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Design Core Competence Diagnosis:
A Case From the Automotive Industry

Eric Bonjour and Jean-Pierre Mighi

Abstract,1990ss have been marked by signi‘cant changes them to build and sustain their competitive advantage when
both in the strategic management “eld, with the development of their competitors cannot do so [5]. One recommends that these
competence-based managementand the use of the concept of valueyg focus on these assets, capabilities or competences in order
creating network, and in the design management “eld, with the ~ I -
diffusion of matrix-based tools that help to manage the interde- t© *bundleZ them, to deployZ them, to «leverageZ them [6],
pendencies between three domains of design projects: product, andvoutsource all their noncore activities [7]. Such a *make or
process, and organization. Few researchers have helped to link buyZ recommendation is sensible because the identi“cation of
these two “elds. However, design managers need to use these “eldcorporate core competence is rather dif‘cult. Corporate core
closely together in order to enhance the “rmss sustainable com- .ompetence has both holistic and evolutionary properties. As a
petitiveness. Indeed specialists of engineering management hav% listi it ref both biliti f f .
already underlined that design organizations are responsible for 0 !St'c concept, it refers bot to.capa llities of a set of organi-
the development of lines of products that have to satisfy distinctive zations (of‘ces, departments, skill networks, teams, etc.) and to
stakeholderse requirements. Thus, design organizations strongly the nature of the sroutinesZ [8]. Routines correspond to the ways
contribute to the “rmes core competence. In this paper, we out- jn which the actors who are integrated in the so-called organiza-

line a method for diagnosing design core competence. We intend 415 colectively do something (cooperation, coordination, bar-
to COUple Strateglc management concepts and dES|gn management

concepts to represent and evaluate design core competence in re9aning, collective _Iearnlng, etc.) [8], [9]. Moreover, corporate
lation to the product, process, and organizational architectures. COre competence is not a well-de“ned “xed asset, contrary to
The proposed method aims to highlight crucial design organiza- what the resource-based view might suggest [3], [6]. The scope
tions, which should require particular managerial attention. The and the content of a given core competence are continuously
method hqs bee‘r‘1 researched gnd ponstructed in collaboration ywth modi“ed by not only market, organizational or technological
a car design ofce, and applied in the case of a new robotized " o .
gearbox design. threat;, or opportumt_les [5], .but a!so b_y organlzat!onal Iearmlng.

Index TermsCorporate core competence, design structure ma- - The issue concerning the identi“cation, evaluat|.on, and build-
trix (DSM), organization design, project an’d R&D management, ng Of c;orporate core competence [9], [1.0.] continues to 'open
project teams. promising ways for researchgr; and practitioners [6]. In this pa-
per, we shall not address this issue from a general viewpoint,
but from a speci“c one focused on design. Our purpose will be
to show how to make the concept of core competence opera-
OR along time, managers and researchers in strategic magnal in the speci‘c “eld of design. This focus on design can
F agement have admitted that brands, patents, and more gssiexplained easily.
erally, productinnovations are key variables to distinguish a“rm Firstly, this activity strongly contributes to the productes com-
from its competitors. But the last two decades have been markgsiitiveness and to the “rmes sustainable competitiveness (that
by signi“cant conceptual changes in their way of thinking [1]is to say, the whole corporate core competence). Design core
They wish «to open the <black boxZ of the “rm to investigateompetence refers to the fact that the capabilities of design orga-
what distinguishes “rms internally from each otherZ [2]. Leachizations (teams, departments, of‘ces within the manufacturers,
ing “rms own rare, speci“c, inimitable assets [3], stacitZ knowland their suppliers) signi“cantly contribute to the development
edge or capabilities [4], or core competences, which enalgtcorporate core competence. Design organizations can be con-

sidered as networks of actors (teams, designers, and managers),

Manuscript received April 21, 2008; revised August 8, 2008, January 1, 2008hose skills and routines concern the way, they develop new
May 14, 200%;uly 17,2009, ang_Septemb,er 2, 2009. Review of this manuscipbducts, composed of interdependent components (structured
Waé_agggj%ir Y Bveitﬂa?,?;ergei;:%gh'f e omatic Control and Micro DY @ Product architecture), coordinate their interdependent tasks
Mechatronic Systems, Franche-Céntilectronique Nicanique Thermique et (Structured by a process architecture), and exchange informa-
Ofpt[igue - CSCri;”CSSF CeEETefhnﬁ'C;Qiesl (FE',V'_TO'STL '”i;imte; U”iV‘t"«‘fS!'%n (structured by an organizational architecture). Note that the
of Franche Coré (UFO)Scole Natioanle Séseurs do canidue ! orms sstructureZ and sarchitectureZ are considered as being in-
Montbéliard (UTBM), Unites Mixtes de Recherche (UMR) Centre Nationaterchangeable throughout this paper. However, to be consistent,
de la Recherche Scienti‘que (CNRS) 6174, Began25000, France (e-mail: e use more particularly the terms: product architecture, pro-
eric.bonjour@ens2m.fr). . o .

J.-P. Mic&lli is with the STOICA Research Team, Institut National des Scicess architecture, and organlzatlonal architecture. These terms
ences Appligées Lyon, University of Lyon, Villeurbanne Cedex 69621, FrancBave already been used by specialists of engineering manage-
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Secondly, the scope of the design core competence that eant missing links between research related to core competence
design manager takes into account is a complex system thenagement and other research “elds concerning product ar-
should be identi“ed, analyzed, evaluated, and rebuilt [13]...[16hitecture and design organization.

These last activities require close collaboration among the differ-

ent design managers (program manager, product development )

manager, system architect, project manager (MGT), etc.). The From Corporate to Design Core Competence

quite recent scompetence movementZ [10] does not offer ma4in management literature, the concept of corporate core com-
ture managerial tools to support these activities, because of gagence has been used, since the 1990ss to understand internal
intrinsic complexity of its object. and particular factors, which explain the “rmes differentiation

In this paper, we do not intend to meet all the competencgnd specialization [1], [6], [7], [21]. Strategic management
focused needs of the design managers, but rather to propassearchers have tried to distinguish between the concept of
an approach for identifying the structure and diagnosing desre competence and those of asset, skill, routine, and ca-
sign core competence in relation to models concerning orgsability [4], [5]. A consensus appears between them. Thus,
nizational, process, and product architectures. As suggest sqoitctionally, corporate core competence is a sdynamic capa-
strategic management theorists [6], we shall apply this approasilityZ [8], which produces an expected sustainable competitive
in a particular context, i.e., the complex automotive design aidvantage and plays a key role as a sgateway to tomorrowss
ganized according to the principles of systems engineering andrketsZ [21]. It does not refer to the “rmes routines or ca-
involving the design of‘ces of both the automaker and its suprabilities, which are related to a particular current product. It
pliers. All these organizations are part of a svalue-creating nejencerns the distinctive future line of products, which the “rm
workZ [17], that is to say, a design organization involving seintends to design, manufacture, and sell. This line of products
eral independent “rms, which contribute to a global value chaigan strengthen the “rmes position on the market or enable its
by coordinating their own value chains and design processgmersi“cation by creating a leading position in a new market.
making their activities more cooperative, offering a mutual *op€orporate core competence is then a future and product line-
erational assistanceZ [18], and sharing their development cogtsnted concept. Researchers have proposed a set of strategic
resources, practices, data, knowledge, and innovation projegigteria, which is useful to establish if an identi“ed capability
Thus, an organizational equilibrium is obtained between tl@n be considered as a corporate core competence or not. This
contributions and retributions of the automaker and its suppéispect has been greatly documented in literature, probably be-
ers. In the speci‘c case of the automotive industry, the outcorsguse it allows well-known multicriteria decision methods to
of such a value-creating network is either the whole car or ope used, e.g., scoring or diagnosis tools [22], [23]. The criteria
of its main subsystems: body, passenger compartment, cockpdfed to discriminate a corporate core competence depend on
electric network, powertrain system, etc. An automotive valugne evaluatores viewpoint. For an external evaluator (customer,
creating network integrates within common projects and tea®émpetitor, supplier, researcher, etc.), core competence value
the automaker as an eorchestratorZ [19] and a set of modudders to its rareness, its inimitability, and its nonsubstitutabil-
suppliersZ (“rst tier supplier), and possibly tier 2 down to tiggy [1], [3], [5], [6], [10], [21], [22]. From this point of view,

n suppliers also [20]. Finally, design core competence is notige concept of core competence is very close to that of resource.
bundle or a bulk of designerse skills, and design organizatiorfser an internal evaluator (design manager, designer, etc.), core
capabilities and routines. We aim to show that it is convenieggmpetence value also depends on three main inducers.

to use well-known engineering tools like dependency matricesi) lts tacit and contingent nature.

[design structure matrix (DSM) and domain mapping matrix 2) Its generality. A core competence can be replicated. It can
(DMM)] to represent the architecture of a design core com-  be reused from one product [5], design organization, or
petence, and to highlight crucial design organizations and key project to another.

roles. 3) Its compliance with the other bargaining, managerial or

The remainder of this paper is structured as follows. Section Il technological routines, and the capabilities the “rm has
develops a brief literature review of the concepts, we propose  already developed.
and are used in the method. Section Ill presents the methodat the most elementary level, design core competences are
which helps to represent the structure and to evaluate desgfibedded in the designers and design managers who are in-
core competence. Section IV describes its application in thelved in design organizations. These actors and organizations
case of the development of a robotized gearbox, and “naliontribute to the “rmes sustainable competitive advantage be-
Section V discusses the results obtained. cause of following.

1) Insight into their customerse future values, needs or ex-
pectations [7], [21].
2) Knowledge about weaknesses and strengths of rival “rms,

This section sums up the research related to the design core and the technologies the “rm (or its industry) [6] has
competence management. It also presents the global concept of adopted and assimilated.
corporate core competence, the principles of systems enginee) Knowledge about technological opportunities.
ing, and the matrix-based models related to product, processq) Dynamic capabilities to create in time, new lines of
and organizational architectures. Finally, it points out existing  products;

Il. LITERATURE REVIEW
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5) Operational capabilities to improve the design processésnot only a set of interrelated elements (internal view), but also
ef‘ciency (delay, cost, quality, risk management, etc.). an entity that integrates elements to satisfy all the requirements
Dynamic capabilities can produce incremental or esustaifexternal view). In the case of the architecture of a complex sys-
ingZ [24] innovations that improve existing solutions by addingm, there is no trivial relation between the list of requirements
new functionalities, modifying architecture, human...machiaed the set of components, and it is necessary to cluster them, in
interface, or form design, etc. They can also induce a mainder to assign comprehensible and manageable work packages
change in the “rmes technological trajectory if they suppose tlfer building blocks) to design teams. Systems engineering prin-
removal of the technological and organizational barriers [7]. It @ples help the system architect to create subsystems according
the case when the “rm hybridizes scattered technologies (radiioa design process that can be decomposed into design tasks.
and telephone in the case of mobile phones) [7] or explores n&vese tasks are carried out by design organizations, and are
product lines (polyvalent electrical cars instead of classical cdahen, supported by their capabilities [4], [8]. The integration of
with a thermal engine) [5]. all the capabilities of the organizations is carried out to produce
Moreover, researchers link the sustainable competitive atie whole design core competency.
vantage induced by the corporate core competence to a value
chain [7]. Therefore, the corporate core competence is consgl- Architecture Design
ered asthe set of activities, which must be internalized. However,

this approach is too global [6]. It does not specify, which aspectsAs mentioned earlier, the systems engineering framework is

of the design activity effectively contribute to the “rmes sustai mainly related to product, design process, and organization.

able competitive advantage: Are they linked to the ful“llmen hus, in the early phase of system de"nition, design managers

A : . : nd system architects have to jointly de“ne the preliminary
of distinctive requirements concerning the line of products? To _ . ) .
g . N architecture of the product, and the architectures of the design
the capabilities of the design organizations? To the process an N
ocess and organization [14].

organizational architectures, which combine the design capalgﬁ—

ities? Itis worth noting that despite its importance, little research 1) Product Architecture:Ulrich de“nes product architecture
' 9 P P ' s sthe scheme by which the function of a product is allocated

has'exammed how the organizational architectures embody ﬁc}ephysical componentsZ [27]. According to this author, product
design core competence. : . .
architecture consists of following.
1) The arrangement of functional elements, or the function
structure.
Since the 1990-s, the number of the systems engineerin@) The mapping from functional elements to physical com-
standards has grown to enable clients and contractors to master ponents.
the development of systems, which are more and more complex3) The speci“cation of the interfaces between components.
We can mention, without being exhaustive: MIL STD 499, A key issue concerning product architecture is how to de-
EIA-ANSI 632, IEEE 1220, and ISO 15288. To putit brie"y, the'ne the concept of module. Fortunately, there is a common
purpose of systems engineering is to organize complex desigiay of de“ning it by only focusing on interactions between
so that the designed system achieves all the environmental atements [28]. In addition, Browning de“nes eintegrative ele-
stakeholderse requirements, which are related to its entire lifeentsZ as interacting with all of the modules without belonging
cycle. Systems engineering is clearly focused on both produtdsa module [29].
and design processes. System complexity when taken intdAnother key point concerning product architecture is the de-
account by promoters of systems engineering induces at legigte to which it is modular or integral. In modular architectures,
three consequences. the functions of the product map its physical components one-
1) Its development requires the decomposition into differetu-one, following Suhes suncoupled designZ principles [30]. At
interrelated modules (modularization) and layers (stratithe other extreme, in «integral architecturesZ, several product
cation). functions are linked to a single component or a small number
2) Ateach layer, the design process is organized accordingfawomponents. Consequently, system architects de“ne modular
a clear division and coordination of different types of proproduct architectures with the following purposes.
cesses: bargaining (agreement or purchase versus offer),) Economies of scale (reusability of solutions from a prod-
managerial (project or team management, etc.), support uct or project to another one) and economies of scope
(prototyping, tests, etc.), and technical (system de“nition,  (production of a wide product family [31] or line by com-
functional analysis, architecture, system integration, etc.).  bining low-cost modules, which are specialized and even
Design teams are involved in the technical process, which  mass-produced [9]).
is a sequence of activities that may be represented by th®) Organizational learning. Greater clarity in targeting useful
*\-cycle modelZ [25], a top-down approach (speci“cation organizational learning at both intra and intermodular lev-
and design) followed by a bottom-up one (integration and  els [32] (specialized and integrative learning) is enabled

