies collaborate, is it very common for 

aviation companies to develop technologies together.   
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8. Comparison with Glare  

In chapter 3 was already revealed that this thesis will compare two cases. In this subchapter the 

comparison will be made. However, it is difficult to answer the research question for both cases since 

the availability of information for both cases is not the same. For the Glare case there is extensive 

usage made of a book and some external sources. Information for the thermoplastic case is gathered 

through interviews. The comparison will elaborate more around two subjects: technology 

development and collaboration.  

8.1. Technology development 

Both technologies are invented by professors of TU Delft in the 1970s. The development of Arall, 

precursor of Glare, took place immediately after its discovery, while the development of 

thermoplastic seemed to stagnate directly after its discovery. A possible reason is that Arall was 

invented a few years earlier and university resources were allocated to the development of Arall 

because the professors were excited about this material. The university already allocated most of 

their resources to the development of Arall so that there were not enough resources left when 

thermoplastics were discovered. The reason could also be that the inventors of Arall were much 

more convincing than the inventors of thermoplastic, therefore more resources were provided for 

the technology development of Arall.  

During the fundamental development phase of Arall it became clear that Fokker was not very 

enthusiastic about Arall and the TU Delft was the main innovator in the development of Arall. In the 

development of thermoplastic Fokker was the main partner and was immediately enthusiastic about 

this material. However, this is not entirely true because there was resistance within the company 

itself but Fokker decided to abandon aluminum aerostructures and develop thermoplastic 

aerostructures while during the fundamental development phase of Arall Fokker did not viewed this 

material as the replacer of aluminum. The last step in the fundamental development phase is the 

testing of the technology in a product setting. The TU Delft was hoping that Fokker would like to test 

Arall. However, Fokker was not very enthusiastic about Arall and TU Delft lost an important partner 

during this phase. The contrary is applicable to the thermoplastic case. Fokker was already very 

enthusiastic about thermoplastic composites in an early stage and used its own aircraft as test 

subject.  

Earlier in this thesis was already emphasized that the first commercial customer is important in the 

adoption of a technology. In case of Glare it was used on a military aircraft, the C-17. This was a 

success in terms of weight but the Arall parts were 8 times as expensive as the aluminum equivalent. 

Therefore it could not be viewed as a success because McDonnell- Douglas decided to eliminate the 

Arall parts. After this not very successful first adoption, Arall was a candidate for the Boeing’s 777 

cargo floors, however in the end another supplier was chosen and because of that also another 

comparable material.  When we compare this to the thermoplastic case we notice a big difference. In 

the thermoplastic case there is one important customer which could be viewed as the adopter of 

thermoplastic composite. Fokker started with a demonstration of thermoplastic floors to Gulfstream. 

Gulfstream was so satisfied with the offered products that it asked Fokker to develop more 

thermoplastic composite components for their business jets. Soon it expanded also to primary 

structures and Fokker accepted this challenge to develop thermoplastic primary structures. This is in 

contrast with the Arall case, where it often led to single projects. In the thermoplastic case 
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Gulfstream guided the development of thermoplastic. In the Glare case there is no such company 

which directs the development. A typical statement is the development of several other Arall types 

to accelerate adoption in other industries.   

At a given point the technologies attracted the attention of Airbus. In the mean time Arall was 

advanced to Glare by using other fibers. Earlier was already described that Boeing tried Glare in their 

aircraft but did not adopt it further. However Airbus adopted both technologies in the A340 and the 

A380. This is remarkable since the development rate of thermoplastic composites was considerably 

higher than the development rate of Glare. The actual start of the development of thermoplastic 

composites was in the 1980s while the development of Glare started immediately after its invention 

in the 1970s. Thus there is a time difference of more than ten years in favor of Glare. But still both 

technologies were implemented in the A340 and A380 of Airbus. One could argue that the 

companies which developed thermoplastic composites were doing a better job than the Glare 

companies. However later on we will see that the development of both technologies is mainly 

performed by the same companies. So, one could also argue that the development of Glare is used as 

a learning process for the thermoplastic case, but later on more information will be given in the 

collaboration comparison.  

