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While large companies are already actively pursuing the adoption of CE principles within 
their business processes, there is a need for supporting Small and Medium Enterprises 
to evolve their organizational and cultural schemes, as well as their technological and 
methodological approaches towards CE. The paper outlines the approach that has been 
.~ndertaken. Furthermore, it describes a Software System for the support of SMEs in the 
,ntroduction of CE by self-assessment, case presentation, and tool selection. Research 
,esults for the system's application are given. 

any success stories des- 
cribe the benefits which 
have been gained by intro- 
ducing Concurrent Engin- 
eering in aircraft develop- 

Hent. Howe~ er, most cases focus on the 
implementation in large organisations 
with a major focus on product develop- 
ulenf. Long production chains offer a 
t4gh potential to shorten the entire chain 
,-nd thus the time-to-market. Indeed, 
sqlall and medium (SMEs) companies 
have usuallv short production chains. But 
i ltegrated, co-operative work with large 
companies has been established during 
t le last years. This as well is a major -but 
often unattended- aspect of CE that is 
caanging from Concurrent Engineering 
(eduction of time to market) to Con- 
current Enterprising (enabling high inte- 
gration among project partners) [1]. This 
i~. the theory behind CEPRA (Concurrent 
Engineering in Practice) bringing 
( oncurrent Enterprising to SMEs instead 
o~ concentrating on pure technical prod- 
u :t development. 

The approach 
~he CEPRA approach is twofold: The 
project aimed at bringing CE to SMEs 
by personal consulting and bv a soft- 
ware system at the same time. 
Personal consulting helps to implement 
C E principles within the participating 
c¢,mpanies bv direct interactive CE 

advice. CE awareness and CE knowl- 
edge are transferred to industrial part- 
ners by universities and consultancies 
assisting during the defined pilot project. 
The software gives an instrument to the 
industrial partners and the consultants 
to measure CE performance and to sup- 
port CE implementation within the 
company. Facts from case studies are 
presented and knowledge about CE 
tools and methods is taught. 

Pilot project approach 
Five pilot projects have been carried out 
within aeronautic SMEs in German~, 
]tal b and Great Britain accompanied by 
human consulting and assistance in 
applying the software system. Thus, an 
CE awareness raising has been carried 
out during the entire pilot project taking 
into account experiences and guidelines 
from research and industry (see 
References - Imp]ementation of CE). 
Fit?ure 1 describes the pilot projects' dif- 
ferent phases. 
The pilots projects start with an aware- 
ness raising session about CE principles 
explaining what CE means and how it 
can be implemented. The next three phas- 
es are accompanied bv the CEPRA soft- 
ware which helps to create a solution for 
any identified problem. The implementa- 
tion phase is carried out by the pilot part- 
ners in co-operation with consultants to 
put the identified solution into practice. 

Software system 
The CEPRA Consulting Software 
System [2] consists of three parts. The 
first part is the Assessment Module 
(AM) assessing the SMEs' CE perfor- 
mance and identifying problems in the 
CE domain. The second part is the 
Solution Identifier Module (SIM) 
retrieving appropriate solution cases. 
The third part is the Tool selection 
Module (TSM) providing information 
about CE tools and methods. 
The AM assesses the SMEs' CE perfor- 
mance and optionally benchmark it 
against other companies or best practice 
assessments of different branches. The 
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asse>slllellt starts with approx. (~t) initial 
questions and presents a quick pro\i- 
<,ional result...\'~sessnlellt results are 
~4i\ en for the SNlli's organisationa] strtlc- 
tllle, btishless strategy, process and 
equipnwnt, teclmolog> deployment, 
knowledge and skill base as well as 
Jlllnlan elllp~,)wern/c'n{. After <1 possible 
bendmlark, the user decides which 
area(s) he \rants to focus on...\ second 
questionnaire got'> into detail within tile 
specified area(s) and gi\'es all assess- 
ment of the following Ct! principles: 
continuous inlpro\enlent, oust\ruler and 
supplier loctlS, integration, infornlation 
flow, parallelism and standaldisation 
(t 'adl qtlestitmnaire contain> appro\. 
70 itll'ther questions), t lere a#,ain the 
tlSel can benchnlark his restlll.s aga[nM 
others alld/cw best practice \,flues. The 
entire data of his assessnltql{h are then 
sent to the second Int~c]tile. See also 131. 
The 5Ikl retrie\ es stuch' cases that help 
to hnpro\'e the 5NIIG forn~er asses.s- 
nlent. 1-hereftw¢, this 1nodule is based on 
a database with about 70 stud\ cases 
thai are rated against the same critc, ria as 
in the ,,\M. The sol\wart, now compare> 
tilt' cast, s data within its database witil 
the assessment \'aluc,s of the .%1t{ and 
tries to lind tilt' mo~,t similar cases. Each 
rc'trie\ed stud\ case i~ broken down into 
basic hlter\elition~ (actions that have 
been peri:ornled ill {11,,' qud \  case) and 
\ix, stud\' cast, and the Jnter{c'lHic)ns are 
presented to tile user. f{ach of Lhe inter- 
\entions is linked tu a mc, thod t~l tool 
that i> deenlt, d to be, helpful tt)pLit the 
solution ~ithin i.he stud\ case intu prac- 
tice. ]11i> link can be doix' in t\tt) \va\s. 
] ile first is <1 direct link to the required 
inic>rmatit~n in the third >ott\\are mod- 
u]e, tile second Nnk will acti\atc' the 
search engine of file lS \ l  xxilicll \Viii 
rc!trie\e all tot)Is and metht~ds that deal 
\\ith the specified kev\vord.~. 
The ISM pro\idc's inftvrnation about 
approx. %0 kxds and methods lhat are 
related to) CI!. FLirt] lerll lore, a po,,\erful 
search engine offers various options for 
hxfl and method retrieval. E.g. besides 
tl>Lla] conjunctions (AND, OR) tile 
search engine searches plural and sin- 
gtl[ar meanings as well as different 
parts of speech (llOtin, verb, adverb, 
etc.), fhe st>called fuzzy search finds 