B. Systems Engineering

validation). by modular architectures.
3) The holistic stages, which concern system de“nition, ar- 3) A controlled introduction of new and risky solutions [33].
chitecture, and integration, are crucial. 4) A minimization of the stransaction costsZ [34]. Modu-

Architecture and integration are required when designers have larization reduces the bargaining expenses. It helps to
to cope with a high level of complexity [26]. Thus, architecture precisely de“ne the requirements of the module, which
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each team has to satisfy. It also reduces coordination ef-DSM are now popular modeling and analysis tools, especially
forts among design organizations involved in a commdior purposes of decomposition and integration as they display
project. the relationships between elements of a system in a compact
From an eanalytical perspectiveZ [7], a modular architectusad visual format [42]. Thus, they are used to identify project-
may be an ideal pattern. But in real design situations, designdmmain architectures (for a literature review, see [29]): the prod-
have to make a tradeoff between modular and integral architect architecture, the architecture of the design process [49]...[51],
tures [35]. and the organizational architecture, which corresponds to the
2) Architectures of the Design Process and Organizatiomtecomposition of the projects into different teams or communi-
Architecture refers not only to product, but also to organizatidies [35], [45].
design. Thus, the functional view of the organization corre- Afew researchers recently proposed to combine several DSM
sponds to the development process that has to meet the goaksf the connecting DMM [11], [46], [47], [52] in order to
the project. This process is decomposed into tasks. The conctligtie multiple domains, thus creating a multiple domain ma-
view corresponds to all the teams, which make up the gloligsik (MDM). Danilovic and Leisner use DMM to link important
design organization (internal or supplierse design teams), amddule areas (which compose end product architecture) and ex-
which may be decomposed into smaller design organizatiosting design skill areas [13]. Their aim is to identify and align
and individual designers. Key managerial decisions concern ttreicial skill areas related to major module areas (a set of mod-
allocation of design teams to the design tasks. The teams arelis relatively homogeneous from a competence perspective).
charge of carrying out the assigned tasks.
In complex product development projects using the principles .
of systems engineering, several teams develop the compone tS'SyntheS|s
the modules or subsystems, and work to integrate all of theseA recent review concerning competence management under-
components to create the “nal product. Sosa, Eppinger, aimks the need for models and tools, which help managers to
Rowles, call smodular teamsZ those, which design modular sysake competence-based management more effective by linking
tems, and eintegrative teamsZ those, which design integratiyeerational and strategic decisions [53]. As mentioned in the
systems [36], [37]. Browning suggests that eintegrated progrevious part, in the “eld of strategic management, some con-
uct teamsZ bring cross-functional members together to achieepts help to identify or evaluate core competencies. In the “eld
the development of particular subsystems or system commd-design management, matrix-based architecture models can
nents [38]. He adds that different levels of system teams mayepresent the architectures of the product, process, and organi-
required in the case of large projects. System teams may be spdition. Little work has helped to link these two “elds. However,
up into subsystems teams, components teams, and functiaesdign managers and systems architects who are responsible for
support groups. It is worth noting that the capabilities of modukhe development of complex products need to combine them
lar teams are usually more specialized than those of integratisay closely. Modularization is considered as a valuable way
teams. However, if a team has to design a mechatronic modfdede“ning modules as common objects of value-creating net-
(or subsystem), then the adjective specialized does not refemtorks [20] and for facilitating the development of capabilities
a single well-known discipline (mechanics, hydraulic, etc.), bitased on modular organizational routines [9]. A few researchers
rather to a coherent core of several disciplines required by thave recommended that the product architecture should appro-
design of the multiphysical module. priately mirror (or align, match) the architecture of design or-
3) Matrix-based Architecture Modeld¥atrix-based archi- ganizations, and thus, the value-creating network that develops
tecture models provide useful representations of internal amil2], [14]...[16], [39], [54].
external interactions (or dependencies), which link three projectDesign managers could use DMM and DSM to identify areas,
domains: product, design process, and design organization [38fiere a value-creating network could be built in order to ex-
They are increasingly being used, as they are able to syeit identi“ed internal, addressed, and outsourced design core
port different research goals, for example, product modularizzempetencies. Thus, the scope of dependency matrices should
tion [40], [41], analysis of technical interactions either withirbe extended, from an «analytical perspectiveZ [7] and an oper-
the products [42] or within the project organization [35], andtional content to a strategic one. DSM or DMM must not be
change propagation analysis [43]. In fact, there are two subtymemsidered only as formal models although they may be rear-
of dependency matrices [44]. ranged by clustering or sequencing algorithms separately. The
1) Interdomains matrices, which represent dependencies bembination of dependency matrices must be considered as a
tween two domains. These matrices are called incideneggnagerial tool, not as an optimization method only. Our pur-
matrices [45], traceability, and allocation matrices (IEERose is not to answer the following question: How to modularize
Std 1220, 2005) or DMM [46]. They have to ensure thproduct and de“ne ef‘cient design organizations? But rather,
cohesion between the product subdomains [47] and mdrew to use dependency matrices to represent the architecture
generally, between project domains [11]. of design core competence? In this paper, we propose their use
2) Intradomain matrices, which represent dependencies be-give a static architecture of design core competency. Such
tween elements within the same domain, e.g., betwempresentations are helpful and provide a common language
components. These matrices are usually called DSM [28)r desigh managers and system architects. The questions we
[37], [48]. have mentioned earlier are very general. In the remainder of this
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MGT, team manager, etc.). Design teams may be decomposed
into smaller design teams. A system integration team is re-
sponsible for integrating the complex system whereas in-house
modular teams and teams within the supplierse design of‘ces
are in charge of developing modules and components.

Core competence domaiithis domain integrates the con-
cepts (distinctive requirement, design capability) and the tools
(core competence criterion and criteria tree) used by design man-
agers. Distinctive requirements and project goals have to meet
the corresponding core competence criteria so as to judge if
the “nal project outcome is successful or not. Design managers
can use a criteria tree composed of core competence criteria to
evaluate if the produced design capability is a core competence
or not.

Firstly, this tree combines several criteria related to the value
of the core competence estimated by an external or internal eval-
uator. Potential criteria are identi“ed between brackets next. In
the former case (external view), the focus is on market crite-
ria (rareness and inimitability of the competence under evalua-
tion) [3] or social criteria (its regulation advance and its social
compliance). In the latter case (internal view), other criteria add
new branches to the criteria tree. They are related to the effects
paper, we focus on the design of powertrains relying on complekthe evaluated capability on the leading “rmes and supplierse
architectures, developed by integrated product teams. new routines. Does it help to increase the complexity of the

outcome of the design activity (criterion: technical complex-

IIl. APPROACH TODIAGNOSE DESIGN CORE COMPETENCE ity)? Is it really sustainable and related to a perennial product
In this section, we brie"y present an approach for identifyingne (<I:_riter_ia: glengr_alittry]/ andl sustain?bility) t[3]?|l3toes i helpttthhe
the architecture and evaluating global design core competencglﬁﬁ)p Iers involved In Ihe value-creating ne w‘o_r o carry outihe

X evelopment of a whole «design moduleZ ef‘ciently [20]? Does
the case of complex products. Firstly, we present key concepts ot . )
competence-based design management and secondly, we ouﬁiﬁghance long-term efciency of t.he teams n c_har.g(.a of the

: 4 . module development and system integration (criteria: system
the proposed method for diagnosing design core competence, . o - :
Iiitegration capability or module development capability)? Is it
easy to understand and to replicate for a competitor who wants
to create a similar value-creating network (criterion: embedded-

The conceptual framework we propose intends to represemiss)? Does it enhance cross-learning with “rst tier suppliers
the links between key concepts involved in the building of desidariterion: cooperative value)?
core competence. These concepts refer to the capabilities oBecondly, the value criteria related to design core competence
the design organizations and to the criteria used to appreciate balanced with cost criteria. The main idea is easy to under-
if the capability of the global design organization is a corstand. The development of design capabilities, which support
competence or not. This framework is presented by means of thesign core competence is an expensive process, which induces
uni“ed modeling language (UML) class diagram in Fig. 1 [55]a global cost [3], [56]. The new capability can be supported by
Dependency matrices play the role of interconnecting models (iew purchased assets or newly hired experts or managers (cri-
the center of the “gure). Dependency matrices are seen as ustftibn: acquisition cost). The context concerning the production
tools to model the architectures of product, design process, arithe new capability has to be remembered, understood, and ex-
organization along with their interdependencies. Thus, Fig.plained (criterion: contextualization cost). One has to make the
integrates around the class called «dependency matrixZ seveetdted knowledge explicit by using design models and knowl-
domains related to product, design process, organization, atije management models (criterion: conceptualization cost).
core competence management. Last but not least, this conceptualized knowledge has to be

Product domainThe designed complex system has to satisfyapitalized in order to make its diffusion and its sustainability
system requirements and is decomposed into several moduleffective (criterion: capitalization cost). Fortunately, the more

Design process domaifhe design process is organized andxpensive this process is, the higher the barrier to entry related
assessed by a design manager. It may be decomposed into teskie evaluated design capability is. Expressed differently, a
and has to meet the project goals. core design competence has not only a great strategic value, it

Organization domainDesign organizations (integrated deis also expensive to make it sustainable.
sign of“ce, value-creating network, and design teams) carry outCoupling the project domains and the core competence do-
design processes and tasks. They are organized, coached, evair It is worth noting that in Fig. 1, there is no direct
uated, and represented by a design manager (system architetdfionship between the dependency matrix and the criteria tree.

Fig. 1. Design core competence framework.

A. Conceptual Framework
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Indeed, the design managers should use these two complenfenbesign Contextualization
tary tools. With the former tool, they represent the architectures.l.he case described in the following sections comes from
of the project domains along V.Vith their gquplings. With the la.rr'esearch collaboration (2000...2006) with a French automaker
ter toql, they evalu'ate the design capablhty prpduced by de§| Qsign of“ce. This organization of 4400 designers is specialized
organizations (which belong to the organization domain) wig powertrain and chassis development. This design of‘ce took
regard to distinctive requirements (which belong to the pI’OdLﬁ "

: : ; Into consideration the principles of systems engineering, since
domain) and projectgoals (which belongto the process domalm 97 when itwas restructured, bene“ting from a methodological

This requires a great change in strategic management practitegser from aeronautics. It is responsible for both routine and
as managers have to focus on organizational entities, design PR

ovative designs. It exploited well-known purely mechanical

CESSES, prolec_t goals, anq systems requirements smultaneog |Pﬁtions, and then, ensured the technological continuity of the
There is no existing algorithm to couple the use of the so—callﬁ e of products. But it also had to produce a continuous "ow of

tools and domains automatically. Combining DSM and DM ffective innovations, in order to offer differentiated cars, which

is a quite recent approach, which does not propose mature Id achieve strict requirements (drivability, safety, consump-

tested tools. However, partial couplings and propagations %h, O, emissions etc.). The following points explain why
be formalized, as it will be shown in this paper. the ioowertrain syste}n design is complex

1) Infunctional terms, the size of the requirements list is im-
B. Requirements and Steps of the Approach portant. The target level of each of them (safety, gas emis-

The approach we propose aims at supporting the activities SO consur_np.tmn, drivability, etc.) is higher and higher.
of the design managers, which are related to core competence ! h€ contradictions between them are acute (e.g., a better
diagnosis. It is divided into “ve steps as follows. safety at a lower weight, etc.). _

1) Design contextualization. As is underlined by evolution- 2) In structural terms, each powertrain system includes tens
ary economics and strategic management theorists, a core ©f functional modules and thousands of components.
competence building is contingent and path-dependent3) _In behavioral terms, |_t is a dynamic system_, WhICh is used
[6], [8]. It refers to a speci‘c context (type of require- in many external environments. Moreover it is coupled to
ments, product lines, economical constraints, design prac-  Other dynamic subsystems (e.g., chassis).
tices, etc.), the design managers have to take into account¥lOréover, the powertain system is produced by mass-
The identi“cation of the expectations related to the desidifoduction manufacturing systems, which are organized fol-
core competence. The aim of this step is to identify arf@"ing the principles of the «Toyota production systemZ [57].
elicit the core competence criteria the project team has [6'€ x€d costs are high. The powertain system has a longer life-
meet. cycle than the ones of vehicle models in which it is integrated.
3) Modeling of product, process, and organizational arcrﬁzuring its life, a powertrain knows several vintages an(_j evolu-

tectures and their interdependencies. The aim is to propl@"S- Thus, designers have developed a product family, not a
gate distinctive requirements through the product archite@Ndle product. Moreover, innovation is forecast and controlled.
ture and the design process architecture in order to quél_technologlcal continuity exists between the vintages of the
itatively identify, which teams» capabilities contribute td°roduct. _
meet them. The presented case refers more particularly to a subsystem
4) Identi“cation of the value-creating network. The aim is t& the powertrain, which is the gearbox. Gearboxes are critical
build a clear cartography of the relationships between tf@MPonents of the vehicle cinematic chain. For a long time,
integrated design of‘ce and the set of teams within th%ear_boxe.s have been weII-knowr_1 mechanical systems. Innova-
suppliers involved in the design project. tion in this “eld has been.more incremental than radical and
5) Ex-postevaluation of the produced design capability. K€€ has been a clear dichotomy between manual and auto-
qualitative evaluation of strategic criteria can be performd§2!ic gearboxes. The system studied is a new robotized gearbox,
at the end of the system development project. which is a tech_nologlcgl hybrid petv_veen manual anq automatic
gearboxes. This technical solution is part of a growing class of
modules in the automotive industry, which is that of mechatronic
subsystems. The concept of the robotized gearbox is to plug a

This part presents a case study that concerns the organizg&chatronic actuator (ACT) on a standard manual gearbox with
tional change process that transformed an old project orgaailow cost and a long life cycle. These last points explain how
zation, which designs mechanical gearboxes, into a new @arfobotized gearbox can act as an automatic gearbox, and be
ganization responsible for the development of more compléxcheap solution. There is a potential market for the robotized
robotized gearboxes. We applied the proposed method to diggarbox: customers who are interested in driving without being
nose the resulting design capability. Our aim was to represeligturbed by gearshifting, but who cannot afford an automatic
the architecture of the produced capability, to visualize howgdearbox. Designers involved in the robotized gearbox project
had been embodied in the design teams involved in the valii@d to make what the biologist Stephen Jay Gould (1941...
creating network, to evaluate it and to discuss its strengths a&02) has called sexaptationZ [58]. That is to say, in the present
weaknesses. case, exploit as far as possible the potential of current products

2

~

IV. PARTICULAR CASE OF THEROBOTIZED GEARBOX PROJECT
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(manual gearbox and compact electrical ACT), the capabilitie - . T T=1= T P
. . . . Rabotized Gearbox DSM 2l=lulal=|5]|S|=
of design organizations (automakeres design teams), and { il I B R =Nl =
. HPH H H H . _— Internal shift control ISC X X X
growing capabilities of the suppliers involved in the develop ?_!un‘n?g sy‘:;rl Srachoxion . [SY3] X <
ment of subsystems (they try to offer the same solution to seve| Mncton GHD Actuator ACT| X X X
automakers), to open a new product line. Itis to be noted thatt| Coupling SF Clutch CLU X X
. . . . . (COU) Clutch internal control | CIC X | X X
development of a robotized gearbox is neither a routine desig—pqer Sifferential 53 T
nor an advanced one. Transmission SF |Internal mechanical party IMP X X X X
Strength flow SF Housing box HBX| X X x | x| x [l
B. Identi“cation of the Expectations Related to the Fig. 2. Product DSM of the robotized gearbox.