After the usage of Glare in the A380 Airbus lost its interest in Glare but increased its interest in 

thermoplastic composite components. The loss of interest in Glare meant a stop in its development, 

since Airbus was the main customer of this technology. Adversely, the increasing interest in 

thermoplastic composites by Airbus resulted in the initiation of a large project to accelerate the 

development of this technology. So, the development of Glare came to a stop while the development 

of thermoplastics was accelerated. In both cases Airbus was the company which makes these 

decisions. So there is a huge external influence on the development of technologies in general.  

Currently, the development of Glare came to a complete standstill since Airbus announced that it will 

not embed Glare technology in its new aircraft, the A350. The A350 will incorporate more composite 

technology and because of that thermoplastic composite technology is a better option for Airbus.  

In general the author identifies technology development periods, starting at the discovery of the 

technology. Subsequently there is a period where the invention is further developed into a 

technology. When this is completed it needs test results to deliberate these results with potential 

customers. The first potential customer is very important because this customer will determine the 

progress of the technology (Berends, Van Burg, & Van Raaij, 2008) in the future and establish the 

technology. Through the first customer the technology should attract the major players in the 

market. When these players show their interest in the technology, one should try to convince these 

major players to use the technology. This is a difficult task because these companies are usually 

conventional. When a major played is convinced one could claim that the technology is a success 

since the implementation of a large company results in a significant acquisition of a technology over 

a period of time. However, it is important that the technology keeps evolving in the mean time to 

retain the interest of the major companies in the aviation industry to have a positive influence on the 

cash flow of the company.  
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8.2. Collaboration 

In the previous subchapter used the technology development to compare both cases. In this 

subchapter the author will use collaboration as topic for comparison.  

The technology Glare and thermoplastic composites are both invented by professors of TU Delft. The 

professors in the Glare-case tried to involve as many companies in the development process to 

accelerate the adoption of Glare. This resulted into a collaboration of several material suppliers. They 

also tried to collaborate with Fokker, but Fokker seemed not very interested in Glare. When we 

compare this to thermoplastic case the author observed some discrepancies. As already explained 

before, the major part of the development of thermoplastics did not occur instantaneously after its 

invention. The author must admit that he did not find any proof what actually happened in the 

period between the invention and the first project described in this thesis. Nevertheless, the author 

can claim that the actual development started almost 20 years after its invention. A big discrepancy 

is the amount of companies involved and the role of TU Delft and Fokker in the development. In the 

early stages of the development of Glare Fokker was not a very active partner. In the thermoplastic 

case one could claim that Fokker is one of the leading companies in the development of this 

technology, while in the Glare case TU Delft actively guided the innovation. Another difference is the 

amount of suppliers that were involved in the early stages of the development. Fokker contacted Ten 

Cate early in the process to collaborate with a material supplier in the thermoplastic case. Ten Cate is 

a Dutch material manufacturer and has experience in the aviation industry. In the development of 

Glare multiple companies were involved and these companies also did not operate normally in the 

aerospace market; this has lead to difficulties in the cooperation. So, TU Delft made use of partners 

outside their own industry which was very unusual at that time. In both cases one should review the 

companies that were involved not as merely suppliers but more as active members in the 

development of the technology. In this stage of the development it is important to obtain knowledge 

about the technology. This results in an early involvement of universities and knowledge institutes in 

both cases. A striking difference in both developments is the amount of quarrels and patent issues 

during the development of Glare and almost no problems were indicated during the interviews in the 

development of thermoplastics. The quarrels and patent issues where most of the time not related 

to the development process but more on protecting their own business. During the interviews 

respondents also indicated that there is no barrier to imitate a technology. So one could also argue 

that companies have learned from the Glare development and have been more cautious.   

