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Abstract: Establishing collaboration strategies with interdisciplinary networks in research is a
crucial success factor for the companies in any sector, especially in manufacturing for aeronautics.
In the aeronautical supply chain, Small and Medium-sized Enterprises (SMEs) lack of these types
of alliances with universities and other research institutions, which could give them access to
shared and specialized knowledge, may strictly limit those companies to learning from their own
experience. One way to break this dynamic for industrial companies is to be an active part of research,
development, and innovation centres. In this paper, a study to create new advanced manufacturing
centres is presented, centres whose activities are focused on Technology Readiness Levels (TRL) 5–7.
The approach is based on a project management methodology, and it is applied to the aeronautical
sector in the Basque Country. An initial study of the international experience and state of the art in
this type of facility, as well as an analysis of the current socioeconomic environment of the Basque
Country are presented. A benchmark study was done to identify the key processes that this centre
must promote for this initiative to succeed, or those areas of knowledge that can make or break the
initiative. Finally, the results showed a definitive picture for establishing an advanced manufacturing
centre in the Basque Country. This work lays both the foundations of knowledge in the sector and the
difficulties noted, so it can serve as guidance for similar initiatives.

Keywords: advanced manufacturing research centre; manufacturing readiness level; technology
transfer; project management; manufacturing industry; industrial park

1. Introduction

The aviation sector, even though it has always been distinguished by establishing highly
demanding requirements on the design and manufacturing of its components, has always been
just behind on some issues such as the organization of production and manufacturing, compared to
other sectors such as automotive and car component making [1]. However, in design or engineering,
the direct application of the developments achieved through Research and Development (R&D)
was and is the mark of the sector. The development of manufacturing technologies to meet these
requirements and how it would place the company’s competitiveness against other global competitors
is crucial, because this sector is fully globalized [2]. The current situation that productivity matters
is really a keystone to achieve the short-term goal of delivering new engines or airframes for the
always-growing market demand.
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The competitiveness of a company can be derived through four factors [3] (Figure 1), and the
technology plays a key role in creating and maintaining it. Considering that the term technology
can be defined as “all the knowledge, products, processes, tools, methods, and systems used in the
creation of goods or the provision of services” [4], its importance for business and competitiveness
(competences such as the use of basic technologies, human resources processes, management processes
and technology management processes [5]) has been empirically confirmed in several contexts and is
now notoriously rising in emerging countries.

Figure 1. Conceptual network of competitiveness in the context of manufacturing.

Achieving dynamics in technological transfer about manufacturing is a demanding challenge
in most companies [6]. The technology transfer process of the Basque Country in aeronautics was
very high in the last decade, but it has some gaps, specifically the necessity of a place to try and test
new technologies in an environment similar enough to that of the real production; this is the focus of
working in the spot of manufacturing readiness level stages 5–7. There is need for a place to develop
the technology to a maturity level (Technology Readiness Level (TRL) 7) and then quickly transfer the
developments made by the technology agent networks, companies, and universities to the production
needs of the companies. On the other hand, the collaboration of aeronautical Tier 1 and 2 companies
with those providing production machines and solutions is key to accelerate any common development.
Supply chain is a natural partnership for developing common projects of R&D.

The vision of a conceptual “Advanced Manufacturing in Aeronautics Research Centre” (AMARC)
is to establish a place, a location, a workshop, where the local governments, universities, and industrial
partners meet and collaborate and dedicate their own resources to technology transfer activities defined
by the members. In this new idea of AMARC, the concentration and specialization of key technologies,
previously identified by companies and universities, are essential. Along with aeronautical companies,
the centre must be composed of machine tool, systems, and accessories manufacturers (trying to
avoid direct competition between them) creating real synergies that allow technology developments in
representative conditions of the production plants. The development should be based on a temporal
scope of collaboration between the partners that ensures cost effective project completion. Those
partners must decide what activities should be developed, implemented, and monitored on an ongoing
basis, including physical location of companies’ technicians in the AMARC in stable project teams.

