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Lagotavljanje vedje konkurenénosti s koordiniranjem procesa konstruiranja’
Ensuring Competitive Advantage with Design Coordination
ALEX H. B. DUFFY

Prispevek opozarja, da je treba za zagotovitev velje konkurencnosti posebno pozornost
nameniti udinkoviti koordinaciji procesa konstruiranja (KPK), da bi lahko dosegli nafbolj%i raz-
voj izdelkov in produktivnosti. Predstavljena je zamisel KPK kot temelj, na katerem je mogoce
uresniciti dani cilj, s poudarkom dolocenih vidikov razvoja izdelka, in sicer: skladno inZenirsko
delo, podporo odlofitev, upravijanje procesa konstruiranja, upravljanje izdelkov in skupinsko
inZenirsko delo. Orodja oz, postopke, npr. DC, je treba vrednotiti na podlagi danih pogojev, da
bi zagotovili njihove zmoZnost zadovoljiti take poslovne kakor tudi tehniéne potrebe podjetja.
Na podlagi taksne ocene pridemo do sklepa, da je mogode s koordiniranim inZenirskim delom,
in £e posebej s koordiniranjem procesa konsiruiranja, zagetoviti udinkovit razvef fzdelkov.

This paper argues that to ensure competitive advantage considerable effort must be
directed at effective Design Coordination (DC) in erder to achieve optimal product development
performance and productivity. The DC Framework is presented as the basis upon which to
realise this aim by providing support to particular aspects of product development, namely:
Concurrent Engineering, Decision Support, Design Management, Product Management, and
Team Engineering. It is suggested that tools /means such as DC should be evaluated upon
identified requirements to ensure that they are capable of meeting the business as well as
technical needs of the enterprise. From such an evaluation, it is concluded that Coordinated
Engineering, and in particular Design Coordination within engineering design, is the means

to achieve effective product development,
0 UVOD

Vetjo konkurenténost lahko doseiemo na ve-
like razlitnih nacinov [1], [2]. Podjetja so se v
danagnjem trinem okolju prisiljena hitro prila-
gajati spremembam in mnogovrstnim zahtevam
odjemalcev, hkrati pa morajo znati izdelati in
ponuditi svoje izdelke hitreje in po konkurenénih
cenah. Proizvoedna podjetja morajo torej zagotoviti:

— krajsi ¢as od zamisli do prihoda izdelka na
triiiﬂﬂq

= izholjganje kakovosti in zadovoljstva odje-
malca in

= konkurenéne cene.

Vpliv procesa konstruiranja na uspeh ali ne-
uspeh izdelka na trZi&u je velik. Vedno balj ocitno
je, da je zelo pomembno dosedi vedjo udinkovitost
procesa konstruiranja. D. Rimmer [3] je prizel do
naslednjih spoznanj:

»Analiza nekega vpraSalnika sredi B0. let
je pokazala, da je skupna »utinkovitost« razvojne
faze okoli 4 %. Podlapa za tak izrafun je dejstvo,
da inZenirji v povpretju porabijo okoli tretjino
svojega éasa za »dejansko« konstruiranje. Le tre-
tjina tega éasa je porabljena za refevanje wdejan-
skih« problemov, pri tem pa je pravilen postopek
uporabljen le v tretjini tega ¢asa (1/3 = 1/3=1/3 =
7= 43), Na podlagi tega lahko sklenemo, da se v
fazi konstruiranja skriva wvelik potencial za
izholjsanje sedanjega stanja, ob predpostavki,
da poznamo mehanizme za njegovo izboljsanje.

0 INTRODUCTION

Competitive advantage can be achieved by a
number of different means [1], [2]. Within the
current market environment, enterprises are being
required to become increasingly responsive to
changing and diverse customer needs, while being
able to introduce and deliver their products more
efficiently and at competitive prices. That is,
manufacturing enterprises need to ensure:

— shorter time to market,
— improved quality and customer satisfac-

tion, and AT

— competitive cost.

The signficance of the design process in de-
termining the success or failure of a preduct in
the market place is becoming increasingly more
articulated. It is becoming more apparent that
there is considerable scope for substantial impro-
vements and efficiency gains within design, as
intimated by Mr. D. Rimmer [3]:

»A questionnaire study carried out in the
mid-80s supgpested that overall effectiveness
of development engineering is around 4 %. The
basis for this statistic is that, on average, engi-
neers reported spending around one third of their
time doing »reale« design, of this only one third
was spent solving the »right« problems, and of
this management have the right competencies only
one third of the time [ fe. 1/3 x 1/3 = 1/3 =
4 %). This leads to the conclusion that the poten-
tial for improvement in better productive use of
the engineering designer resource is substantial -
provided we have the mechanisms to realise it.

* Referat na drugl mednarodni konferenci »0d konstruiranja do proizvodnje v sodobni industriji«. Bled 29.~30.5.95
This paper has been presented at Znd international conference »Design to Manufacture in Modern Industry = DMMI 95,
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V splosnem lahko refemo, da je veliko Zasa in
napora izgubljenega zaradi neuspesnega osre-
dototenja na aplikacijo, kakor tudi neuspeinega
upravljanja konstrukcijskega dela«.

Konstruiranje zahtevnih lzdelkov obsega
koordinirano organizacijo ve® podrofénih skupin
ter aktivnosti in informacije, ki se nenehno raz-
vijajo in spreminjajo med samim procesom kon-
struiranja. Zgodovinsko gledano so bile razliéne
aktivnosti povezane s konstruiranjem locene
in je bila medsebojna povezava na neformalni
in formalni ravni komunikacij zagotovljena prek
papirja ali prenosa datotek, kar je zahtevalo
veliko napora, medtem ko so bili rezultati ne-
dosledni in' konfliktni, Kenstruiranje pa povsem
neusklajeno. Konstruiranje postaja vse bolj ne-
loéljivo povezano z ratunalnifkiml orodji za kon=-
struiranje in podatkovnimi modeli, ki se nenehno
spreminjajo. Preden je mogofe tako velplastno
in zahtevno delo, kakrino je konstruiranje,
utinkovito organiziratl In wuskladiti v okviru
takinega rafunalniSkega medija, je treba zago-
toviti zdruZitev vseh razpolozljivih podatkov z
orodjem za konstruiranje, da bi s tem zagotovili
ué¢inkovito uporabo vseh razpoloZljivih moZnosti.
Takino okolje daje lahko, ne le temelj razvoju
vetpodroénega konstruiranja in dinamiéne pro-
jektne skupine, temveé tudi hkraten, koordiniran
in utinkovit razvoj izdelka.

Kako zapleten je proces konstruiranja, je
razvidno iz velikega 5tevila opisov v literaturi,
kjer posku&ajo predstaviti bistve konstruiranja [4].
Zanimiva je predvsem raznolikost teh opisov, ka-
kor tudi dejstvo, da poudarjajo razliéne vidike,
glede na razliéno interpretacijo in dognanja posa-
meznih avtorjev. Vedina se jih prav take nagiba
k opisu modeliranja, kot verigi aktivnosti, ne upo-
Etevajo pa zapletenosti [5], vidika dobe trajanja [6]
in poslovnih oz, podjetniskih posledic (7], ki so
bistvenega pomena za ucinkovito konstruiranje.
V zadnjih letih smo torej prite oddaljevanju od
teh »tradicionalnih« modelov k shkratnemu ine-
nirskemu delue,

Za skrajfanje faze konstruiranja, izboljfanje
kakovosti konstruiranja ali zmanjéanje stroskov
proizvodnje, so bili na podrogju raziskav skladnega
intenirskega dela viofeni precejinji napori, usmer-
jeni v iskanje primernih nat¢inov hkratnega izpol-
njevanja nalog, ki so bile tradicionalno reievane
bolj ali manj zaporedno. Raziskovalni napori v
Zahodni Evropi in na Japonskem so osredototeni
predvsem na vprasanje dobe trajanja, medtem ko
v Zdruzenih drzavah Amerike poudarjajo predvsem
bolj%o povezanost in komuniciranje &lovetkih po-
tencialov,

Razlog za uvedbo koordinacije konstrukcij-
skega procesa (KPK) je potreba po optimizaciji tega

In general a considerable amount of time and
effort is wasted by the lack of focus on the ap-
plication and management of design effort«.

The design of complex products involves the
coordinated organisation of multi-disciplinary
groups, activities and information which continu-
ally evolve and change during the design process.
Historically, different activities in the design
process have been kept separate and interact
through informal and formal communications, via
paper medium or file transfers, resulting in con-
siderable effort going into the resclution of incon-
sistencies, conflicts, and uncoordinated design
activities. The design process is becoming
increasingly and inextricably linked to computa-
tional design tools and data meodels which inva-
riably remain disparate. Before multi-design tasks
can be effectively organised and coordinated
within such a computer medium, there is a need
to integrate the data of the product model and the
design tools in order to make effective use of the
resources available. Such an environment can
provide not only a basis upon which to develop
multi-disciplinary design and dypamic project
tearmn organisations but also consistent, coordinated
and efficient product development.

An indication of the complexity of formalising
the design process comes from the large number
of descriptions which exist in the literature and
which attempt to present the essence of design
[4]. What is interesting about these descriptions
is their variety, as well as the fact that they
emphasise different aspects, according to the in-
terpretation or findings of the author(s). They
have also tended to model design as a chain of
activities and have not taken into account the
many complexities [5], life phase aspects [6] and
business/enterprise issues [7] which are essential
considerations for conducting effective design.
Consequently, in recent years, we have seen a
trend which moves away from these straditional«
models towards »Concurrent Engineeringe.

To shorten the design cycle time, improve
the design quality, or reduce product costs, con-
siderable effort in Concurrent Engineering rese-
arch has been directed at ways of performing
tasks in parallel which have traditionally been
carried out relatively sequentially. The research
effort in Western Europe and Japan has tended to
concentrate upon life cycle issues, while in the
United States of America, the emphasis has
primarily been upon enhancing integration and
communications of human resources,

The arpument for Design Coorditation (DC)
is that, top optimise design, activities should not
be necessarily carried out =concurrently« but
should be structured in such a fashion as to
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procesa. =Hkratno« izvajanje aktivnosti ni nujno
potrebno, vendar morajo biti aktivnosti strukturi-
rane tako, da je mogote dosedi optimalen uginek
(kakovost, strodki, casovni ciklusi, donosnost
itn.). ¥ ta namen je treba koordinacijo konstruk-
cijskega procesa usmeriti na probleme, ki so nepo=-
sredno povezani z optimizacijo procesa Konstrui-
ranja, in tako doseci kolikostni preskok v ucinko-
vitosti razvojne faze. Tako kakor je KPK natin
optimizacije konstrukcijskega procesa, vodi ko-
ordinacija inZenirskega dela k optimizaciji celotne-
ga procesa razvoja izdelkov.

