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1. Introduction:

Since the end of the 1990s, Brazilian governmerticipe have given incentives to
strengthening linkages between firms and the seiama technology infrastructure (research
institutions) for promoting innovation and, consently, for improving the country's
competitiveness. The Brazilian government put fadvanovation as the focus for policies
when launched in 2004 the actual “Industrial, Tedtbgy and Trade Policies”. Since then,
Government agencies and research institutions leeased their role of articulating,
modelling programs, financing and diffusing teclogital knowledge, especially for the
segment of small and medium-sized firms (SMES).

This set of industrial and S&T policies has a ddfg focus when compared to those
implemented by the military government (1960s-meddB80s) and even after that phase,
during the 1990s, when the government decisiorelation to an explicit industrial policy
was “not having an industrial policy is better”. éfmilitary government had given a strong
role for multinationals and state government firass the primary sources of technology
transfer to the local SMEs development. These jgslibave followed the international path
in terms of objective, which was import substitatiomdustrialization; although there are
several differences among countries in the way tieye been implemented. Some general
examples of these differences can be observed wdraparing the South Korean policies for
industrialization during the 1970s and 1980s aedBtazilian ones.

South Korean policies followed the Japanese byrotimg imports and stimulating exports;

regulating capital and technology transfer fromoabl; investing in increasing the number of
engineers; and giving incentives to the developnaériechnological capabilities in Korean

firms. Large private Korean corporations had andrtgmt role in the Korean policies.

Brazilian policies were towards incentives for ggsing foreign direct investment, building
up industrial sectors in order to be self suffitiand creating government owned firms in
strategic areas. There were also investments inethéation system and in research
institutions, as well as research and developmetikides at the government owned firms.
The government owned firms and multinational coations played an important role in
building up a diversified industrial system. Théisms have focused mostly in the Brazilian
internal market and little in exports.

In an attempt to understand the role of nationayebs; foreign buyers and research
institutions (universities and technological cesfréo Brazilian SMEs development, this

! Consultant at the Brazilian Agency for Industiievelopment — ABDI (www.abdi.com.br). Contact
details:roargou2003@yahoo.cqmosane.marques@abdi.com.br.
Professor at the University of BrasiliaWw.unb.b). Contact details: Igoliveira@unb.br.




paper explains the differences in activities cdreit among them to the accumulation of
technological capabilities experienced by these SMEhe study makes the connection
between activities undertaken and their impaceims of technological change implemented
and level of technological capability acquired bg SMEs. Additionally, it also distinguishes
this connection over time, aiming at identifying there were any accumulation of
technological capabilities experienced by the SMHEse main question is whether there are
any differences in the role of the national andeigm buyers compared with research
institutions to the accumulation of technologicapabilities or not.

This issue is particularly addressed in the aertimaector because it is one of the most
innovative and robust in the country - this seatas responsible by 3.1% of the Brazilian
total exports in 2005, which was US$118.308 millilgOB). Moreover the Brazilian
Aeronautic firm, Embraer, is one of the largestseager airplane manufacturer worldwide
with focus on commercial, executive and defencatawi. . Embraer was founded in 1969 by
the Brazilian military government and was managgdhle militaries until 1994 when it was
privatised. Although it is successful in achievingernational competitiveness on its specific
market segment for regional jets flying from 4518 passengers, Brazil has not being able
to consolidate the supply chain of Embraer withive thational borders. There are few
Brazilian firms supplying to Embraer and to sometloé foreign first tier suppliers of
Embraer. In fact, the import content increased frapproximately 68% in the 1980s
(Dagnino and Proenca, 1989) to approximately 95%thie 1990s (Bernardes, 2000a).
Therefore, there is a question about how the I@w@zilian suppliers are maintaining
themselves in the competitive supply chain of Embrdhe findings show that they are
improving their innovative capabilities in two dit@ns: by strengthening their basic
innovative capability regarding production processed, in few cases, by upgrading to
intermediate and advanced levels of innovative lodipa The relationship with Embraer,
foreign buyers and Brazilian research institutians the main sources of knowledge for the
technological learning experienced by these Bizikuppliers that are “surviving” in the
supply chain of Embraer.

The structure of the paper is as follows. We exantine literature about system of innovation
and technological capability accumulation in thetngection. Following that, the Brazilian
Aeronautic Sector is briefly described in sectioarfl the method is explained in section 4.
Then, reflections about the case of Brazilian snmaild medium size firms (SMES)
accumulation of technological capabilities are madsection 5 and final comments are in
section 6.

2. Sectoral System of Innovation and Technological Cagbility: analytical
framework

2.1 The System of I nnovation Approach

Systems of Innovation are the network of governnaert non-government agencies, science
and technology institutes, educational organisati@and firms, among other organisations,
which flows influenced the direction and extentrofovation. The country’s macroeconomic
and industrial policies, international regulatiomearket governance, and socio-cultural
institutions influence the network dynamism andettory. The interaction between the
former and the latter has influenced knowledge axdation and learning processes in firms
(Nelson and Winter, 1982; Freeman, 1987; NelsonRosenberg, 1993; Cooke et al, 1997;



Hodgson, 1999). For understanding this issue, naariors have focused in distinct but
inter-related areas of systems of innovation. Sofrthese areas are related to technological,
sectoral, national, regional, financial, and pcéitj among others, systems of innovation.

It worth to mention that the analytical framewotiised in this paper focuses on examining

the evolution of a sector, specifically its dynasnénd transformation over time, regarding to

technological development and to linkages amongrsciThis approach refers, thus, to the

sectoral system of innovation idea. Although maegearches have been done about this
theme, less comprehension exists on the relatioangnactors in a sectoral system and

technological capabilities accumulation (Malerb20?2).

Before focusing on the sectoral system of innovatibis relevant for the debate to make few
considerations about technological change andriedisystem of innovation literature. First,
the theory that technological change is not amatsdl process emerged as an attempted to
explain innovative behaviour and the consequetinelogical capabilities accumulation and
evolution in firms. Second, technological changa @nsequence of the capability of firms in
managing and generating innovation as well as iquiaing and diffusing technological
knowledge (Freeman, 1987). In fact, the developnuérguch capability is a process that
requires that a given firm interact with other fayresearch institutions, universities and
funding institutions, among other organisationsrd,lgovernment policies have an important
role in regulate and co-ordinate the pace (qu3graitygl nature (quality) of the development of
technological capabilities. This explains partlye tdifferences of industrial development
between countris, regions and sectors; other fa¢hat may influence the differences are the
specific endowments and characteristics where fiames located (De Ferranti and Perry,
2002). Differences between the three aspects biteal evolution turn on to influence the
trajectory of countries for catching up industzelil countries (Viotti, 2002; Freeman, 1987).

Generally, researchers focus their analysis iniags. First, they observe differences among
countries and regions (national or regional sysjeegarding the type of exported products,
investments in R&D, investments in education andining, science and technology
capabilities, industrial structure, and patentspmagnother variables (Viotti, 2002; Cassiolato
and Lastres, 1999; Cooke et al, 1997; Patel andtPh994; Nelson and Rosenberg, 1993;
Lundvall, 1992; Freeman, 1987). Second, they examiechnological diffusion and
development within industrial networks (technol@dior sectoral systems) (Malerba, 2002;
Breschi and Malerba, 1997; Carlsson, 1995; CarlasmhJacobson, 1994).

Viotti (2002) considers that industrializing couas are adopters of technological knowledge
from developed countries and their firms may dewet@remental innovations according to
their capabilities to do so. However these firms aot developing innovations in the same
sense that Lundvall (1992) or Schumpeter (Male2082) defined. In fact, Viotti refers that
innovation in these countries are not really inimrato the world market but they are
adaptations to attend the specificities of indasuing countries He compares the case of
South Korea and Brazil and concludes that the forimi@n active learning system and the
later is a passive learning system. Active learsiygfem is characterized by the capability to
improve and adapt technologies while a passiveniegrsystem is characterized by the
capability to adopt technologies.