Related investigations in project management of advanced manufacturing research centres have
focused on how to reduce the uncertainty of the acquisition/use of a technology through a suitable
management plan and proper stakeholder management (managing stakeholders in early stages is
critical to success) [7]. Uncertainty reduction issues also arise to mitigate risks in the early stages of
the project. The economic and organizational form of the planning and funding is also referenced
in numerous articles, as well as the relationship between the adoption of advanced manufacturing
technologies and investment in infrastructure [8]. This leads us to consider the qualitative and
quantitative factors that can help to predict whether the initiative will be successful or not, in order to
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prepare the necessary actions to reach project success [9]. Some researchers remarked on the importance
of collaboration between the associates of the project in the creation of an Advanced Manufacturing
Research Centre for the successful development of new technology, indicating that the companies
involved must have a common language of business model, a similar corporate culture, and a proximity
between the user and the producer [10,11].

Some other authors suggested that there is a correlation between organizational culture and the
implementation of advanced manufacturing technology [12]. The benefits of advanced manufacturing
and its results are closely related to the cultural characteristics of the companies involved (operational
benefits, organizational satisfaction, and competitiveness) [13]. Research was carried out regarding how
the socio-political regions affect the results obtained from the technology acquisition and the separation
between the technology producers and the place where technological processes are made [14].

The aim of this paper is to perform an analysis of the current state of the technology transfer
network and fulfil a benchmarking of reference models to identify and then study the key processes
(stakeholder management, communication plan, risk management, and funding) leading to the success
or failure of an AMARC. The results of this study will define the characteristics of the AMARC as a
compendium of the work performed and adapted to the application object environment. To do so,
a four-step context analysis should be performed. First, we show the Basque aerospace sector, studying
the work done by the cluster, Hegan (Basque aerospace cluster). Second, it is necessary to understand
the manufacturing technology concepts in the aerospace sector that will help to focus the lens and
to bring together projects in the AMARC. Third, it is mandatory to analyse the current status of the
network in the Basque technology agents and, finally, examine the levels of technology acquisition
with an approach based on NASA’s index Technology Readiness Level (TRL), when a technology is
considered mature and capable of being industrialized.

2. Background

2.1. The Basque Country Aerospace Sector

The aerospace industry is prone to large, international consortia for research, product development,
production, and operation due to the system complexity, high reliability demand, multi-domain
characteristic, extremely long life cycles, valuable products, scale effects, and others [15]. According to
the studies done by Hegan, the Basque aerospace cluster sector—leaving aside the airlines, ground
handling, and airport service organizations—includes companies that are focused on engineering,
manufacturing, and design that integrate the work of first level (Tier 1), e.g., large structures, engines,
and complete subsystems; companies that carry out the integration of second level subsets (Tier 2), e.g.,
components, tool manufacturing, machining, heat and surface treatment; and research companies;
institutes; and universities. In 2017, these companies’ aggregate turnover and employment are 2425 M €
and 14,457 people, which represents 17.8% of the Spanish turnover and 25.5% of the Spanish aerospace
employment. Moreover, the R&D investment done by these companies represents 15.9% of the Spanish
total (201 M €) [16]. Like any other sector, the challenges are struggling to maintain competitiveness, to
improve effectiveness, and efficiency and to maintain their advantages in a sustainable way. The cluster
has also set as one of its priority objectives the internationalization of its companies through a strong
R&D investment necessary to maintain their position in the market [17].

There are also some inherent risks in the industry that can be summarized as the volatility of
the geopolitical environment, managing the supply chain, competition in domestic and international
markets, managing and retaining the talent [18], to name a few. The best way to carry on those
risks is through establishing collaboration strategies that generate future innovation opportunities
linked to expected incremental updates in order to improve product quality and productivity
(better), reduce product costs (cheaper), and respond to market demands (faster). For the aerospace
industry, these opportunities include improving the safety and environmental impact of aircraft [2].
Industry professionals and researchers have developed a key interest in how advanced manufacturing
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technologies can be used as a competitive tool in the global economy to combat the phenomenon of
market fragmentation, product life cycle reduction, and increased demand for customization [19].