Pri¢ujoéi prispevek podaja poglavitne razloge
za uvajanje In osnove koordinacije procesa kon-
struiranja ter izpostavlja ogrodje KPK kot sredstvo
za obvladovanje dolotenih vidikov razvoja izdelka,
in sicer: skladno inenirsko delo, podporo odlotitey,
upravljanje procesa konstruiranja, upravljanje iz-
delkov in skupinske inZenirsko delo. Vsi ti vidiki
so drug za drugim podrobneje opisani, osvetljena
pa je tudi vloga, ki jo lahko ima ogredje DC. Sledi
avrednotenje utinkovitosti teh vidikov za zagoto-
vitev vetje konkurengnostl in na podlagl te analize
tudi sklepi.

| OZADJE

V zadnjern desetletju so gospodarstveniki in
znanstveniki spoznali, kako pomemben je razvoj
metod za povetanje konkurenénosti proizvodnih
podjetij. Te je bilo %e posebej ofitno pri razvoju
metodologij modeliranja podjetja (MP) in skladnega
inzenirskega dela (S1D).

Modeliranje podfetja je osredotoeno predvsem
na uéinkovito izkoriitanje uporabljenega materiala
in proizvodnega procesa znotraj poslovnega okolja
podjetja ter na celotno integracijo pedjetja (8], [9].
Vendar taksen na¢in neposredno ne vpliva na
probleme, ki previadujejo na podrotju razvoja kon-
struiranja izdelkov, in zato ne predstavlja natina
ali podlage za optimizacijo konstrukeijskega proce-
sa. Postopek MP je imel torej za cilj izboljsanje
globalnepa delovanja podjetja, strategije in razvoj
celotnega poslovanja ter je bil usmerjen k zago-
tavljanju mehanizmov na visoki ravni — direktor/
vodstvo. Velika pomanjkljivost tega nacina je, da
se neposredno ne ukvarja s problemi, ki se po-
javljajo pri konkretnem delu na zahtevnih in ved-
disciplinarnih projektih.

Hkratno inZenirsko delo je bilo usmerjeno
predvsem v hkratno izvajanje nalog, ki so0 se tra-
dicionalno izvajale vetinoma zaporedno. To je pri-
peljalo do razvoja $tevilnih metod po predlogih
Vasilagha [10], npr.: sotasno intenirsko delo, infe-
nirsko delo v debi trajanja, procesno vodeno kon-
struiranje, skupinsko delo in konstruiranje za
proizvodnjo. V Zahodni Evropi so poudarjali dobo

achieve optimum performance (such as total life
quality and costs, cycle timer, profitability, etc.).
Te achieve this, Design Coordination focuses upon
issues directly relevant to the optimisation of

the design process in order to achieve a quantum
leap in the performance of the Product Develop-
ment Process. It is postulated that, similar to
DC being the means to optimise design, Coordi-
nated Engineering is the means to optimise the
whaole Product Development Process,

This paper gives a brief background to the
stimulus for and an overview of Design Coordina-
tion, and outlines the DC Framework as a means
to support particular aspects of product develop-
ment, namely: Concurrent Engineering, Decision
Support, Design Management, Product Management
and Team Engineering. Each of these aspects is
discussed in turn and the support offered by the
DC Framework highlighted. An evaluation of the
effectiveness of these aspects to ensure competiti-
ve advantage and conclusions from this analysis
are then presented.

1 BACKGROUND
Over the past decade, industrialists and aca-

demics have recognised the importance of deve-
loping approaches to enhance competitive advan-
tage within manufacturing companies. This has
been particularly apparent in the development of
Enterprise Modelling (EM) and Concurrent Engi-
neering (CE) methodologies,

Enterprise Modelling focuses upon the effec-
tive utilisation of the material use and manufac-
turing process within a companys' business envi-
ronment and the total integration of the enterprise
(81, 19]. However, these approaches do not directly
address the issues prevalent within product design
development and hence do not provide a means or
foundation upon which to optimise the design pro-
cess, That is, EM approaches have tended to con-
centrate upon global company functioning, strategy,
overall business development and has tended to be
directed at providing a high level director/mana-
pers’ tool. A major weakness of these approaches
i= that they do not directly address the issues in-
volved in the actual design activity of -::nrnplex
and multi-disciplinary design projects.

Concurrent Engineering has been primarily
directed at ways of performing tasks in paralel
which have traditionally been carried out relati-
vely sequentially. This has resulted in a number
of methods being developed as sugpested by Va-
silash [10], such as simultaneous engineering, life
cycle engineering, process driven design, team
approach, and design for manufacture. Within
Western Europe, the emphasis has been upon
approaches which consider the product's life cycle
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trajanja izdelka [11]1 do [14] in povezavo trinih
zakonitosti & konstruiranjem in proizvodnjo v po-
slovno celoto [15). Take se je zahodnoevropsko delo
usmerilo predvsem na sKrajsanje éasa Konstruk-
cljskepa ciklusa z zegadnjim upodtevanjermn problema
dobe trajanja med konstruiranjem, da bi tako ubla-
Zili probleme in dosegli boljso kakovost izdelka.
V ZDA je bilo bolj poudarjeno kooperativoo delo,
kakor je bilo predstavljeno v programu DICE [16],
[17], strokovnih delavnicah [18]1, knjigah [19] in
raziskovalnih objavah [20] do [23]. Dodatno sta
predmet raziskav na podrocju skladnega inZenir-
skega dela v ZDA trenutno e dodeljevanje infor-
macij [24], [25] in upravljanje procesa konstrui-
ranja [26] do [31). V ZDA so poudarjali predvsem
boljso povezanost in komuniciranje ¢loveskih po-
tencialov. Vendar pa je bila skupna znatilnost
raziskovalnega dela na obeh kontinentih prizade-
vanje k hkratnemu in skladnemu izvajanju aktiv-
nosti. Glavna pomanjkljivest takZnega videnja
problema je spoznanje, da dejansko ni potrebe po
hkratnem izvajanju aktivnosti, temved po utinko-
viti izrabi razpoleiljivih potencialov, da bi lahko
izvajali naloge po potrebi, ob pravem ¢asu in v
skladu z zahtevami ter tako zagotovili ustrezne
rezultate, Tako je: kljud za dosego optimalne ka-
kovosti konstruiranja in s tem tudi produktivnega
kenstruiranfa udinkovita keordinacija procesa kon-
struiranja,

Awtor je bil ¢lan delovne skupine raziskoval-
cev (CIMDEV), ki jo je septembra 1992 osnovala
komisija Evropske skupnosti ESPRIT. Skupina je
bila oblikovana z namenom pospefevati in razvijati
povezave na osnovni stopnji raziskav (programska
orodja) za ratunalniske integrirano proizvodnjo
(RIP). Vse od zafetka njenega delovanja je pod-
skupina CIMDEY imela vodilno vlogo pri razveju
kljuénega vprafanja na podro¢ju raziskav, poveza=-
nih 5 konstruiranjem — koordinacije konstrukeij-
skega procesa — Ki ga je sedaj prevzela Zirsa
evropska skupina Kot skupni osnutek veé podroéij
raziskav (vsaka preiskuje razlicne vidike te osred-
nje teme) [32].

2 KOORDINACIJA KONSTRUKCLISKEGA
PROCESA

Utemeljitev za uvedbo koordinacije kon-
strukecijskega procesa (KPK) je optimizacija kon-
struiranja, pri ¢emer ni nujno, da potekajo aktiv-
nosti »skladno«, vendar pa morajo biti take struk-
turirane, da je omogocen optimalen utinek. Glede
na to je KPK definirana kot [33]: vrhunski osnu-
tek nacrtovanja, predstavitve, odlocitev In kon-
trole razvoja izdelka glede na ¢as, naloge, izko-
ris¢enost potencialov in razliéne vidike kKonstrui-
ranfa.

issues [11] to [14] and the integration of the mar-
ket, design, and production into a business focused
totality [15). Thus, the Western European work
has tended to concentrate upon shortening the
design cycle time by introducing and addressing
life cycle issues earlier in the design process, in
order to alleviate problems and define a better
quality of product. In the USA, more emphasis

has been placed upon cooperative working as
typified by the DICE (DARPA Initiative in Con-
current Engineering) program (161, [17] work-
shops [18], books such as that entitled Computer-
Aided Cooperative Product Development [19] and
research publications [20] to [23]. In addition,

supporting information sharing (241, (23] and
desipn management [26] to [31] are currently
topical issues in American concurrent engineering

research. The emphasis in the USA has prima-
rily been upon enhancing integration and com-
munications of human resources. In both conti-
nents, however, the ethos has been one of at-
tempting to carry out activities in parallel/con-
currently. A major shortcoming of this view is
the recognition that what is truly required is
not for activities to be carried out in parallel but
for the effective utilisation of resources in order
to carry out tasks for the right reasons, at the
right time, to meet the right requirements and

give the right results. That is: the key te achie-
ving optimum design performance and hence de-
sign productivity is the effective coordination of
the design process,

The author has been a member of a working
group of researchers (CIMDEV) founded by the
Commission of the European Communities ESPRIT
initiative since September 1992, The group was
formed in order to foster and develop collaborative
links in basic research in DEVices (i.e. software
tools) for Computer Integrated Manufacture (CIM).
Since its inception, a sub-group of CIMDEV has
played a leading role in the development of a key
issue in design research - Design Coordination -
which has now been adopted by the wider Euro-
pean group as a unifying concept for several areas
of research (each examining different aspects of
this central theme) [32],

2 DESIGN COORDINATION

The argument for Design Coordination (DC)
is that. to optimise design, activities should not
be necessarily carried out =wconcurrently« but
rather they should be structured in such a fashion
as to achieve optimum performance. With this
objective in mind, DC has been defined as 133]: a
high level concept of the planning, scheduling,
representation, decision, making and control of
product development with respect te time tasks,
resource utilisation and design aspects.
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Uskladitev konstrukcijskega procesa tako
zaokrola rezultate, ki so neposredno povezani z
rezultati skladnega infenirskega dela, podpore
odlotitev, upravljanja konstrukcijskega procesa,
upravljanja izdelkov in skupinskepa infenirskega
dela in %e veliko drugih. KPK je bila razvita kot
temelj za podporo konstruiranju in pomeni most
med integracijo podjetja, modeliranjem proizvodnje
in konstrukcijsko razvojnim procesom. Zariste je
usmerjeno na utinkovito uporabo in integracijo
sredstev, z namenom optimizirati konstrukcijske
aktivnosti. Tako bodo, kjer bo to primerno, neka-
tere aktivnosti potekale hkrati, nekatere pa za-
poredno. Nekatere bodo skupinsko zasnovane, ne=
katere pa posamezno. Nekatere bodo zdruZene,
medtem ko bodo nekatere ostale lofene. Take
imamo lahke keordinacijo konstrukcijskega pro-
cesa za sredstvo, skaterim je mogofe uresniéitl
skladno inZenirsko delo. All drugate povedano,
skladno inZenirsko delo je rezultat hkratnega iz-
vajanja aktivnosti, uskladitev konstrukcijskega
procesa pa je natin, kako to storiti.