The conclusion that the Brazilian System of Innmrats other Latin American countries are
not innovative is supported by other researchessiGlato and Lastres (1999), Katz (2000,
2001) and Bernardes (2000) examined the techna@bgiehaviour of national and foreign
firms and the influences of macroeconomic polieéied industrialisation strategies defined by
governments on this behaviour. Their common arguni that the Brazilian system is



fragmented lacking long term industrial policiesofdover, they refer that local firms have
lacked innovative capabilities to succeed in coimgen the world market.

Although there is lack of explicit long-term inddat policies, some researchers refer that the
Brazilian System of Innovation is heavily influeddey the government development policies
(Oliveira, 2005; Marques, 2004; Cassiolato and flemst1999. Dahlman and Frischtak, 1990).
Particularly, industrial structural changes resiitteom Import Substitution Industrialisation
policies maintained and strengthened the role gfomed technologies and subsidiaries of
foreign firms in the indigenous technological depshent. Dahlman and Frischtak (1990)
observed that by 1960 more than 50% of the totaldgomanufactured in Brazil were
produced by subsidiaries of foreign corporatiofitiey also refer that the government create
the research infrastructure to improve technoldgiepabilities and develop a local supply
chain to support the production facilities of fgmisubsidiaries and national state-owned
firms. More recently, Quadros et al (2001) and @amtd Queiroz (2002) argue that local
foreign subsidiaries accounted for the largesteslodmprivate R&D activity in Brazil, which
activities concentrate in the adaptation of prosliantd processes to the local endowment.
According to them, there has been a ‘moderate’ awgment in Brazilian firms’
technological capability after the Brazilian goweent shift from Import Substitution
Industrialisation policies to Liberalisation poksi during the 1990s, although local
subsidiaries of foreign firms are still importanhovators.

2.2 The Technological Capability Approach

More specifically to the firm level, another relevaliterature regards learning and
technological capability accumulation experiencgdfiims in industrialised countries. This
literature highlights the trajectory of capabilgi@ccumulation during the industrialisation
phase focusing in the idea that technological ceaegendogenous or internal to the firm.
Moreover, learning dynamics does not have onlyratogenous own character but it has also
elements of capturing external innovation througthnhology transfer, among other forms. In
this way, efforts for technological adaptation asst@d to internal learning processes act
upon the rhythm of acquisition of competencies,ofgan occur due to the characteristics of
the external technology transferred (Oliveira, 208@&nsman, 1984).

Research about technological capabilities accumomliais based on the evolutionary
perspective of innovative efforts undertaken bynéir Since the 1980s this perspective has
been developed considering firms as differing ayishdhic organisations as well as stores of
knowledge (Nelson and Winter, 1982). The evolutigrzerspective also considers that firms
evolve over time when they attempt to adapt theveseto their environment. This adaptation
process has implications to the path of technoldgoapabilities accumulation, which is
related to the main characteristics of the innaeaactivities within firms, being uncertain
and path-dependent on their knowledge base. Folipwhis perspective, technological
capabilities refers the dynamic and competencelimgjlactivities firms undertake to generate
new products, processes and services.

There are a variety of definitions for technologiicapability. Earlier studies consider
technological capability as the systematic effdies acquiring knowledge to improve
production capacity (Katz, 1976). Other studiegnrébd the "capacity to manage technology
and to implement technical change" (Bell, 1984:189pme others include in the concept the
ability of individuals, and infrastructure and adies undertake to implement changes in
production and techniques (Figueiredo, 2003, rigigro the studies of Bell, 1982; and Scott-



Kemmis, 1988). There exist some concepts thatt litnio the ability of individuals and
ignore their organisational context (Pack, 1987figueiredo, 2001). Broader than Pack's
definition, Enos (1991) refers to the technical \whetlge necessary to achieve a common
organisational objective that is embodied in thexanof engineers and technicians. Both
definitions focus heavily on individuals as theusaof technological capabilities neglecting
important organisational aspects that these capebiintegrate (Figueiredo, 2001).

In fact, based on previous studies, most literalveut industrialising countries refers to
technological capabilities as the ability to absarbe, adapt, improve and change existing
technologies. This ability involves the effectiveseu of technological knowledge in
production, investment, and innovation (Westphat) lind Dahlman, 1985). A central role is
given to firm's in-house technological learningoef§ to master new technologies, adapting
them to local conditions, diffusing, and exploititfgem by exporting (Lall, 1992). At this
stage, it is important to make the distinction kesw types of technological capabilities that
refers to distinct processes of learning.

In developing a framework for distinguishing betwed¢he forms of technological
development experienced by South Korea, Westphai,d6d Dahiman (1985) refer to three
types of technological capabilities: productionyvastment and innovation. Production
capability consists in the ability to operate protitan processes and adapt them to changing
market circumstances. Investment capability refetie skills for expanding and establishing
new production facilities. Innovation capabilitynsists in the ability to carry out activities
for creating and implementing changes in technigaled organisational processes. They
argue that technological development is costly beeait requires stable and long term
investments in skills and technological knowledgenell as improvements in organisational
processes for learning to adapt imported technetogi

Drawing on Westphal, Kim and Dahlman (1985), Ldl892) developed a framework for
explaining firm-level differences in technologicahpabilities. The framework considers
technological capabilities as divided in two typasvestment and production, which
innovative activities vary according to the degfecomplexity from simple routine to
adaptive and innovative. Adding to previous work]llargues that production capability is
not only the ability to operate and improve impdrigoduction techniques but include the
firm's in-house efforts in engineering for absogotiechnologies, as well as linkages with
other organisations. Linkages capability referstie ability to transmit technological
information and receive it from other organisatiosisch as suppliers, consultants, customers,
service firms, and universities. These linkagessagposed to assist the firm to improve its
productive efficiency and also the diffusion offiaologies (Lall, 1992).

Kim (1997) also examined the process of technoldgiapabilities accumulation experienced
by Korean firms developing a "learning model" ofaisition-assimilation-improving foreign
technologies. He considers technological capabity the ability of firms to utilize
technological knowledge in an efficient manner idey to assimilate, use and adapt existing
technologies. It has three main elements: prodandfimanagement, engineering and repair
and maintenance); investments (training, projectetipment and implementation); and
innovation (basic and applied research, developn@ninew products, processes and
services). The accumulation of technological cdpeds took place in Korean's firms from
imitation of foreign technologies, such as througiverse engineering and technology
transfer, to innovation based on firms' intern&bi$ to develop and produce new products to
the market.

Based on this research, more recent studies exdrtecnological capabilities in a different
spectrum: from the analysis of internationalisattbimnovative capabilities (Ariffin, 2000) to



explaining the differences between the processcofirmaulation in firms (Figueiredo, 2001).
Drawing on Lall (1992) and Bell and Pavitt (199%nong others, Ariffin (2000) and
Figueiredo (2001) consider two types of technolag@apabilities according to the activities
for generating and managing technical change uakiemt by firms: routine capability and
innovative capability.

Routine capability refers to the firm's abilityutlize knowledge, technologies and undertake
activities in distinct functions: product, produmtiand organisational processes. Innovative
capability permits the creation, modification ompimavement of these functions. In fact, their
routine capability refers to the first level of beological capability, defined by Lall (1992)
as, experienced-based capability. Innovative dépyabaccording to Lall, refers to the
second and third levels of complexity, defined ssarch-based and research-based. This
distinction is important for explaining the path t&fchnological capabilities accumulation
experienced by firms in industrialising countrieghich are building up capabilities from
routine to innovative levels.

The literature reviewed so far analyses technotdgiapabilities accumulation by basically
examining distinct aspects of learning efforts utaden by large firms, which are national
champions, foreign subsidiaries, state-owned fitonsrecently privatised firms that are
acquiring foreign technologies. These firms haveadtively invest in the development of
skills, knowledge and experience for learning andsequently building up technological
capabilities. Their learning efforts change ovemei according to the technological
complexity of products and production. This litewrat thus highlights the importance of
deliberately invest in learning to build up tectogital capabilities. It does little, however, to
discriminate the dynamic process of technologiaabilities accumulation in small and
medium size firms supplying to complex system maaturer, as it is the aeronautic industry
located in an industrializing country.