2.2. Manufacturing Technologies in Aerospace

“Advanced manufacturing technologies (AMT) involve manufacturing operations that create
high-tech products using innovative techniques and new processes and technologies” [20].
This definition refers to the manufacture of high-technology products, processes, and solutions
for future manufacturing and services. Many of these technologies are transverse, but the facilities to
carry out these processes are not. There is also a wide variety of technologies but, in the case of the
Basque market, they are focused on two large blocks aero-structures and motor-engines. The selection
criteria of key technologies and technological strategies is one of the foundations of the successful
creation of the AMARC. Figure 2 shows the relation between technological level and market impact.

Figure 2. Technology level (TL) vs. impact on the market (IM).

AMARC activities should cover technologies that have greater impact on the market or higher
technological competence. Furthermore, the results suggest that the company’s technology strategy
supports the development of both the network and technological skills [21]. The main objective should
be the technological improvement and, therefore, the possible synergies between companies that
participate in it.

2.3. Actual Situation of the Technology Agents’ Network in the Basque Country

The technology agents’ network in the Basque Country has some strengths in regard to applied
research, such as:

• Network technology pioneer and leader state wide with high research capacity, driven by the
history and importance of the industrial sector in the Basque Country.

• Solid public and private universities with a special relevance in engineering and sciences, basic
pillars of manufacturing technologies. Faculty of Engineering of Bilbao is more than 100 years old.

• High levels of iterations with agents and European reference companies in the area of
manufacturing, far above the rest of the country, through networking and collaborative projects.

• Clear support from Basque Country administrations, both in terms of investments and boosts to
innovation forums and sectorial clusters, such as the Basque aerospace cluster.

• Strong iconic areas such as machine-tool manufacturing, capital goods, and automotive
components and transportation, which have produced a strong pull.

However, some issues coming from industry demand for support remained unfilled. The same
situation has been experienced in other countries with important academic tradition and large
technology and industrial centres such as the UK, where there was a strong presence of technology
centres with excellent capabilities, but that lacked a platform linking their developments and the
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industry needs. The lack was detected by the main Original Equipment Manufacturers (OEM) in the
aeronautics world and by different government agencies, which prompted the creation of a centre
covering these needs without duplicating what already exists in the field of basic or applied research.
In the UK, the program was named Catapult.

2.4. Levels of Technology Acquisition

Introducing new technologies is an indicator of technological maturity in companies, and the
Technology Readiness Level (TRL), designed by NASA in the late 1990s is a useful measure from
an engineering/technical point of view (Table 1). The TRL index can be used as a rough estimation
of the costs for conducting the required actions to reach the next TRL, time to market, risks taken,
and uncertainty/lack of knowledge regarding the technology use/application and implications. While
time-to-market shrinks with an increasing TRL, the costs within each step expand. A high TRL
development within the aerospace sector demands large enterprises, workload, and infrastructure (for
manufacturing and testing) and that cannot be achieved by universities.

Table 1. Technology acquisition process.

Technology Readiness Level Transference Process Agents

TRL 9—Complete industrialization
CompanyTRL 8—Optimization

TRL 7—Entry into production
TRL 6—Application development in product Technology transfer AMARCTRL 5—Verification in production equipment

TRL 4—Verification in representative prototype Applied research Technological Centres
TRL 3—Verification in the laboratory

TRL 2—Feasibility and profitability analysis
Basic research UniversitiesTRL 1—Investigation of the fundamentals of technology

AMARC—Advanced Manufacturing in Aeronautics Research Centre.

Two key factors shall also be considered: (a) The excellence at universities and technology centres
to ensure a solid foundation of basic and applied research, and (b) an adequate transfer level between
applied research and the results to industry, to avoid interference with the companies’ production
activity and to reduce the time and cost of transfer. TRL has been adapted by the manufacturing world
as the MRL, in which M stands for manufacturing.

3. Methodology

A benchmarking based on a study of several documents and records can clear the path over how to
assume a project of this nature, as well as the study of international references and the contextualization
of this information to the Basque Country environment. In this case, it is composed of:

• Study of AMARC models created by aerospace companies in Europe and American countries that
focus on the same technologies that has been identified as key for the Basque Country.