V zadnjih sedmih, osmih letih so bili razviti
stevilni ratunalnisko podprti postopki, ki so nepo-
sredno povezani s podporo keordinaciji konstruk-
cijskega procesa. Glavno 2ariée teh postopkov je
povezava konstrukterjev, podatkovnih modelov in
ratunalniskih orodij [34],-[35], obvladovanje proti-
slovij in podpora odlogitev [36] do [39] ter nadrto-
vanje konstrukcijskih aktivnosti [40]. Vendar so
bili le nekateri posebej usmerjeni k uskladitvi
konstruiranja (41] do [46], nobeden pa ni bil ute-
meljen na popolnem poznavanju teorije uskladitve
konstrukcijskega procesa. Ceprav pomenijo ti po-
stopki pomembne elemente pri razvoju podpore
KPK in podlago za njegovo izgradnjo, pa naslavijajo
le majhen del kljunih problemov KPK. Potemta-
kem so %e vedno potrebni precejsnji napori za raz-
voj glavne znanstvene podlage in temeljito pozna-
vanje na podlagi ¢esar bo mogode izdelati orodja za
utinkovito podporo KPK.

Primer, ki kaZe, da je temu res tako, so
integracijski problemi pri konstruiranju, npr.
integracija ratunalniskih oredi], podatkovnih
modelov, Informacij, znanja itn. Integracija je
zdruZevanje razliénih, heterogenih enot, v po-
menu, kako izvesti zdruZitev, da bi lahko taksne
enote delovale kot zdruZena celota. Vendar tako
ne resujemo problema, kako bodo enote delovale
kot celota, torej koordinacije. Ta razlika kaZe, da
integracija ne vsebuje koordinacije, ki je bistven
pogoj za udinkovitost konstruiranja.

Tudi na podlagi rezultatov nedavnega projekta
TCY: Gnosis, izvedenega od globalne iniciative
za inteligentne proizvodne sisteme [47], je mo-
gote sklepati, da lezi klju® za uspesno uporabo
integriranih raéunalnizkih orodij za konstruiranje
v njihovi utinkoviti koordinaciji v okviru kon-
strukeijskih aktivnosti,

To achieve this, Design Coordination en-
compasses issues directly relevant to concurrent

engineering Issues, decision support, design
management, product management, and team
engineering, as well as many other issues.

Consequently, DC is being developed as the un-
derlying theme for supporting the design process
and offers a bridge between enterprise integra-
tion, manufacture modelling and the design de-
velopment process. Its focus Is directed at the
effective utilisation and integration of resources
in order to optimise the design activity. Con-
sequently, where appropriate, some activities
will be carried out concurrently while others
sequentially, some will be team-based while
some individual-based, some will be integratd
and others may be kept disparate. In this way,
Design Coordination cen be considered as a
vehicle for the realisation of Concurrent En-
gineering. That is, Concurrent Engineering is
the result of carrying out activities in parallel
and Design Coordination is the means by which
to do s0.

Over the past 7 to 8 years, a number of
computer based approaches have been developed
which are directly relevant to the support of
Design Coordination. These approaches have pri-
marily focused upon the integration of designers,
data models and computer tools (341, [35], ma-

nagement of inconsistencies and decision support
[36] to [39] and planning and scheduling design
tasks [40]. Only a few, however, have been
specifically directed at supporting the coordina-
tion of design [41] to [46], and none founded upon
complete understanding or theory of Design Co-
ordination. Although these approaches provide

important elements in the evolution of DC sup-
port and a basis for DV development, they only
address a small component of key DC issues.
Thus considerable effort is still required to de-

velop the basic scientific foundation and thorough
understanding upon which to build tools to pro-
vide effective DC support.

An example of the reason for this iz the
focus of integration issues in design, e.g. the in-
tegration of computer tools, data models, informa-
tion, knowledge, ete. Intepration addresses the
synthesis of disparate, heterogeneous entities, i.e.
how to achieve synthesis such that entities could
function as a unified whole. However, it fails to
address the problem of how the entities will
function as a whole, i.e. coordination. This dis-
tinction emphasises that integration does not
imply coordination and that coordination is an
essential prerequisite for design effectiveness.

In fact, results from a recent project,
TC7: Gnosis, carried out under the global Intelli-
gent Manufacturing Systems initiative [47] con-
cluded that the successul utilisation of integrated
design computer tools lay in their effective coor-
dination within the design activity.
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Pri poskusu oblikovanja koordinacije kon-
strukeijskega procesa je podskupina CIMDEY izpo-
stavila razmere in probleme pri KPK (33], natané-

no dolotila sedanjo podporo znotraj podskupine [48]
in definirala ogrodje kot osnove za razvoj podpore

KPK razli¢nim zapletenim vidikom razvoja izdelka.

1. Model of product development

In attempting to formalise Design Coordina-
tion, the CIMDEY sub-group have outlined the
issues and problems involved in DC [33], detailed
its existing support within the sub-group (48] and
defined a framework as a basis upon which to
develop DC support of various complex aspects of
product development [49].

3. Model of disciplinesftechnologies

1. Model razvoja indelka

2. Model of decomposition
2. Model dekompozicije

4, Product life model
4. Model trajanja izdelka
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Fig. |. Design coordination framework [49]
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Oprodje KPK (sl. 1) sestoji iz serije ogrodij/
modeloy, ki predstavljajo informacijske elemente
procesa razvoja izdelka in so lahko uporabljeni za
vzpostavitev, nadzor in preverjanje konstrukcij-
skih aktivnosti. Doslej je bilo predlaganih in defi-
niranih enajst modelov, in sicer:

— Model razvofa izdelka

To je model konstrukecijske aktivnosti, ki
orisuje potek projekta razvoja izdelka, od zaznave
potrebe po izdelku, do predstavitve izdelka na
triistu.

— Model dekompozicije

Model dekompozicije pomeni razbitje struktu-
re izdelka, definirane s funkcionalnimi podsistemi
in do neke mere kafe strukturo kenstrukecijskih
aktivnosti, nalog in poteka konstruiranja.

— Model panog in tehnologij

Vsak izdelek je izdelan na poseben natin, z
uporabo dolofenih inZenirskih panog in tehnologij.
Predlagani model panog in tehnologij je usmerjen v
predstavljanje takZnih posebnosti za vsak podsi-
stemski izdelek in tako modelira vsebinoe in poraz-
delitev potrebnih panog in tehnologij.

— Model trajanja izdelka

To je model, predlagan za predstavitev izdelka
skozi razlitne faze nastajanja, na katere naletimo
pri konstruiranju izdellka, tj. uporaba, vzpostavi-
tev, vzdrievanje, odstranitev iz uporabe ter za
upostevanje ciklusa trajanja pri razvoju izdelka.

— Matriks sinteze

lzdelek in njemu pridrufeni podsistemi in
komponente se razvijajo skozi faze povedevanja
doretenosti, od osnovnih zamisli do popolnoma de-
finirane specifikacije. Se ve¢, med razvojem kom-
ponent je treba upostevati tudi razliene vidike si-
stema trajanja izdelka. Matrika sinteze modelira
izdelek in njegove podsisteme in komponente skozi
vse faze konstruiranja za vsak sistem nastajanja
izdelka.

— Sistemski model ciklusa trajanja

Sisternski model ciklusa trajanja predstavija
sistemne, ki sodelujejo v fazah nastajanja izdelka:
tj. proizvednja, prodaja in transport med fazo
vzpostavitve, servis med fazo vzdrievanja in re-
cikliranje v fazi odstranitve izdelka iz uporabe.

— Model ciljev in rezultatov

V splognem je razvoj izdelka nadzorovan z
natancno dologitvijo cilja, ki ga razbijemo na
manjée, laZe obvladljive, med seboj neodvisne cilje.
Ta struktura ciljev se nanasa na dekompozicijo
strukture, predstavljeno v modelu dekompozicije
in podrobno dolota zahteve izdelka.

— Model nalog

Model nalog je logitna sestava nalog, ki mo-
rajo biti opravljene. Te naloge obsegajo navedbe,
kaj je treba storiti, bodisi posamezno, v skupini
all v sklopu veéjih organizacij.

The DC Framework (Figure 1) consists of a
set of frames/models which represent informa-
tive elements of the product development process
that may be used for establishing, monitoring and
controlling the design activity. So far, eleven
models have been proposed and defined as:

— Model of product development

This is a model of the desipn activity which
carts a product development project's progress
from the identification of a need for a product
through to the introduction of that product in the
market place.

— Model of decomposition

A decomposition model represents a product’'s
breakdown structure, defined by functional
sub-gystems, and reflects to some extent a design
activity structure, tasks and design progress.

— Model of disciplines/technologies

Each product has its own particular make-up
of engineering disciplines and technologies. The
proposed model of disciplines/technologies is di-
rected at representing such peculiarities for each
sub-system product and, thereby, model the con-
tent and distribution of required disciplines
and technologies.

— Product life model

This is a model proposed to represent the
product during various life phases which impinge
on the design of a product, e.g. use establishment,
maintenance, decommission, and life ecycle con-
cerned within the product development.

— Synthesis matrix

A product and its associated sub-gystems/
components evolve, through stages of increasing
detail, from general concepts to fully defined
specifications. In addition, various aspects of the
product's life system should be considered during
the components evolution. The synthesis matrix
models a product and its sub-systems/components
through each design stage for each product life
system.

— Life phase system model

The life phase systemn model is one which
represents the system which are involved during
a product's life phases: e.g. the production, sales
and transport systems during the establishment
phase; the service system during the maintenance
phase and the recyecling system during the deco-
mmision phase. The design activity uses or alters
those different life phase system models.

— Goal/requirements model g

Generally, the product development activity
iz controlled by goal specifications which are
broken down into smaller, more manageable
self -contained goals. This goal structure is related
to the decomposition structure represented in the
decomposition model, and details the requirements
of a product.

— Task model

The task model represents the logical break-
down of tasks required to be executed. These tasks
represent statements about what is required to be
done by individuals or groups or organisations.
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= Model aktivnost in nadriovanje

Ta model vsebuje predstavitev Zasovne di-
menzije glede na model nalog in deloa, kdaj mora-
jo biti naloge opravljene.

— Model potencialov

Pri konstruiranju so zmogljivosti lahko zna-
nje, ljudje (posamezniki in skupine) in orodja
lizdelana po tehnologiji in metodologiji), ki so
na voljo za razvoj izdelka. Namen modela po-
tencialov je takino modeliranje razlidnih zmo-
gljivosti, da lahke ustrezne razpoznamo in raz-
poredimo ter hkrati nadzorujemo njihove giba-

e,
- — Model poteka konstruiranja

Model poteka konstruiranja je posnetek raz-
vojne aktivnosti izdelka. Vsebuje podatke, npr.
konstrukcijske odlotitve, njihove temelje, vse
razvite konstrukcijske alternative, strategije,
natrte, itn. Uporablja se za povefanje udinkovi-
tosti KPK.

3 VIDIKI RAZVOJA IZDELKA

Ogrodje DC omogota razumljivost pojavov
in problemov povezanih s koordinacijo konstruk-
cijskega procesa, obravnava faze nastajanja si-
stemna in probleme ciklusa trajanja, konstruira-
nje samo in njegovo upravljanje, primerno pred-
stavitev in razvoj izdelka kakor tudi ljudi, zmoZ-
nosti in orodja, potrebne za izvedbo konstruira-
nja. Modeli znotraj ogrodja sami zase niso ko-
ordinacija  konstrukcijskega procesa, temved
elementi, ki so vanj vkljuteni. Koordinacija
konstrukcijskega procesa zadeva ufinkovito
integracijo, mretenje, nadzor in upravljanje teh
elementov kot celovitega telesa. Tako =0 raz-
merja med elementi DC poseben vidik koordi-
nacije konstrukeijskega procesa, ki ni nedvoumno
predstavijen v ogrodju [49]. Kljub temu menimo,
da ogrodje predstavlja nove in kriti¢ne pojave
za prihodnji razvoj in zagotavlja podlage za
podporo u@inkovite koordinacije konstrukcijskega
procesa in take povetuje produktivnost Konstrui-
ranja in optimizacijo konstrukcijskepa procesa
ter pospeSuje vedjo konkurenénost.

