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Concurrent Engineering in Practice

for Small and Medium Enterprises

Findings from Research and Industrial Pilot Cases
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Nhile large cormpanies are already actively pursuing the adoption of CE principles within
heir business processes, there is a need for supporting Smail and Medium Enterprises

‘0 evolve their organizational and cultural schemes, as well as thelr technological and
nethodological approaches towards CE. The paper outiines the approach that has been
Jndertaken. Furthermore. it describes a Soffware System for the support of SMEs in the
ntroduction of CE by self-assessment, case presentation, and tool selection, Research
results for the system’s application are given.

any success stories des-

cribe the benefits which

have been gained by intro-

ducing Concurrent Engin-

ecring in aircraft develop-
rient. However, moSt cases focus on the
implementation in large organisations
with a major focus on product develop-
ment. Long production chains offer a
high potential to shorten the entire chain
¢nd thus the time-to-market. Indeed,
small and medium (SMLs) companies
have usually short production chains. But
irtegrated, co-operative work with large
¢ympanies has been established during
t1e last vears. This as well is a major -but
ctten unattended- aspect of CE that is
changing from Concurrent Frgineering
(-eduction of time to market) to Con-
current Enterprising (enabling high inte-
gration among project partners) [1]. This
i~ the theorv behind CEPRA (Concurrent
Engineering in  Practice} bringing
Concurrent Enterprising to SMEs instead
of concentrating on pure technical prod-
uzt development.

The approach

The CEPRA approach is twofold: The
project aimed at bringing CE to SMEs
by personal consulting and by a soft-
ware system at the same time.

Personal consulting helps to impiement
CE principles within the participating
companies by direct interactive CE

advice. CE awareness and CE knowl-
edge are fransferred to industrial part-
ners by universities and consultancics
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 approcach

Five pilot projects have been carried out
within acronautic SMEs in Germany,
Italy, and Great Britain accompanied by
human consulting and assistance in
applving 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 — Implementation of CE).
Figure 1 describes the pilot projects’ dif-
ferent phases.

The pilots projects start with an aware-
ness raising session about CE principles
explaining what CL means and how it
can be implemented. The next three phas-
es are accompanied by 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 identifving 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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Figure 1. Pliot phases.
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assessment starts with approx. o0 initial
questions and presents o quick provi-
sional result. Assessment results are
given for the SMIE's orvanisational strue-
ture, business strategy, process and
equipment,  technology deplovment,
knowledge and skill base as well

human empowerment, After a possible
bundnnark the user decides which
areals) he wants to tocus on. A\ second
qm\.slmnnmrv goes into detail within the
specttiod arcals) and glves an assess-
ment of the following CE principles:
conlinuous improvement, customer and
supplier fucus, integration, information
How, parvallelism and standardisation
{each questionnaire contains approx.
7 Turther questions]. Here again the
rk his results azainst

User ¢an
others and/or best practice values, The
entire data of his assessmonts are then
sent to the second module. Sece also 3]

The SIM retrieves study cases thal help
to improve the SME's
ment. Therefore, this modale is based on
a database with about 70 <tudy cases
that are rated against the same criteria as
in the AM. The software now compares
the cases data within its dutulmw with
the assessment values of the SME and
tries o tind the most similar cases. Lath
retricved studv case is broken down into
Dasic interventions (actions that have
been performed i the study case) and
the studv case and the interventions ae
prosented to the vser, Rach of the inler
ventions s linked to o method or tool
that 15 deemed to ke heipful o puat the
solution within the study case into prac-
tice. This link can be done in Lo wavs,
The firstis a divect link o the required
information i the third sotware mod-
ule, the second Hink will activate the
scarch engine of the TSN wnich will
retrieve all tools and methods that deal
with the specified keywords,

fhe 15M provides information about
aporox. S tools and methods that are
related to CLL Furthermore, a powerful
search engine offers various upt'nna‘ for
twool and method retrieval, - besides

usual conjunctions .«\_\.1), UI\) the
search engine scarches plural and sin-
cular meanings as well as ditterent
parts of speech (noun, verb, adverb,
ete). The so-called fuzzy search [inds

FOFMICT assess-

words that sound similar to the search
kevwoerds, Synonyms are supported as
well, The retrieved tools and methods
come along with a short mtroduction, a
view from a CE basis, quick eriteria like
price and estimated  qualitv ete. A
detailed descriphion is provided includ-
it examples, pictures, animations, pro-
senlalions, further documentation, and
additional in
ders, jmum.lh books} are finked,
summarising, the CEPRA Consulting
Software Systent analvses the SMIEs L
pt‘]'forrn&ﬂd‘, identifies
provides study cases whose implement-
cd solution can overcome the weakness-
os and gives information about tools
and methods to put the retrieved solu-
tioms into practice.

formation sources (pm\‘i—

wieaknesses,

Results

Five industrial parthers have carried
out pilot projects applving the CEPRA
Consulting Software Svstem. The
results trom these pilot projects and
from the developers’
given in the next section. Some are suc-
cesstul, some are not.