When there is enough knowledge collected and a first customer is found, one should gather 

information on what is needed to deliver the technology to the first customer. And is it for the 

company possible to do this? When the company cannot it must seek partners to do so. This 

happened in the thermoplastic case, where Fokker is an important driver of the technology 

development and brought several companies together to deliver its thermoplastic products to 

Gulfstream. However, Fokker used several times the same companies in their projects and always 

cooperated with only a few companies. In the Glare case there are several differences observed. The 

first difference is the first customer. The first customer in the Glare case is in the author’s opinion 

Airbus, because Airbus still uses this technology at this moment, while in other cases the Glare parts 

were replaced by other materials or were used for secondary structures. Before Airbus decided to 

adopt Glare, it took several years to find a company that was willing to ‘try’ this technology. As 

already said before, the first customer is very important in the adoption of technology. Also the 
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quarrel between the suppliers about rights issues and the damaged relationship between Fokker and 

TU Delft did not enhance the adoption of this technology. One could say that the cooperation could 

be improved and less similar events happened during the development of thermoplastic. Noted from 

the shorter development time of thermoplastics, however more in-depth research is needed to 

confirm this claim. When one views the networks of both companies than it is remarkable that the 

thermoplastic network contains the same companies over time added with a few other companies. 

In the Glare network there are companies leaving the network and sometimes added to the network 

over time. According to Burg, Raaij, & Berends (2008) is this negatively influencing the knowledge 

sharing between the companies since companies leave and knowledge is therefore lost. While some 

of the respondents admit that the knowledge sharing can be improved in the thermoplastic case, the 

author observes the presence of the same companies in the network over time. However a striking 

resemblance is observed in both cases, no clear directions are given by Airbus for the development.  

Another discrepancy is that thermoplastic composites were also used by a second customer (Airbus), 

while Glare only had one major customer. This has led to the attraction of other companies to focus 

also on the development of thermoplastic technology and this resulted again in more collaboration, 

which has on its turn a positive effect on the development speed.  

Thus, in general one could say that in the early development of a technology an aviation company 

searches for a supplier which acts as a partner, possible with a knowledge institute or a university to 

generate fundamental knowledge about the technology. More companies are involved during the 

development of the technology when customers are involved in the process. This results again in the 

attraction of more companies to develop this technology. Ultimately this leads to the development 

of complement technologies for the thermoplastic composites which will lead in more collaboration 

between organizations.  

The similarities for both subjects are presented in table 7. 

Table 7: Comparison of thermoplastics and Glare 

 Glare Thermoplastics 

Technology development 

Discovery 1970s by TU Delft 1970s by TU Delft 

Fundamental knowledge time 
period 

Approximately 15 years Approximately 8 years 

Tested  at TU Delft Fokker 

Potential customer Airbus (2004) Gulfstream (1995) 

Major player adopted Airbus Airbus 

Current technology status Stagnated Evolving 

Collaboration 

Number of partners involved in 
early stage 

Medium, 3M, ALCOA, AKZO, 
Fokker, TU Delft, NLR 

Low, Ten Cate, Fokker, TU Delft, 
NLR 

Numbers of partners partners 
involved after first adoption 

High, ALCOA, Global Technics,, 
FMLC, Fokker Aerostructures, 
GTM, TU Delft, Airbus, NLR 

Medium, Ten Cate, Fokker, TU 
Delft, NLR, Airbus, Gulfstream 

Numbers of partners involved 
after major player adoption 

Low, Fokker Aerostructures, GTM, 
TU Delft 

High, Ten Cate, KVE, DTC, 
Technobis, Airborne, Fokker 
Aerostructures, NLR, TU Delft, 
University of Twente, Airbus, 
Boeing 
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9. Conclusion 

This thesis attempted to give an answer on the research question: How does collaboration influence 

the use of innovation processes in the Dutch aviation industry. For the reason that there are no other 

comparable study results, it is not possible to compare the results, but the main findings are 

compared.  

9.1. Motives to use innovation process 

The findings of this study indicate that collaboration with other companies and research institutes 

influences the use of certain innovation processes. However this does not mean that companies are 

forced to use this innovation process in their own organization but only as a method of working in 

the collaboration. So there is a distinction in the innovation process in the company and in a project. 