Design Core Competence

e e Bipendencesbetueen the o (e, robotzed et
Ject, wi pre . ’ e design process, and the design organization. This needed to
cern the entire vehicle. Thus, design teams need to decompgge

them into well-de“ned expectations linked to the car subsys. done in order to estimate any possible impacts of distinctive

tems, e.g., the powertain and the gearbox. The main distinct[\{e@wrements’. on.de3|gn orggmzaﬂon;_, 'and to highlight crucial
. . €sign organizations and their capabilities.

requirements can be abstracted from the requirements or coni) Product Architecture:Firstly, we interviewed design ex-

straints allocated to the robotized gearbox. ) '

1) Shifting gears at less than 250 ms, for the feeling of secgﬁ”s and architects who had a thorough understanding of gear-

rity and the driverss pleasure (or drivability) given by thi ox architectures. The system architect identi“ed four main sys-
sh{)rt time P ¥)9 Y 3em functions (SF): shifting, coupling, power transmission, and

2) Contributing to the reduction of GOemissions (com- strength "ow. For the transformation of a manual gearbox into a

) . ) robotized one, an ACT was to replace the gearshift lever and the
pliance with very strict Euro V standards), and to the . .
: . Clutch pedal. The designed robotized gearbox was composed of
improvement of fuel consumption. . )
X . eight components, and hundreds of parts. The mapping between
3) Being as reliable as a manual gearbox. . . C
. . : : functions and components was facilitated by the typicality of the
4) Being an intermediate solution, between cheap manual . : . .
. . architecture of the robotized gearbox. In this project, the system
gearboxes and expensive automatic ones. . p . ;
- o : architect de“ned an architecture, where an electrical ACT acted
In addition to this list of requirements, the goals of the robqg- : . :
: : : : oth on the internal shift control (ISC) and the clutch internal
tized gearbox design project contribute to some of the core . . . : . .
oo ; control (CIC). Fig. 2 displays its hybrid architecture which was
competence criteria. In this case, the expected gearbox design L
" . composed of following:
capabilities must do the following. . .
1 Give a provisory leadership in robotized gearboxes inthel) three modules (or modular subsystems): (ISC; synchro-
b y P 9 nizer (SYN); ACT); (ACT: clutch (CLU): CIC): (differ-
B segment of the car market (subcompact cars) and erase

the place of the automatic gearbox in this segment ential (DIFF));
P 9 9 ) %) two integrative subsystems: they linked the other modules

2 Use the same manufacturing system as the one dedicate of the gearbox together, internal mechanical parts (IMP)

toa ma’?“a' gearqu once again. This k"‘nd of production from the inside and the housing box (HBX) from the out-
system is both capitalistic (high level of “xed costs), and side

well known (it is nearly 20 years old). 'T‘ other_words_, In this product architecture, each module was directly linked
robotized gearboxes can be seen as an innovative varignt : : : .

0 a system function. Concerning the integrative components,
of a gearbox platform.

3 Develop a line of products, which are compliant with ent_he *IMPZ were linked to the differential through the ful”ll-

. . ment of the power transmission function. The HBX directly
vironmental and social values. ! .
. : o supported the strength function. Moreover, the system archi-
4 Develop an in-house, technical, and organizational learn- S . )
. Do tect stressed that distinctive requirements were carried out by
ing, which is related to the codevelopment of key mechas . L .
. . ; . ifferent functions. Drivability was carried out by a modular
tronic modules (speci“cation, functional modeling, an o o )
o subsystem (system function: gearshifting; related components:
validation). o .
. . . ISC, SYN, and ACT). Power transmission and shifting func-
5 Improve the ef‘ciency of collaboration and cross-learnin . S .
s . ons contributed to fuel consumption improvement. Coupling
with “rst tier suppliers. . ; ) .
. . .and strength were internal functions. The technical risks man-
6 Improve operational performances of projects concernin

! ) ; : agement had identi“ed the SYN and ACT as being the most
future designs of mechatronic systems (in particular, th

roiect risks must be manaaed rigorouslv. the proiect dc[itical components concerning reliability as the gear teeth of
Proj g 9 Y. proj the SYN (form and material) had to be modi“ed because of
ration must be shorter than 120 weeks).

the high strength provided by the ACT. In addition, the ACT
included electronic devices and its introduction was innovative.
Consequently, the egearshiftingZ subsystem had a signi“cant
impact on distinctive requirements.

After identifying the context of the gearbox design and the 2) Design Process Architecturédnce the robotized gear-
design core competence expectations, we needed to modeldbe architecture was de“ned, we interviewed the project

C. Modeling of Product, Process, and Organizational
Architectures and their Interdependencies.
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=[=[ea[m]=]=]=] z|w]e]r=le[=[=[~=
/ <] 11 15 (] [ 1] (o] &) L] [ed ] fd f] L] L] 1 [ L) L] e 1
F1EEEEEEEEE O | o o | o | O |5 0 | 2
=|=[=|=|n|=|=F |7 |F|n|c|E|S HEEE
Negociate specifications ORG1 XXX
Specify POW function 1RG1
Specify COU function 1RG2
Specify STR function 1RG3
Specify SHI function 2RG1 X
Fix kinematics 3RG1 X
Fix axle spread 4RG1
Fix Clutch Internal Control 4RG2

Fix lubricant 4RG3
Fix Gearbox architecture SRG1

Design ACT G6RG1 X
Design SYN G6RG2 X
Design ISC 6RG3 X
Design CLU 6RG4 X
Design CIC G6RGS X
Design DIFF 6RGG6 X
Design IMP 6RGT X
Design HBX 6RGS X
Fix rolling bearings and casing [ TRG1 X

Fix components design 8RG1

Edit integration documents IRG1

Fig. 4. Design process DSM.

Fig. 3. Dependencies between robotized gearbox and design process.

design manager to establish the design process architectt

On the left side of Fig. 3, we enumerated a list of tasks include

in the design process. Fig. 3 displays the mapping matrix b

tween robotized gearbox and design process (robotized geart

... process DMM). In the columns, we listed both functions ai

components as they are objects of different design tasks. We ¢

notice that the shifting function, and consequently drivability,

is linked to eight activities. The task especify shifting functionZig_ 5. Organization process DMM.

(*2RG12) is constrained by the speci“cation of the other system

functions through the kinematics choice. This mapping matrix

also reveals three sets of tasks (this note is consistent with th&) Organizational ArchitectureThis design process was

principles of systems engineering): functional analysis (fronuite new in gearbox development projects. These changes im-

ORG1 to 2RG1). system architecture de“nition (from 3RGL tplied the de“nition of new types of teams and design roles or

5RG1), and component design (from 6RG1 to 9RG1). positions. They induced the restructuring of competence-based
Fig. 4 displays the design process architecture. Partitionidgsign organizations, which developed capabilities to design

algorithms could be used <for getting the DSM in an uppefunctional modules.

triangular form at the extent possibleZ [29]. In fact, to obtain this We captured the design organization by identifying the new

list of tasks and this sequence, the MGT interviewed gearboes and their responsibilities, and consequently, the technical

design experts, discussed about interfaces and deliverables,iatetactions between them. The left side of Fig. 5 displays the

then, streamlined the development process. The process Di&Vof roles of the team members. According to the detail level

revealed that the development process had been organizedaaopted in the core competence analysis, operational designers

cording to three main stages corresponding to the three setglofnot appear in the proposed DMM in Fig. 5. This DMM is

tasks mentioned earlier. The level of detail proposed in this pamapping between the project tasks and the individual roles.

per is suf‘cient to cover key design tasks and is consistent with order to avoid con’icts, there is only one decision maker

the detail level adopted in the gearbox architecture. in charge of each design task, but the outsourced components
The stage of system architecture de“nition was important twere codesigned with the supplierse teams. The organizational

allow concurrent engineering for component design tasks andarehitecture is obtained by documenting the interactions be-

decrease the risks of long iterations (regular technical revietvgeen actors during the development project. We interviewed

have been planned, but not represented in the process DSiH¢. MGT, the system function architects, and the component

The design process architecture and project management pradeeelopment leaders to assess the integration effort of design

to be competitive as the project duration was shorter than theyanizations [29]. We asked them to rate the criticality of

target duration (120 weeks). The managerse abilities to redestfpir interactions with one another during the gearbox de“ni-

appropriate design processes contributed to the improvementiofh phase and the detail design phase. In the proposed method,

the operational performance and the compliance with the target are interested in a qualitative evaluation only and a binary

of time to market. scale is suf‘cient.
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Fig. 6. Organization DSM.

Fig. 6 displays the binary organization DSM and the result
ing architecture, where «XZ means that information "ows wer:
identi“ed between two actors. We checked the consistency of the
design managerse answers and interviewed some actors agafigt.  Key links within organization domain.
check that they agreed with each other. We rearranged the orig-
inal DSM and introduced redundant roles of function architects
to highlight their key roles. This architecture was validated bgomponent development teams. For instance, the actors linked
the MGT. to gearshifting (and then, drivability) formed a crucial modu-
We noticed that the MGT, and the simulation and evaluatidar team: shift function architect (SHIA), internal shift control
leader (SEL) were two integrative actors. They interacted wittevelopment leader (ISCL), synchronizer development leader
every actor during the project. This information is consistefi8YNL), and actuator development leader (ACTL).
with the combination between the gearbox ... process DMM, th&ig. 7 is based on Fig. 6. It shows the key articulation be-
process DSM, and the organization DMM. In fact, the MGTween the automakerss design of‘ce and the supplierss one. In
was in charge of tasks ORG1, 3RG1, 5RG1, and 8RG1 (nedgbe new design organization, component development leaders
tiate speci“cations, “x kinematics, “x gearbox architecture, “xhad a double role. Firstly, they managed a subteam (a component
components design, respectively). These tasks were relatediégelopment team). Secondly, they ensured that the collabora-
the others, which were under the responsibility of all the desigtien with the supplierse teams was effective. It was the case in
ers. The SEL was in charge of the task 9RG1 (edit integratitime studied project for the outsourced components: SYN, clutch,
documents), which consisted of risk synthesis for all functiormd ACT. Concerning this last component, the ACTL was re-
and components. Skills necessary to play these key roles wepensible for its speci“cation and validation, its integration in
related to coordination, integration, and a thorough knowledtjee gearbox, and its adaptation in the powertrain. He led an ACT
of mechatronic systems. development team and played an engineering liaison role with
The architecture of the robotized gearbox project was cortiie engineering leader of the supplierss development team. The
plex. There was a central organization called the esystem isdpplierss team had to codesign gearshift strategies (cospeci“-
tegration team,Z which regrouped the MGT, the system furation of the ACT control) and was in charge of the detail design
tion architects (power transmission, coupling, strength, and shiftthe ACT control, electrical devices, model-based software,
function architects), and a SEL who is charge of the managmd its mechanical parts. The component development leaders
ment of risks. This crucial team was in charge of key desigind the supplierse engineering leaders played a key interface
stages related to functional speci“cation, system architecturele (engineering liaison, bargaining, etc.) between the teams of
and also system integration and requirement validation. THisth the automaker and its suppliers.
team developed the capability to design hybrid architectures of4) Propagation of Requirements Through ArchitecturBy.
robotized gearboxes and the capability to integrate relativatyeans of the product DSM and product...process DMM, we were
complex systems. able to link the distinctive requirements, i.e., drivability, fuel
Each system function architect was responsible for the intleansumption, and reliability, to the concerned components and
gration of the functional module. She/he managed a modutasks. By continuing the propagation of the requirements «driv-
development team composed of component development leabilityZ or reliability, we observed that the «gearshiftingZ devel-
ers, since his/her role was to allocate functional requirememgment team developed a capability to design this key functional
onto concerned components. This leads us to conclude that eaxddule that ful“ls these requirements. Moreover, the epower
function architect has played an integrative role inside his motlansmissionZ development team was also crucial as it was
ular team and an engineering liaison role between the concerwedcerned with the capability related to the fuel consumption
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mentary to the car design of‘cess ones. At the bargaining process
level (purchase versus supply processes), the design managers
tried to de“ne the conditions for a long-term ewin...winZ partner-
ship. The car design of“ce and the suppliers shared a part of their
management tools and practices to enhance codesign of hybrid
architectures. They de“ned key engineering liaison roles: the
ACTL (the person in charge of developing the ACT within the
car design of‘ce) and the engineering leader within its supplier.
Their project processes shared or developed some collaborative
tools in order to virtually integrate module models in the sys-
tem models (functional, behavioral, and structural models). At
an operational level (technical processes), they collaborated to
de“ne the ACT control. The supplier of the ACT was strongly
involved in the ful“llment of the gearshifting function. However,
due to budget restrictions, the car design of“ce temporarily hired
engineers who were in charge of specifying the behavior of the
ACT and code"ning its control system. Hence, the design of“ce
Fig. 8. Value-creating network related to powertrain design. did not leverage this project to improve its capability to develop
in-house learning, which is related to the codevelopment of key