2.3 The Analytical Framework

Based on the literature reviewed, the broad amallytiramework used for organizing the
reflections about the innovative behaviour of Bliami firms supplying to the Aeronautic
Sector is shown in figure 1. At the centre of oeflactions we consider the relationship
between technological change (left side) and telcgimal capability accumulation (right
side). In fact, technological change is relatethtlevel of technological capability of firms
and to their linkages with other firms and reseanshitutions (Lall, 1992; Fransman, 1984).

We consider in the paper, domains and levels tleatedevant to the analysis of technological
change and technological capability in the Bramilleronautic Sector based on interviews
and visits to firms, and on previous research @a; 2005; Marques, 2004; Bernardes and
Oliveira, 2002; Bernardes, 2000, 2000a and 200€@bc¢iiak, 1994 and 1992). The domains
considered in the framework are product, productjpmocess and equipment-related), and
organisation of project management and design droes.

Particularly, technological change consists of thieoduction in the firm of technology
embodied in the three domains (based on Bell andttP4993). It can be related to the
introduction of completely new technologies to fiven or to adaptations in the already
existent product, production and organisationatesses. This research classification is thus
based on three levels of impact of the changearfitm (see Annex 1). The incorporation of
substantially or completely new technologies in anwall of these three domains belongs to
high-level impact. Changes incorporated in prodymtpduction and organisation for



improving and upgrading the already existent tetdgies refers to middle-level impact.
Finally, the duplication of technologies alreadyuitilisation by the firm associates to low-
level impact. It is important to stress that thamies may be inter-connected in the sense that
a change in product may influence changes in ptaghycwhich may call for changes in
organisational processes. This inter-connectiombaseen explored in this paper.

Technological capability is defined as the ability firms to manage and generate
technological changes, i.e. their ability to innevéBell, 1984). The domains are product-
centred, production (process and equipments), arghngsational processes (project
management and design procedures). Product-cetetbdological capability consists in the
ability of firms to innovate in product design, spEations and quality. Production
technological capability is classified in two domsti production processes and production
equipments (machinery, equipments and softwareljja@sational centred technological
capability regards the ability of firms to managel generate changes in project management
and design procedures.

Technological capability is classified in two leselroutine technological capability and
innovative technological capability. Routine teclugical capability is the ability of a firm to

utilize and adapt knowledge to implement changethédistinct domains, which has two
levels: basic and pre-intermediate (see Annexr2fiadt, this level is related to the production
capability of firms, whereas innovative technolagicapability permit to create, modify or
improve techniques. There are two levels for tedaapability: intermediate and advanced.

Figure 1 — Analytical Framework

Sectoral Environment
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Moreover, we examine some aspects of the Brazlemonautic System of Innovation, which
are historical development of the sector in terrhgg@vernment support, launch of new
products, and linkages among actors in the syd®articularly regarding to the classification
of linkages, we consider it may be: procurementsefvices and goods; collaborative
agreements for generating technological changestearinology transfer.



3. The Brazilian Aeronautic System of Innovation

The Brazilian Aeronautic Sector is one of the mogtortant high technology sectors in the
country. The evolution of this sectoral system whdvation was examined in Marques
(2004), which set out the background for the dgwlent of this section. Moreover, the main
objective here is to examine how the Brazilian nautics has been developed since the
foundation of Embraer in 1969. Using a historicppm@ach, this section will give an
overview of the steps followed by Embraer to becdheeworld third producer of regional
jets seating from 45 to 108 passengers. Therekeetion 3.1 briefly explores important
features in the period pre-foundation of Embrakefdre 1969). Then, section 3.2 examines
the main characteristics of the three phases irchwhias been possible to identify more
explicit industrial development policies: (i) stag-up (1969-1978); (ii) seeking the
international market (1979-1994); and (iii) posivptisation of Embraer (1995-2002).
Finally, the general market characteristics arerilesd in section 3.3.

3.1. The Brazlian Aeronautic Sector in the period before 1969

The period before 1969 can be examined taking irsideration three important periods of
development of the Brazilian Aeronautic Sector. Tinst period was during the 1910 to
1930-decades. According to Dagnino and Proenca9(198e first and remote step for
developing an aeronautic sector in Brazil was i 1910-decade wheBantos Dumonta
Brazilian industrialist, developed the first headiean-air flying machine. Although some
investments were done in this period, Brazil lackedgineering and technological
capabilities, as well as the government policieat such industry required. Then, the efforts
done had not resulted in any significant developgméthe Brazilian Aeronautic Sector.

The second period was during the Second World \W885-1945). Brazil, as an allied of the
USA, functioned as a producer of attack aircrddsring this time, the American Air Force
trained Brazilian pilots and formed aeronautic eegrs for helping in the production of
aircrafts. Brazil produced approximately one aiftéday for the USA during this time
(Dagnino and Proenga, 1989). Although more goventra#forts were done than in the first
phase, they were not sufficient for setting uptibsis for the sectoral economic growth. The
lack of technological and engineering capabilitydesign and produce airplanes in Brazilian
continued. At that time, the production was restdcto light aircrafts for utilization in
agricultural matters.

Therefore, the Brazilian Army Force decided to t#emn aeronautical institute to form highly
qualified engineers for supporting the infant aendic sector. The Technological Institute of
Aeronautics (ITA) was founded by the end of the@8écade, which marked the beginning
of the third period. ITA was founded with support BIT and NASA. ITA formed
approximately two hundred engineers until 1970 thé most part were contracted for
working in other sectors due to lack of companiescontract them in the aeronautics
(Bernardes, 2000a; Dagnino, 1993; Dagnino and Reeid89).

During the 1950-decade, the Brazilian Army Forces \@avare that it was also necessary the
creation of a research centre for applying aeronaangineering knowledge to the

development of a “Brazilian aircraft” that could faccording to the particular endowment
and characteristics of the Brazilian territory. ejHfounded the Aerospace Technical Centre
(CTA) that absorbed ITA and developed other instgufor aeronautic research. The main



research project at CTA was for the design and ymtioh of a 19-seats aircraft. The
Brazilian Ministry of Aeronautics contracted an iemtresearch group from Germany that
worked with Brazilian engineers from ITA with theraof developing such aircraft. The first
prototype flew in 1959 and further improvements avaecessary. In 1969, the project was
then concluded and the first aircraft called Baratge could be produced. This group of
researchers founded the first state-owned airprailucer in Brazil in 1969, Embraer, with
support of the Brazilian Ministry of Aeronauticsgiardes, 2000a; Dagnino, 1993; Dagnino
and Proencga, 1989).

3.2. The Brazlian Aeronautic Sector from 1969 to 2002

The starting-up phasebegun in 1969 when the Brazilian Ministry of Aeaotics founded
the Empresa Brasileira de Aeronautica S. A. EmbrBee aircraft producer was created as a
spin off of the CTA, with the objective of supplgrthe Aeronautic Command with parts,
components, and training and attack aircrafts (egmand Proenca, 1989; Coutinho and
Ferraz, 1993; Bernardes, 2000a). According to chtak (1994:602), ‘although the
production of airplanes in Brazil dates back to@,94hen the first monoplane was built in
the country, the development of the Brazilian pagse aircraft industry can be equated with
the development of Embraer. The main civil aiftrproduced during the 1970s was a
nineteen-seat light twin-engine turbo propelleigéitak, 1992; Bernardes, 2000a).

The Ministry of Defence was the main buyer and ajswe strong tax incentives and
subsidies to Embraer for developing production teetinological capabilities to manufacture
the nineteen-seat aircraft (Dagnino and Proengd9;1@outinho and Ferraz, 1993; Bernardes
2000a). These incentives were oriented for finapgthrough subsidies and tax exemption),
marketing (through procurement and protectionisng developing technologically (through
the creation of special decrees for technologysfenand supporting research). In this first
ten years of existence, the main market was ndtiona

According to Dagnino and Proenca (1989), although Ministry of Defence had heavily
invested in the creation of a national aircraft@ygchain (aircraft assembler and suppliers),
approximately 68% of parts, components and suteBystof aircrafts produced were
imported. Nevertheless, some suppliers had developpacity from the production of parts
and components to the production of small aircrédft&0 seats), such as Aeromot (located in
Porto Alegre, State of Rio Grande do Sul) and NéB@tucatu, State of Sdo Paulo). This
development was possible due to the Ministry of ddeé special programs for
‘nationalisation’ of aero parts (systems, strudtyrarts and other components). However,
according to interviews at the Institute for Deyetent and Coordination of the Aerospace
Industry (IFI), low production scale, high qualignd high development costs of aero parts
influenced the production concentration at theraftcproducer itself. Few local supplier
firms had developed the capacity to produce pardscamponents and they had relied heavily
on technological transfer from CTA through IFI cohancy. Therefore, the most part of aero
parts were imported in the end of 1978.