Vidiki razvoja izdelka, za katere ogrodje KPK
daje osnovo, na podlagi katere je mogoée razviti
podporo, so:

— hkratno inZenirsko delo,

— podpora odloéitey,

— upravljanje konstrukcijskega procesa,

— upravljanje jzdelka,

— skupinsko inZenirsko delo.

Da bi lahko bolj razumeli, kako lahko oprodje
KPK podpira te vidike, je vsak od njih natantno
opisan v nadaljevanju.

— Activity/plan model

This model involves the introduction of the
time dimension to the task model and explains
when tasks are to bhe done.

— Resource model

In design, a resource can be the knowledge,
skills, people (e.g. individuals, and teams) and
tools (e.g. technology and methodology based)
available to carry out product development. The
resource model is aimed at modelling the various
resources such that appropriate resources can be
identified and allocated and the dynamics of re-
sources can be monitored.

— Design history model

The design history model represents a re-
cording of a product development activity. It
includes items such as design decisions, their
rationale, all developed design alternatives, design
strategies and plans, etc. [t is used to enhance the
effectiveness of DC.

3 ASPECTS OF PRODUCT DEVELOPMENT

The DC Framework provides an understan-
ding of the issues and problems involved in
Design Coordination, and addresses life phase
systems and life cycle issues, the design activity
and its management, the appropriate represen-
tation and development of the product, and the
people, skills and tools needed to carry out the
design. The models within the framework are
themselves not representative of Design Co-
ordination but rather the elements that are in-
volved. Design Coordination is concerned with
the effective integration, networking, control
and management of these elements as a holistic
entity. Thus, an aspect of Design Coordination
which iz not explicitly represented within the
framework (but presented in [49]) are the rela-
tions between the DC elements. [t is considered,
however, that the framework presents new
and critical issues for future research and pro-
vides a basic means to support effective Design
Coordination and thus enhance design producti-
vity, optimisation of the design process and
facilitate competitive advantage.

The aspects of product development which
the DC Framework provides a foundation upon
which to develop support are:

— Concurrent Engineering,

— Declslon Support,

— Design Management,

— Product Management,

— Team Engineering.

In order more clearly to understand how the
DC Framework can support these aspects, each
are elaborated in turn.
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Hkratno inZenirsko delo je skupek vidi-
kov razvoja izdelka, ki so usmerjeni k skladnemu
vodenju inZenirskih aktivnosti. Srediste je torej
v formulaciji, Integraciji in upravljanju poprej
lofenih intenirskih aktivnosti, panog in wvidikov,
ki jih je bolje izvajati hkarti, kakor pa zaporedno.
V tem prispevku je torej skladno inZenirsko delo
povezano (sl. 2):

Life-time issues

Concurrent Engincering

Concurrent Engineering cosidered here to
encompass aspects of product develoment which
are directed at conducting engineering activities
concurrently. That is, its focus is on the formali-
sation, integration and management of previously
disparate engineering activities, disciplines and as-
pects which can be carried out concurently rather
than sequentially. Thus, Concurrent Engineering,
within this paper, is considered to address (Fig. 2):

Hkratno inZenirsko delo
DFX Mgt. i
Upravl j:‘DFK C

A
Q

E
Provident Design

Vpradanje traj. ciklusa Previdno konstruiranje

=)

5l. 2. Vidiki hkratnega intenirskega dela
Fig. 2. Concurrent engineering aspects

— 5 konstruiranjem za »Xe« (skr. angl. DFX),
ki upodteva proizvoednjo (npr. izdelavo, montaZo)
in pomembne zadeve izdelka (npr. ceno, kakovost),
ki morajo biti natantno dolotene in podprte za kon-
struiranje izdelka [6].

— Z upravljanjem konstruiranja za »X« (skr
angl. [IDFX), ki uposteva vprafanja X-a ob pravem
tasu in na podlagi pravih razlogov ter zagotavlja,
da en vidik X ni konflikten ali da, kjer to ni zaZe-
leno, ne postavi na glavo prejénje odloditve v po-
vezavi z nekim drugim X.

— I vprasanjem dobe trajanja, ki uposteva
vidike celotnega trajanja izdelka, npr. uporabo,
uvajanje, vzdrzevanje in izlotitev iz uporabe. ki
pokrivajo celotno trajanje izdelka, npr. uporaba,
vzpostavitev, vzdrievanje in izloditev iz uporabe.

— 5 previdnim konstruiranjem, ki skusa
predvidevati prihodnje razmere, usmeritve in pro-
bleme kakor tudi potrebe po izdelku [30].

— 5 t.i. X-em v odnosu do konstruiranja
(skr. angl. XTD, ki zagotavlja, da je proizvodnja
kos izdelku, tj. zagotavlja izdelavo in montaZo v
skladu z natrtom.

Podpora odlotitevy zadeva razvoj vse po-
trebne podpore za winkovito odlotanje. Med pro-
cesom konstruiranja je treba sprejeti veliko odlo-
titev iz Stevilnih razlogov ter vkljutevati razli¢ne
udelezence, da bi pripeljali konstruiranje do uspes-
nega koneca. Ne samo, da morajo biti te odlotitve
razpoznavne, temve¢ mora biti znana tudi njihova
bistvenost, pomembnost in posledi¢nost. Za ufin-
kovitoe podporo je potrebno upoftevati #tevilne
kljutne teme, (sl. 3) in sicer:

— DFX li.e. Design For »X«) takes into ac-
count life phase systems (e.g. manufacture, as-
sembly) and product life concerns (e.g. cost, qua-
lity) which need to be formalised and supported
for designing the product [6].

— DFX Management (i.e. [IDFx) is directed
at consideration of X issues at the correct time
and for the correct reasons and ensures that one
aspect of X does not conflict or overturn, where
undesired, a previous decision in connection with
another X,

— Life cycle issues address aspects covering
the complete life of the product, such as use,
establishment, maintenance, decommission.

— Provident design focuses upon being able to
anticipate future issues, trends, problems, or
aspects of the product requiring consideration [50],

— XTD (i.e. »X« to the Design) ensures that
life phase systems correctly meet the product
requirements, e.g. ensures the manufacturing or
assembly process meets the design specification.

Decislon Support is concerned with de-
veloping all the necessary support to make effec-
tive decisions. During the design process, multiple
decisions need to be made, for numerous reasons
and Involving various participants, in order to
progress the design to a successful conclusion.
These decisions not only need to be identified but
also their relevance, importance and consequence
need to be known. To achieve effective support, a

number of key issues must be addressed, such as
(Figure 3):
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Decision Suppeort
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Sl. 3. Vidiki podpore odloditev
Fig. 3. Decision support aspects

— Avtoriteta, odgovornost in kontrola odlogi-
tev morajo bitl jasno razpoznavne in koordinirane.

— Razregevanje konfliktov mora biti wtinko-
vito, posledice, glede na vse vidike konstruiranja,
pa popolnoma uresniéene in podprie.

— Upravljanje dolotenosti in nedolotenosti
mora zagotoviti, da bodo lahko posamezne neznanke
v okviru modela izdelka v dolofenih trenutkih
njepovepa razvoja nedolotene, sicer pa dolotene.
Dolotenost in nedolofenost naj ne bi bila zapotov=
ljena le pri individualnih modelih, temved tudi pri
drugih.

= LiEinkovito komuniciranje bo vzpodbudilo
prenasanje odlotitev, pripomoglo K relevanju
konfliktov ter k zdruevanju in skladnosti odloti-

tev.

— Zdruzevanje informacij je osnovni pogoj za
uinkovito podporo odlotitev. V uresnitevanje tega

pogoja je bilo usmerjenih precej] naporov (gl
poelavie 1).

— Celovitost in skladnost odlotitev in spreje-
manja odlotitev je potrebna za kar najbolj utinko-
vit napredek procesa razvoja izdelka. Odlogitve
so navadno sprejete posamezno brez zadostnega
razumevanja uéinka in pravih posledic takine od-
lotitve. Se vet, pomembnost in prave posledice
odlotitve znotraj celotnega procesa konstruiranja
pogosto niso popolnoma razumljive niti posamez-
niku, niti skupini, ki sprejme taksno odlotitev.

— Upravljanje znanja, informacij in podatkov
(UZIP) je kljufna komponenta za podporo odloéitev,
UZIP ima vlogo vhodnega podatka za proces spre-
jemanja odlofitev in se nenehno spreminja, zasta-
ra in je najbolj pomemben za dolotene odlotitve.
Zato mora upravljanje UZIP zagotoviti, da je ti-
stim, ki odlotitve sprejemajo, predstavljen pravi-
len in kar najbolj zanesljiv UZIP, ki je posnetek
trenutnega stanja. Le take so lahko sprejete pra-
vilne odlotitve.

— Authority, responsibility and control for/of
decisions must be clearly identified and coordi-
nated.

— Conflict resolution needs to be carried out
effectively and the consequences upon all aspects
of the desipgn must be fully realised and supported.

— Consistency and inconsisteny management
must ensure that particular variables within the
product model will be required to be inconsistent
at particular times of the product’s development
and at other times consistent. Consistency /incon-
sistency should not only be ensured withing in-
dividual models but also with other models.

Effective communications will enhance de-
cision making, promote conflict resolution, integ-
ration and coherence of decisions.

Information integration is a basic requirement
for effective decision support and one in which
considerable effort has been directed (see Back-
ground section 1).

Integration and coherence of decisions and
decision making is required in order to evolve the
product development proces most effectively.
Typically decisions are taken individually without
sufficient understanding of the effect and true
consequence of that decision. Further, the impor-
tance and true consequence of a decision within
the overall design process is often not fully un-
derstood by the individual or group who is/are
taking that decision.

Knowledge, Information and Data (KID) ma-
nagement is a key component for decision support,
KID acts as input to the decision making process
and continually changes, becomes outdated, and is
most relevant for particular decisions. Thus, KID
management must ensure that the correct, most
relevant and up to date KID is presented to the
correct decision makers for the correct decisions
to be made.
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— Upravljanje mnogovrstnih kriterijev je
potrebno pri izdelkih, ki v splosnem zahtevajo
zadovoljitev ved in pogosto nasprotnih zahtev.
To terja presojo med spreminjanjem in nastaja-
njem meril. Razliéni udelefenci ali skupine bodo
poudarili razlitna merila.

— Ocenitev verjetnosti in tveganja je element
sprejemanja odlo¢itev, za katerega je treba razviti
ustrezno ratunalnitko podporo. Za podano popolno-
ma podprto ogrodje KPK, z ustreznimi razmerji
med elementi, bi lahko ocenili verjetnost in tve-
ganje na podlagi meritev.