: . . énechatronic modules.
improvement. In this case study, we were able to associate dis-

tinctive requirements to crucial modular teams. The new orga-
nizational archigecture revealed that the ACTL and the eclutdh. Ex-Postevaluation of the Produced Design Capability
internal controlZ development leader (CICL) had played the key

le of . ing lii betw h 20D dul Once the robotized gearbox project was “nished, with the de-
role of engineering fiaison be e‘en WO overlapping modu Eé?gn managers, we used in a global and visual way, a qualitative
within the automakeres design of‘ce.

criteria tree to estimate if the capability produced through the
project was a core competence or not. Core design competence
criteria and their qualitative values are presented in Table I. If
Intrinsic complexity of the powertrain system explains whgll the values were very high, then, in the current market con-
this product is codesigned by the automaker and a networktekt, the automaker would be the leader in robotized gearboxes
suppliers, and why managerial methods. like systems enginder-B segment cars (subcompact cars). This however is not the
ing ones are applied [59]. Fig. 8 represents the gearbox-relatede. It is a credible follower, but not an indisputable leader.
value-creating network. This “gure shows that three entitida Table |, in the second column, the white squares indicate
ensure the cohesion of the network. The “rst one is the comualitative criteria estimated by design managers whereas the
mon module, which the automakeres and supplierse designblack ones are related to rough aggregative criteria. The third
develop. The second one is the common or compliant routinesjumn corresponds to the design capabilities (identi“ed in Part
which the automakerss and supplierse designers have in the “@dr through the previous diagnosis), which contribute to the
of systems engineering. The last one is the key role of engineauxtomakeres sustainable competitive advantage.
ing liaisons as previously mentioned. As shown in Table I, the design managers of the car de-
Gearbox development is a complex and expensive procesign of‘ce conjectured that its external and internal values were
The role of the design managers in the car design of‘ce ahegh. A design capability in robotized gearbox development
their homologues in the “rst tier suppliers was to ensure thatas not so common (high value for the rareness criteria linked
all the design organizations achieved their operational missidighe provisory leadership in robotized gearboxes for B segment
(respect of cost, quality and delay, and risks management). Tagrket cars). The hybridizing process related to the robotized
also had to improve the ef‘ciency of collaboration and crosgearbox project produced an ef‘cient outcome. Thus, the sys-
learning (cooperative value) by aligning their design organiem requirements were satis“ed (drivability, reduction of £LO
zations (roles of engineering liaisons) and routines. Managensission, reliability, and cost). Modular teamse capabilities and
involved in purchase processes had to reduce transaction cistigtion architectse roles were able to guarantee the generality
by creating a market framework inside, which the bargaining of the knowledge acquired at the end of the given project (very
automaker-suppliers could be achieved as ef‘ciently as possilidgh level of sustainability). For example, they were able to in-
In this case, such an organizational pattern refers to the ACFease the level of abstraction of the functional or behavioral
which is a component that highly contributes to distinctive ranodels used and produced by mechanical designers. Note that
quirements of the robotized gearbox. Therefore, the automakiee embeddedness value was too low. A great part of the skills
has selected a supplier to codesign it in the framework of a lorgpncerning the speci“cation of the controlled behavior was fully
term partnership. The supplier had already developed core camtsourced. Thus, the expectation concerning the acquisition of
petence in designing ACTs of robotized gearboxes for Grandpabilities in codeveloping key mechatronic modules was not
Tourer or F Segment cars. These competencies were complatis“ed. The estimated value of the scooperative valueZ criteria

D. ldenti“cation of the Gearbox Value-Creating Network
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TABLE |
DESIGN CORE COMPETENCECRITERIA TREE RELATED TO THEROBOTIZED
GEARBOX PROJECT

Criterion level

Core

TABLE |
(CONTINUED)
“omment: sign core competence is
C2. Global Cost - Comment: a de. ign core c« j_]'(’i(‘!':(f
supposed to be expensive to “own”.
C2.1 Acquisition Use tools routinely related to behavioral

Development
Capability

modules (gear shifting and power
transmission) and key engineering
|liaison roles with suppliers.

Cl1.2.6
Embeddedness

IDevel(}p in-house learning which are
related to the co-development of key
mechatronic modules.

C1.2.7 Cooperative
Value

Improve the efficiency of collaboration
and cross-learning  with  first  tier
suppliers.

Design = P o ) o Cost - modeling and physical testing.
Competence —|& | = |2 [Key contributions of design capabilities — - -
Criteria 2IE(E|= c22 I[mpm\'c the traceability of the design of
g7 @ Cn-u tualization 5 mechatronic subsystems but reduce as
C( \re S much as possible the capacity of
o8 competitors to imitate this design.
Strategic - Comment: this aggregated criterion 23
Characteristic balances value and cost criteria. é(!;;ceplualization Assimilate mcchmronic _conccpls and
C1. Global Value = Cost up to date modeling techniques.
Comment: these criteria refer to market C2.4 Capitalization Re-use of mechatronic models and
CLIE and social viewpoints. They can be _ p o design methods in another projects or
.1 External Value ] g 2 Cost 3
considered — as  future  product product lines
requirements.
Give a provisory leadership in the B
i;f::l‘;“‘ r‘;:]:l}::;]‘:;j:‘\“Ef:\:’(;:&pqrt‘)’l‘l:;g was medium as no sharing of knowledge between the car de-
Cl.1.1 Rareness o shifting gears at less than 250 ms ; sign of‘ce and its suppllers was achieved through the project.
reliability: being as reliable as a manual ~ The car design of‘ce did not use this project to improve the
fﬁiﬂﬁﬁﬁ) cost: being an intermediate  afciency of its collaboration and cross-learning with its ACTse
|“ - - suppliers. The global cost of competence development was high,
Use the same manufacturing system as
the one dedicated to a manual gearbox  @lthough most of the components of th_e gear_box were reused.
C1.12 Inimitability . once again (this capability enabless We can explain this fact by the following rationale: the cru-
[robotized gearboxes fobbc produced at i; cial skills needed in this kind of hybrid architecture design are
compemwe cost v means (8] N .
esctiantes o seals) system-focused (integrative), not modular-focused.
|Develop a line of products which are
Cl1.1.3  Regulation . more efficient than the regulation V. DISCUSSION
Advance - requirements impose (contributing to )
the reduction of CO2 emissions) In the car design of“ce, technological knowledge and skills
Cl.14 Social| | | [Develop a line of products which are were restructured in competency-based design entities (rather
Conplaice Cf"“ph""“ with '“'“”f’“"_'c"""' _‘“'"L"' than functional departments), according to the key system func-
Pl s e rq"f:w’;;i.;j”,‘f tions of the product. This organizational architecture was aligned
C1.2 Internal Value - viewpaoints. They are related 1o their with the architecture of gearboxes. Each competency-based en-
’ technological  trajectory  (criterion)  tity grouped different architects who were responsible for the
! ic‘:”‘f’:a‘: 2 o L ;"r’:j"'}"g’;f @ same function (but involved in different projects), the concerned
b l;pm - c*t;jab'l"l '“'d - "h l'm,d component development leaders, as well as the in-house com-
i T ve e Cd 111 C es12r i . . . .
Cl21 _Technical ol it o mogisonls myoms ponent designers. In the system integration team, a function
ALY (like robotized gearboxes). architect represented his/her competency-based entity and was
Develop the capabilities of modular  responsible for the ful“llment of the concerned system func-
C1.2.2 Generality u] }ca1]l§. and |;hc skills and roles of the tion. This manager led a small team of Component designers
Ct a tects . . . . . . . . N
unction arcaitects : : who remained in their design entity. This lightweight project
123 E;‘cfi'g&_"me;;:s:fef“"c‘if’pr;rif;ﬁ; organizationZ [60] was justi“ed as the interdependencies be-
Sustainability performances of projects concerning  tween the teams were weak at the level of the components and
future designs of mechatronic systems. rather high at the function level. The function architect played a
Cr24 System [Develop the capability to integrate.  key role by developing two main kinds of skills. The “rst skill
E"Q;ﬁﬁﬁi‘.}" o fg::i'}“ systems (system integration a9 grientated to the development of the teames capability. It
IDevello. e cwebleies whih o V2S5 related to synthesis and coordination inside the team that
5 /| . .
Cl125 Module velared [10 dhie dcfi’gn of key functional  the function architect managed. The other one concerned both

the system and the partners involved in the same value-creating
network. This last skill was related to integration and negotiation
at the interfaces with the other teams.

Function architects had to develop their expertise related to
the speci“cation and validation of this function inside the car
design of‘ce as well as possible. Otherwise, the automaker could
have become strongly dependent on its suppliers. As far as
the stransaction costsZ theory [34] is concerned, the long-term
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TABLE Il The team responsible for the power transmission module de-
TRAJECTORY OF THEDESIGN CORE COMPETENCE veloped a specialized capability, i.e., thorough expertise relative
to a particular function. It is similar for the designers in charge
of the SYN design inside the shifting module team, since itis a
mechanical component.

In this design of‘ce, the knowledge transfer between differ-
ent projects was facilitated within the competency-based entities
by communities of practice, which were led by a stechnolog-
ical leaderZ. Moreover the system project team included func-
tional support representatives (for instance, planning, quality,
accounting, and test), which were multiproject at the same time,
and then, also shared new innovative solutions throughout the
gearbox development projects quickly.

Table Il sums up the main changes made to the car design
of“cess gearbox design capabilities. It shows that the acquired
capabilities related to the robotized gearbox project are likely to
be extended to future innovative gearboxes.

The new gearbox is a signi“cant innovation within the B mar-
ket due to cost savings in a potential future key market. Modu-
larity is a key paradigm for architecturing project domains and
facilitates the development of key design capabilities. It favors
both incremental innovations and the development of the capa-
bilities of design organizations. The main risk of the modular
strategy adopted by the design of‘ce, is that a competitor may
develop aradical innovation, which may cause the existing “rms
to lose the leading market positions. This could be the case if
an automaker (or even an outsider) launches electric cars with
a price comparable to the existing standard of the B segment
market.

VI. CONCLUSION

This paper presents an approach to diagnose design core com-
petence. We outlined how to link competence-based and value-
creating network management, with matrix-based architecture
models. Well-known tools in the “elds of strategic manage-
ment or desigh management were used to identify the structure
(i.e., DSM) or the coupling (i.e., DMM) between three project
domains (product, design process, and organization) linked to
the design core competence management. These matrix-based
models helped to propagate new distinctive requirements onto
design organizations involved in a common value-creating net-
work (integrated design of‘ces, supplierse design of‘ces, and
teams). The different types of capabilities belonging to the

partnership for future and more complex gearbox developmeaams could be identi“ed when the organizational architecture
projects is required. was revealed (modular, integrative, and overlapping). A core

The team in charge of the shifting module design developed@@ampetence criteria tree was also proposed, in order to evalu-
capability related to the knowledge of mechatronic engineerilage if a produced design capability following a given product
as this module was made of mechanical parts, ACTs, sensa®yelopment project could be considered as a core compe-
and a control system. This capability was shared between teace or not. We presented a set of criteria, which extend
car manufacturer and the supplier of the ACT as they cospéise set of usual ones (rareness, inimitability, and embedded-
i“ed the expected behavior of the robotized gearbox and cowess) by adding external criteria (compliance with social values
alidated the working of this module. The supplier was selectatid regulation advance), internal ones (technical complexity
early on in the innovation phase according to its capability ttnd cooperative value), and also the global cost of the com-
be (or to become) an innovative integrator of this mechatronpetence (acquisition, contextualization, conceptualization, and
component. capitalization).
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The strategic management literature fails to propose a franitanay be useful to develop a QFD <house of qualityZ to analyze
work, which jointly evaluates the produced capabilities folhow the elements in the different project domains may con-
lowing a product development project and which represerttibute to the ful“llment of the core competence criteria. This
its architecture (at least partially), that is to say, the way it t’ol may help the design managers to deploy strategic goals
embedded in the value-creating network involving several inden the different project domains. However, the QFD method-
pendent design of‘ces. The case study presented in this papkagy is neither focused on the architecture of each domain,
focused on a design of‘ce that had restructured its organizatinar on the coupling between modules that belong to different
to achieve better alignment with the architecture of the compleeomains.
products it develops. However, a new alignment is not suf‘cient The case studied in this paper dealt with hybrid architec-
to ensure the “rmes sustainable competitive advantage. Designe with three clearly identi“ed modules from functional and
managers will have to adapt the managerial roles, practices, amngsical points of view. This starting point facilitated the propa-
strategies to better integrate the in-house design teams andgation of distinctive requirements (drivability and reliability, in
supplierse teams into an ef‘cient value-creating network. Thhis paper) through organizational and design process architec-
proposed method will help design managers to evaluate nawes, and also in the identi“cation of the capabilities of crucial
design organizations, to determine if the produced capabiltiyams. A qualitative approach is certainly suf‘cient to achieve a
actually corresponds to a design core competency, to represgobal diagnosis. The challenge is now to study the design core
the architecture of the design organizations that embed this coenpetence concerning a system that is eless modularZ. The de-
competence, and then, to identify the crucial teams and maelopment of propagation algorithms and tools would be useful
agerial roles. to simulate the quantitative impacts related to the changes of the

The case study corresponds to another experience conceligtinctive requirements in the project domains, to propagate the
ing the interest of alignment in case of modular architecturesoice of the end userZ or to make some insights of the design-
The proposed method should help researchers to study thedrs more effective [7]. In the case of an integral architecture,
terest of alignment in terms of core competence developmehis propagation is obviously more dif‘cult and would require
and according to different product architectures, organizatiorfatther investigations.
boundaries, and competitive environments.

