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Kako zagotoviti konkurenénost majhnega

podjetja

How to Achieve a Competitive Position with a Small Company

Marko Starbek - Joze Duhovnik - Janez Grum - Janez Kusar

Osamosvojitev Slovenije v letu 1991 je za slovenska podjetia pomenila dramaticno zmanjsanje
domacega trzisca. Velika podjetja, ki se niso prilagodila na nove trzne razmere, so bila obsojena na propad.
Ustanovljenih je bilo vecje Stevilo manjsih podjetij, ki so imela vecjo moznost za prilagajanje novim trznim
razmeram. Pri vstopu na svetovni trg so se ta podjetja srecevala z razlicnimi problemi, najvecji problem pa so
bili predolgi casi uvajanja izdelkov.

V prispevku je prikazano nacelo istocasne izvedbe postopka uvajanja izdelkov. Ker trg sili majhna
podjetja k prehodu iz zaporednega na istocasni inzeniring in ker je temelj istocasnega inZeniringa skupinsko
delo, je posebna pozornost namenjena nacrtovanju timov in delovnih skupin v zankah postopka istocasovnega
uvajanja izdelkov v majhnih podjetjih.

Pregled objavijenih del s podrocja nacrtovanja timov v velikih podjetjih ([1]in [2]) je pokazal, da se
za velika podjetja priporoca tronivojska struktura timov in delovna skupina, sestavljena iz Stirih osnovnih
timov. Kriticna ocena tronivojske strukture nas je pripeljala do sklepa, da predlagamo za majhna podjetja le
dvonivojsko strukturo timov in delovno skupino, sestavijeno iz dveh osnovnih timov.

Prikazani so rezultati nacrtovanja dvonivojske strukture timov in postopka izvedbe istocasovnega
inZeniringa v majhnem podjetju, ki izdeluje mini-nakladalnike.
© 2003 Strojniski vestnik. Vse pravice pridrzane.

(Kljucne besede: inZeniring simultani, zanke, delo skupinsko, timi projektni)

In 1991 the independence of Slovenia resulted in an enormous decrease in the domestic market for
Slovenian companies. Big companies that did not adapt to the new conditions were destined to collapse.
Several smaller companies were established, and they were more easily able to adapt to the new market
conditions. When these companies entered the global market they encountered several difficulties, the most
important of which was an excessively long time for product development.

This paper presents the principle of the concurrent product development process. The market forces
small companies to switch from sequential to concurrent engineering, and as team work is the basic element
of concurrent engineering, special attention has to be paid to forming workgroups in the loops of the
concurrent product development process in small companies.

A survey of the published works in the field of planning teams in big companies ([1] and [2]) has
revealed that in big companies a three-level team structure is recommended, as well as a workgroup consist-
ing of four basic teams. An analysis of the three-level structure has led us to the conclusion that in small
companies a two-level team structure and a workgroup consisting of two basic teams is to be preferred.

The results of planning a two-level team structure and the implementation of concurrent engineering
in a small company that produces mini-loaders are presented.
© 2003 Journal of Mechanical Engineering. All rights reserved.
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0UVOD O0INTRODUCTION
Ce analiziramo svetovni trg, lahko An analysis of the global market has shown
ugotovimo, da zahteve kupcev glede na that customer requirements regarding the function-
funkcionalnost in kakovost izdelkov stalno ality and the quality of products are continuously
nara$c¢ajo, hkrati pa se zmanjsuje pripravljenost increasing — but the customers are not willing to pay
kupcev, da bi za boljse izdelke placali ve¢ in da bi more for better products and neither do they accept
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dovolili podaljSanje rokov dobave izdelkov. Kupci
postajajo ¢edalje bolj zahtevni in njihove zahteve
se nenehno spreminjajo. Vse bolj se uveljavlja izrek
»kupec je kralj« [3].

V tem polozaju imajo moznost prezivetja na
trgu le tista podjetja, ki lahko ponudijo kupcem glede
na zahtevano funkcionalnost in kakovost prave
izdelke, ob pravem ¢asu, v pravi kakovosti in po pravi
ceni.

Sodelavei Labortorija za proizvodne
sisteme smo izvedli anketo, ki se je nanaSala na
problematiko neizpolnjevanja Zelja kupcev in
predolgih ¢asov uvajanja izdelkov, na katero je
odgovorilo 23 majhnih podjetij z posamezno in
maloserijsko proizvodnjo. Rezultati ankete so
pokazali, da je v podjetjih zelo poudarjen problem
neizpolnjevanja zahtev kupcev ter problem
predolgih ¢asov uvajanja izdelkov.

postopna graditev informacij

prolonged delivery terms. Customers are becoming
more and more demanding and their requirements are
changing all the time. “The customer is king” is be-
coming the motto of today [3].

In these circumstances only those companies
that offer their customers the right products in terms
of functionality and quality, and products that are
produced at the right time, quality and price, can ex-
pect to succeed.