Upravljanje procesa konstruiranja je
usmerjeno v probleme, povezane z ufinkovitim
upravljanjem konstrukeijskih aktivnosti, da bi iz-
polnilli zahteve, ne le glede izdelka, temved tudi
glede procesa konstruiranja. Dolofene aktivnosti
morajo biti izvedene v skladu z natrtom razvoja
izdelka ter hkrati izpolnjevatl poslovne, naroéni-
kove in zakonske omejitve. Ce Zelimo izdelati
primerno resitev in dose&l zahtevano nalopo kon-
struiranja v mejah omejitev, moramo ¢im bolje
izkoristiti razpoloZljive potenciale. Se ved, pojavili
se bodo raznovrstni Konstrukeijski projekti, ki
bodo zahtevali razlitne potenciale v razlitnih ta-
sovnih obdobjih in postavljali razlitne zahteve gle-
de procesa razvoja izdelka. Nekatera pomembna
vpraganja so (sl. 4):

Reuse
Ponovna uporaba

)

Plan, Schi& Cont,
Planir., naért. in konir.

Task Mgt
Upravljanje nalog

A

3z2a

Multi-criteria management is required for
products which generally involve the satisfaction
of multiple, and often conflicting, requirements.
This requires consideration of trade offs between
changing and evolving criteria. Further, different
participants or teams will address different crite-
ria.

Probability and risk assessment is an ele-
ment in decision making and one in which ade-

quate computer support needs to be developed.
Given a completely supported DC Framework,

with appropriate relationships between the ele-

ments, the probability and assessment of risk
could be estimated on a sounder basis.

Deslgn Management focuses upon issues
related to the effective management of the design
activities in order to fulfill not only the product's
but also the design process' requirements. Specific
activities must be carried out within an overall
product development plan while ensuring that
business, customer and repulatory constraints are
fulfilled. Resources must be utilised to their full
potential in order to produce appropriate solutions
and achieve specified desipn tasks within the de-
gign constraints. Further, there will be multiple
design projects all requiring different resources
at different times and placing different demands
upon the product development process. Some re-
levant issues are (Figure 4):

Desipn Management
janie konstruirania

Dist'd Auth'y
Ugled konstru .
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Process Modelling
Meodeliran. procesov
— R e

Reght, Re-work & Inter'n
Pravilen, ponavlj. in iterac.
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Sl. 4. Vidiki upravijanja kenstruiranja
Fig. 4. Design management aspects
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— Ponovna uporaba izkuienj s pedrofja kon-
struiranja je podlaga, na Kateri je mogofe razvi-
jati in stopnjevat] upravljanje konstruiranja. Iz-
kugnje s podrotja upravljanja konstruiranja imajo
odlotilne vlogo pri zmanj$anju neutinkovitosti,
razpoznavanju problemov in izvajanju kakovostnih
postopkov.

— Upravljanje ugleda konstruiranja, tako
znotraj podjetja, kakor tudi navzven, mora biti
uttinkovito vodeno, tako da se zunanji dobavitelji
driijo najboljéih navad podjetja.

— Nafértovanje in nadzor sta, tako kalor
upravljanje projekta v splofnem, kljufni prvini
wiinkovitega upravljanja konstruiranja in morata
biti popolnoma integrirani in realizirani znotraj
ogrodja KPK.

— Modeliranje procesa dolota konstrukceijske
aktivnosti podjetja in je zato podlaga za optimi-
ranje konstrukeijskepa procesa. Modeli procesov
se razlikujejo po tipu (npr. predpizujo¢ ali opisen
[4]) in po stopnji abstrakcije (npr. natanéen do
splogen). Razlitne stopnje opisnih modelov naj bi
temeljile na dejanskih posebnih pojavih v sklopu
konstrukeijskih aktivnosti in se v abstrakciji
spreminjale navzgor do modela razvoja izdelka na
ravni podjetja. Predpisujofe modele lahke upora-
bimo kot sredstvo za uvajanje novih tehnologij ali
postopkov za izboljSanje konstrukcijskepa procesa
[51]. Podjetja brez jasnih in ustreznih modelov
konstrukcijskega procesa v bistvu ne moreje po-
polnoma obvladovati svojih aktivnosti ali narave
svoje organizacije.

— Upravljanje potenclalov mora zagotoviti
razpoloZljivost ne le pravih ljudi, s potrebnim

znanjem, spretnostmi, psihitnim ustrojem in iz-
kugnjami, temved tudi ustrezno UZIP, pripomodke,
orodja in okolje za izpolnitev ustreznih nalog ob
pravem &asu.

— Preverjanje fasa prve prave relitve, po-
novnega dela in iteracij je lahko podlaga in natin
ocenjevanja winkovitosti DC in procesa razvoja
izdelka. Merjenje ¢asa, potrebnega za prvo pravilno
reditev, ponovnega dela in iteracij je lahko napotilo
za upravljanje konstrukcijskega procesa, za iz-
vedbo nalog potrebnih potencialov in potrebnega
fasa za dolofene naloge in tudi za potrditev nivoja
kriterijev kakovosti.

— Upravljanje nalog je osredototeno na logit -
no razdelitev dela, ki mora biti opravljeno, da bi
bilo take mogote izpolniti konstrukeijske zahteve
in omejitve. Tako je tudi preskrbljeno za doloditey
potrebnih potencialov, ¢asa in aktivnosti za razvoj
izdelka.

Upravljanje lzdelka se nanasa na tiste vi-
dike, ki so v povezavi z njegovim modeliranjem
proizvoda in podporo v Casu njegovepa razvoja.

— Reusing design process and design activity
experience provides a basis upon which to evolve
and enhance design management. Design mana-
gement experience plays a crucial role in reducing
inefficiencies, anticipating problems, and imple-
menting good practice.

— Managing distributed design authority, both
within and cutwith the enterprise, needs to be
effectively managed such the external suppliers
adhere to the enterprise's best practice.

— Planning, scheduling and control, as with
project management in general, are key elements
to effective design management and must be ful-
ly integrated and realised within the DC Frame-
work.

— Process modelling provides a formalisation
of the enterprise's design activity and hence a
basis upon which to optimise the design process.
Process models vary in type (e.g. prescriptive or
descriptive [4]) and in levels of abstraction (e.g.
detailed to general). The different levels of des-
criptive models should be based upon the actual
specific phenomena of the design activities and
vary in abstraction up to the enterprise's product
development model. Prescriptive models can be
used as a means to introduce new techniques or
approaches to enhance the design process [51],
Enterprizes without explicit and appropriate design
process models, essentially, cannot fully compre-
hend their activities or the nature of their orga-
nization:

= Hesource management must ensure the
availability not only the right people, with the
rieht expertise, skills. psychological nature and
experience, but also the relevant KID, Facilities,
tools and environment to fulfill appropriate tasks
at the right time.

— Right-first-time, re-work and iteration
control can be used as a base and means to evalu-
ate the effectiveness of DC and the Product De-
velopment Process. Measuring right-first-time,
re-work and iteration can provide a basis to ma-
nage the design process, the resources employed
to carry out tasks, the time needed for particular
tasks, or the acceptance level of the quality cri-
teria.

— Task management centres upon the logical
breakdown of the required work to be done in
order to fulfill the design requirements and
constraints. It also provides the basis for deter-
mining the required resources, times, amnd acti-
vities which are required to evolve the product’s
development.

Product Management adresses all aspects
related to the product's modelling and support
during its development.
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V splofnemn poteka razvoj izdelka od ab-
straktne zamisli do natanténo dolofenega opisa.
Med tem procesom potrebujejo razlitni konstruk-
terji razliétne modele izdelka za pomot pri rese-
vanju problemov, pri temer je vsak model neome-
jeno notranje povezan s preostalimi modeli. Vidiki,
ki morajo biti upostevani, so (sl. 5):

Conlig. Mgt
Upravljanje konfig.
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The product generally evolves from an ab-
stract solution to a defined specification. During
this process, various designers require different
models of the product to help solve their problems,
where each model is inextricably inter-related
with other models. Aspects which need to be con-
sidered are, for example (Fig. 5):
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Sl. 3. Vidiki upravljanja izdelka
Fig. 5. Product management aspects

— Upravljanje konfiguracije ima kljuéno viogo
pri koordinaciji razvoja izdelka. Zadeve, ki morajo
biti utinkovito cbravnavane, so: ureditev in sinte-
za modelov, upravijanje razlitnih tipov modelov
(npr.: prostorski, geometrijski, shemati¢ni) in
razlitnih modeloy, uporabljenih v sklopu razliénih
panog (npr. strojnistvo, elektrotehnika, kemija)
ter winki spremembe ene komponente ali dela na
konfiguracijo preostalih elementov in modele iz-
delka v celoti.

— Ponovljeno konstruiranje in standardizacija
lahko zagotavljata zatetno tofko pri refevanju
mnogih problemov konstruiranja. Da bi spoznali
vlogo ponovnega konstruiranja in standardizacije
pri procesu razvoja izdelka, ju je treba podrobneje
razumeti in formalizirati.

— Upravljanje razvoja je potrebno za zagoto-
vitev stalnega prehoda modela izdelka k sprejem-
ljivi resitvi. Med razvojem izdelka se bo pripadajod
model spreminjal v celoti, ali pa se bodo spre-
minjali posamezni {pod)modeli in bodo tako nastale
razlitlce. Vse spremembe modela izdelka morajo
bitl vodene, da wéinki privedejo do razvoja resitve,
glede na konstrukcijske omejitve in v skladu z
zahtevami.

— Celovitost in nadzor sta trenutno zanimiva
tema, saj je vellko modelov lzdelka povsem raz-
litnih. Vendar pa je treba opozoriti, da celovitost
in nadzor poprej razliénih modelov ne zagotavljata
nujno tudi povetanja produktivnost] konstruiranja.
Mjihovo vodenje je temelj uéinkovitega upravljanja
izdelka.

— Configuration management plays a key role
in the coordination of the product's development.
lssues which need to be sufficiently addressed are
the formation/synthesis of models and the ma-
nagement of different types of models (such as,
spatial, geometric, schematic), different models
used within different disciplines (e.g. mechanical,
electrical, chemical), and the effects of one com-
ponent/part change upon the other confipuration
elements and product models as a whole.

— Design reuse and standardisation can
provide a good starting point or basis for helping
to solve many design problems. The role of design
reuse and standardisation needs to be more fully
understood and formalised in order to clearly
identify its role within the Product Development
Process.

— Evolution management is necessary to

ensure that the product model continually evolves
to an acceptable solution. During a product's evo-
lution, its associated model will change either as
a whole or individual sub-parts will be altered
and different versions created. All the changes to
the product model must be managed to ensure that
the overall effect is one of evolving the solution,
within the given design constraints, to meet the
requirements. :

— Integration and control is presently a topical
issue as many models of the product are disparate.
However, it should be noted that the integration
and control of previously disparate models does
not ensure that they will necessarily enhance
design productivity. Rather, it is their manage-
ment as a holistic entity which will provide the
basis for effective Product Management.
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— Celovitost mora biti zagotovljena v razli¢nih
fazah razvoja izdelka, %e posebej na mejnikih in
pred konéno specifikacijo izdelka. Razli¢ni deli
izdelka bodo morali v razlitnih trenutkih izpolnje-
vati razlitne zahteve po celovitostl, Upravljanje s
problemni in uginki zagotavljanja celovitosti izdelka
mora bitl jasno.