It provides researchers with a consistent framework concern-
ing design core competence diagnosis. Our proposition could
be extended to develop a global framework and recommen-The authors would like to thank the design managers of the au-
dations concerning competency-based management of vahiaenakeres design of‘ce for their fruitful collaboration. We also
creating networks. However we need to “nd answers to thiank the department editor, Prof. J. Pinto, and the anonymous
following questions: What would be the target of the desigreviewers who suggested useful improvements in the drafts of
core competence? How would the gap between the expectieid paper.
core competence and the current routines of existing design
organizations be measured? How would the appropriate ar- REFERENCES
Chlte?tures be? What would be the new manage”al roles al’[!ﬂ Y. Droz, <Managing core competency for corporate renewal: Towards
practices? a managerial theory of core competencies,Zame Competency-Based

Finally, further work is envisaged. Other applications are nec- Strategy A. Campbell and K. Sommers Luchs, Eds. _London, U.K.:

. h d method. In our approach. DM International Thomson_Bu;lness Press, 1997, pp. 53...74. 3
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Design Core Competence Diagnosis:
A Case From the Automotive Industry

Eric Bonjour and Jean-Pierre Migt

Abstract1990-s have been marked by signi‘cant changes them to build and sustain their competitive advantage when
both in the strategic management “eld, with the development of their competitors cannot do so [5]. One recommends that these

competence-based management and the use of the concept of value« s focys on these assets, capabilities or competences in order
creating network, and in the design management “eld, with the

diffusion of matrix-based tools that help to manage the interde- t© *bundleZ them, to «deployZ them, to -leverageZ them [6],
pendencies between three domains of design projects: product, @nd outsource all their noncore activities [7]. Such a smake or
process, and organization. Few researchers have helped to link buyZ recommendation is sensible because the identi“cation of
these two “elds. However, design managers need to use these “eldgorporate core competence is rather dif‘cult. Corporate core
closely together in order to enhance the “rm-s sustainable com- ompetence has both holistic and evolutionary properties. As a

petitiveness. Indeed specialists of engineering management have_ . . . - .
already underlined that design organizations are responsible for %O“St'c concept, it refers both to capabilities of a set of organi-

the development of lines of products that have to satisfy distinctive zations (of‘ces, departments, skill networks, teams, etc.) and to
stakeholderse requirements. Thus, design organizations strongly the nature of the sroutinesZ [8]. Routines correspond to the ways
contribute to the “rmes core competence. In this paper, we out- jn which the actors who are integrated in the so-called organiza-
line a method for diagnosing design core competence. We intendjong cojlectively do something (cooperation, coordination, bar-
to couple strategic management concepts and design management__. . : .
concepts to represent and evaluate design core competence in regaining, collective _Iearnlng, etc.) [8], [9]. Moreover, corporate
lation to the product, process, and organizational architectures. COre competence is not a well-de“ned “xed asset, contrary to
The proposed method aims to highlight crucial design organiza- what the resource-based view might suggest [3], [6]. The scope
tions, which should require particular managerial attention. The gnd the content of a given core competence are continuously
method hgs been researched and _constructed in collaboration yvith modi“ed by not only market, organizational or technological
a car design of‘ce, and applied in the case of a new robotized " o .
gearbox design. threat;, or opportunlt'les [5], .but a]so py organlzatronal Iearmlng.
The issue concerning the identi“cation, evaluation, and build-
ing of corporate core competence [9], [10] continues to open
promising ways for researchers and practitioners [6]. In this pa-
per, we shall not address this issue from a general viewpoint,
but from a speci“c one focused on design. Our purpose will be
to show how to make the concept of core competence opera-
OR along time, managers and researchers in strategic mggnal in the speci“c “eld of design. This focus on design can
F agement have admitted that brands, patents, and more gs#iexplained easily.
erally, productinnovations are key variables to distinguish a“rm Firstly, this activity strongly contributes to the productes com-
from its competitors. But the last two decades have been markgstitiveness and to the “rmes sustainable competitiveness (that
by signi“cant conceptual changes in their way of thinking [1]is to say, the whole corporate core competence). Design core
They wish «to open the <black boxZ of the “rm to investigateompetence refers to the fact that the capabilities of design orga-
what distinguishes “rms internally from each otherZ [2]. Leadhizations (teams, departments, of‘ces within the manufacturers,
ing “rms own rare, speci‘“c, inimitable assets [3], *tacitZ knowland their suppliers) signi“cantly contribute to the development
edge or capabilities [4], or core competences, which enalgecorporate core competence. Design organizations can be con-
sidered as networks of actors (teams, designers, and managers),
Manuscript received April 21, 2008; revised August 8, 2008, January 1, 2008hose skills and routines concern the way, they develop new
May 14, 2009, July 17, 2009, and_Septembg—:‘r 2,2009. Review of this manuscﬂpbducts, Composed of interdependent components (Structured
Wal':‘s. agggj%ic: ?g Bv?t%arttkzgergeicg?rgjehlf Efmfﬁtomatic Control and Micro-by aproduct architecture), Coordinate their interdependgnt tasks
Mechatronic Systems, Franche-Céntilectronique Ntcanique Thermique et (Structured by a process architecture), and exchange informa-
OfF’“Fque - CSCriTg”CSSF Ce;ETGICh”’gk’tgiesl (FEMTO'STL 'nigmteg UniV‘t?fS!'Ibn (structured by an organizational architecture). Note that the
tes rf,ﬂgroiecﬁniqu(es ()ENCSOMEM),&]'EZ?S?W g‘?efchnﬁlogycag}qugelﬁ,rt_terms structureZ and ~architectureZ are considered as being in-
Montbéliard (UTBM), Unites Mixtes de Recherche (UMR) Centre Nationaterchangeable throughout this paper. However, to be consistent,
de la Recherche Scienti‘que (CNRS) 6174, Began25000, France (e-mail: e use more particularly the terms: product architecture, pro-

eric.bonjour@ens2m.fr).

J.-P. Mic&lli is with the STOICA Research Team, Institut National des Scigess architecture, and orgamzanonal architecture. These terms

ences Appligaes Lyon, University of Lyon, Villeurbanne Cedex 69621, FrancBave already been used by specialists of engineering manage-

Index TermgCorporate core competence, design structure ma-
trix (DSM), organization design, project and R&D management,
project teams.

|I. INTRODUCTION

(e'cmﬁl‘“i iea“jpie"ef-micae”i@insaf'%oﬁ;ff)- -~ 1abje onimENt [11], [12]. Brie"y, architecture corresponds to a designable

olor versions of one or more o € ‘gures In this paper are avallable online

at htp:/fieeexplore.ieee.org. &hd manageaple set of elements (components, tasks, and actors)
Digital Object Identi“er 10.1109/TEM.2009.2036838 and the ways in which these elements interact.
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Secondly, the scope of the design core competence that eantl missing links between research related to core competence
design manager takes into account is a complex system thetnagement and other research “elds concerning product ar-
should be identi“ed, analyzed, evaluated, and rebuilt [13]...[16hitecture and design organization.

These last activities require close collaboration among the differ-

ent design managers (program manager, product development )

manager, system architect, project manager (MGT), etc.). The From Corporate to Design Core Competence

quite recent «competence movementZ [10] does not offer main management literature, the concept of corporate core com-
ture managerial tools to support these activities, because of gegence has been used, since the 1990es to understand internal
intrinsic complexity of its object. and particular factors, which explain the “rmes differentiation

In this paper, we do not intend to meet all the competencgnd specialization [1], [6], [7], [21]. Strategic management
focused needs of the design managers, but rather to propassearchers have tried to distinguish between the concept of
an approach for identifying the structure and diagnosing desre competence and those of asset, skill, routine, and ca-
sign core competence in relation to models concerning orgsability [4], [5]. A consensus appears between them. Thus,
nizational, process, and product architectures. As suggest sqoictionally, corporate core competence is a dynamic capa-
strategic management theorists [6], we shall apply this approagifityZ [8], which produces an expected sustainable competitive
in a particular context, i.e., the complex automotive design aidvantage and plays a key role as a sgateway to tomorrowss
ganized according to the principles of systems engineering andrketsZ [21]. It does not refer to the “rmes routines or ca-
involving the design of‘ces of both the automaker and its supabilities, which are related to a particular current product. It
pliers. All these organizations are part of a svalue-creating nejoncerns the distinctive future line of products, which the “rm
workZ [17], that is to say, a design organization involving seintends to design, manufacture, and sell. This line of products
eral independent “rms, which contribute to a global value chaigan strengthen the “rmes position on the market or enable its
by coordinating their own value chains and design processg@hsersi“cation by creating a leading position in a new market.
making their activities more cooperative, offering a mutual *op€orporate core competence is then a future and product line-
erational assistanceZ [18], and sharing their development costfsnted concept. Researchers have proposed a set of strategic
resources, practices, data, knowledge, and innovation projegigteria, which is useful to establish if an identi“ed capability
Thus, an organizational equilibrium is obtained between tlen be considered as a corporate core competence or not. This
contributions and retributions of the automaker and its suppiispect has been greatly documented in literature, probably be-
ers. In the speci“c case of the automotive industry, the outcoréguse it allows well-known multicriteria decision methods to
of such a value-creating network is either the whole car or ope used, e.g., scoring or diagnosis tools [22], [23]. The criteria
of its main subsystems: body, passenger compartment, cockpdfed to discriminate a corporate core competence depend on
electric network, powertrain system, etc. An automotive valugne evaluatores viewpoint. For an external evaluator (customer,
creating network integrates within common projects and teamsmpetitor, supplier, researcher, etc.), core competence value
the automaker as an -orchestratorZ [19] and a set of modudders to its rareness, its inimitability, and its nonsubstitutabil-
suppliersZ (“rst tier supplier), and possibly tier 2 down to tiggy [1], [3], [5], [6], [10], [21], [22]. From this point of view,

n suppliers also [20]. Finally, design core competence is nottge concept of core competence is very close to that of resource.
bundle or a bulk of designerse skills, and design organizatiorfer an internal evaluator (design manager, designer, etc.), core
capabilities and routines. We aim to show that it is conveniegbmpetence value also depends on three main inducers.

to use well-known engineering tools like dependency matricesi) Its tacit and contingent nature.

[design structure matrix (DSM) and domain mapping matrix 2) Its generality. A core competence can be replicated. It can
(DMM)] to represent the architecture of a design core com-  be reused from one product [5], design organization, or
petence, and to highlight crucial design organizations and key project to another.

roles. 3) Its compliance with the other bargaining, managerial or

The remainder of this paper is structured as follows. Section Il technological routines, and the capabilities the “rm has
develops a brief literature review of the concepts, we propose  already developed.
and are used in the method. Section Ill presents the methodat the most elementary level, design core competences are
which helps to represent the structure and to evaluate desgfibedded in the designers and design managers who are in-
core competence. Section IV describes its application in thelved in design organizations. These actors and organizations
case of the development of a robotized gearbox, and “nallfontribute to the “rmes sustainable competitive advantage be-
Section V discusses the results obtained. cause of following.

1) Insight into their customerse future values, needs or ex-
pectations [7], [21].
2) Knowledge about weaknesses and strengths of rival “rms,

This section sums up the research related to the design core and the technologies the “rm (or its industry) [6] has
competence management. It also presents the global concept of adopted and assimilated.
corporate core competence, the principles of systems enginee) Knowledge about technological opportunities.
ing, and the matrix-based models related to product, process4) Dynamic capabilities to create in time, new lines of
and organizational architectures. Finally, it points out existing  products;

Il. LITERATURE REVIEW
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5) Operational capabilities to improve the design processésnot only a set of interrelated elements (internal view), but also
ef‘ciency (delay, cost, quality, risk management, etc.). an entity that integrates elements to satisfy all the requirements
Dynamic capabilities can produce incremental or esustaifexternal view). In the case of the architecture of a complex sys-
ingZ [24] innovations that improve existing solutions by addingm, there is no trivial relation between the list of requirements
new functionalities, modifying architecture, human...machiaed the set of components, and it is necessary to cluster them, in
interface, or form design, etc. They can also induce a mainder to assign comprehensible and manageable work packages
change in the “rmes technological trajectory if they suppose tifer building blocks) to design teams. Systems engineering prin-
removal of the technological and organizational barriers [7]. It @ples help the system architect to create subsystems according
the case when the “rm hybridizes scattered technologies (radiioa design process that can be decomposed into design tasks.
and telephone in the case of mobile phones) [7] or explores n&vese tasks are carried out by design organizations, and are
product lines (polyvalent electrical cars instead of classical cdrgen, supported by their capabilities [4], [8]. The integration of
with a thermal engine) [5]. all the capabilities of the organizations is carried out to produce
Moreover, researchers link the sustainable competitive atie whole design core competency.
vantage induced by the corporate core competence to a value
chain [7]. Therefore, the corporate core competence is consgl- Architecture Design
ered asthe set of activities, which must be internalized. However,AS mentioned earlier, the systems engineering framework is
this approach is too global [6]. It does not specify, which aspects '

of the design activity effectively contribute to the “rmes sustai mﬁllglﬁnr?:]a;iirﬁo pr:gzgcé} ge;gr?] ggﬁgﬁiﬁ; %r;osli o;gr?]r;rz]:tlgrs.
able competitive advantage: Are they linked to the ful“llmen ' yPp y ' 9 9

of distinctive requirements concerning the line of products? ‘Pc'?d system architects have to jointly dene the preliminary

the capabilities of the design organizations? To the process gﬁghnecture of the _pro_duct, and the architectures of the design
ocess and organization [14].