Theseeking international market phasecorresponds to an increase in exports of smalbod
aircrafts (10-30 seats) that happened after the risare market de-regulation in 1978
(Coutinho and Ferraz, 1993). Therefore, the sepbrrde corresponds to the period when the
market changed from National to foreign. A thisiyat advanced twin-engine turbo propeller
aircraft was the main commercialised product durihig phase. According to Frischtak
(1992:13) ‘At end 1990, [the thirty-seat aircrafthrket share in the 20-45 seat category was



25% worldwide, just slightly below of its major cpetitor (the SAAB SF340). In the U. S.
market, [it] had the dominant position in that y@aterms of the total number of aircraft in
service, again for the 20-45 seat category’.

The launching of the eight-seat twin-engine turbappller pressurized aircraft in 1979 is the
starting point of this phase in the developmenthef Brazilian civil aircraft manufacturing
(Frischtak, 1994; Bernardes, 2000a). This aironadt the first one entirely undertaken by
Embraer, for which the market was not mainly theZflian Air Force but American large
corporations. It was a business aircraft desigoeattend the American market. The aircraft
producer undertook the product development, findngeand designed and manufactured the
pressurized system (one of the main innovatiortisymodel) (Frischtak, 1994). It was the
first aircraft developed using the concept of comality or ‘family’. The second in the
family was the thirty-seat aircraft, which was labad in 1981 for supplying the USA and
Latin American market (Frischtak, 1992).

The ‘nationalisation’ of aero parts program thaguoein the starting-up phase stopped almost
completely in this phase. The phase of ‘denatisatibn’ had begun as well as the aircraft
producer focus on technological development atriatiional market standards. Another
important characteristic of this phase is the iasieg reliance on imported systems, structural
parts, among other parts, components and sub-sysfEhe new market demanded many
improvements in digital technologies, new materiaigphisticated software, among other
technological developments that the local suppleyald not adopt. Local suppliers had
lacked government incentives and economies of $oalénis technological upgrading. And,
the Ministry of Defence have reduced the budgelftp which decreased significantly 1FI
support for the technological development of Iagipliers.

The recession in the international civil aircraftanket and the Brazilian government
decreasing procurement and subsidies had beendimefactors affecting the financial crisis
of the aircraft producer in the beginning of théd@9 (Bernardes, 2000a; Bernardes, 2000).
The company was thus privatised in 1994. Many sraal medium size local Brazilian
suppliers exited the market due to the economiesson in 1990-1994.

The most important products in thest-privatisation period have been the ERJ 145 jetliner
and the ERJ 170 jetliner. The ERJ 145 jetliner tias basic platform of the thirty-seat
advanced turbo propeller but incorporates new telcignes in avionics, propulsion and
aerodynamics, and was launched in 1995. The ERJjdtfifer first ‘roll-out’ was in
November/2001 and the first flight was in 2002. IBaircrafts have been developed within
the concept of family or commonality (Oliveira aBdrnardes, 2002).

Summarizing, the Brazilian government has suppattedcivil aircraft manufacturing in all
stages of its development basically through (Gréé8y7; Bernardes, 2000a): (1) research and
development policies; (2) joint government-privatgvnership; (3) protection of home
markets; (4) export development policies. Howesaéteast one important question is: did the
government efforts be successful in terms of ingirgninternational competitiveness of the
civil aircraft manufacturing?

3.3. General characteristics of the Brazilian civil aircraft market

According to Dagnino (1993), Donangelo et al (20a0)l Bernardes (2000a) the Brazilian
international civil aircraft market is mainly the. 8. and Europe, although there are
investments for increasing the participation of i@hand Asia. During the 1970s and 1980s
the main market however was the Brazilian, whiclponts were restricted by the “Law of
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Similars” (Chapter I, Section V of Decree-Law B7, as implemented by Decreé 61,574

of October 20, 1967) that was part of the ImpofsSitution Industrialisation policies (Green,
1987). Then, Embraer was granted the monopolypfoduction and commercialisation of
aircraft turbo-prop with more than 8 seats. Pipaswhe only foreign competitor of Embraer
that was selling in the Brazilian market due toicerice agreement signed between them
before the Law of Similars was implemented. Durthis period, the main competitors of
Embraer in the U. S. and Europe were: De Havilladelssna, Fairchild, Piper, Saab, BAe,
Dornier, Fokker, and Canadair.

By the end of the 1980s and during the 1990s, soimikaircraft manufacturers exited the

civil aircraft market, such as BAe, Cessna, Saald, okker, among others; while others
merged or were acquired, such as Fairchild-Dorraed Bombardier-Canadair. Fairchild-

Dornier filed for bankruptcy in 2002. Since the 099the main international competitor of
Embraer is Bombardier-Canadair that is called Bautiba Aerospace. Bombardier is the
third largest world producer of regional jets whitenbraer is the world’'s four largest with

45% share of the regional jet market in 2000. Tieecé competition between the two

companies led them to complain at The World Tradga@ization on unfair subsidies given

by the Brazilian and Canadian governments. Bombarchmplains that Embraer’s jets are
less technologically advanced then their jets andbing well in the market due to the lower
labour costs, cheap Brazilian currency, and theziBaa government subsidies. Embraer
complains that Bombardier’s jets are subsidisethbyCanadian government low loan rates.
The WTO complains started in approximately 1998 iarstill going on (Padgett, 2003).

The main civil aircraft models manufactured by Eadsrare shown on table 1. Therefore,
Embraer's market segment ranges from small turbp-geating 8 to 30 passengers, which
are the models developed during the 1970s and 1880smedium size jets seating 35 to 108
passengers. They fly specifically short hauls gramal routes, mainly linking hub routes and
small airports. As*Vc is the performance indicatbat represents the number of seats (As)
multiplied by the speed (Vc). It is considered bpwery and Rosenberg (1981) an important
indicator of performance development. Table 1 shioat there is a substantial increasing in
the aircraft performance since the launch of thé E&S jetliner.

Table 1 — The Evolution of Aircraft Models Producedin Brazil

Year Model Seats | Altitude Speed Characteristics (As*Vc)
(feet) (km/h)
(First
plane
flew)
. : 7847
1972 EMB 110 19 22,500 413 Light twin turboprop
Bandeirante
L, . 3600
1979 EMB 121 Xingu 8 26,000 450 Twin turboprop
pressurized
1983 | EMB120Brasila] 30| 30,000 555 Turbo propeller] 1660
1995 ERJ 145 50 | 37,000  833|  Twin turbofan (et) 4160
1995 ERJ 140 44| 37,000  833]  Twin turbofan (jet) 0022
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1998 ERJ 135 37| 37,000 833  Twin turbofan (jef) 0021
2002 ERJ 170 70 | 37,000 870 Jet 60900
2004 ERJ 190 98 | 37,0000 870 Jet 85260
2005 ERJ 195 108| 37,000 870 Jet 93960

Source websites - http://www.embraer.com, and http://waiwiners.net/. Information gathered in January
2001.

By the end of the 1980s, the Brazilian governmedattesd a process of opening up the
national market and changed the macro policies fimport Substitution Industrialisation to
Liberalisation. It reduced substantially the sulesidjiven to Embraer and there was no longer
import restriction for small regional aircraft dsaias in the previous period. Embraer, which
was controlled by the Ministry of Aeronautics, veadd to private companies in 1994.