An innovation process formalized in a project plan is mainly used as a tool to communicate with each 

other. Misunderstandings and unclear communications are eliminated since every company 

communicates with other companies in the same ‘language’. At the same time it is easier to monitor 

the progress of the project. When companies are communicating with each other in the same 

‘language’ they also know instantaneously what the status is of the technology development at this 

company. The other companies then know how this relates to their technology development and the 

development of the end-product. Since every company in the collaboration is familiar with the 

innovation process it also improves the transparency of the project. Companies which are not part of 

the collaboration are usually also familiar with the project’s innovation process and know 

immediately the progress of the project and when this technology is ready for implementation. Thus, 

there is also some distinctness to external companies which are not part of the partnership. 

However, the small companies in the aviation industry often do not have a formalized innovation 

process.  

9.2. Collaboration with commercial organizations 

While most innovation processes do not explicitly force a company to collaborate, it is common for 

companies to work together with other companies in the technology development to speed up the 

development. The rate of development increases because more knowledge is dispersed and more 

R&D funds and manpower is available. More knowledge is important to keep the development going. 

Often companies collaborate because they do not possess the technology that another company has 

and it takes too much time to develop this in-house. The knowledge of the other company is needed 

to offer a complete end-product. In the engaged partnerships this study identified a variety of 

companies. To speed up the development of a technology companies can collaborate with other 

commercial organizations. Mainly these companies are suppliers but must be viewed as partners 

since they do more than just supplying goods. This is opposing to what Smith & Tranfield (2005) 

found in the British aerospace industry. They witnessed a change in the relationship from supplier to 

partner in the 1990s while the findings of this study imply that these companies in the Dutch aviation 

industry always have been partners since they were actively involved in the 1980s in the 

development process of Glare and thermoplastic composites.  

9.3. Collaborating with research institutes and companies outside the industry 

This study also found out that commercial companies make frequent use of universities and research 

institutes. McAdam, O'Hare, & Moffett (2008) claim that these knowledge institutes are extremely 
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usefull in producing fundamental knowledge, therefore these organizations should be involved in a 

technology development in an early stage as has been done in both cases. .  

Benzler & Wink (2010) and McAdam, O'Hare, & Moffett (2008) suggest to cooperate with companies 

outside the industry. However, thermoplastic technology described in this study was not developd 

with the support of companies outside the industry, while Glare was. The one without support of 

companies outside the industry was development much faster, since in the other technology 

development more quarrels and patent issues were negatively influencing the rate of development. 

So, one could argue that it is better to collaborate with partners of the same industry, since there is 

no conflict in that the developed technology can destroy the market of existing technology (Berends, 

Van Burg, & Van Raaij, 2008).  

9.4. Direction from the industry 

The developoment of both technologies described in this report progressed in a similar way as 

described by Van de Ven, Polley, Garud, & Venkataraman (1999). They distingish three time periods 

in the innovation process: the initiation period, the development period and the implementation 

period. The technologies in this report show a similar progress. The technologies are both initiated by 

a univeristy. The development period started when more parties were involved to obtain more 

fundamental knowledge. The development advances to the implementation period when the 

technology is adopted by a first customer. Ultimately this can lead to an industry adoption. However 

there is a significant difference in the road to technology adoption between the two cases. In the 

thermoplastic case Gulfstream plays an important role, while no such company was found in the 

development of Glare. Berends, Van Burg, & Van Raaij (2008) acknolwedge that it is very difficult to 

have a technology adopted in the aviation industry and that Glare was not adopted for various 

reasons. One of the reasons was no industry direction from collaboration or other companies. In the 

thermoplastic case Gulfstream adopted the material in an early stage and remained an important 

customer throughout its development. In fact, after its first adoption 16 years agoo, Gulfstream is 

still a customer. Thus it is important to retain the first customer throughout the development of a 

technology, since this adopting company will provide the developing company with development 

directions.    

9.5. Lack of direction from the industry 

A striking resemblance is witnessed by Berends, Van Burg, & Van Raaij (2008) and the researcher in 

the lack of direction provided by Airbus in both cases. Airbus appointed other personnel to the 

thermoplastic project. These new people are very motivated but do not possess the knowledge to 

give clear directions to the Dutch partners. The Dutch partners also have indicated that it is 

sometimes very difficult to communicate with Airbus personnel because they simply do not repsond 

back. This had a negative influence on the development speed for both technologies. The same 

occurred in the Glare case where Airbus did not provide the developing companies with clear 

directions on what to develop next. To improve the compatibility with the actors, new forms of 

business coordinations are needed (Kechidi & Talbot, 2010). 