organizational architectures, which combine the design capalgﬁ—

ities? Itis worth noting that despite its importance, little research 1) Product Architecture:Ulrich de*nes product architecture
' 9 P P ’ s sthe scheme by which the function of a product is allocated

has_examlned how the organizational architectures embody ﬂc-)'ephysical components [27]. According to this author, product
design core competence. : . )
architecture consists of following.
1) The arrangement of functional elements, or the function
structure.
Since the 1990es, the number of the systems engineerin@) The mapping from functional elements to physical com-
standards has grown to enable clients and contractors to master ponents.
the development of systems, which are more and more complex3) The speci“cation of the interfaces between components.
We can mention, without being exhaustive: MIL STD 499, A key issue concerning product architecture is how to de-
EIA-ANSI 632, IEEE 1220, and ISO 15288. To put it brie”y, the‘'ne the concept of module. Fortunately, there is a common
purpose of systems engineering is to organize complex desigiay of de“ning it by only focusing on interactions between
so that the designed system achieves all the environmental afeiments [28]. In addition, Browning de“nes eintegrative ele-
stakeholderse requirements, which are related to its entire lifeentsZ as interacting with all of the modules without belonging
cycle. Systems engineering is clearly focused on both produtiisa module [29].
and design processes. System complexity when taken intcdAnother key point concerning product architecture is the de-
account by promoters of systems engineering induces at legisgte to which itis modular or integral. In modular architectures,
three consequences. the functions of the product map its physical components one-
1) Its development requires the decomposition into differetd-one, following Suhes suncoupled designZ principles [30]. At
interrelated modules (modularization) and layers (stratithe other extreme, in «integral architecturesZ, several product
cation). functions are linked to a single component or a small number
2) Ateach layer, the design process is organized accordingfaomponents. Consequently, system architects de“ne modular
a clear division and coordination of different types of proproduct architectures with the following purposes.
cesses: bargaining (agreement or purchase versus offer}],) Economies of scale (reusability of solutions from a prod-
managerial (project or team management, etc.), support uct or project to another one) and economies of scope
(prototyping, tests, etc.), and technical (system de“nition,  (production of a wide product family [31] or line by com-
functional analysis, architecture, system integration, etc.).  bining low-cost modules, which are specialized and even
Design teams are involved in the technical process, which  mass-produced [9]).
is a sequence of activities that may be represented by th&) Organizational learning. Greater clarity in targeting useful
«\/-cycle modelZ [25], a top-down approach (speci“cation organizational learning at both intra and intermodular lev-
and design) followed by a bottom-up one (integration and  els [32] (specialized and integrative learning) is enabled

B. Systems Engineering

validation). by modular architectures.
3) The holistic stages, which concern system de“nition, ar- 3) A controlled introduction of new and risky solutions [33].
chitecture, and integration, are crucial. 4) A minimization of the stransaction costsZ [34]. Modu-

Architecture and integration are required when designers have larization reduces the bargaining expenses. It helps to
to cope with a high level of complexity [26]. Thus, architecture precisely de“ne the requirements of the module, which
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each team has to satisfy. It also reduces coordination ef-DSM are now popular modeling and analysis tools, especially
forts among design organizations involved in a commdior purposes of decomposition and integration as they display
project. the relationships between elements of a system in a compact
From an eanalytical perspectiveZ [7], a modular architectuead visual format [42]. Thus, they are used to identify project-
may be an ideal pattern. But in real design situations, designdmsnain architectures (for a literature review, see [29]): the prod-
have to make a tradeoff between modular and integral architect architecture, the architecture of the design process [49]...[51],
tures [35]. and the organizational architecture, which corresponds to the
2) Architectures of the Design Process and Organizatiomtecomposition of the projects into different teams or communi-
Architecture refers not only to product, but also to organizatidies [35], [45].
design. Thus, the functional view of the organization corre- Afew researchers recently proposed to combine several DSM
sponds to the development process that has to meet the goaksnf the connecting DMM [11], [46], [47], [52] in order to
the project. This process is decomposed into tasks. The conctigtie multiple domains, thus creating a multiple domain ma-
view corresponds to all the teams, which make up the glolisik (MDM). Danilovic and Leisner use DMM to link important
design organization (internal or supplierse design teams), amddule areas (which compose end product architecture) and ex-
which may be decomposed into smaller design organizatiosting design skill areas [13]. Their aim is to identify and align
and individual designers. Key managerial decisions concern ttreicial skill areas related to major module areas (a set of mod-
allocation of design teams to the design tasks. The teams areles relatively homogeneous from a competence perspective).
charge of carrying out the assigned tasks.
In complex product development projects using the principles .
of systems engineering, several teams develop the compone ts,SymheS'S
the modules or subsystems, and work to integrate all of theseA recent review concerning competence management under-
components to create the “nal product. Sosa, Eppinger, aimks the need for models and tools, which help managers to
Rowles, call smodular teamsZ those, which design modular sysake competence-based management more effective by linking
tems, and sintegrative teamsZ those, which design integratiygerational and strategic decisions [53]. As mentioned in the
systems [36], [37]. Browning suggests that eintegrated progrevious part, in the “eld of strategic management, some con-
uct teamsZ bring cross-functional members together to achieepts help to identify or evaluate core competencies. In the “eld
the development of particular subsystems or system commd-design management, matrix-based architecture models can
nents [38]. He adds that different levels of system teams mayepresent the architectures of the product, process, and organi-
required in the case of large projects. System teams may be sgdition. Little work has helped to link these two “elds. However,
up into subsystems teams, components teams, and functiadedign managers and systems architects who are responsible for
support groups. It is worth noting that the capabilities of moduihe development of complex products need to combine them
lar teams are usually more specialized than those of integratisay closely. Modularization is considered as a valuable way
teams. However, if a team has to design a mechatronic modfdede“ning modules as common objects of value-creating net-
(or subsystem), then the adjective specialized does not refemtorks [20] and for facilitating the development of capabilities
a single well-known discipline (mechanics, hydraulic, etc.), bitased on modular organizational routines [9]. A few researchers
rather to a coherent core of several disciplines required by thave recommended that the product architecture should appro-
design of the multiphysical module. priately mirror (or align, match) the architecture of design or-
3) Matrix-based Architecture Modeldatrix-based archi- ganizations, and thus, the value-creating network that develops
tecture models provide useful representations of internal aml2], [14]...[16], [39], [54].
external interactions (or dependencies), which link three projectDesign managers could use DMM and DSM to identify areas,
domains: product, design process, and design organization [3@fere a value-creating network could be built in order to ex-
They are increasingly being used, as they are able to syeit identi“ed internal, addressed, and outsourced design core
port different research goals, for example, product modularizzempetencies. Thus, the scope of dependency matrices should
tion [40], [41], analysis of technical interactions either withirbe extended, from an «analytical perspectiveZ [7] and an oper-
the products [42] or within the project organization [35], andtional content to a strategic one. DSM or DMM must not be
change propagation analysis [43]. In fact, there are two subtymemsidered only as formal models although they may be rear-
of dependency matrices [44]. ranged by clustering or sequencing algorithms separately. The
1) Interdomains matrices, which represent dependencies bembination of dependency matrices must be considered as a
tween two domains. These matrices are called incidenec@nagerial tool, not as an optimization method only. Our pur-
matrices [45], traceability, and allocation matrices (IEERose is not to answer the following question: How to modularize
Std 1220, 2005) or DMM [46]. They have to ensure thproduct and de“ne ef‘cient design organizations? But rather,
cohesion between the product subdomains [47] and mdrew to use dependency matrices to represent the architecture
generally, between project domains [11]. of design core competence? In this paper, we propose their use
2) Intradomain matrices, which represent dependencies b@-give a static architecture of design core competency. Such
tween elements within the same domain, e.g., betwermpresentations are helpful and provide a common language
components. These matrices are usually called DSM [2%r design managers and system architects. The questions we
[37], [48]. have mentioned earlier are very general. In the remainder of this
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MGT, team manager, etc.). Design teams may be decomposed
into smaller design teams. A system integration team is re-
sponsible for integrating the complex system whereas in-house
modular teams and teams within the supplierse design of‘ces
are in charge of developing modules and components.

Core competence domaiithis domain integrates the con-
cepts (distinctive requirement, design capability) and the tools
(core competence criterion and criteria tree) used by design man-
agers. Distinctive requirements and project goals have to meet
the corresponding core competence criteria so as to judge if
the “nal project outcome is successful or not. Design managers
can use a criteria tree composed of core competence criteria to
evaluate if the produced design capability is a core competence
or not.

Firstly, this tree combines several criteria related to the value
of the core competence estimated by an external or internal eval-
uator. Potential criteria are identi“ed between brackets next. In
the former case (external view), the focus is on market crite-
ria (rareness and inimitability of the competence under evalua-
tion) [3] or social criteria (its regulation advance and its social
compliance). In the latter case (internal view), other criteria add
new branches to the criteria tree. They are related to the effects
paper, we focus on the design of powertrains relying on complekthe evaluated capability on the leading “rmes and supplierse
architectures, developed by integrated product teams. new routines. Does it help to increase the complexity of the

outcome of the design activity (criterion: technical complex-

[1l. APPROACH TODIAGNOSE DESIGN CORE COMPETENCE ity)? Is it really sustainable and related to a perennial product
In this section, we brie"y present an approach for identifyinéne (c_riter_ia: gener_ality and sustaingbility) [3]? Does it help the

tilr;]Jpllers involved in the value-creating network to carry out the

the architecture and evaluating global design core Competencgeyelopment of awhole «design moduleZ ef'ciently [20]? Does
the case of complex products. Firstly, we present key concepts,o

competence-based design management and secondly, we Ouﬁiﬁnhance long-term ef'ciency of the teams in charge of the
. ! . ’ mo%ule development and system integration (criteria: system
the proposed method for diagnosing design core competence, . o - .
Integration capability or module development capability)? Is it
easy to understand and to replicate for a competitor who wants
to create a similar value-creating network (criterion: embedded-
The conceptual framework we propose intends to represeriss)? Does it enhance cross-learning with “rst tier suppliers
the links between key concepts involved in the building of desidariterion: cooperative value)?
core competence. These concepts refer to the capabilities oSecondly, the value criteria related to design core competence
the design organizations and to the criteria used to appreciate balanced with cost criteria. The main idea is easy to under-
if the capability of the global design organization is a corstand. The development of design capabilities, which support
competence or not. This framework is presented by means of thesign core competence is an expensive process, which induces
uni“ed modeling language (UML) class diagram in Fig. 1 [55]a global cost [3], [56]. The new capability can be supported by
Dependency matrices play the role of interconnecting models (iew purchased assets or newly hired experts or managers (cri-
the center of the “gure). Dependency matrices are seen as usftibn: acquisition cost). The context concerning the production
tools to model the architectures of product, design process, aridhe new capability has to be remembered, understood, and ex-
organization along with their interdependencies. Thus, Fig.plained (criterion: contextualization cost). One has to make the
integrates around the class called «dependency matrixZ seveetdted knowledge explicit by using design models and knowl-
domains related to product, design process, organization, autje management models (criterion: conceptualization cost).
core competence management. Last but not least, this conceptualized knowledge has to be
Product domainThe designed complex system has to satisfyapitalized in order to make its diffusion and its sustainability
system requirements and is decomposed into several moduleffective (criterion: capitalization cost). Fortunately, the more
Design process domaifhe design process is organized andxpensive this process is, the higher the barrier to entry related
assessed by a design manager. It may be decomposed into teskke evaluated design capability is. Expressed differently, a
and has to meet the project goals. core design competence has not only a great strategic value, it
Organization domainDesign organizations (integrated deis also expensive to make it sustainable.
sign of“ce, value-creating network, and design teams) carry outCoupling the project domains and the core competence do-
design processes and tasks. They are organized, coached, evair It is worth noting that in Fig. 1, there is no direct
uated, and represented by a design manager (system architetafionship between the dependency matrix and the criteria tree.

Fig. 1. Design core competence framework.

A. Conceptual Framework
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Indeed, the desigh managers should use these two complenfenbesign Contextualization
tary tools. With the former tool, they represent the architectures

: : . . . . The case described in the following sections comes from
of the project domains along with their couplings. With the la.rr'esearch collaboration (2000...2006) with a French automaker

ter tool, they evaluate the design capability produced by desi Qsign of‘ce. This organization of 4400 designers is specialized

organizatio_ns_ (W.hiCh belpng o the organization domain) Wil'i powertrain and chassis development. This design ofce took
regard to distinctive requirements (which belong to the produgt - nsigeration the principles of systems engineering, since

domain) and projectgoals (which belong ta the process domal 97 whenitwas restructured, bene“ting from a methodological

This requires a great change in stra.tegl_c managgment p.raCt't?Sﬁsfer from aeronautics. It is responsible for both routine and
as managers have to focus on organizational entities, design PR

ovative designs. It exploited well-known purely mechanical

cesses, prOJec_t goals, anq systems requirements smultaneog |I)(ltions, and then, ensured the technological continuity of the
There is no existing algorithm to couple the use of the so-call e of products. But it also had to produce a continuous "ow of

tools and domains automatically. Combining DSM and DM ffective innovations, in order to offer differentiated cars, which

is a quite recent approach, which does not propose mature Id achieve strict requirements (drivability, safety, consump-

tested tools. However, partial couplings and propagations Gar}, CO, emissions, etc.). The following points explain why
be formalized, as it will be shown in this paper. the ioowertrain syste,m design is complex

1) Infunctional terms, the size of the requirements list is im-
B. Requirements and Steps of the Approach portant. The target level of each of them (safety, gas emis-

The approach we propose aims at supporting the activities SO consurjnp.tlon, drivability, etc.) is higher and higher.
of the design managers, which are related to core competence 1h€ contradictions between them are acute (e.g., a better
diagnosis. It is divided into “ve steps as follows. safety at a lower weight, etc.). _