Nowadays, the main market of the Brazilian aircrafanufacturing is foreign, which

accounted for approximately 72,5% of the turnovethie year 2000. AIAB (2001) observed
an increase in the total exports from U$ 0,70duillin 1997 to U$ 2,50 billion in 2000 (table
2). As a consequence, there is a rise in the gaation of the aircraft industry in the Brazilian
GDP, measured by the total turnover divided bytttal GDP, which jumped from 0.29% in
1997 to 1.06% in 2000. Embraer corresponds to aBoUt of the total Brazilian aeronautic
sector.

The economic performance of Embraer has been posince 1997: the turnover increased
from U$0.29 billion in 1996 to U$4.6 billion in 280In fact, exports accounted for most part
of the turnover that grew from U$0.13 in 1996 to3W billion in 2005. Following that
growth, employment has increased fr@849 people in 1996 to 12,622 people in 2005.
Nowadays, Embraer responds for approximately 2thefotal Brazilian exporis

Embraer implemented many changes during the pd@®@®-2005. Important changes were
concerned with management of project developmetdtionship with suppliers as well as
procurement. At the same time, a reduction in pectida cycle or from starting production to
the phase-out occurs from eight months in 1996vi months in 2000 (Damiani, 2001). In
this context, local suppliers, which have been igasibcontracted for supplying pieces and
parts, assembly jigs and tools and engineeringept®j may accomplish with tidy delivery
time and high quality standards. For doing so, tin@y accomplish with Embraer's technical,
quality and financial requirements. The procuremanit is auditing the supplier once or more
a year and monitoring the accomplishment with thesgirements. Local suppliers are then
implementing and correcting the suggested itentkeérauditor's report. Nowadays, the most
parts of Embraer’s suppliers are foreign: impocsoainted for U$1.73 billion.

4, Research Methods

Firms were selected using purposeful sampling. gyseed to probability sampling, the logic
and power of purposeful sampling is to select imi@tion-rich cases from which it is possible
to learn about issues of central importance toptimpose of the research (Patton, 1990; Yin,

% Information gathered from Bernardes (2000a) andifer reports to investors\aivw.embraer.com.bin
August 2006 .
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1994). The main issue that this thesis is concemglal is accumulation of technological
capabilities experienced by Brazilian SMEs in thadilian aeronautic sector. SMEs are firms
with less than 500 employees as defined by the ilgnmazinstitute for Geography and
Statistics (IBGE).

The selection of the local SME suppliers was donevp stages: the pilot phase and the main
fieldwork. In the pilot phase, a catalogue of firimem the National Aerospace Industry
Development and Co-ordination (I£l) called CESAER 2001, were surveyed to
produce/collect information about the compositibrthe Brazilian local suppliers in the civil
aircraft industry. Thirty-one local Brazilian fisnout of 98 were primarily selected. After
that, the results were compared with the sampleeguof a Brazilian research on the
aeronautic system of innovation, co-ordinated bydttw Bernardes, Jose E. Cassiolato and
Helena Lastres, and financed by the Brazilian FINE®nd checked with Embraer's
procurement unit and with Roberto Bernardes. THenSME suppliers of Embraer were
selected for in house interviews and visits torth&nt. Embraer and 5 subsidiaries of foreign
first tier suppliers of Embraer were interviewedl asisited. Based on the research interviews
and double checked with Embraer, the productioninck&ructure was built as showed in
figure 2.

4 IFl is an institute of the Technical Aerospacette—-CTA.
° FINEP — Financiadora de Estudos e Projetos (Emai Studies and Projects) is a foundation of the
Ministry of Science and Technology (www.finep.ony.b
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Figure 2 — The supply chain structure of Embraer (R02)

Source: own elaboration based che researc.
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Embraer is the main buyer and aircraft system nateg, i.e. firms that design the product and
integrate its components, which outsource manufmgiuand design activities seeking to
leaner their organisational structures. Outsour¢hege activities requires close inter-firm
interaction and co-ordination at the knowledge ardanisational level (Brusoni and
Prencipe, 1999). Few firms compose the first itiethis supply chain, which are foreign
firms with the exception of Embraer that produceBamne structure. These first tier firms
are joint developing the aircraft models with Endsrand are also system integrators. The
only Brazilian supplier in the second tier is Elebproducer of landing gear sub-systems,
which has participated in joint development prgewith Embraer and foreign suppliers of
Embraer. Local SME firms supplying in the chaie amostly in the third and fourth tiers,
among the ones that are mainly supplying to allfitens and are showed in the middle boxes
in figure 2. They are all owned by Brazilian firmas individuals with the exception of Eleb,
which shareholders are: Embraer (60%) and Liebherospace - Germany (40%).

The five subsidiaries of foreign suppliers locatadBrazil are in the first tier supplying
airframe structures and related systems, and pimpusystem. Their activities in Brazil are
mostly customer support and assemblage of airfratnetural sections to Embraer. They
were selected because their plants in Brazil reduitom the second Brazilian government
efforts for "nationalisation” of the supply chamhich Embraer is responsible for undertaken
efforts to attract foreign suppliers to locate raBl. The firms settled plants in Brazil are first
tier suppliers that joint develop projects with Hadr. Their contact details were given by
Embraer's technological development unit and deabécked with the procurement unit.

4.1. Brief description of the sample of suppliers

4.1.1 Local SME supplier firms

This section aims at characterising the local SMp$ers interviewed in terms of their
ownership, period of foundation, number of empleyemarket characteristics and product
characteristics. Brazilian firms or individuals owfi SME suppliers, although there is one
firm that is a joint venture between Embraer aredl@erman Liebherr Aerospace.

The majority of local SMEs firms were supplying tlee Brazilian market, particularly to
Embraer and the Brazilian Air Force, which was appnately 80% of their market. There
were two firms that entered the export market, Whiere only supplying to Embraer until
the end of the 1990s. These suppliers were exgoldinding gear, motor glider, spare parts
to Embraer aircraft models EMB-120 Brasilia, andjieeering consultancy in design,
production and assemblage of airframe structulaes, particularly fuselage sections.

Product characteristics

The majority of local SME suppliers were manufactgrfuselage parts and components
(third and fourth tiers) using steel, aeronautima@hium and composite materials, while two
firms are producing parts to avionics in aluminiamd composite material. The other parts
and components supplied vary from nails and pi¢cds/draulic components. One supplier
firm produced landing gear utilising new compositaterials and electronic components.

15



Assembly jigs and tools are utilised as suppothéassembling of fuselage sections as well
as to the integration of fuselages to the airfradigs and tools are also made-to-order for
supporting prototype tests. They were made in séeel had electronic components to
adjusting the jig or tool to the size of the fugelaection and airframe.

Engineering projects and consultancy was based echamic and aeronautic engineering
knowledge. Specifically, local SME suppliers weresigning airframe structural sections,
parts and components, as well as defining theidyrion specifications. Particularly

engineering consultancy was giving to foreign siguplof Embraer in Europe about design
definition and production processes, as well apasrtpn the integration of fuselage sections
to the airframe.

The software firm supplied enterprise resource mpltam (ERP), i.e. software utilised in the
management of integration among all units of then fito a subsidiary of foreign supplier of
propulsion system to Embraer. The development e ERP was made in close integration
with the customer as a team of technicians werd&iwgrinside the customers' plant.

4.1.2 Characteristics of foreign suppliers locateth Brazil

The main characteristics of the five subsidiarie®oeign suppliers interviewed are shown in

the table below. The large majority were settlediazil in the period 1999-2001. They are
assembling systems and airframe structures. Theg h#so participated in the co-design
arrangement with Embraer for developing the prgjegeRJ 145 and ERJ 170. Technical
support to system integration in the airplane at phant of Embraer was another activity
undertaken by them. The subsidiary QF has not &atosly in supplying to Embraer. In fact,

this firm has overhaul and maintenance of turbasethe main market focus since it acquired
the Brazilian manufacturer of engines called Celitae Brazilian plant is one of the fewer

GEAE that includes the development of processesifbines maintenance.

The other interesting case is TF that producedaaiepstructural sections to Airbus airplanes
in Brazil. This firm transferred part of its Eurgye manufacturing activities to Brazil.
Although there are non R&D or design activitiesdlby, it is working for the implementation
minor improvement activities in accordance withlgyand other exigencies of Embraer.