• Study of research focus of the AMARC identified before, their business models, and
organizational plans.

• An analysis of technology, equipment capacities, and research capabilities, and a numerical
evaluation of each characteristic according to this analysis (Table 2).
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Table 2. Equipment capacity vs. research capacity.

Indicator Description Minimum Maximum

CC
Scientific capacity: Scientific production in the last
three years (doctoral theses, publications, patents,
etc.) + staff size (doctors, researchers, etc.)

0 4

VR
Valuation of results: Direct or indirect assessment of
results of collaborative projects or technology
transfer in the last three years

0 6

CI = CC + VR Research capacity: Global assessment of potential
capacity and results 0 10

IE

Equipment suitability (for processes and tests):
Technical quality of the equipment, similitude with
industrial environment, suitability of process ranges,
and useful working volume

0 6

DE Availability of equipment: Term of response to
requests for use and compliance with schedules 0 4

CE = IE + DE Capacity of equipment: Overall assessment of
suitability and availability 0 10

4. Results and Discussion

The public–private initiative can be key to the project’s success, because the initial stages of a project
of this type requires research, which means highly expensive and with a long time of specifications,
where the commitment of public administrations can be an activating energy to projects of this type.
The leverage effect of initial found can be obtained during the exploitation time of the AMARC.

Figure 3 shows the results of the evaluation based on the analysis of the recollected information
to several centres in Europe with different configurations, carried out by the researchers. Here are
compared (a) national university groups focused on applied research, (b) full integrated university
groups focused on applied research with a relationship with companies based on specific projects, (c)
national technological centres (without structural connection to the university), (d) university centres
of applied research similar to the national university groups, but without the need to be financed by
company contracts, and finally, (e) full integrated European centres, within the university (or very
closely linked) with direct relation with the companies. Evidently each model depends on the national
laws of the countries. However, in all the cases, those with more indexes involve universities in close
ways, because university has a great advantage, bringing the training and young students together.
Together with practical results regarding technology, key aspects such as industrial doctorate, training,
lecturing in the last levels of degrees, and master science, connection of start-up entrepreneurship, etc.
are the crux of the matter.

The benchmarking results indicate a similar position of the Basque technology agents, compared
to the reference in Europe in areas such as advanced machining process, non-conventional processes,
measuring techniques, simulation processes, systems integration, and process modelling in general
for aircraft components. However, sometimes there is a dispersion of technological activity related to
manufacturing and a redundancy of different agents investigating the same disciplines. The above
causes are worsened by the lack of equipment and machinery with sufficient similarity to the
industrial environment to provide the results in technology transfer projects. To reverse this situation,
an investment effort is required. This is essential to develop a local network of excellence between
technological agents and industrial companies (proper management of stakeholders).

As observed, there are several barriers related to transaction costs, coordination, management,
and control of the activities of the various parties involved, which could inhibit the participation
of companies in the investment share technology and R&D [22]. The main trend of innovation
policies in the last two decades is characterized by what is called “cooperative paradigm”, or the
promotion of co-operation between sectors—industry, government, and research—and between rival
or vertically related companies [23]. Therefore, proper management of the information transmitted to
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potential partners during the creation of an AMARC is fundamental. Taking into account the impact of
co-operation in private and social benefits, the biggest challenge for public policy is to find mechanisms
that promote co-operation [24].

Figure 3. Results of the evaluation of CI (Research Capacity) and CE (Capacity of Equipment). Graph
and data table.

Based on the collected information, it shall be considered that a cooperative model, in which
several companies with common interests share risks and with the support of the supply chain, is
the most appropriate and most likely to succeed management strategy of the AMARC project in
the Basque Country. Consequently, the facilities must support the key technologies identified for
the AMARC, advanced machining aerostructures, advanced processes for welding, and advanced
machining aeroengines; facilities in which the industrial demonstration, launching, and acceleration of
the initial production of new products can be successfully carried out. Furthermore, the reengineering
process of existing products, the development of alternative manufacturing processes with the purpose
of introducing qualitative leaps in profitability and the demonstration of the applicability of the
developments of horizontal technologies shall be considered.