1) Design contextualization. As is underlined by evolution- 2) In structural terms, each powertrain system includes tens
ary economics and strategic management theorists, a core_ ©f functional modules and thousands of components.
competence building is contingent and path—dependenl?’) _In behavioral terms, |_t is a dynamic system_, Whlch is used
[6], [8]. It refers to a speci‘c context (type of require- in many exte_rnal environments. Moreov_er it is coupled to
ments, product lines, economical constraints, design prac- ©ther dynamic subsystems (e.g., chassis).
tices, etc.), the design managers have to take into accountIOreover, the powertain system is produced by mass-
The identi“cation of the expectations related to the desidifoduction manufacturing systems, which are organized fol-
core competence. The aim of this step is to identify arf@"ing the principles of the «Toyota production systemZ [57].
elicit the core competence criteria the project team has [§'€ “xed costs are high. The powertain system has alonger life-
meet. cycle than the ones of vehicle models in which it is integrated.
3) Modeling of product, process, and organizational ardﬁzuring its life, a powertrain knows several vintages anc_JI evolu-

tectures and their interdependencies. The aim is to propl@"S- Thus, designers have developed a product family, not a
gate distinctive requirements through the product archite€Nd€ product. Moreover, innovation is forecast and controllied.
ture and the design process architecture in order to qué_technologlcal continuity exists between the vintages of the
itatively identify, which teams» capabilities contribute td°roduct. ,
meet them. The presented case refers more particularly to a subsystem
4) Identi“cation of the value-creating network. The aim is t@f thé powertrain, which is the gearbox. Gearboxes are critical
build a clear cartography of the relationships between tf@MPonents of the vehicle cinematic chain. For a long time,
integrated design of‘ce and the set of teams within tr%earpoxgs have been well-knowrj mechanical system;. Innova-
suppliers involved in the design project. tion in this “eld has been.more incremental than radical and
5) Ex-postevaluation of the produced design capability. K€€ has been a clear dichotomy between manual and auto-
qualitative evaluation of strategic criteria can be performdg2!ic gearboxes. The system studied is a new robotized gearbox,
at the end of the system development project. which is a tech_nologlcz_il hybrid betv_veen manual an(_j automatic
gearboxes. This technical solution is part of a growing class of
modules in the automotive industry, which is that of mechatronic
subsystems. The concept of the robotized gearbox is to plug a

This part presents a case study that concerns the organiz&chatronic actuator (ACT) on a standard manual gearbox with
tional change process that transformed an old project orgadilow cost and a long life cycle. These last points explain how
zation, which designs mechanical gearboxes, into a new @rfobotized gearbox can act as an automatic gearbox, and be
ganization responsible for the development of more compléxcheap solution. There is a potential market for the robotized
robotized gearboxes. We applied the proposed method to diggarbox: customers who are interested in driving without being
nose the resulting design capability. Our aim was to represeligturbed by gearshifting, but who cannot afford an automatic
the architecture of the produced capability, to visualize howgdearbox. Designers involved in the robotized gearbox project
had been embodied in the design teams involved in the valli@d to make what the biologist Stephen Jay Gould (1941...
creating network, to evaluate it and to discuss its strengths a#@02) has called «exaptationZ [58]. That is to say, in the present
weaknesses. case, exploit as far as possible the potential of current products

2

~

IV. PARTICULAR CASE OF THEROBOTIZED GEARBOX PROJECT
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(manual gearbox and compact electrical ACT), the capabilitie — . T T=15 1= =

. . . . Rabotized Gearbox DSM =2 =l5]=5|x

of design organizations (automakeres design teams), and { “lel<lolC]al=]=

. HPH H H H e . Internal shift control ISC X | X X
growing capabilities of the suppliers involved in the develop ?_!un‘n?g .Sy:;z:n Syachronizer[SYN] X <

ment of subsystems (they try to offer the same solution to seve| ""eton ©HD Actuator ACT| X X X
automakers), to open a new product line. Itis to be noted thatt| Coupling SF Clutch CLU X X

. . . . . (COU) Clutch internal control | CIC X | X X

development of a robotized gearbox is neither a routine desig—pqor Siferential OIEF 1%

nor an advanced one. Transmission SF |Internal mechanical partd IMP X X X X

Strength flow SF Housing box HBX| X X x | x| x [l

B. IQenti“cation of the Expectations Related to the Fig. 2. Product DSM of the robotized gearbox.
Design Core Competence

e e e Bpendencesbetween the ot (e, robotzed st
Ject, Wi pre . ’ e design process, and the design organization. This needed to
cern the entire vehicle. Thus, design teams need to decompgge

them into well-de“ned expectations linked to the car subsys: done in order to estimate any possible impacts of distinctive

tems, e.g., the powertain and the gearbox. The main distinctrequwements on design organizations, and to highlight crucial

. . I(Yee&gn organizations and their capabilities.
requirements can be abstracted from the requirements or con: . - : . .

. : 1) Product Architecture:Firstly, we interviewed design ex-
straints allocated to the robotized gearbox.

1) Shifting gears at less than 250 ms, for the feeling of secgﬁ”s and architects who had a thorough understanding of gear-

rity and the driverss pleasure (or drivability) given by thi ox architectures. The system architect identi“ed four main sys-
sh):)rt time P )9 Y MSem functions (SF): shifting, coupling, power transmission, and

2) Contributing to the reduction of GOemissions (com- strength ow. For the transformation of a manual gearbox into a
) . ) robotized one, an ACT was to replace the gearshift lever and the
pliance with very strict Euro V standards), and to the . .
: . Clutch pedal. The designed robotized gearbox was composed of
improvement of fuel consumption. . )
X . eight components, and hundreds of parts. The mapping between
3) Being as reliable as a manual gearbox. . L C
. ) : : functions and components was facilitated by the typicality of the
4) Being an intermediate solution, between cheap manual , . : : .
. . architecture of the robotized gearbox. In this project, the system
gearboxes and expensive automatic ones.

architect de“ned an architecture, where an electrical ACT acted

: In addition to th|§ list of r.equweme_nts, the goals of the rObcEoth on the internal shift control (ISC) and the clutch internal
tized gearbox design project contribute to some of the core

competence criteria. In this case, the expected gearbox des(}gﬂtrol (CIC). Fig. 2. d|§plays its hybrid architecture which was
capabilities must do the followin composed of following:
pabrl . 9. . . 1) three modules (or modular subsystems): (ISC; synchro-
1 Give a provisory leadership in robotized gearboxes in the nizer (SYN): ACT): (ACT: clutch (CLU): CIC): (differ-
B segment of the car market (subcompact cars) and erase . ' ' ’ ’

. Lo ential (DIFF));
the place of the automatic gearbox in this segment. : ; ) .
. .. 2) two integrative subsystems: they linked the other modules
2 Use the same manufacturing system as the one dedicate : )
of the gearbox together, internal mechanical parts (IMP)

to a manual gearbox once again. This kind of production N : :
system is both capitalistic (high level of “xed costs), and ‘;‘C’Q the inside and the housing box (HBX) from the out

well—known (it is nearly 20 years old). Ir_1 other_words_, In this product architecture, each module was directly linked
robotized gearboxes can be seen as an innovative varl%ng system function. Concerning the integrative components
of a gearbox platform. yste L '9 nteg P u '
3 Develop a line of products, which are compliant with ent—he *IMPZ were linked to t-he. dlfferent.|al through the f.UI I-
vironmental and social vall,Jes. ment of the power transmission function. The HBX d|rectly_
4 Develop an in-house, technical, and organizational learanpported the stren_gth fgnctlon. Moreover, the syst_em archi-
ing, which is related to the codevelopment of key mechte-.Ct stressed 'Fhat dlst[nctl\_/g reqwreme.nts were carried out by
tronic modules (speci“cation, functional modeling, an ifferent functions. Dnvaplllty was cgr'rled out by a modular
validation). subsystem (system function: gearshlftln_g; related qo_mponents:
5 Improve the ef‘ciency of collaboration and cross-learninlsc’ SYN,_and ACT). Power trans_mls_smn and shifting f“r_‘c'
with “rst tier suppliers Hons contributed to fuel consumption improvement. _Coupllng
. : . .and strength were internal functions. The technical risks man-
6 Improve operational performances of projects concernin

! ) ; : agement had identi“ed the SYN and ACT as being the most
future designs of mechatronic systems (in particular, th

roiect risks must be manaaed rigorouslv. the proiect dc[itical components concerning reliability as the gear teeth of
Pro) g 9 Y. pro) the sYN (form and material) had to be modi“ed because of
ration must be shorter than 120 weeks).

the high strength provided by the ACT. In addition, the ACT
included electronic devices and its introduction was innovative.
Consequently, the sgearshiftingZ subsystem had a signi“cant
impact on distinctive requirements.

After identifying the context of the gearbox design and the 2) Design Process Architecturédnce the robotized gear-
design core competence expectations, we needed to modeldbe architecture was de“ned, we interviewed the project

C. Modeling of Product, Process, and Organizational
Architectures and their Interdependencies.
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Negociate specifications ORG1 XXX
Specify POW function 1RG1
Specify COU function 1RG2
Specify STR function 1RG3
Specify SHI function 2RG1 X
Fix kinematics 3RG1 X
Fix axle spread 4RG1
Fix Clutch Internal Control 4RG2

Fix lubricant 4RG3
Fix Gearbox architecture SRG1

Design ACT 6RG1 X
Design SYN GRG2 X
Design ISC G6RG3 X
Design CLU 6RG4 X
Design CIC 6RGS X
Design DIFF 6RGG6 X
Design IMP 6RGT X
Design HEX 6RGS X
Fix rolling bearings and casing | TRG1 X

Fix components design 8RG1

Edit integration documents IRG1

Fig. 4. Design process DSM.

Fig. 3. Dependencies between robotized gearbox and design process.

design manager to establish the design process architectt

On the left side of Fig. 3, we enumerated a list of tasks include

in the design process. Fig. 3 displays the mapping matrix b

tween robotized gearbox and design process (robotized geart

... process DMM). In the columns, we listed both functions ai

components as they are objects of different design tasks. We ¢

notice that the shifting function, and consequently drivability,

is linked to eight activities. The task *specify shifting functionZig. 5. Organization process DMM.

(*2RG12) is constrained by the speci“cation of the other system

functions through the kinematics choice. This mapping matrix

also reveals three sets of tasks (this note is consistent with th&) Organizational ArchitectureThis design process was

principles of systems engineering): functional analysis (froguite new in gearbox development projects. These changes im-

ORG1 to 2RG1). system architecture de“nition (from 3RG1 tplied the de“nition of new types of teams and design roles or

5RG1), and component design (from 6RG1 to 9RG1). positions. They induced the restructuring of competence-based
Fig. 4 displays the design process architecture. Partitionidgsign organizations, which developed capabilities to design

algorithms could be used <for getting the DSM in an uppefunctional modules.

triangular form at the extent possibleZ [29]. In fact, to obtain this We captured the design organization by identifying the new

list of tasks and this sequence, the MGT interviewed gearbodes and their responsibilities, and consequently, the technical

design experts, discussed about interfaces and deliverables,iatetactions between them. The left side of Fig. 5 displays the

then, streamlined the development process. The process Di&Vof roles of the team members. According to the detail level

revealed that the development process had been organizedaaiopted in the core competence analysis, operational designers

cording to three main stages corresponding to the three setglofnot appear in the proposed DMM in Fig. 5. This DMM is

tasks mentioned earlier. The level of detail proposed in this pa-mapping between the project tasks and the individual roles.

per is suf‘cient to cover key design tasks and is consistent with order to avoid con’icts, there is only one decision maker

the detail level adopted in the gearbox architecture. in charge of each design task, but the outsourced components
The stage of system architecture de“nition was important teere codesigned with the supplierse teams. The organizational

allow concurrent engineering for component design tasks andaiehitecture is obtained by documenting the interactions be-

decrease the risks of long iterations (regular technical revietveeen actors during the development project. We interviewed

have been planned, but not represented in the process DSiWi¢. MGT, the system function architects, and the component

The design process architecture and project management pradedelopment leaders to assess the integration effort of design

to be competitive as the project duration was shorter than theyanizations [29]. We asked them to rate the criticality of

target duration (120 weeks). The managerse abilities to redestfeir interactions with one another during the gearbox de“ni-

appropriate design processes contributed to the improvementiof phase and the detail design phase. In the proposed method,

the operational performance and the compliance with the target are interested in a qualitative evaluation only and a binary

of time to market. scale is suf‘cient.
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5l= £ = HE
== g HEEEE
Project manager MGT X BEBBEBEE
Simulation and Evaluation Leader SEL X x[xfx|x]x|x]x]x
Shift function architeet SHIA | x| x
Coupling function architect COUA | x| x
Power transmission function architect | POWA' [ X | X} x| X X
[Strengih function architect STRA" | x| x XX
Shift function architeet SHIA | x| x x| x| x
Internal shifi control dev. leader ISCL | x| X X X|x
Synchronizer development leader SYNL | x|x X|x
Actuator development leader ACTL [ x| X x| x 3
Coupling function architect COUA | x| x x[x
Clutch development leader CLUL x| x X X
Clutch internal control dev. leader CICL | x| X xfx|x
Power transmission function architect | POWA | x| X X|x X
Differential development leader DIFL fx|X x|l x
Internal mechanical parts dev, leader IMPL | X | X X|x
Strength function architect STRA |x|x X
Housing box development leader HEXL [ X[ x X X

Fig. 6. Organization DSM.