The other three cases are only assembling parts@ngonents to the fuselage and interiors,
as well as hydraulic system and flight controls,iomhare manufactured in their home
countries. In fact, all subsidiaries had few Biianilsuppliers, which were mostly related to
engineering services for fuselage structural askayeband accomplishment with Embraer
exigencies.
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Table 2 — Characteristics of the subsidiaries of feign suppliers of Embraer located in

Brazil — 2002
. . Activity in Embraer . Employees
Firm Foundation : Aircraft Ownership " Market
Brazil Model *

PF 2001 Assembly of ERJ 145 100% USA 106 Embraer
(First tier interior ERJ 170
supplier — compartments
Airframe
Structure)

QF 1951 Overhaul, AMX 99% GEAE 350 Brazil
(First tier (Acquired by | accessories and | ERJ 170 USA (including
supplier — | General component repair 1% Brazilian Embraer)
Propulsion | Electric of power plant — Ministry of Export

system) Aircraft engines Defence
Engines- (Assembly and
GEAE/USA | production of
in 1992) parts for engines
before 1992 for
the Embraer's
military aircraft
AMX)

RF 1999 Customer suppont ERJ 170 100% USA 12 Embraer
(First tier for repairing and
supplier — assembling
Hydraulic hydraulic system,

system; flight controls
Second tier
supplier —
Flight control)
SF 2000 Assembly and ERJ 145 99% UK 09 Embraer
(Second tier repair passenger | ERJ 170 1% USA
supplier — window
Airframe transparencies
Structural
Sections)
TF 2000 Assembly ERJ 145 100% 99 Embraer
(Second tier structural parts ERJ 170 Belgium
supplier — and customer
Airframe support
Structural
Sections)
Source own elaboration based on interviews.
Note: (*) Number of employees in November 2002.
5. Reflections about the accumulation of technologicalapability and the role of

linkages

This section comments briefly the results of owldiork. Table 3 below classifies the
SMEs according to the Annex 2. The results showt BRIE suppliers have mostly
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maintained themselves in the supply chain by udhegr already existent basic routine
technological capability to implement technologichhnges. Fewer SMEs have upgraded to
the pre-intermediate routine technological capgbiind even less moved to innovative
intermediate. In fact, only one SME developed adedninnovative technological capability
during the period 1970-2002.

Furthermore, all firms mastered basic levels ohtetogical capabilities in all domains:
product-centred, production (process and equipmedated), and organizational process
(project management and design procedures). Mastgbeirms (Group 4) implemented
technical changes utilising their existent basiatiree technological capability, which
associates to passive learning efforts. This mé@tsthey are able to manage the replication
of specifications from customers, basic qualitytoain routine replacement of components in
machinery, equipments and software, basic coordimadf project development and basic
routine design procedures. From the sample of svéilvns, one SME maintained its pre-
intermediate routine technological capability, atiilee have accumulated technological
capability in the period 1995-2002.

The three local SMEs that built up technologicgbatality, which are classified under the
headings of Groups 1, 2 and 3, had pro-activelgsted in learning in order to manage and
generate technical changes in different domainesé&liirms are compared below considering
the domains of technological capabilities accunoitain the period 1995-2002. The firm
considered in Group 1 is Firm 5 that built up adwethtechnological capability in product-
centred innovation. From mid-1980s up to 1994s thirm acquired intermediate
technological capability in product for developiaagding gear to Embraer aircraft models. It
had also managed tests for improving productioncgss, moving from basic to pre-
intermediate routine technological capability. Digyithis period, efforts were made to
improve the internal coordination of projects ttghumanaging team working, allowing the
firm to master pre-intermediate level of technot@dicapability in project management.

From 1995 up to 2002, Firm 5 had a pro-active leartvehaviour by investing in in-house
R&D and partnership with customers and univerdites®arch centres for product
development, among other learning activities. T fhad also improved technological
capabilities from:

. pre-intermediate to intermediate in production pss;

. pre-intermediate to intermediate in the organisatibproject management;
. basic to intermediate in production equipment-eslaand

. basic to intermediate in the organisation of depigitcedures.
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Table 3 — Technological capability: number of firns by type and level

Level / period
Technological Advanced Intermediate Pre-Intermediate Basic
Capability 1970- | 1981- 1995- 1970- 1981- 1995- 1970- | 1981- | 1995- 1970- 1981- 1995-
1980 | 1994 2002 1980 1994 2002 1980 1994 2002 1980 1994 2002
Product - - 1 - 2 1 1 1 2 7 9
Production -
Process - - - - - 1 - 2 3 3 7 8
Equipment - - - - - 1 - 1 1 3 8 10
related
Organisational
processes
Project - - - - - 1 - 1 - 3 8 11
management
Design| - - - - - 1 - - - 3 9 11
procedures
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The local SME considered under the heading Groupey. Firm 1 — built up intermediate
innovative technological capability in product apde-intermediate routine technological
capability in production process. In reality, Fifndeveloped the two seats airplane AMT 600
by utilising its intermediate innovative technologi capability acquired in the period 1981-
1994 when it received technology transfer while kirmy in a government project for
replacing training airplanes.

The other SME that built up pre-intermediate tedbgical capability in production process

was Firm 4, classified in Group 3. This firm undeit efforts for managing team working,

training of employees and in-house tests for pradocprocess and product development
since its foundation in 1995. It had also managesist for assuring quality control in

production and implemented an ERP computer system.

Considering the impact of technological changesleamented by the SMEs suppliers (table
4), all firms have implemented high-level. The tealogical changes were implemented
mostly during the period 1981-1994 and 1995-200 [atter was the period in which SMEs
implemented high-level changes in all domains,aaltih most firms implemented changes in
product and production processes and equipmenssiniportant to say that two firms did not
mention the implementation of any technologicalrgein the period 1970-1980, while one
firm implemented change high and middle levelsrimdpict in this period.

Table 4 — Number of firms implemented technologicathanges by type and level

Level / period
Technological High Middle Low
Changes 1970- | 1981- | 1995- | 1970- | 1981- | 1995- | 1970- | 1981- | 1995-
1980 1994 | 2002 1980 | 1994 | 2002 1980 | 1994 | 2002
Product 1 3 7 1 3 6 - 1 1
Production
Process - 2 9 - 2 7 - 1 3
Equipment - 2 8 - = 5 - = 2
related
Organisational
processes
Project - 1 1 - - - - - -
management
Design - - 4 - - - - - -
procedures

The research findings so far shows that there dferehces in the level and domains of
technological changes implemented by the SMEs coedpdo the level of capability
accumulation. Particularly, local SMEs that mainém their basic routine technological
capability implemented mostly changes high, midaie low levels in production processes
in the period 1995-2002. These changes relateldetiniplementation of 1ISO 9000 standards
and quality assurance procedures to accomplish wiitier Embraer requests or with a
government program for promoting exports. They haenerated and managed the
implementation of changes by contracting a consajtdirm to help them.
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The local SMEs that moved to more innovative levels technological capability
implemented mostly high-level technological changas product, production and
organisational procedures. Particularly, those Sii& achieved advanced technological
capability in product implemented high-level teclugical changes in project management
and design procedures, which was not observeceiottier firms.

Moreover, the research findings suggest that diffees among the four groups of SMEs refer
to their market strategy. The group of SMEs thaintazned their basic routine technological
capability supplied mostly to Embraer, following Braer requests and blue prints, whereas
the other groups of SMEs also supplied to othetotosrs, such as foreign firms and/or
subsidiaries of foreign suppliers of Embraer lodateBrazil. In particular, the SME that have
built up advanced technological capability in proidwas largely affected by the development
of Embraer itself. The accumulation of technolofazagpability experienced by this SME was
influenced both by its internal learning effortsdalny its relationship with other firms and
universities and research centres, as well asit&cgation in government programmes.

According to the interviews, two firms did not inephent any significant technological
change in the period 1970-1980, while the one tinat did implement change in the period
did so in product. In the following period (198291), the amount of firms that did not
implement changes was as follow:

" five firms - product and production processes;

" seven firms - production equipment-related;

" eight firms - organisation of project management a
] nine firms - organisation of design procedures.