words that sotlnd similar to the searcil 
kevwords. Svnonvnls are >uppt)rtcd as 
well. Tile retrieved tools and methods 
come along with a short introduction, a 
\ iew fronl a (_TE basis, quick criteria like 
price and estinlated quality etc. ,,\ 
detailed description is pro\'ided includ- 
ing examples, pictures, alqnlations, pre- 
<~c'ntatic)ns, furtller ctocunlentalion, ancl 
additional inh,)rnlation sotlrces (proxi- 
ders, journals, books) are linked. 
StUllmarising, the ('EI'IL,\ Consulting 
Software 5\ stem anal\'ses tile SME's CE 
pcrfornlance, identifies weaknesses, 
pro\rides study cases whose inlplement- 
ed solution can OVel'COllle tilt' \\reaklleSs- 
es and gi\es hli:ornlation about tools 
and metllods it) put the rehie\'ed solu- 
tions into practice. 

Results 
Fi\t' industrial partners ha',e carried 
out pilot projects applying the CEllini\ 
Ltcmsulting Software, S\'stt'm. The 
re'suits trt)n/ tllt,se pilot projects and 
i;1"Ol/1 the de\'eh~pers' experiences are 
given in tilt, next section. Some are stic- 
cessful, some are llt)t. 

Findings 

c_71: aw<Yc'ne~s has been raised signifi- 
cantl\' wilhin the .qkllis 141 Vhe a\,,are- 
hess raising sessions in the \er \  begin- 
Ilillg, t>t tilt' project ha\e been \ try help- 
ful h) define CE and tilt' pilot projects' 
scope. 

Assessment  

Ftuthernlore, tilt' questionnaires ~\ithin 
the Assessment Module did lllOre than 
the\' had been supposed t~). Firstly, the 
questionnaires did measure tile CI: per- 
fol l l lance t)f tile COlllpanies subjectively 
got)d, what Il lealls i l ia\ tile consll]tants 
agreed with tilt, assessnlent restllts Of tilt' 
software in all cases. Secondh, tilt > ques- 
tionnaires did not only transft)rnl tile CE 
pertornlance to conlpal:able \alues, tile\, 
also caused \'err detailed and clear dis- 
cussions anlong tile industrial partners 
moderated by consultants, lnitiall}5 
ambiguous questit)ns, \lint have later 
been imprt)ved, caused some queries to 
the developers and consultants. But then 
tile end users started tt> discuss about tlle 

m 

usefuhless of the questions and the ratio 
nale bdlind each question. I!% there xxa> 
the foNt>wing question: "I)o \ou agree 
(high points} or do xou disagree (Io\x 
points): Our time utilisation oi kc\ 
equipment is between ~q and 7:~".." lhi~ 
question caused the end users to discuss 
if it is good or bad to use the kc\ equip- 
mento\er  zD,,and tilt'\, came up xxith 
examples. Ihe  de\t'h)pcr<~ then 
explained that if the usage is lowvr the1/ 
the equipnlent is under used, if it is high- 
er one nlav lose flexibilit\. The de\eh,p 
ers had toadmit that \ral{les for pl'odLit 
\ion lines should be higher, but that is 
\or \  unusual in product dv \dopment  
l{ven if this exanlpk, question i> an 
arguable one, it helped th'`' end /l~C'i,, 
\ er\' nluch to tlnder>tand tlwir c<,mpa 
nv, CL principles and the rationah' 
behind iL l-herefc)re, the aut]lur> deen/ 
tilt, usage of the queMionnaire in {c'anl, 
illOdeYated bv external consultants <Is 
crucial if hllplemenl.ation of ( t ]  i> the 
main obiecti\ e. 