The members of the Production Systems Labo-
ratory compiled a questionnaire about the unfulfilled
wishes of customers and excessive product-devel-
opment times. Responses were obtained from 23 small
companies with individual and small-series produc-
tion. The results of the questionnaire showed that
these companies had definite problems with the un-
fulfilled requirements of customers and excessive
product-development times.

4 gradually collected data
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Sl. 1. Zaporedno uvajanje izdelka
Fig. 1. Sequential product development
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Izkazalo se je, da imajo v vseh podjetjih
organizirano zaporedno uvajanje izdelkov, kar je
vzrok dolgih, za trg nesprejemljivih ¢asov uvajanja
izdelkov.

Z rezultati ankete smo seznanili vsa v anketi
sodelujoca podjetja in jih skuSali zainteresirati za
sodelovanje pri projektu postopnega prehoda iz
zaporednega na istocasovno uvajanje izdelkov.

Od anketiranih podjetij se je za takoj$nje
sodelovanje pri projektu odlocilo podjetje, ki je
izdelovalec majhnih serij mini nakladalnikov, s katerimi
se pojavlja na domaéem in tujem trgu.

1 ZAPOREDNI IN ISTOCASOVNI INZENIRING
Zaporedni inZeniring karakterizira zaporedno

izvajanje stopenj postopka uvajanja izdelka.
Opazovana stopnja postopka se lahko pri¢ne, ko je

It became evident that all the companies were
using a sequential product development
process,which caused excessive and unacceptable
times for product development.

The results of the questionnaire analysis were
sent to all the participating companies and we tried
to arouse their interest in cooperating in a project
involving the gradual transition from the sequential
to the concurrent development of products.

Of all the companies, a company that produces
mini-loaders in small series for domestic and international
markets immediately decided to participate in the project.

1 SEQUENTIAL AND CONCURRENT ENGINEERING
The main feature of sequential engineering is

the sequential implementation of stages in the product
development process. The treated process stage can

A delno grajena informacija

e

>
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Fig. 2. Concurrent product development
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predhodna stopnja v celoti koncana. Informacije o
opazovani stopnji postopka se postopno gradijo in
so ob koncu stopnje popolnoma zgrajene ter
posredovane naslednji stopnji.

Slika 1 prikazuje nacelo zaporednega uvajanja
izdelka[1].

V nasprotju z zaporednim inZeniringom pa
istoCasovni inzZeniring karakterizira vzporedno
izvajanje stopenj postopka uvajanja izdelka. Tu se
opazovana stopnja postopka lahko pricne ze pred
konéanjem njej predhodne stopnje.

Informacije o opazovani stopnji postopka se
postopno gradijo in se ze med gradnjo posredujejo
naslednji stopnji. Serija medsebojnih prenosov
informacij med opazovano in naslednjo stopnjo
postopka se konca v trenutku, ko je graditev informacij
opazovane stopnje koncana.

Slika 2 prikazuje nacelo istoCasovnega
uvajanjaizdelka[1].

Pri istoasnem uvajanju izdelka obstajajo
interakcije med posameznimi stopnjami postopka
uvajanja izdelka in za izvedbo vplivov je bila razvita
stezno zankasta tehnologija [1]. S tipom zanke je
popisan tip sodelovanja med prekrivajoc¢imi se
stopnjami postopkov. Winner [4] predlaga uporabo
3-T zank, kjer obstaja medsebojni vpliv med tremi
stopnjami postopka uvajanja izdelka.

V primeru uporabe 3-T zank (slika 3) se
postopek uvajanja izdelka sestoji iz pet 3-T zank.

V vsaki zanki se na podlagi zahtev in omejitev
izvede sprememba vstopkov v iztopke [2], kar
prikazuje diagram toka informacij v stezno-zankastem
postopku uvajanja izdelka (sl. 4).

Analiza na sliki 3 in 4 prikazanega stezno-
zankastega postopka uvajanja izdelkov kaze, da
istoCasovnega inzeniringa ni brez dobro
organiziranega timskega dela.

D

| Doloéitev ciljev

—
—

begin after the preceding stage has been completed.
Data on the treated process stage are collected gradu-
ally and they are completed when the stage is finished.
After which the data are forwarded to the next stage.

Figure 1 presents the principle of sequential
product development [1].

The main feature of concurrent engineering is
the concurrent implementation of stages in the prod-
uct development process. In this case the treated
stage can begin before its preceding stage has been
completed.

Data on the treated process stage are collected
gradually and forwarded continuously to the next
stage. The series of data exchange between the treated
process stage and the next process stage ends when
the data on the treated stage has been completed.

Figure 2 presents the principle of concurrent
product development [1].

In concurrent product development there are in-
teractions between the individual steps of the product-
development process. Track-and-loop technology was
developed for the implementation of interactions [ 1]. The
type of loop defines the type of cooperation between
overlapping process steps. Winner [4] proposes the use
of 3-T loops, where interactions exist between three lev-
els of the product-development process.

When 3-T loops are used (Figure 3) the prod-
uct-development process consists of five 3-T loops.