Regarding the period 1995-2002, all firms implereenat least technological changes in
product and production equipment. The amount ohdirthat did not implement changes
were:

" one firm - product;

" two firms- production process;

" eleven firms - project management; and
. eight firms - design procedures.

Table 5 summarizes the direction to which the IBmad SMEs accumulated technological
capabilities associating them to the level of tedbgical changes implemented. The shadow
boxes show that the majority of the firms impleneghthanges high, middle and low levels
utilising the already existent basic routine tedbgal capability. The four firms that moved
to other levels of technological capabilities immpknted technological changes levels high
and middle in product and production process andpegent. Just one firm improved to
intermediate technological capability in the orgamion of project management and design
procedures in the period 1995-2002.
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Table 5 - Classification of firms according to techological change and technological capability: leveand period

Technological
change
(domain/level)

Technological Capability Level / period

Advanced

Intermediate

Pre-Intermediate

Basic

1970-
1980

1981-
1994

1995-
2002

1970-
1980

1981-
1994

1995-
2002

1970-
1980

1981- 1995-
1994 2002

1970-
1980

1981-
1994

1995-
2002

Product

High

Firm 5

Firm 5

Firm 1

Firm 1

- Firm 4

Firm 10

Firm 2
Firm 6
Firm 7
Firm 10
Firm 11

Middle

Firm 5

Firm 1

Firm 1
Firm 8

Firm 3
Firm 8
Firm 9
Firm 10

Low

Firm 1

Firm 9

Production

Process

High

Firm 5

Firm 5 Firm 1
Firm 8 Firm 4
Firm 8

Firm 2
Firm 3
Firm 7
Firm 11
Firm 12

Middle

Firm 5

Firm 5 -

Firm 3
Firm 7
Firm 8
Firm 9
Firm 11

Low

Firm 6

Firm 4
Firm 7
Firm 9
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Continuation Table 5

Technological Capability Level / period

Technical change Advanced Intermediate Pre-Intermediate Basic
(type/level) 1970- 1981- 1995- | 1970- | 1981- | 1995- 1970- 1981- 1995- 1970- 1981- 1995-
1980 1994 2002 1980 1994 2002 1980 1994 2002 1980 1994 2002
Production
Equipment relateq
High - - - - - - - Firm 8 - Firm 10 | Firm 1
Firm 2
Firm 3
Firm 4
Firm 8
Firm 9
Firm 11
Firm 12
Middle - - - - - Firm 5 - - - - Firm 6
Firm 7
Firm 10
Low - - - - - - - - - - - Firm 2
Firm 9
Organisational
processes
Project
management
High - - - - - Firm 5 - Firm 5 - - - -
Middle - - - - - - - - - - - -
Low - - - - - - - - - - - -
Design procedures
High - - - - - Firm 5 - - - - - Firm 7
Firm 9
Firm 12
Middle - - - - - - - - - - - -
Low - - - - - - - - - - - -
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Figure 3 compares the direction and extent to whith SME suppliers have accumulated
technological capability. The direction may be t@maging and generating high-level impact
technological change by maintaining the existeaohmelogical capability at one side; or upgrading
the technological capability while managing the liempentation of higher levels of technological
change. The findings show four groups of SMESs:

. Group 1: One firm that achieved advanced technocébgiapability at least in one area,
i.e. product-centred, production (process, equifimalated), or organisational processes (project
management, design procedures), and implementddldngl technological change in at least one
of these areas.

. Group 2: One firm that built up intermediate tedlgecal capability in at least one of
those areas explained in Group 1, and implemeriggdlavel technological change in at least one
of those areas.

. Group 3: Two firms that built up pre-intermediag¢etinological capability in at least one
of those areas explained in Group 1, and implendemieldle-level technological changes at least in
one of those areas.

. Group 4: Eight firms that implemented at least lewel technological changes in one of
those areas explained in Group 1, and maintained bechnological capability.

Figure 3 - Groups of SME suppliers in the Braziliancivil aircraft industry
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Table 6 shows the characteristics of linkages fachegroup of SME suppliers taking into
consideration the sources of external knowledge liakages types, activities and impact.

Table 6 — Comparison between the groups of SMEs arithkages

Group 1 Group 2 Group 3 Group 4
. . Universities/research .
Sources of Un|vers.|t|es/research centres: Brazilian Braz!han and Embraer, consultancy,
external | centres; Embraer and| . . | Foreign customers ;
knowledge | foreign customers Alr & Navy Forces; suppliers, Internet supplier
Suppliers; '
Collaborative Collaborative
Types of | agreement, technology agreement, Procurement Procurement
linkages | transfer and technology transfer
procurement and procurement
Joint product
development with Contracting Hiring experts;
customers; contracting university tests and | eventual training | Hiring experts,
Activities/ | research and tests at | experiments; outside; informal | informal contacts
Linkages | universities and informal tests at contacts with with university and
research centres, foreign customers | university and research centre
hiring experts, training plant research centre
outside
Contributing to
investments in
research and Blue Technical support
development of : I .
: prints/specifications | from customer Blue prints and
product; and : S o
. . from the engine contributing to the | specification from
implementation of : . .
. supplier and tests at| implementation of | customers and
Impact of | technological changeg = " 4 i buti
linkages | in project managementumvers't'.es tests and prototype suppliers contributing
: | contributing to the | activities that to the implementation
and design procedures; . . . :
P implementation of | impact changes in | of all technological
roposals from .
. - technological product and changes
suppliers contributing )
; . changes in product | process
to the implementation
of changes in
production

In fact, linkages experienced by firms in Group rg aimilar to firms in Group 4, whereas the
differences arise in the activities and impact loé tinkages. First, firms in Group 3 are hiring
experts, undertaking training outside the firm.tRermore, their customers and suppliers helped in
the implementation and management of technologicahges, while specific work in the customer
plant was undertaken as well as their technicabsumt Group 3 plants. Second, SMEs in Group 4
had trained employees in-house on-the-shop flomesiheir foundation up to 2002. In some cases,
Group 4 SMEs have employees working inside Embpéert. Embraer trained these employees in
areas related to the product and production qualsurance, among other topics as safety and
confidentiality. In this sense, Embraer was tramsfg technological information to local SME
suppliers at the extent of their involvement wogkinside Embraer plant. Other research finding
worth to mention is that local SMEs classified iro@ 4 relied heavily in the technical assistance
given by Embraer and CTA for the generation of tedbgical changes more than the other groups.
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Differences between them and Group 1 are thatgitwep was actively learning from Embraer and
foreign buyers by participating in joint productveééopment activities, which contributed to the
implementation of technological changes mostly modpict, project management and design
procedures, and to the building up of advancedvatiee technological capability. Other important
linkages are with Brazilian and foreign universtiand technological centres for researching and
training employees. As in the case of Group 2elied more in the acquisition of blue prints,
specifications and technical assistance from foreigyers, engine supplier and universities than to
Embraer. Moreover, it has received technologystiemfrom foreign firms when participating in the
Brazilian military government offset prografns

Particularly related to inter-firm linkages, althgbuit is difficult to separate the influence ofkages
with Embraer and other firms, the research findisgggested that linkages between Group 1 and
Embraer contributed largely to the implementatibmechnological changes in product, production,
and organisational processes. Moreover, its linkadgeforeign suppliers of Embraer and foreign
buyers contributed to the accumulation of innowatiechnological capabilities for generating
changes in product and organisational processess Worth to mention that Embraer itself
particularly influenced collaborative agreementséwieen Firm 5 and foreign firms. Technology
transfer from foreign buyers to Firm 5 had alsoimportant impact in the innovative capability
accumulation and it was related to some of the -legkl technological changes implemented by
this firm. In fact, the technology transfer was otgted by the Brazilian military government in the
end of the 1970s up to middle 1980s in offset @otg.