— Variantno upravljanje je potrebno pri izdel-
kih, ki niso »eden od«, temve® so prilagojeni raz-
litnim potrebam tris¢a. Tako so lahko v fazi raz-
voja izdelka izdelane razlifne variante, kar terja
dodaten napor in upravljanje. Popolno razumevanje
in razumljivo upravljanje variant znotraj podjetja
lahko prav tako pomagata racionalizirati izdelek.

— Upravljanje stalis¢ je potrebno tam, kjer
sodeluje ved konstrukterjev, ki izmenjujejo razlic-
ne poglede na izdelek. Cetudi je potrebno ved raz-
litnih modelov izdelka, imajo tudi posamezni kon-
strukterji svoje lastno stalidte (ali ve¢) za izpolni-
tev njihovih dolotenih zahtev [52]. Ta stali3ta mo-
rajo biti zdruZena in vodena v okviru okolja KPK.

Skupinsko InZenirsko delo je osredotodno
na cloveski vidik konstruiranja. Za izpolnjevanje
vedno znova spreminjajotih se potreb razvojnih faz
izdelka in predstavljanje novih izdelkov, morajo
biti oblikovane, razpusene in reorganizirane ved-
disciplinarne skupine konstrukterjev, v katerih
vsak posameznik pokriva svoje strokevno podrodje
in ima svojstven nadin dela. Vpra%anja, ki morajo
biti %e posebej obdelana, so (sl. B):
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— Integrity needs to be ensured at various

stages of the product's development, particularly at
milestones and for the final product specification.
Different parts of the product at various times
will need to meet different integrity requirements.
The issues and effects of ensuring the product's
integrity needs to be explicitly managed.

— Variant management is an issue for pro-
ducts which are not sone-off« but are customised
to meet different needs of the market place. Thus,
during the product's development, a number of
variants may be produced which will require
additional effort and manapement. A full under-
standing and comprehensive management of the
variants within a company can also help to ra-
tionalise the product.

— Viewpoint management is necessary where
numerous designers require, interact with and
change different viewpoints of the proaduct.
Although different models of a product may be
required, individual designer also have their own
required viewpoint(s) to meet their particular
task requirements [52]. These viewpoints must be
integrated and managed within a DC environment.

Team Engineering concentrates upon the
human aspects of the design process, Multidisci-
plinary design teams, each with their own par-
ticular areas of expertise and way of working,
need to be formed, disbanded and re-organised in
order to meet the ever changing needs of the
product development process and new product in-
troduction. In particular, issues which need to be
addressed are (Fig. 6)

l'cam Engineering
Nimsko imdenirsko delo

S1. 6. Vidiki skupinskega inZenirskega dela
Fig. 6. Team engineering aspects

— Medsebojno povezovanje skupin je potrebno,
da lahko posamezne skupine spoznavajo kakovost,
zmoznost ter odgovornost in kaksna je njihova
povezava z drugimi skupinami v okviru procesa
razvoja izdelka in %irfe v podjetju. V izboljsanje
komunikacije med skupinami so bili usmerjeni
precejénji raziskovalni napori ob pomoéi okolja za

— Inter/intra integration of teams is neces-
sary in order for teams to know their gualities,
capabilities and responsibilities and how they re-
late to other teams within the Product Develop-
ment Process and the enterprise in general,
Considerable research effort has been directed at
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ratunalnitko podprto keoperativno delo (RPKD).
V bistvu je to poskus povezati razlitne skupine
(191, 1531, [54). Vendar je, kakor je bilo Ze ome-
njeno, potrebno povezovanje podpreti z ulinkovito
koordinacijo (take formalno, kakor tudi nefor-
malno), kar je prvi pogoj za izvedbo popolne funk-
cionalnosti skupine.

— Oblikovanje, ocenjevanje, &irjenje in zagon
skupin pomembno vplivajo na proces razvoja
izdelka. Ti elementi skupinskega dela morajo biti
izvedeni v smislu celostnega procesa razvoja iz-
delka logrodje KPK) in dolgorofne razvojne in po-
slovne strategije podjetja.

— Podpora in vodenje pogajan] sta potrebna za
zagotovitev ustreznih resitev konfliktov, vprasan;
in problemov, podanih s konstrukecijskimi omejit-
Varml.

4 PODPORA KOORDINACIJE
KONSTRUIRANJA

Mamen razvoja ogrodja KPK je dognati nadine
za uresnititev kvantitativnega preskoka v winko-
vitosti razvaja izdelka z razvojem mehanizmov, ki
podpirajo ulinkovite usklajevanje vprasanj dobe
trajanja, razvoja lzdelka in konstrukcijskih aktiv-
nosti, glede na 2as, naloge in potenciale.

Uskladitev konstruiranja je potemtakem vide-
na kakor natin podpore integracije in optimizacije
dolotenih vidikov razvoja izdelka (sl 7).

enhancing team communications through Com-
puter Suported Cooperative Working (CSCW)
environments and in essence attempting to in-
tegrate disparate teams [19], [53], [54]. However,
as stated earlier in this paper, integration must
be s rted with effective coordination (both
I‘:}rmni and informal) which is considered here
as a prerequisite for the full functionality of
the team to be realised.

— Team formation, assessment, enhance-
ment and empowerment all significantly affect
the product development process. These elements
of team engineering must be carried out within
the context of the overall product development

rocess (DU Framework) and the enterprise-s
ong term development/business strategy.

— [Megotiation support and management
needs tnEgWrted in order to ensure accep-
table resolution of conflicts, issues and problems,
given the design contraints.

4 DESIGN COORDINATION SUPPORT

The objective for developing a DC Frame-
waork is:

to provide a means to achieve a quantum leap
in the performance of the Product Development
Process by developing mechanisms which support
the effective coordination of [life cyele issues,
product development, and design activities with
respect to time, fasks and resources.

Thus, design coordination is seen as the means

to support the integration and optimisation of the
particular aspects of product development (Fig. 7):

Sl. V. Vidiki razvoja izdelka, podprtega z usklajevanjem Konstruiranja
Fi. 7. Aspects of product development supported by design coordination
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Preglednica 1: DC ra vidikov razvoja izdelka
Table 1: DC support for aspects of product developrment

Aspects of Product Developmeant | Viclki rarvoja izdelka

DC Framework mogdeis
Modali cgrodia DC

Concrent Engineering

Design Management
Skladnao infenirzko delo | Upravljanje konslairanja

Team Engineering
Shupinsko indeni sko delol

Product Management
Upravljanje ixdelia

1. Product development i
Razvo irdelka

v

7 Dettmpatition

v

Dedmpodicija
3 Disemlnesfechnologles
Dizciplinafishnologije

4 Product lite
Trajanie 2delka

& Synthesis mabrix
bladriica sinfere

~
=

o O B B

f.  Lile phasa systems
Faze nastajania

7. Goalresul
Cifjregultat

B Task
Maloga

0. Actvibpipls
Aktivnestnale

10. Rasources
Palenciali

1. Design history
Potek konstrukeanja

TS ENLS] S

Muodeli znotraj oprodja so razviti posebej zato,
da je poskrbljeno za glavno podporo toéno dolotenih
vidikov, kakor je razvidno v preglednici 1. V pre-
glednici ni prikazana podpora odlofitev, saj ta vidik
razvoja izdelkov ni jasno predstavijen v ogrodju,
temnved je bol] opazen v razmerjih med posamezni-
mi modeli in njihovim medsebojnim delovanjem in
vplivi. Vendar pa iz tega izhaja, da ima vlogo pri
odlofanju potek konstruiranja,

V luti Ze opravljenega dela na podrotju KPK
lahko sklepamo, da je mogote Stevilne neposredne
koristi uresnititi z razvojem ogrodja KPK. Glavne
pricakovane koristi so:

— razumna osnova za teorijo konkurence;

— zdruzeno razumevanje in strategija procesa
razvoja izdelka in koordinacije konstruiranja;

— jasen model klju¢nih dejavnikov razmerij v
KFK, ki je lahko uporabljen za optimizacijo razvoj-
nega ciklusa izdelka, glede na &as in izkoriftenost
potencialov;

— metodologija, na podlagi katere je mot za-
gotoviti, da so vpradanja UKX upodtevana ob
pravem ¢asu zaradi ustreznih razlogov in bo
zmanjsala ponavljajote se delo ter zagotovila
ustrezno cbravnavanje vprasanj X med procesom
razvoja izdelka. Takina metodologija lahko zago-
tovi, da pomembna vprasanja konstruiranja niso
preloZena na Kasnejsi tas;

— razumevanje upravljanja UKX, v duhu
optimizacije ucinkovitosti in nafina za »uravno-
tezenje« rezultatov UKX;

— pomembno zmanjsanje potrebe po po-
navljanju opravil z nadzorom &asa prve pravilne
reditve in iteracij, podprto z uéinkovito uporabo
metodologije KPK;

— zmanjfanje nepovratnih inZenirskih stro-
kov;

— uéinkovitejta izraba potencialov in skraj-
Sanje tasovnega ciklusa razvoja izdelka;

In particular, the models within the frame-
work are being developed to provide the main
support for the specified aspects as indicated in
Table 1. Within this table, Decision Support is not
prasented as this aspect of product development is
not explicitly represented within the Framework
but is associated more with the relations between
the individual models and their interaction/influ-
ences. Though having =aid this, design history can
play a role in supporting decision making.

In light of the work already carried out in
DC, it is envisaged that a number of direct bene-
fits can be realised with the development of the
DC Framework to support the aspects of product
development. The main expected benefits are:

— a sound foundation for a theory of concur-
rence;

— a corporate understanding and strategy of
the Product Development Process and Design
Coordination;

— an explicit model of the key factors and
relations in DC which can be used for the opti-
misation of the product development cycle with
respect to time and resource utilisation;

— a methodology n which to ensure that
DFX issues are considered at the right time
for the right reasons, and which will reduce
rework ENSUre ropriate consideration
of X issues during {?}: product development
frocass. Such a methodology can ensure that

tant design issues are not oveturned at
a later date;

— understanding of the management of DFX
considerations in order to optimise their effecti-
veness and a means to »balance« DFX issues;

— a significant reduction in re-work through
right-first-time practice and iteration control
supported by effective use of DC methodology;

— a reduction in non-recurring engineering
costs;

— more effective utilisation of resources and
reduced product development cycle time;



STROJNISKI VESTNK — JOURNAL OF MECHANICAL ENGINEERING, LJUBLJANA (41) 1995/9-10

335

— vpogled v éloveske kakor tudi ratunalnizke
vidike glede KPK. Ta led da koristno usme-
ritev k upravljanju, ki bo izboljale tako produk-
tivnost kakor tudi zadovoljstvo pri delu;

— seznanjanje konstrukterjev in skupin glede
njihove vloge, merjenje njihove utinkovitosti pri
konstruiranju (npr. stopnja ponavljanja) in pred-
stavitev diagramov in trendov utinka. Najvedja
pricakovana korist metodologije KPK je motivacija
intenirjev, ki se tako zavedajo pomembnosti in
ucinka svojega prispevka k uspehu procesa raz-
voja izdelka;

— poglavitno razumevanje vprasanj, povezanih
s KPK in njihova vloga pri procesu razvoja izdelka
bo v pomot pri zvifanju tehniéne in znanstvene
ravni inZenirjev in vodstva v podjetju.