9.6. Network  

A network of companies was created in both technologies. However there are some important 

differences between these two networks. The most important difference is the loss of knowledge by 
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change of personnel in the Glare case (Berends, Van Burg, & Van Raaij, 2008). During the 

development of Glare partners left the network and took the knowledge they had with them. In the 

development of thermoplastics the author only witnessed the augmentation of its network. So no 

knowledge is lost during the development. To retain the knowledge, companies need to stay 

committed to the development of the technology.  

9.7. Typical innovation process 

Van de Ven, Polley, Garud, & Venkataraman (1999) also observed many phenoma during their study 

of innovation processes. Many of them also occurred during the development of the technologies in 

this report. One of them is the occurance of unintented consequences when multiple organizations 

collaborate. The description of both technologies in this study have extensively elobarated about a 

few incidents that happened during the development of both technologies. But the most important 

difference between both technologies is the quarrel during development. The several quarrels during 

the development of Glare did have a negative impact on technology development. Significant less 

quarrels were present in the development thermoplastic technology which resulted in a smoother 

progress. So it is important to make clear agreements before the project starts to prevent this.   

Another phenomenon is that the role of companies are pre-determined but this changes when they 

cannot deliver. The author also observed in one technology development that a material supplier 

was not (yet) able to deliver the material and at the moment they were able to supply the material it 

will affect technology development again.  

The last phenomenon is related to thorough testing of innovations. This study also found out that in 

both technology development research institutes were included officially or unofficially to test the 

prototypes developed by the companies. The test results provided by these research institutes are 

very important to qualify the innovation. The testing phase is seen by all companies as an important 

and time consuming hurdle that must be taken before it can be implemented.   

9.8. Limitations and directions for further research 

This research can be viewed as a start for further research regarding the topics: collaboration and 

innovation process in the aviation industry in The Netherlands.  

Before going into depth on any subject the author want to emphasize that it is quite difficult to 

organize interviews. The author is very depended on the willingness to cooperate from the people 

working in the aviation industry in The Netherlands. Earlier was already described that this is a 

relatively small industry and almost all the companies in this industry are somehow connected to 

each other. The advantage is that when the first respondent agrees to contribute to this report, it is 

easier to convince another respondent to also participate. However, with more time and maybe a 

better timing, it would be possible to have more and diverse respondents, since a few contacted 

persons indicated that they currently were occupied.  

The next limitation is related to the Glare case. The Glare case makes use of a book and information 

from other sources, while the thermoplastic case makes use of interviews and other external 

resources. To make a better comparison it is recommended to gather equal information. This was 

not the case in this report. Therefore it is not possible to answer the main question for the Glare 

case, because there was no information available on the used innovation processes and the influence 
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of this process on the collaboration during the development of this technology. In future similar 

researches, it is recommended to also search for respondents of the Glare case to expand the story 

to enhance the quality of the comparison.  

Although this thesis describes the thermoplastic case fairly extensive, the information was gathered 

at one point in time and often superficial. To optimize the research one could gather information at 

the time when it occurs during a project while in this thesis a complete development cycle is 

described. This could eliminate the bias and prudence in the answers of respondents because the 

research focuses on observations, perchance in combination with interviews. However this approach 

is very time consuming and the researcher must be present at the company during a project at all 

time to witness the events.  

Another possibility is to point out several interview moments before a project starts. The researcher 

can identify if respondents are consistent in their answers during a project. Respondents in this 

research sometimes revealed that some questions are maybe differently answered when the project 

is completed. Maybe there is some abstention in the answers of the respondents, since they still 

have to go on with these companies and are committed to this project.  

Another direction for future research is to compare the results with another industry. Broekel & 

Boschma (2011) compared the knowledge networks of two industries in The Netherlands: space 

industry and aviation industry. Same can be done in respect to this research, where interviews can be 

performed with companies working in the space industry. So, instead of comparing two cases, the 

researcher compares two industries.  