The distinction between Group 1 and Group 2 in seahtheir participation in government offset

programs refers to the extent the government furaahebinegotiated the technology transfer. In the
case of Group 2, the government negotiated thentday transfer of seats production that was a
field in which the firm had already technologicapability; whereas in the case of Firm 5 the
government funded and negotiated technology trarfsfie design and production of parts and

components an area in which this firm lacked cdjpgbi

6. Final comments

To understand the technological capability accutmraand the role of linkages with national and
foreign buyers, and research institutions in th@zBian aeronautic sector involves a difficult
exercise for perceiving changes in the innovativdrenment and in the supply chain. Initialy, the
development of this sector was tied to the stresmgtig of CTA. In the period pre-privatisation of
Embraer, it was very important the participation thfe national government through its
technological policies for developing research caépgan the aeronautic field. The creation of a
R&D environment together with tax incentives andrggmment procurement turned possible the
accumulation of technological capabilities expecehby Embraer, Firm 5 in Group 1, and Firm 1
in Group 2. In fact, it was in the mind of the @y government the importance of building up an
environment that makes possible development andufaeturing of airplanes, particularly by
creating a group of actors linked to: i) R&D in thgace field; ii) R&D in critical technologies; )iii
competence building; and iv) support to the cexdtiion of aerospace products and production.

® The offset programs of the Military governmenterethat foreign firms supplying to the governmertyrtransfer
technology to Brazilian firms in accordance to $pecific procurement agreement.

26



At the same time, continuous R&D for developingvregrplane models was undertaking by
Embraer which turned possible the accumulation xjfedise by the firm about all systems
integrated in the airplane as well as about itpbers. It is worth to remember that some important
suppliers of technologies to Embraer were Aeromiaddarthtrop e Piper. Partnership with these
firms influenced Embraer innovative capability aceudation and, particularly, competence building
to manage joint projects. However, the Braziliancroaeconomic crises lead the government to
follow the international liberalization policies@rfollowing that, the privatisation of Embraer.

The organisation of Embraer’s supply chain chamyadtically after its privatisation in 1994. The
economic crises and the privatisation lead to a m@haviour of the firm regarding project
management and the supply chain organisation.dt) EEmbraer elaborated complex management
architecture for moving up with its projects oflijgérs. The management architecture involved
reducing the number of first tier suppliers, andréasing collaborative agreements (co-design and
risk sharing) with fewer strategic foreign supmieifhe Brazilian SME suppliers have not been
incorporated in collaborative agreements, withekeeption of the firm in Group 1.

Finally, the study concludes that the interactiostiwieen SMEs and research institutions for
implementation of technological changes that weaw to the firms driven these SMEs to invest in
engineering and testing/searching activities, istexit activities before the interaction. On theeoth
hand, the activities undertaking with Embraer wae related to technological upgrading making
use of existing knowledge base rather than for mcdating technological capabilities, with the
exception of Firm 5. The interaction between SM&dG #oreign buyers was also possible due to the
existing knowledge base of the SME. These foreigypels considered very important the tacit
knowledge accumulated by these SMEs in the speaifg@s in which they were supplying to
Embraer. The experience as suppliers of Embraervemsimportant to the foreign buyers, which
were supplying systems and sub-systems to Embiidertefore, the foreign buyers had little
influence in the technological changes the SMEslempnted or in their accumulation of
technological capabilities, with the exception ofn 1 and Firm 5. Finally, it is important to
emphasize that the few SMEs suppliers of Embraadrlihilt up technological capability from basic
production to more innovative levels (including ri@ag by searching and by interacting with
research institutions) constitute a special grotifirms: they have, over time, been strategic to
Embraer, engaged in military projects and very cetitige in terms of international markets.

In fact, the type of activities undertaken by théE3 differed according to the novelty of the
technological change to the SME. The completely neghnologies called for interaction with
research institutions (universities or technololgmantres) and searching and testing activities in-
house. Following that, product, production and oizm@tional changes related to the improvement of
existing technologies called for doing and adapéatyvities through close interaction with Embraer
(national buyer) and foreign buyer. Embraer had played an important role in training employees
of the SME suppliers. The results suggested tlseaestrong relationship between the novelty of the
technological change to the firm and the type divides undertaken with research institutions,
national buyer and foreign buyer.

Finally, we suggest that government policies fograpling Brazilian SME suppliers in their supply
chain positioning should take into consideratiostrimments to strengthening their technological
capabilities. This is particularly relevant to thetual characteristics of the strategies of Embi@rer
managing the relation with suppliers. In fact, stietegies moved forward for managing suppliers
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increased the internationalisation of procurememi @articipation in product development as
observed in chapter 3. Furthermore, foreign suppkee sharing product development activities as
well as the necessary investments and returns.bEhiaviour poses another question referring to the
lack of financial capabilities of Brazilian SME ulrs for sharing risks and product development.
Following that, we also suggest that policy instemms should focus in stimulating the upgrading in
the SMEs to completely new and more advanced téoties while forcing them to strengthening
linkages with research institutions and implemeqntmgineering, project management and design
procedures.

Concluding, the Brazilian aeronautic system of watmn generally follows the loose characteristic
of the national system of innovation, although ¢éhare few exceptions of successful firm specific
cases of tide linkages with research institutionational and foreign buyers, participation in
government programs and innovative capability aadation. Government policies, thus, should
also focus on the diffusion of the innovation crétun the sector through the successful cases of
SMEs that accumulated innovative capability andfootis only at Embraer or at foreign buyers.
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Annex 1 - Technological changes: level and domain

A

Technical Changes
Level of Production Organisational Processes
Impact Product rorte : : d :
Process Equipment-related Project Management DeRrgeedures
Completely new Completely new process, | Completely new machinery, Completely new project | Completely new softwarg
product for example, cell for example, 5 axes CNC | management process, sucHor design, such as
High manufacturing, justin mach!nery and laser as impIementa_ltion of adoption of CATIA .
time, and standards (ISO), machinery, new software fqorintegrated project software, computational
measuring management and co- fluid dynamics
design
New materials; new | Implementing quality Upgrading in the Implementing new steps in Upgrading in the already
specification in control step, test step, or | specifications of the already the already existent projecgtexisting software, or/and
measures, resistance,another step in the already existent machinery and management process implementing new steps
durability and/or existent process, software in the already existent
Middle speed design procedure
Same product with | Organizing the already Same machinery and Organising the already Organising the already
Low improved painting existent process equipment existent project existent design
and/or polishing management process procedures

Source: Based on Bell and Pavitt (1993), and omehearch.
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Annex: 2 Framework for technological capability acamulation

Capability Level

Technological Domains and Related Activities

Product-centred

Production

Organisational Processes

Processes

Equipment Related

Project Management

D@s Procedures

Innovative Capability

Advanced

In-house R&D or/and in partnershi
with customers/suppliers and/or
research institutes/universities
substantially changing product
design and/or specifications;

b In-house process R&D, and/or i
partnership with
customers/suppliers and/or
research institutes/universities

In-house R&D for improving
performance of machinery and
equipments and for their new
components; design and manufacty
(machinery and/or equipments);
software for attending specific
demand

In-house development of
integrated project management
techniques, involving the units:

reoroduct development, productio

finance, and marketing, among
others

Managing the

development of co-design

techniques involving the
, participation of
customers/suppliers

Intermediate

Product engineering activities; in-
house design and prototyping
activities

Engineering activities for
adapting processes; systematic
reverse engineering; continuous
process improvement

Managing the development of
specific machinery and equipment
definition for production by an OEM
including monitoring tests and
training operators; preventive
maintenance

Team working for improving
management of multi-firm
projects and integration of
product components

Team working to improve

design procedures

Routine Capability

Pre-Intermediate

Managing tests and experiments
house to improve product quality

nManaging tests and experiments

Managing testsgretienents for
implementing minor adaptations in
machinery and equipments and/or
software, adjusting to new raw
materials or to improve performancg
under international certification (1ISG
9000); own breakdown maintenanc

h

Team working for improving
quality in the internal
coordination of projects

Managing quality control
procedures in design

Basic

Replicating specifications; routine
quality control; attendance of
customer's requirements

Routine production coordination
across plant; basic quality
control; replicating techniques

Routine replacement of component
in machinery, equipments; routine
software upgrading; participation in
installation and performance tests

H
5

Basic coordination of project
development for accomplishing
with deadlines; routine
management procedures

Basic control of
documentation; routine

design procedures (basic

CAD)

Source: adapted from Lall (1992), Bell and Pawi&i93), Ariffin (2000), Figueiredo (2001), and basedthe research
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