A proper risk management and planning must be conducted. Several studies have focused
on evaluating the effectiveness and risks of R&D [25–27] and its influence on private efforts [28,29].
However, few studies have examined the criteria used by government assessors to assess these risks
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and projects [30,31]. It can be concluded that a centre with the aim of working around TRL 5–7 and
involving public administrations, companies, and universities can help to increase the impact of
applied research on final production lines, improving the general situation of the starting technological
agent with respect to its former position in the international scenario.

5. Application to the Basque Country Scenario—Establishment of the Advanced Manufacturing
Centre for Aeronautics (CFAA, in Spanish)

The new centre, CFAA, was inaugurated in 2017 in the Technological Park of Biscay, where
several companies of the aeronautical and research sectors are located. The conception of this centre
is a conjunction of initial ideas from the Basque Government (Dept. of Economic development
and infrastructures), the University of the Basque Country (UPV/EHU) and the partnership for the
Development of Advanced Aeronautics Manufacturing Techniques companies (more than 70 in 2019).
The Basque Country Government and Provincial Council of Bizkaia were initial promoters and support
the original idea, in collaboration with the Technological and Scientific Park of Bizkaia. CFAA enables
the development and result transferring of research projects to production, without forgetting the
generation, use, and fine-tuning of new knowledge in advanced manufacturing techniques [32].
Nowadays, the CFAA is formed by 78 partners, which has allowed to it complete several projects in
different vital areas for the partners, and university. Twenty-five people form the staff of researchers,
eight of whom are completing their PhD and seven, who are responsible for the project’s coordination
and research. It also has eight professors from the University who share their time in the centre’s
research. There are also 20 people from partner companies working in the centre and seven more are
in dual training for partner companies. The combined nature of the technicians in the centre is one of
the big strengths of the model.

In Table 3, the total number of companies in the partnership of companies is classified into type
and sector. Types A, B, C have acquired a joint commitment to contribute to the centre through projects.
Type D contributes in kind, giving tools or services to be used in the projects. As shown, several
company sizes and sectors are involved, this is key because big companies have stronger R&D means
and culture than SMEs that can be shared trough the proper ways.

Table 3. Centre for Aeronautics (CFAA) partners summary (2019), classification by role and sector.

Type Industry Quantity

A
Large-size machine tools 1

Tier 1 aeroengines 1

B

Cutting-tool medium-size companies 3
Machine-tools medium-size companies 1

Metrology companies 2
Metrology and additive manufacturing 1
Machine-tool small-size manufacturers 1

C

Additive m.—machine developers 1
Cutting tools and accessories 1

Digital transformation 1
Engineering services 1

Tier 2 aeroengines 2
University 1

Welding equipment and consumables 2
Work holding 2
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Table 3. Cont.

Type Industry Quantity

D

Additive manufacturing—services 1
Cutting tools and accessories 31

Digital transformation 5
Engineering services 4
Technology providers 1

Work holding and fixtures 5

Digital transformation 1
Engineering services 4

Industrial clusters: (a) Machine tools and (b) aeronautics 2
Metrology equipment 1

5.1. Daily Life Control—Project Time and Scheduling of Activities

The activity of the CFAA is centred on the planning and realization of projects included in a List
Of Projects (LOP), in which the intensive use of the resources is sought in fulfilment of the aims of the
centre. This LOP is prepared on the basis of the proposals made by each of the members of the centre,
sent for study and acceptance during a period of the year by a technical committee. The duration of
the project depends on the planning agreed between the partner project lead and the centre, taking
into account the availability of its resources, which is established according to the order of arrival
of the requests, followed by the hierarchy of the partners. In general terms, three to six months is
the project time, because longer projects usually tend to lose some practical view; as a matter of fact,
longer projects are divided into shorter activities to be able to give companies tangible results. Figure 4
shows how many projects are proposed and led by the type of partners, Tier 1 or Tier 2 aeronautical
companies are those pulling the rope; however, machine tool manufacturers are very active as well.

Figure 4. Project quantity resume by leader partner.