Obstaja prepri¢anje, da je lahko ogrodje KPK
s podporo spoznanih vidikov razvaoja izdelka, na-
¢in zagotavljanja veéje konkurentnosti. Toda, kako
lahko zagotovimo, da bo temu res tako?

5 VREDNOTENJE KORISTNOSTI
USKLAJEVANJA KONSTRUIRANJA

Ce upodtevamo, da se mehanizmi DC spo-
prijemajo neposredno 2z vprafanji uéinkovitega
razvoja izdelka, je mogofe doseéi podvojeno
sufinkovitost« razvojnega inZeniringa s samo
za Sestino lzboljSanim upravljanjem in z zago-
tovitvijo, da se obravnavajo pravilni problemi
(glej uved). V bistvu gledamo na koordinacijo
konstruiranja kot na natin za dosego pomembnih
koristi pri produktivnosti konstruiranja. Prav
tako pri¢akujemo, da usklajevanje konstruiranja
ne bo le zagotovilo podlage za boljge razumevanje
procesa konstruiranja in zato vedje moZnosti
za upravljanje, temvet tudi dodatna orodja za

pomot vodstvu pri usklajevanju in vrednotenju
celotnega konstrukeijsko razvojnega procesa.

Tako bo integrirana filozofija usklajevanja kon-
struiranja podlaga za izkoristanje ogromnih po-
tencialov za izbolj5anje procesa razvoja izdelka.
Toda, kako naj zagotovime, da bo KPK zviZala
konkurenénost?

Koordinacijo konstruiranja naj ne bi privzeli
ali uporabili v podjetju, dokler ni ovrednoten in
ocenjen skupni potencial in koristnost uporabe.
Avtor je skupaj z dvema kolegoma, prof. M. M.
Andreasenom in D. Rimmerjem, izvedel takzno
evalvacijo, da bi ovrednotil koristnost vidikov
KFK, glede na proces razvoja izdelka ter razpoznal
pogoje. Za izboljsanje produktivnosti konstruira-
nja so bili ti pogoji definirani ob upostevanju
tasa, strofkov in kakovosti v okviru poslovnih
potreb in strategije podjetja ter narave izdelka
in trZista. S podajanjem jasnih pogojev in ciljev,
po katerih je treba ovrednotiti predlagano orodje
inpr. KPK), lahko hitreje ovrednotimo »korist-
nost« orodja. Rezultati so prikazani v nadaljevanju
kot primer ovrednotenja potencialne koristnosti
KPK za zagotovitev vedje konkurenénosti.

— an insight inte the human aspects of
DC as well as those which are computational.
This insight will give valuable direction to the
development of a management approach that
will optimise both productivity and job sa-
tisfaction;

— a basis upon which to inform designers
and teams of their role, measuring their ef-
fectiveness within the deslgn process le.p. degree
of re-work) and presenting performance graphs/
trends, Consequently, motivating engineers and
ensuring that they know the importance and
effect of their contribution to he success of
the product development process is a major
expected gain from the DC methodology;

— a basic undarstandl:ﬁ of DC issues and
their role in the Product Development process
will hﬂlp to advance the technical and scientific
level of the engineers and manapers within
the enterprise.

By supporting the identified product de-
velopment aspects it is believed that the DC
Framework provides the means to enhance
competitive advantage. However, how can we
ensure this?

J EVALUATING THE WORTH
QF DESIGN COORDINATION

Given that DC mechanisms are directly
tackling the issues of effective product deve-
lopment, double the seffectiveness« of deve-
lopment engineering can be achieved with only
one sixth improvements in management com-
ggtencies and ensuring the right problems are

ing addressed (see Introduction). In essence,
Design Coordination is seen as the means for
achieving significant gains in engineering de-
sign productivity. It is also anticipated that
Design Coordination will not only provide the
basis for making the design process more un-
derstandable, and hence more manageable, but
also provide the supporting tools which will
assist managers to coordinate and evaluate the
whole design development process. Thus, the
integrated Design Coordination i:hilm:uphr will
provide a foundation for the exploitation of the
enormous  potential for improvements in the
product Development Process. But, how can
we ensure that DC will promote competitive
advantage?

It is suggested that approaches such as
Design Coordination should not be adopted or
implemented within a company until its full
potential and worth is truly evaluated and ap-
preciated. The author has carried out such an
evaluation with two colleagues, Professor
M.M. Andreasen and Mr. D. Rimmer, in order
to quantify the worth of the DC cts T

the product development process identified
rements. To advance engineering design
productivity, these requirements have . been

defined by taking into consideration the time,
cost and quality objectives within the enter-
prisers own business needs and strategy, and
the nature of the product/market. Given clear
requirements and targets upon which to base
the evaluation of the p sed tool (e.p. DC),
the wmworthe of the tool can then be more
readily evaluated. Results are presented below
as an example of evaluating DC:s potential
worth to ensure competitive advantage.



336

STROJNISKI VESTNK — JOURNAL OF MECHANICAL ENGINEERING. LJUBLJANA, (41) 1985/9-10

Za dosepo krajSega fasa do predstavitve iz-
delka na triistu, izboljsanja kakovosti in zado-
voljstva narotnika ter konkurentnih cen, so bili
identificirani naslednji pogoji:

Pogoji

— zmoznost hitrega prilagajanja konstrukeij,

— zmoZnost obvladovanja izredno zapletenih
izdelkov,

— zmanj&anje nepovratnih tehniénih stroskov,

— povedana kakovost izdelkov,

— boljse ujemanje z %eljami naronika,

— uporaba novih izdelkov in procesnih tehno-
logij,
— krajsi ¢as razvojnega ciklusa izdelka,
O¢itno je, da se ti pogoji spreminjajo in imajo
razlitne prednosti glede na doloteno pedjetje. Ana-
liziranje in vrednotenje vidikov razvoja izdelka v
primerjavi £ temi pogoji podjetja dajeta jasnejZo
sliko podrocij. za katera je KPK najprimerneja in
lahko da najveije produktivne koristi (pregl. 2, 3).

Na podlagi te analize se zdi, da lahko potegne-
mo naslednje sklepe;

— Najvecje pridobitve

Najvetje pridobitve koordinacije konstruira-
nja lahko z zagotavljanjem vseh motnih sredstev
dose?emo pri skrajsanju izdelavnega ¢asa izdelka
(42%), upravljanju konstruiranja (20%), podpori od-
lotitev (26 %) in hkratnem inZenirskem delu (23 %).

— Pomembne pridobitve

5 koordiniranjern konstruiranja lahko dose-
f2emo pomembne pridobitve tudi pri upravljanju
prilagajanja (19 %), doseganju bolj%e kakovosti iz-
delka (15 %) in zmanj&anju nepovratnih inZenirskih
strodkov (12 %),

To achieve a shorter time to market, impro-
ved quality and customer satisfaction, and com-
petitive costs, the following requirements were
identified:

Requirements

— ahility to support rapid design change,

— ahility to deal with increasingly complex
products,

— reduced non-recurring engineering costs,

= improved product quality,

— better maich to the customer's require-
ments,

— exploitation of new product and process
technologies,

— shorter product development cycle times.

Obviously, these requirements will vary and
carry different priorities depending upon the parti-
cular enterprise. Analysing and evaluating the as-
pects of product development against these enter-
prise requirements gives aclearer indication for
the areas that DC most aptly supports and can give
the greatest productivity gains (Tables 2 and 3).

From this analysis it would seem that the
following conclusions can be reached:

— (Greatest impact

Dezign Coordination can make the greatest
impact on reducing the product cycle time (42 %),
with Design Management (29 %), Decision Support
(26 %) and Concurrent Engineering (23 %) providing
the greatest means for meeting that requirement.

— Significant impact

Design Coordination also makes a significant
impact on the management of change (193],
achieving a better quality of product (153%), and
reducing non-recurring engineering costs (12 %),

Freglednica 3: Povzetek analize matrike
Table 3: Matrix analysis summary

Aspects of Product Development Enterprise’s requiraments | Pogali podfeda Totals / Skupaj
Vidiki razvojia proizvoda Change | Comp | MCosts | Qual | Reqits | Tech | Time [[Points/Tolk] % |
Concurrent Engineesing [+] 3 10 5 o) 3 225
Skladno infenirsko delo wlwpafrajzisnjeofjaofir]1[a]sn 85 | 19
Decishon Suppaort 153 2h ] 102 45 3 250
Podpora odlotilev slajr]ajalofaolw|ao] 77 1]xw]a0 638 28
Design Management 5 = 120 [ 15 12 285
Upravljanje konstruiranja AEEIIDEHEENEEOHEE 54 | 25
Product Management 93 15 45 63 - - 75
Upravljanje izdelka A6 s5Jejsf19f2]-f-]-]-]8]2 201 13
Team Engineering ] T 45 ] : 2 135
Timsko inZenirsko delo B3] 8[w[13]16[6]-]- [ - Ji4] 3 u2 | 15
Total points / Skupaj tolk 144 %2 2680 336 150 18 470 2290 100 ]
% of Total points / % o skupnit tolk | 19 4 12 15 7 i 42 100
% of column fotal | % of row lotal
% v slolpoy % v wrstici
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Enterprise’s requirements
Pogaji podieta
Priority / Prioeilets | 3 1 b 3 ] 3 5
ethodologies/fools d Totals
i bl s Change| Comp [N Costs| Qual | Reqlts | Tech | Time | gy o
Coneurrant Enginearing / Skladne inzenirsko delo
[iFX - A A - 80
DF¥ Management / Upravijanje DFX . A A . B0
Life cycle issues / Viprakanja Hvljenjskega ciklusa 0 - ™ 0
Providence / Previdno konstruiranje (=] O L] A ] 105
YD O L ] ] 81
Dacizion Support | Podpora odloéitev
Authority, responsibility and control / Avtoriteta, odgovemost in kontrola . ] 42
Conflict resolution / Reevanje konflidov - =) - & 102
Consistency management / Upravijanje dolotenosti A A A A 12
Effective communications / Uginkovito kemuniciranje ] A - 75
Infoemation integration / Zdrubsvanje informaci] L] o] A ] 0
Integration and coherence / Integracija in jasnost . o L Bl
Knowledge management / Upravijanje manja A =] L A A 41
Multy-crileria management / Upravijanje maogavesinih briterijev A - N . [
Probability and risk assesment / Ocenitev verjelnosti in rizika 0 L] . A . m
Dasign Managament / Upravijanje konstruiranja
Design experience re-use / Ponovna uporaba Huden] s podrofja konsbiuianja O - (]
Distributed design authority / Upravljanje ugleda konstruiranja L] ] [] [+ [] 162
Planning, scheduling and control / Planiranje, natrtovan)a in kontrola A o] A a 56
Process modelling / Modeliwanje procesa A . A o] A o 4
Fiesource management / Upeavljanje polencialov o A [ ] E7
Riight-first-time, rework & iter. cont. / Kontroda &asa 1. prave red., ponavlj. in iteraclf © . Q . 108
Task management / Upravljanje nalog A A o O L] 78
Product Management / Upravijanje izdelka
Configuration management / Upravljanje konfiguracije o - 18
Dexign re-use and slandardization f Ponovljeno konstruiranje in standardizacija L Q - ]
Evolution management / Upravijanje razvoja ] O ™ 57
Infegration in control / Integracja in kontrola . (o] 42
Integrity / Celovitost . 27
Variant managament / Vasianine upravijanje . (o] 42
Viewpoint management / Upravijanje sfaligs A [] B
Team Enginaaring / Timsko InFanirsko delo
Infeenira Infegration / Medsebalna povezovanje timov [ ] [ ] » B
Form., assess’t, enhance't & empower't / Formianje, ocen]., Sirjenjein2agon | @ L] L] L] | 108
Negatiation support & management / Podpora in upravijanje pogajanj | o M N - e | 15
Totals /Skupaj | 444 | 92 | 280 | 336 | 150 [ 18 | o0 | 2290 |
Key:
Legenda:  Change - Cope with rapid design change ® - High elfect (3 points)
Sposobnost hitrega prilagajania konstrukeij Welik ulinek (9 tolk)
Comp - Ability to deal with increasingly complex products © - Medium effect (3 poinis)
Sposobnost obvladovanja izredno zapletenib izdelkoy Srednji utinek (3 tofke)
N Costs - Reduce non-recunning engineering costs A - Low effect (1 point)
Iman|Eanje nepovratnih indenirskih strobkov Slab ubinek (1 lobka)
Qual - Achive a betler quality product
Povetana kvalitela izdethoy DFY - Design to X (fil product 1o life phase sysiem)
Req'ts - Meet the customer requirements Konstruiranje za X (prilagajanje izdelka)
Bolj%e ujemanje 2 2eljami narofnika XTD - Xiothe Design (fit life faze systems 1o the product)
Tech - Exploit new product technology X proti konstrulranju (prilagajanje il jenske faze)