A last interesting direction is the comparison of networks created in development Glare and 

thermoplastics. This study has focused on the innovation process and how the collaboration with 

others has influenced this. Berends, Burg, & Raaij (2011) have studied the network of Glare and 

revealed several interesting findings about the ongoing interaction between persons and 

organizations in the collaboration of a technology. A similar study can be conducted by using 

thermoplastics as development and compare the differences with the results of Glare.   

All in all, this has been a very instructive experience where the author learned a lot about 

collaboration and innovation process in the aviation industry in The Netherlands. In the end, the 

author attempted to contribute to the gap in the literature by producing a reasonable unique 

scientific research by comparing two cases to answer the main question. This thesis took a very 

broad approach through the interviewing of multiple aviation companies. Therefore this research 

provides an interesting direction for further research in the areas of innovation and collaboration in 

this very interesting industry.  
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Appendix 

 Thermoplastic Interviewee Internet 
source 

Other sources 

1 First thermoplastic pre-pregs  a  

2 VTP1 7 b 1, 3 

3 Gulfstream floor panels 7 c 1, 3 

4 VTP2 7 b, e 1, 3 

5 Gulfstream press formed ribs 7 e 1, 3 

6 Wing fixed leading edge Airbus 7 e, l, n 1, 2, 3 

7 Thermoplastic induction welding 5   

8 Gulfstream thermoplastic control surface 5, 7 c, d, o 1, 2, 3 

9 TPRC 3, 4, 7 h, k, p  

10 TAPAS 1, 2, 3, 4, 5, 6, 7 f, g, i, j, m 1, 2, 3  

 

 Interviewee Organization Date 

1 Robbert Bakker Airborne 17-03-2011 

2 Menno Verkade Airborne 01-04-2011 

3 André de Boer University of Twente 29-04-2011 

4 Harald Heerink ThermoPlastic Research Centre 29-04-2011 

5 Martijn van Wijngaarden Kok & Van Engelen 02-05-2011 

6 Pim Kat Technobis Fibre Technologies 09-05-2011 

7 Arnt Offringa Fokker Hoogeveen Aerostructures 12-05-2011 

8 Sjoerd Hooning DTC 25-05-2011 

9 Geert Berkvens Accenture 14-07-2011 

 

 Presentation name 

1 2009 03 26 pres NLCluster MOU 

2 Presentation Aerospace Forum v3 A. Offringa 

3 TAPAS presentatie voor inkoop 2011 03 
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 Internet sources 

a http://www.tencate.com/TenCate/Aerospace_composites/documents/TCAC%20USA%20docs/TCAC%20USA%20Datasheets/DataSheet/TCAC_AerospaceSelectGuide_V2_web_0909.pdf 

b http://www.nlr.nl/?id=13453&l=nl 

c http://www.compositesworld.com/articles/thermoplastic-composites-inside-story 

d http://www.compositesworld.com/news/gulfstream-650-tail-features-carbon-fiberpps 

e http://www.compositesworld.com/articles/thermoplastic-composites-gain-leading-edge-on-the-a380 

f http://www.compositesworld.com/news/airbus-and-dutch-aerospace-partners-extend-cooperative-rampd-agreement 

g http://www.compositesworld.com/articles/thermoplastic-composites-primary-structure 

h http://www.compositesworld.com/news/aircraft-industry-partners-envision-thermoplastic-composites-research-centre 

i http://www.compositesworld.com/articles/thermoplastic-composites-primary-structure 

j http://www.tapasproject.nl/ 

k http://www.tprc.nl/ 

l http://tudelft.nl/actueel/dossiers/archief/glare/ 

m http://www.nivr.nl/luchtvaart/upload/files/persbericht_duurzaam_vliegennivr.pdf 

n http://www.delftintegraal.tudelft.nl/info/indexedbc.html?hoofdstuk=Artikel&ArtID=3010 

o http://www.reinforcedplastics.com/view/9047/thermoplastic-composites-fly-on-g650-tail/ 

p http://145.7.19.196/Stork/DEF/18/109.html 

q https://zoek.officielebekendmakingen.nl/dossier/32500-XIII/kst-25820-18.html 
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