5.2. Sharing of Costs

As previously mentioned, the CFAA is the result of the support of several members. From that
moment on, the financing of the activities and the acquisition of new resources has a mixed character.
Initial funds provide by institutions were key to start the idea, and they had a real leverage effect on all
launching activities in the foundation of the centre.
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The year-based budget of the CFAA will come from the payment income of the amounts for the
realization of projects under the charge of the companies that make up the centre; the income of R&D
projects in collaboration between the University of The Basque Country and company-partners, and
several sporadic collaborations outside the company partnership, non-collaborative projects developed
by the UPV/EHU through the CFAA; projects and additional contracts demanded by companies that
make up the group (and those that do not); training activities and technical assistance carried out by
the staff of the centre; other services that may arise from the operation of the centre (analysis services,
rental of space for activities, reports elaborated by the CFAA, and so on); and the income arising from
other donations, subsidies, or contributions to the CFAA.

5.3. Property of Results and Data Gathering

Due to the collaborative nature of the centre, different non-disclosure and confidentiality
agreements have been established for the activities of the CFAA, as well as their projects and
results. Therefore, the ownership of property and the exploitation rights over them will correspond
to the partner (or partners) that have financed the respective activity or the research project (either a
company of the partnership or the own UPV/EHU for its own activities or for other works or projects
in collaboration). However, those results that could disqualify, due to their publication or diffusion,
the recognition of Industrial or Intellectual Property rights should be considered as reserved matters
and not diffusible, unless an agreement to do so is reached between the parties.

On the one hand, the CFAA must preserve the confidentiality of all information received from the
companies, which complies with the general agreement of confidentiality that involves the staff of the
CFAA or assigned to it. The information provided by each company belongs per se to the company
of origin, namely blueprints or significant technical details of parts and components. All personnel
present regularly in the CFAA must register and sign the Non-Disclosure Agreement (NDA), which
links the centre and the partners if they so demand.

The network established around CFAA also allows a rapid use of new results in daily production,
and in some cases has made easier to exploit new patents, as in the case of cryogenic cooling using CO2

(REF W02017/202622 A1). Anyway, some results are industrial secrets, to be use in daily production, so
special care about information, pictures, and other issues must be kept in mind always.

5.4. Manufacturing Execution System (MES) at CFAA

The need to control the intensive use of the CFAA resources and respect the public–private nature
of the information has established different tools developed by the centre, tending to create an “ad hoc”
Manufacturing Executing System (MES) that allows acquisition data of the use of machines, record
work time of staff, quality control, and finite programming of these resources, with the aim of making
the audit of this information transparent, and on this basis, create not only horizontal, but also vertical
control cycles. The data obtained from the different components of the system allows in turn to apply
artificial intelligence techniques that facilitate the programming of the projects’ tasks, the realization of
the maintenance on the resources, and the creation of added value throughout the projects.

Graphical utilities were developed to manage the flow of projects and to define the load per
machine, in addition to charge the costs per machine or technicians to each company account. As an
example, Figure 5 shows the total number of hours invested by each group of resources in the
development of the projects of CFAA from 2017 to 2019.
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Figure 5. Executed hours and percentage of used resources in project execution 2017–2019.

5.5. The Effect of the Location at a Technological Park

The research type facilities of AMARC are welcome at technological parks because they are based
on the presence of knowledge-based companies. For instance, around the University of Sheffield
Advanced Manufacturing Research Centre (AMRC) a whole technological park has spread.

The Technological park of Bizkaia is one of the outstanding ones in Europe, close to the airport
and surrounded by several companies which are partners of the CFAA. Taking advantage of the park’s
existence, the new centre was located here, with a high-tech surrounding in accordance with the aim of
the centre.

Location is important in centres open to full collaborations. University faculties, vocational
training schools, access by public transport are also important reason for the success of centres of
this type.

5.6. Sustainability

Sustainability was undertaken in two lines, economic and environmentally. The economic
performance of a centre of this sort must achieve the balance of incomes vs. costs in less than two
years, taking into consideration that it is a non-profit research centre. Three scenarios can be presented,
regarding budget evolution and term:

• Initial period. When costs can be slightly higher than incomes from companies’ projects or by
competitive calls. New models and systems always need some time to achieve their regular
performance. The excess of incomes can equilibrate the initial shortfall during the following years.