Izkoridtan|e novih proizvodoy in procesnih tehnologi
Time - Shorlen product cycle lime
Kraj¥i Eas razvojnega cikluza izdefka

Preglednica 2: MatriZna analiza nadinov KPK v odvisnosti od lastnosti podjetja [3]
Table 2: DC means against enterprise requirements matrix analysis [3]
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— Najpomembnejse metode

Najpornembnejsi metoedi za izpolnjevanje zah-
tev sta ofitno podpora odloditev (28 %) in uprav-
ljanje konstruiranja (25 %), medtem ko je deleX
hkratnega inZenirskega dela tik pod povpredjem
(19 %).

— Najpomembnejsi prispevki

Hkratno infenirsko delo (51 %), upravljanje
konstruiranja (50 %), podpora odlofitev (39 %) in
skupinska inZenirsko delo (39%) najpomembneje
prispevajo Kk skrajsanju ¢asa ciklusa izdelka.
Upravljanje izdelka na drugi strani najpomembneje
prispeva k splosnemnu obvladovanju hitrih spre-
memb pri konstruiranju (32 %).

— Najboljse metode za dolocens pogoje

Hkratno inZenirsko delo zagotavlja najbolje
natine (60 %) za izpolnjevanje zahtev naroénika.

Fodpora odlotitev je najboljga metoda za
obvladovanje hitrih sprememb pri kenstruiranju
(35 %) in dosego vedje kakovosti izdelka (30 %).

Upravljanje konstruiranja je najboljéa me-
toda, ki omogota izrabo novih tehnologij izdel-
ka (66 %), zmanjsanje nepovratnih inZenirskih
strofkov (43 %) in skrajianje ¢asa ciklusa izdelka
(29 %).

Skupinsko inZenirsko delo daje najvecje mok-
nosti 130 %) za obvladovanje izredno zapletenih
izdelkov.

MNe moremo pricakovati ali zares Zeleti, da bi
bila zgornja analiza in sklepi merilo za vsa pod-
jetja. Spisek pogojev, dodelitev prednosti in vred-
nosti se bodo spreminjall glede na naravo pedjetja
in stopnjo razumevanja in izkusnje ocenjevalcev.
Tukajinja analiza je bila torej uporabljena za osvet-
litev potrebe po vrednotenju preudarne rabe pred-
videnih orodij in metod. Tako vrednosti v dolotenih
toékah niso absolutne, vendar lahko kaZejo napatno
vodena prizadevanja ali najboljse poti za dosego po-
vetanja konkurenénosti.

6 SKLEF

Ta prispevek skusa dati vpogled in pregled
problemov, povezanih z izbolj%anjem procesa
razvoja izdelka, da bi zagotovili veéjo konku-
rentnost. Tako opozarja, da je treba, &e Zelimo
proces razvoja izdelka narediti resniéno bolj pro-
duktiven, poudariti u€inkovito uskladitev kon-
struiranja in ne »hkratno inZenirske delox. Pod-
laga za taksno razmiiljanje je prepritanje, da
vse aktivnosti ne morejo bitli izvedene hkrati.
Za napredek ufinkovitega konstruiranja, bi moral
biti proces razvoja izdelka tako integriran in
strukturiran, da bi omogotal dosego najboljie
kakovosti in produktivnosti. Vidiki hkratnega
infenirskega dela bodo torej rezultat utinkovite
usklajenosti konstruiranja.

— Most significant means

It is apparent that the most significant means
to meeting the requirements are Decision Support
(28 %) and Design Management (25 %), with Con-
current Engineering making a just below average
contribution (19 %).

— Maost significant contributions

Concurrent Engineering (51 %), Design Ma-
nagement (50 %), Decision Support (39 %) and
Team Engineering (39 %) make their most =igni-
ficant contributions to reducing the product cycle
time. Product Management, on the other hand,
makes its most =ipnificant contribution to coping
with rapid design change (32 %).

— The best means for particular requirements

Concurrent Engineering provides the best
means (60 %) to ensure meeting the customer
requirements.

Decision Support is the best means to cope
with rapid design change (35 %) and achieving a
better quality of product (30 %).

Design Management is the best means for
being able to exploit new product technology (66 %),
reducing non-recurring engineering costs (43 %)
and shortening the product cycle time (29 %).

Team Engineering provides the greatest op-
portunity (30 %) to deal with increasingly complex
products.

The above analysis and conclusiens are not
expected or indeed intended to be indicative of all
manufacturing enterprises and the list of requi-
rements, allocation of priorities, and values will
vary depending upon the nature of the enterprise
and the level of understanding and experience of
the evaluators. Having said this, it is used here to
highlight the need to evaluate the envisaped worth
of potential tools/means. Thus, the point values
are not absolute but may accentuate misguided
effort or the best avenues to explore for enhancing
competitive advantage.

B CONCLUSION

This paper has attempted to give an insight
and overview of the problems involved in en-
hancing the product development process in order
to ensure competitive advantage. It argues that
in order to make the product development pro-
cess truly more productive thenm the emphasis
should be placed upon effective Design Coordina-
tion and not »Concurrent Engineering«. The basis
for this argument is the view that not all acti-
vities can be carried out concurrently, and that
to promote efficient design, the product develop-
ment process should be integrated and structured
in such a fashion as to achieve optimum perfor-
mance and productivity. Having said this, aspects
of concurrent engineering will be a result of
effective Design Coordination.
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Ogrodje koordinacije konstrukeijskega proce-
sa (KPK) je predstavljeno kot nadin podpore kljus-
nih vidikov razvoja izdelka: hkratnega inZenirske-
ga dela, podpore odlotitev, upravljanja procesa
konstruiranja, upravljanje izdelka in skupinskega
inZenirskega dela. Vsak od teh vidikov je temeljito
predstavljen z osvetlitvijo podpore, ki jo lahko
ponudi ogrodje KPK.

Za zagotovitev vecje konkurentnosti je pred-
lagano ovrednotenje oredij in metod, kakrina je
usklajevanje procesa konstruiranja, glede na pogo-
je posameznega podjetja. Prikazan je primer tak&ne
analize kakor tudi rezultati, in sicer:

— usklajevanje konstruiranja lahko najvec
prispeva k skrajfanju tasa izdelave izdelka in zato
tudi ¢asa prihoda na triiste; in

— podpora odloéitev in upravljanje konstrui-
ranja sta najboljgi metodi za uspeino obvladovanje
popojev, ki bodo drug za drugim prispevali k
skrajsanju tasa prihoda na triisce, izboljsanju ka-
kovosti, zadovoljstvu narofnika in konkurentnim
cenam. Prispevek hkratnega inZenirskega dela je
pri tem le podpovpreden.

Tako lahko sklenemo, da je hkratno inZenir-
sko delo sicer obtudovanja vreden cilj, vendar pa
sta koordinacija infenirskega dela in koordinacija
konstruiranja tista, ki bosta temelj za produktiven
in optimalen razvoj izdelka.
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razpravah s ¢lani podskupine CIMDEYV za koordi-
naclfo konstruiranja {(prof. M. M. Andreasen,
Technical University of Denmark, prof. J. Bowen,
University College Cork, prof. K. J. MacCallum,
University of Strathelyde ter prof. N. Reijers in
dr. T. Storm, Delft University of Technolagy) in
udeleZenci iz industrije (M. L. Boerstra, Stork
Demtee B. V., J. Bryden, Philips BCS UK, P
Carr, Digital Equipment Scotland Ltd., G.Y.
Jacobsen, Bang & Olufsen A/5, D). Rimmer,
Filkington Optronics Ltd., A. Travers, Centre of
Integrated Product Development Scottish Design
Council in M. Vaag, Danfoss A/S). Odved je go-
voriti, da zamisli posameznih udele?encev ne bi
zativele brez financiranja, CIMDEV Esprita
V' &lanku izraZena misljenfa so avtorjeva in nise
predmet odgovornosti podskupine KPK. Avtor bi se
Zelel Se posebej zahvaliti prof. M. M. Andreasenu
in D. Rimmerju za njun neposredni prispevek in
trud pri izvedbi matriéne analize ter za Rimmer-
Jjevo spodbude za taksen postopek. Hvaleinost gre
tudi dr. S. M. Duffyju in prof. Andreasenu za
njun prispevek in bistvene pripombe.

The Design Coordination (DC) Framework
has been presented as the means to support key
aspects of product development: Concurrent Engi-
neering, Decision Support, Design Management,
Product Management, and Team Engineering. Each
of these aspects has been elaborated with a view
the highlighting the support provided by the DC
Framework.

To ensure competitive advantege, it has been
suggested that tools/means such as Design Co-
ordination should be evaluated against the requi-
remnents of the respective enterprise. An example
of such an evaeluation has been presented and
a number of conclusions reached. namely:

— Design Coordination can make the greatest
impact on reducing the product cycle time and
hence the time tho market; and

— Decision Support and Design management
are the best means to meet the identified requi-
rements, which will in turn contribute to shorter
time to market, improved quality and customer
satisfaction, and competitive costs, Whereas
Concurrent Engineering provides a just below
average contribution.

It is concluded that, while Concurrent
Engineering is an admirable goal, it is Coordi-
nated Engineering, and Design Coordination
within the context of engineering design, that
will be the foundation for productive and optimal
product development.
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