Fig. 6 displays the binary organization DSM and the resuli
ing architecture, where «XZ means that information "ows wer:
identi“ed between two actors. We checked the consistency of the
design managerse answers and interviewed some actors agafigt@.  Key links within organization domain.
check that they agreed with each other. We rearranged the orig-
inal DSM and introduced redundant roles of function architects
to highlight their key roles. This architecture was validated byomponent development teams. For instance, the actors linked
the MGT. to gearshifting (and then, drivability) formed a crucial modu-
We noticed that the MGT, and the simulation and evaluatidar team: shift function architect (SHIA), internal shift control
leader (SEL) were two integrative actors. They interacted wittevelopment leader (ISCL), synchronizer development leader
every actor during the project. This information is consistef8YNL), and actuator development leader (ACTL).
with the combination between the gearbox ... process DMM, th&ig. 7 is based on Fig. 6. It shows the key articulation be-
process DSM, and the organization DMM. In fact, the MGTween the automakerss design of‘ce and the supplierss one. In
was in charge of tasks ORG1, 3RG1, 5RG1, and 8RG1 (nedbe new design organization, component development leaders
tiate speci“cations, “x kinematics, “x gearbox architecture, “xhad a double role. Firstly, they managed a subteam (a component
components design, respectively). These tasks were relatedi¢gelopment team). Secondly, they ensured that the collabora-
the others, which were under the responsibility of all the desigtien with the supplierse teams was effective. It was the case in
ers. The SEL was in charge of the task 9RG1 (edit integratitime studied project for the outsourced components: SYN, clutch,
documents), which consisted of risk synthesis for all functiormd ACT. Concerning this last component, the ACTL was re-
and components. Skills necessary to play these key roles wepensible for its speci“cation and validation, its integration in
related to coordination, integration, and a thorough knowledtjee gearbox, and its adaptation in the powertrain. He led an ACT
of mechatronic systems. development team and played an engineering liaison role with
The architecture of the robotized gearbox project was cortite engineering leader of the supplierss development team. The
plex. There was a central organization called the ssystem isdpplierss team had to codesign gearshift strategies (cospeci*-
tegration team,Z which regrouped the MGT, the system furation of the ACT control) and was in charge of the detail design
tion architects (power transmission, coupling, strength, and shiftthe ACT control, electrical devices, model-based software,
function architects), and a SEL who is charge of the managed its mechanical parts. The component development leaders
ment of risks. This crucial team was in charge of key desigind the supplierse engineering leaders played a key interface
stages related to functional speci“cation, system architecturele (engineering liaison, bargaining, etc.) between the teams of
and also system integration and requirement validation. Thieth the automaker and its suppliers.
team developed the capability to design hybrid architectures of4) Propagation of Requirements Through ArchitecturBy.
robotized gearboxes and the capability to integrate relativatyeans of the product DSM and product...process DMM, we were
complex systems. able to link the distinctive requirements, i.e., drivability, fuel
Each system function architect was responsible for the inteensumption, and reliability, to the concerned components and
gration of the functional module. She/he managed a modutasks. By continuing the propagation of the requirements «driv-
development team composed of component development leabilityZ or reliability, we observed that the «gearshiftingZ devel-
ers, since his/her role was to allocate functional requirememsmentteam developed a capability to design this key functional
onto concerned components. This leads us to conclude that eaxdidule that ful“ls these requirements. Moreover, the epower
function architect has played an integrative role inside his monlansmissionZ development team was also crucial as it was
ular team and an engineering liaison role between the concerwedcerned with the capability related to the fuel consumption
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mentary to the car design of‘cess ones. At the bargaining process
level (purchase versus supply processes), the design managers
tried to de“ne the conditions for a long-term ewin...winZ partner-
ship. The car design of“ce and the suppliers shared a part of their
management tools and practices to enhance codesign of hybrid
architectures. They de“ned key engineering liaison roles: the
ACTL (the person in charge of developing the ACT within the
car design of“ce) and the engineering leader within its supplier.
Their project processes shared or developed some collaborative
tools in order to virtually integrate module models in the sys-
tem models (functional, behavioral, and structural models). At
an operational level (technical processes), they collaborated to
de“ne the ACT control. The supplier of the ACT was strongly
involved in the ful“llment of the gearshifting function. However,
due to budget restrictions, the car design of‘ce temporarily hired
engineers who were in charge of specifying the behavior of the
ACT and code“ning its control system. Hence, the design of‘ce
Fig. 8. Value-creating network related to powertrain design. did not leverage this project to improve its capability to develop
in-house learning, which is related to the codevelopment of key

: . . énechatronic modules.
improvement. In this case study, we were able to associate dis-

tinctive requirements to crucial modular teams. The new orga-
nizational architecture revealed that the ACTL and the sclutdd. Ex-Postevaluation of the Produced Design Capability
internal controlZ development leader (CICL) had played the key

le of . ing liai betw h 20D dul Once the robotized gearbox project was “nished, with the de-
rolé of engineering flaison be (?en WO overlapping modu %?gn managers, we used in a global and visual way, a qualitative
within the automakerss design of“ce.

criteria tree to estimate if the capability produced through the
project was a core competence or not. Core design competence
criteria and their qualitative values are presented in Table I. If
Intrinsic complexity of the powertrain system explains whll the values were very high, then, in the current market con-
this product is codesigned by the automaker and a networktekt, the automaker would be the leader in robotized gearboxes
suppliers, and why managerial methods. like systems engin€fer-B segment cars (subcompact cars). This however is not the
ing ones are applied [59]. Fig. 8 represents the gearbox-relatede. It is a credible follower, but not an indisputable leader.
value-creating network. This “gure shows that three entitida Table I, in the second column, the white squares indicate
ensure the cohesion of the network. The “rst one is the comualitative criteria estimated by design managers whereas the
mon module, which the automakeres and supplierse designbfack ones are related to rough aggregative criteria. The third
develop. The second one is the common or compliant routinesjumn corresponds to the design capabilities (identi“ed in Part
which the automakeres and supplierse designers have in the “@dr through the previous diagnosis), which contribute to the
of systems engineering. The last one is the key role of engineautomakeres sustainable competitive advantage.
ing liaisons as previously mentioned. As shown in Table I, the design managers of the car de-
Gearbox development is a complex and expensive procesigh of‘ce conjectured that its external and internal values were
The role of the design managers in the car design of‘ce ahigh. A design capability in robotized gearbox development
their homologues in the “rst tier suppliers was to ensure thatas not so common (high value for the rareness criteria linked
all the design organizations achieved their operational missidioghe provisory leadership in robotized gearboxes for B segment
(respect of cost, quality and delay, and risks management). Tegrket cars). The hybridizing process related to the robotized
also had to improve the ef‘ciency of collaboration and crosgearbox project produced an ef‘cient outcome. Thus, the sys-
learning (cooperative value) by aligning their design organiem requirements were satis“ed (drivability, reduction of LO
zations (roles of engineering liaisons) and routines. Managemsission, reliability, and cost). Modular teamse capabilities and
involved in purchase processes had to reduce transaction cstigtion architectse roles were able to guarantee the generality
by creating a market framework inside, which the bargaining of the knowledge acquired at the end of the given project (very
automaker-suppliers could be achieved as ef‘ciently as possilidgh level of sustainability). For example, they were able to in-
In this case, such an organizational pattern refers to the ACTease the level of abstraction of the functional or behavioral
which is a component that highly contributes to distinctive ranodels used and produced by mechanical designers. Note that
quirements of the robotized gearbox. Therefore, the automakee embeddedness value was too low. A great part of the skills
has selected a supplier to codesign it in the framework of a lorgpncerning the speci“cation of the controlled behavior was fully
term partnership. The supplier had already developed core camtsourced. Thus, the expectation concerning the acquisition of
petence in designing ACTs of robotized gearboxes for Grawdpabilities in codeveloping key mechatronic modules was not
Tourer or F Segment cars. These competencies were complatis“ed. The estimated value of the scooperative valueZ criteria

D. ldenti“cation of the Gearbox Value-Creating Network
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TABLE | TABLE |
DESIGN CORE COMPETENCECRITERIA TREE RELATED TO THEROBOTIZED (CONTINUED)
GEARBOX PROJECT

was medium as no sharing of knowledge between the car de-
sign of*ce and its suppliers was achieved through the project.
The car design of‘ce did not use this project to improve the
efciency of its collaboration and cross-learning with its ACTse
suppliers. The global cost of competence development was high,
although most of the components of the gearbox were reused.
We can explain this fact by the following rationale: the cru-
cial skills needed in this kind of hybrid architecture design are
system-focused (integrative), not modular-focused.

V. DISCUSSION

In the car design of‘ce, technological knowledge and skills
were restructured in competency-based design entities (rather
than functional departments), according to the key system func-
tions of the product. This organizational architecture was aligned
with the architecture of gearboxes. Each competency-based en-
tity grouped different architects who were responsible for the
same function (but involved in different projects), the concerned
component development leaders, as well as the in-house com-
ponent designers. In the system integration team, a function
architect represented his/her competency-based entity and was
responsible for the ful“llment of the concerned system func-
tion. This manager led a small team of component designers
who remained in their design entity. This elightweight project
organizationZ [60] was justi“ed as the interdependencies be-
tween the teams were weak at the level of the components and
rather high at the function level. The function architect played a
key role by developing two main kinds of skills. The “rst skill
was orientated to the development of the teames capability. It
was related to synthesis and coordination inside the team that
the function architect managed. The other one concerned both
the system and the partners involved in the same value-creating
network. This last skill was related to integration and negotiation
at the interfaces with the other teams.

Function architects had to develop their expertise related to
the speci“cation and validation of this function inside the car
design of‘ce as well as possible. Otherwise, the automaker could
have become strongly dependent on its suppliers. As far as
the etransaction costsZ theory [34] is concerned, the long-term
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TABLE Il The team responsible for the power transmission module de-
TRAJECTORY OF THEDESIGN CORE COMPETENCE veloped a specialized capability, i.e., thorough expertise relative
to a particular function. It is similar for the designers in charge
of the SYN design inside the shifting module team, sinceitis a
mechanical component.

In this design of‘ce, the knowledge transfer between differ-
ent projects was facilitated within the competency-based entities
by communities of practice, which were led by a etechnolog-
ical leaderZ. Moreover the system project team included func-
tional support representatives (for instance, planning, quality,
accounting, and test), which were multiproject at the same time,
and then, also shared new innovative solutions throughout the
gearbox development projects quickly.

Table Il sums up the main changes made to the car design
of“cees gearbox design capabilities. It shows that the acquired
capabilities related to the robotized gearbox project are likely to
be extended to future innovative gearboxes.

The new gearbox is a signi“cant innovation within the B mar-
ket due to cost savings in a potential future key market. Modu-
larity is a key paradigm for architecturing project domains and
facilitates the development of key design capabilities. It favors
both incremental innovations and the development of the capa-
bilities of design organizations. The main risk of the modular
strategy adopted by the design of‘ce, is that a competitor may
develop aradical innovation, which may cause the existing “rms
to lose the leading market positions. This could be the case if
an automaker (or even an outsider) launches electric cars with
a price comparable to the existing standard of the B segment
market.

VI. CONCLUSION

This paper presents an approach to diagnose design core com-
petence. We outlined how to link competence-based and value-
creating network management, with matrix-based architecture
models. Well-known tools in the “elds of strategic manage-
ment or desigh management were used to identify the structure
(i.e., DSM) or the coupling (i.e., DMM) between three project
domains (product, design process, and organization) linked to
the design core competence management. These matrix-based
models helped to propagate new distinctive requirements onto
design organizations involved in a common value-creating net-
work (integrated design of‘ces, supplierse design of‘ces, and
teams). The different types of capabilities belonging to the

partnership for future and more complex gearbox developmeaams could be identi“ed when the organizational architecture
projects is required. was revealed (modular, integrative, and overlapping). A core

The team in charge of the shifting module design developeda@ampetence criteria tree was also proposed, in order to evalu-
capability related to the knowledge of mechatronic engineeriage if a produced design capability following a given product
as this module was made of mechanical parts, ACTs, sensa®yelopment project could be considered as a core compe-
and a control system. This capability was shared between thace or not. We presented a set of criteria, which extend
car manufacturer and the supplier of the ACT as they cospélse set of usual ones (rareness, inimitability, and embedded-
i“ed the expected behavior of the robotized gearbox and comess) by adding external criteria (compliance with social values
alidated the working of this module. The supplier was selectatid regulation advance), internal ones (technical complexity
early on in the innovation phase according to its capability tnd cooperative value), and also the global cost of the com-
be (or to become) an innovative integrator of this mechatronpetence (acquisition, contextualization, conceptualization, and
component. capitalization).
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The strategic management literature fails to propose a franitanay be useful to develop a QFD *house of qualityZ to analyze
work, which jointly evaluates the produced capabilities folhow the elements in the different project domains may con-
lowing a product development project and which represeritiute to the ful“llment of the core competence criteria. This
its architecture (at least partially), that is to say, the way it tsol may help the design managers to deploy strategic goals
embedded in the value-creating network involving several inden the different project domains. However, the QFD method-
pendent design of‘ces. The case study presented in this papkagy is neither focused on the architecture of each domain,
focused on a design of‘ce that had restructured its organizatinar on the coupling between modules that belong to different
to achieve better alignment with the architecture of the compldeomains.
products it develops. However, a new alignment is not suf‘cient The case studied in this paper dealt with hybrid architec-
to ensure the “rmes sustainable competitive advantage. Designe with three clearly identi“ed modules from functional and
managers will have to adapt the managerial roles, practices, amgsical points of view. This starting point facilitated the propa-
strategies to better integrate the in-house design teams andgégon of distinctive requirements (drivability and reliability, in
supplierse teams into an ef‘cient value-creating network. Thhis paper) through organizational and design process architec-
proposed method will help design managers to evaluate nawes, and also in the identi“cation of the capabilities of crucial
design organizations, to determine if the produced capabiltiyams. A qualitative approach is certainly suf‘cient to achieve a
actually corresponds to a design core competency, to repreggobal diagnosis. The challenge is now to study the design core
the architecture of the design organizations that embed this comnpetence concerning a system that is sless modularZ. The de-
competence, and then, to identify the crucial teams and maelopment of propagation algorithms and tools would be useful
agerial roles. to simulate the quantitative impacts related to the changes of the

The case study corresponds to another experience conceligtinctive requirements in the project domains, to propagate the
ing the interest of alignment in case of modular architecturesoice of the end userZ or to make some insights of the design-
The proposed method should help researchers to study thedrs more effective [7]. In the case of an integral architecture,
terest of alignment in terms of core competence developmehis propagation is obviously more dif‘cult and would require
and according to different product architectures, organizatiorfatther investigations.
boundaries, and competitive environments.

It provides researchers with a consistent framework concern-
ing design core competence diagnosis. Our proposition could
be extended to develop a global framework and recommen-The authors would like to thank the design managers of the au-
dations concerning competency-based management of vahaenakeres design of‘ce for their fruitful collaboration. We also
creating networks. However we need to “nd answers to thiank the department editor, Prof. J. Pinto, and the anonymous
following questions: What would be the target of the desigreviewers who suggested useful improvements in the drafts of
core competence? How would the gap between the expectieid paper.
core competence and the current routines of existing design
organizations be measured? How would the appropriate ar- REFERENCES
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