CAPUTICNCeS ary

Findings

CLawareness has been raised signifi-
cantlv within the SMEs [ Phe aware-
ness raising sossions i the very begin-
ning et the project have been very help-
ful o define CE and the pilot projeets”

scope.

Assessment

Furthermore, the guestionnaires within
thie Assessment Module did more than
they had been supposed to. Firstly, the
questionnaires did measure the CL per-
forpance of the companies subjectively
voud, what means that the consultants
agreed with the assessment results of the
software in all cases. Secondly, the ques-
tionnaires did not enly transform the CL:
pertormance to comparable values, they
also caused very detailed and clear dis-
cussions among, the industrial partners
moderated by consultants. Initially,
ambiguous questions, that have later
been improved, caused some queries to
the developers and consultants. But then
the end users started Lo discuss aboul the

usefulness of the questions and the ratio-
nale behind each question.,
the tollowing qucamm “Do vou agree
{high points) or do vou dlm“ILL‘ ey
puints): Cur tlmu ulilisation of hey
cquipment is bebiveen 65 and 7377 This
question caused the end users to discuss
if itis good or bad to use the key cquip-
ment aver 75% and they came up with
examples. The
explained that it the
the cquipment is under used, ifitis high-
er one may lose flexibility. The develop-
ers had to admit that values for produc-
tion lines should be hicher, but that is
very unusual in product development
Even if this example question i~ on
arguahle one, it helped the end users
verv much to under<tand their conipa
m, CLoprinciples ond the rationale
behind it Therefore, the authors deem
the usage of the questionnaire i feams
moderated by
crucial it nnplvmcnmlmn of CE s the
main ohjective,

L there was

developers then
usage s lower then

external consn ILJH Js

integration and methodology
The maim research aspoct has heen the
integration of assessment,
identification, and tool selection 3] The
intearation approach has been con-
firmed by the end wsers results, even il
some restilts have net been the besl.
The ntegration vaies wan
be dihp](t}‘k‘d as pmfih‘. A evd maliin
can have values trom =0 in each point.
Assuming that there are onlv intesers.
this offers 10" possille variations. A
similarity algorithoy compares two dil
ferenl matrices and compuites o similar-
ity value between 070 and Q7 whoere
that both matrices are

solulion

Bitckerond

as 100" means,
identically.
I'he developers tested and validated the
mtegration in two wavs, On the one
hand thev repeatedhy revicwed the case
studies, selected one of these, Based on
that case the developers created a by po-
thutm company assessment and cheched
£ the formerly selected case has been
retrlu\'u by the software. This proce-
dure was successful in o all
Secondly, the developers added
assessment results into the software and
checked it the retrieved cases had been
relevant to these values.

Cass,
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Within this validation procedure the
Jdevelopers retrisved similarity values
welween 10% and 68%. Here the devel-
apers found out that most cases wiih a
alue over 53" are relevant to the for-
ner assessment. Sometimes the soft-
vare could not retrieve any relevant
case what was due to the amount of
0 cases in the database that did not
cover all potential CE problems. Indeed,
f a relevant case has been available, it
ws been retrioved by the software.
hus, the integration between assess-
ment and solution case identification
could be confirmed.

he direct finks from the SIM to the
SM are usctul, the kevword search as
well The results are senstble to the
retrieved study cases and give a broad
range of tools and methods that help to
solve the identified problem.

Conclusion

“he  CEPRA - Consulting  software
Svstemois a protolype that has been val-
idated and confirmed through different
tosts and pilot applications. Neverthe-
15, some constraints have to be solyved
L open the system towards a broad
Fasis of end users and consultants. E.g.
Die system should be transferred into a
nare user friendly envivonment. Since
e data (questionnaire, study cases and
tols) has been collected by different
partners, tighter inlegration of the mod-
tles must be supported if this approach
s sustained in future. Furthermore, an
Cectronic pavment svstem has to be
tegrated to be able to account for spe-
cial services and informalion separately.
The authors suggest to keep  the
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methodology behind the software but to
rewrite the system using dynamic web
pages technology. This would solve
compatibility  problems and would
ensure that most polentiab customers
are able to use the sottware instantly b
usual web browsers. Integration would
be casy by sending data from one web
page te 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 g
more precise way. Then, the CEPRA sves-
tem would be able to solve genceral CE
problems on a strategic level and it
could solve day-to-day problems pro-
viding small but pragmatic CE solu-
tions. 5o, the CEPRA svstem would sup-
ports companics i introducing Con-
current Engineering, changing their
business procusses to CE processes as it
already does. And it would give a
means to the emplovees by assisting in
solving dav-to-dav problems in a CE
environment. [ |
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