In tegrat ion a n d  m e t h o d o l o g y  

Ill'`' main research aspect has I~'`'t,i1 fix' 
integration of as-,essillen{, sc>ltlti~)n 
identification, and tool selection 1~1 lhc 
integration approach has bt,en c()n- 
{irnlc, d by the end tlSC'l> resu]i.<~, c\en if 
some results ha\e nol. been the best. 
bm'l, qs()nnd: Ihe intv4ration talue> can 
be displ%ed as a profile. ,\ t~\(~ matri\ 
cat1 Jla\e \ alucs {iom () cj in c'ach l.x)inl. 
Assuming that tllere are onl\ hlk'gcu>. 
this offc!rs l() > possibl'`' \aliath~n<~. \ 
similarit\ algorithn~ Ct)lllFk/i-us t \ \ t )di i  
ferent matrices anti ct)nlptile~ a shmlar- 
i t \  value behveen ()<',, and I00<',, ~x hc'rc 
as It)()<',, illeans, that btfi.h nlahice> arc 
identicalh. 
Tile de\'eh~pers k'sted and t alidated the 
integration in two txavs, t)n the one 
hand they repeatedly re\iewccl file case 
studies, selected one, of the'st. Based on 
that case the de\ elopers created a h} pc>- 
the\it conlpany assessnlent and checked 
if tilt' {OllllPrIv selected case has been 
retrie\'ed b\' \he software, tills proce 
dure was successful in <111 c<>e~,. 
Secondh', tile developers added real 
assessment results into tile software and 
checked if the retrieved cases had been 
rele\'ant to these values. 
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,#ithin this validation procedure the 
,tevelopers retriexed similarity values 
~etween 10% and 68%. Here tt;~e devel- 
,}peTs found out that most cases with a 
• alue a\er 55'!;, are relevant to ti~e for- 
neT assessment. Sometimes the soft- 
.rare could not retrie\'e any relevant 
,ase ~hat was due to the amount of 
'0 cases in the database that did not 
,over  all potential CE problems. Indeed, 
i a  relevant case has been available, it 
~as been retrieved by the software. 
hus, the integration between assess- 

neat  and solution case identification 
, ould be confirmed. 

he direct links from the SIM to the 
SM are useful, the kevword search as 
'veil. fhe results arc sensible to the 
letrieved stud\ cases and give a broad 
ial lge O]: tools and methods that help to 
.,ohe the identified problem. 

Conclusion 
h e  CEI>Ib\ Consul t ing  sof tware 

,<,vstem is a prototype that has been vai- 
l Jtated and confirmed through different 
l,'sts and pilot applications. Ne~erthe- 
1,.'ss, some constraints ha\e to be soh, ed 
l~ open the system towards a broad 
lasts of end users and consultants. E.g. 
1 ~e system should be transferred into a 
t +..~te user fliendh' environment.  Since 
tne data {qucstionnairt,, study cast, s and 
t,>ols) has been collected by different 
t artners, tighter integration ~f the mod- 
t Its nltlSt be supported if this approach 
i; sustained in future. Furthermore, an 
t lectronic payment system has to be 
i:~tegrated to be able to account for spe- 
c ial services and information separately. 
l h e  authors suggest to keep the 

methodology behind the software but to 
rewrite the system using dynamic web 
pages technology. This would sohe 
compatibility problems and would 
ensure that most potential customers 
are able to use ttw software instanth' b\ 
tlstial web browsers. Integration ,,v,~ul~] 
be easy by sending data from one web 
page to another using forms. 
To meet all users' expectations the 
CEPRA approach has to be refined to be 
able on the one hand to provide general 
CE solutions (working already) but on 
the other hand to find solutions in a 
more precise way. Thell, the CEPRA s\s- 
k'm would be able ta solve general CE 
problems on a strategic level and it 
could soh:e dav-ta-dav problems pro- 
~iding small but pragmatic CE solu- 
tions. So, the CEPRA system, would sup- 
ports companies in introducing Con- 
current Engineering, changing their 
business processes to CE processes as it 
already does. And it would give a 
means to the emplo>ees b\' assisting in 
sohil>" day-to-day probl('ms in a CE m 
ell v i ron11]ent. • 
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