• Budget balance. In the mid-term, balance must be achieved. The size of the AMARC must be
escalated to this basic principle.

• Increase of incomes coming from projects. All money in excess of costs would be used for more
people in the system, new doctoral grants, or new equipment. As an example, CFAA has increase
a 21% in the three years since its inauguration.

Regarding environmental issues, a centre of this type does not make real production, however it
must be an example of good practices. International Organization for Standardization (ISO) 14001:15
sets out the parameter for an environmental management system; it can be a global goal to achieve by
the organization.
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Technology can help to reduce the manufacturing impact, that is why, at CFAA, a technique under
research is cryogenic cooling using CO2 (second use of CO2). This technology reduces machining
temperature and can eliminate emulsion coolants (water + 5–10% oil) in the same applications [33,34].

In Figure 6, some environmental good practices are shown, performed at CFAA. To the left, a
container for oil disposal and stained paper, a chip removal system and a conveyor, metal powder for
additive manufacturing, with particle size ranging from 10 to 20 micrometres. Last image is a detail of
how powder is treated before being used. The CFAA waste and disposal system is around 7–11% of a
real factory of the same layout and machines but at full production.

Figure 6. Harmful substance deposit, chip collecting system, metallic powder for additive
manufacturing, and powder testing.

6. Conclusions

It can be concluded that in cases and industrial sector with structural deficit of certain knowledge
and skills, an advanced manufacturing research centre could be a good solution. The aerospace sector,
as a whole, is an intensive investment sector in R&D and some others in the supply chain as well, as is
the machine tool sector. However, most SMEs in the Basque Country do not have R&D fixed structures
for developing their own research activities. Important efforts are being made in upgrading student’s
qualifications through the specialization and improvement of the local universities and formation
centres. They are also collaborating with the local companies to know the main flaws of the graduates.
Moreover, there is an important network of technology centres in the Basque Country with the ability
to work in the aerospace sector.

The ultimate goal of the AMARC concept should not be focused on centres dedicated to horizontal
development of specific manufacturing technologies (machining or welding technologies), but on
those dedicated to the totality of the manufacturing process, integrating development activities of
pure process modelling tools, simulation, adaptive control flow of operations, automation, reaching a
maturity level that allows the technology flow without risk of the developed productive portfolio of
partner companies.

Industrial partners could assume technology acquisition activities with a high probability of
success. The sharing of funding, both public and private, can improve the profit margin and the
capacity of research and development with other partners, which would increase the chances of
success. The critical mass created will allow participation in consortia in European or national projects
under conditions of greater equality with the European centres of reference, and with the possibility
of choosing to participate in activities with higher technological return and access to larger budgets.
Small companies participating in centre would make an even greater leap, considering their investment
limitations in R&D and the difficulty for developing steady technology acquisition activities.

Machine-tool systems and tool manufacturers have better opportunities to sell their products
to companies if development projects were successful previously at the AMARC, to gain access to
better funding, to improve their proximity to end customers and to obtain benefits from access to
technological excellence inside and outside the AMARC. This type of centre is also a showroom for
machine tool assemblers and other technology providers.

After presenting the premises and antecedent, several conclusions can be pointed out:
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• Research centres around TRLs 5–7 must comprise several companies, universities, and strong
support from public administrations.

• Collaboration of the supply chain with OEM or Tier 1 is highly recommend, having the new centre
model as a vertical conception: Effort is focused on one particular industrial sector.

• The centre can boost the relative position of one research group in a university with applied
research to leading positions.

• The initial list of machines and systems is key to achieve an intensive use of the centre means.
Machines must be purchased considering a useful life of at least seven years.

• The location in a technological park with common services is a key aspect in the project. Common
services, environment, and easy access by public transport is key.

• Management of the centre must be performed by a university or technological agent, all thinking
in being an open centre to all partners and that the management of the centre is really on behalf of
the full consortium.

Author Contributions: L.S.P. wrote the main ideas, R.L.R. developed the benchmarking, N.T.G. and M.R.F. helped
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