On the basis of the requirements and the re-
strictions, the input is transformed into the output
[2] in each loop, as shown in the diagram of informa-
tion flow in the track-and-loop process of the prod-
uct development (Fig. 4).

Analysis of the track-and-loop process of
product development, as shown in Figures 3 and 4,
reveals that concurrent engineering is not possible
without well-organised team work.
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Fig. 3. Track-and-loop process in product development
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Sl. 4. Diagram toka informacij v stezno zankastem postopku uvajanja izdelka
Fig. 4. Diagram of information flow in the track-and-loop process of product development

2ISTOCASOVNIINZENIRING IN
TIMSKO DELO

2 CONCURRENT ENGINEERING AND TEAM
WORK

O timskem delu oziroma timu govorimo takrat, Team work refers to a situation when a team is
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ko je skupina ciljno usmerjena za reSevanje skupne
naloge [5].
Za timsko delo je potrebno [1]:

- sodelovanje, ki mora biti prilagodljivo,
nenacrtovano in stalno,

- obcutek obveze za dosego ciljev,

- komuniciranje, ki pomeni izmenjavo informacij,

- sposobnost sklepanja kompromisov,

- soglasnost kljub nestrinjanju,

- usklajevanje pri izvajanju medsebojno odvisnih
dejavnosti,

- stalno izboljSevanje z namenom vedje
produktivnosti in krajsih casov.
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oriented towards the solution of a joint task [5].
The requirements for team work are [1]:

- a flexible, unplanned and continuous cooperation,

- a feeling of obligation regarding the achievement
of goals,

- communication in the form of exchange of information,

- an ability to make compromises,

- a consensus in spite of disagreement,

- reconciliation when carrying out interdependent
activities,

- continuous improvements in order to increase pro-
ductivity and reduce process times.
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2.1. Oblikovanje sestave timov v velikih podjetjih

Istocasovni  inzeniring sloni na
vecdisciplinarnem timu za uvajanje izdelka (TUI - PDT)
([6] in [7]), ki mora vkljucevati tako strokovnjake
razli¢nih sluzb podjetja, kakor tudi predstavnike
strateskih dobaviteljev in kupcev.

Clani tima za uvajanje izdelka so
komunikacijsko povezani prek osrednjega
informacijskega sistema (OIS - CIS), ki jim zagotavlja
podatke o postopkih, orodjih, infrastrukturi,
tehnologiji in znanih izdelkih podjetja. Predstavniki
strateskih dobaviteljev in kupcev zaradi oddaljenosti
podjetja v timu sodelujejo le navidezno in to s uporabo
medmrezne tehnologije (MT - IIS), ki jim omogoca
uporabo istih orodij in tehnologij, kakr$ne uporabljajo
Clani tima podjetja [7].

Sestava tima za uvajanje izdelka v velikih
podjetjih se skozi stopnje postopka uvajanja izdelka
spreminja. Tim v doloc¢eni fazi uvajanja izdelka
sestavljajo vsebinsko zaokrozene delovne skupine,
vsaka delovna skupina tima je zgrajena iz Stirih
osnovnih timov [1], in to:

- logicnega tima, ki poskrbi, da se celotni postopek
uvajanja izdelka razbije na logi¢ne enote (opravila,
naloge) in se dolocijo vmesni ¢leni in povezave
med enotami postopka;

- kadrovskega tima, ki skrbi za potrebne kadre tima
uvajanja izdelka, njihovo izobrazevanje, motiviranje
in nagrajevanje;

- tehnoloskega tima, ki je odgovoren za stvaritev
strategije in zamisli. Tim mora biti osredotoc¢en na
¢im nizje stroske in kakovost izdelka,

- navideznega tima, ki deluje v obliki racunalniskih
modulov in oskrbuje preostale ¢lane tima za
uvajanje izdelka s potrebnimi informacijami.

Slika 5 prikazuje sestavo delovne skupine v
velikem podjetju.

Namen isto¢asovnega inZeniringa je doseci
¢im boljse sodelovanje med omenjenimi Stirimi
osnovnimi timi dolo¢ene delovne skupine.

Splosno velja, da naj bodo veédisciplinarni
timi za uvajanje izdelka tako sestavljeni, da se doseze:

KADROVSKI TIM
PERSONNEL TEAM

2.1. Workgroup structure in big companies

Concurrent engineering is based on a
multidisciplinary product-development team (PDT)
([6] and [7]). PDT members are experts from various
departments of a company and representatives of
strategic suppliers and customers.

Product development team members commu-
nicate via a central information system (CIS), which
provides them with data about processes, tools, in-
frastructure, technology, and the existing products
of the company. The representatives of strategic sup-
pliers and customers — because they are often re-
mote from the company — participate in the team just
virtually, using the internet information system (IIS),
which allows them to use the same tools and tech-
nologies as the team members in the company [7].

In big companies the composition of the
PDT changes during the different phases of prod-
uct development. The team consists of various
workgroups in the various phases of product de-
velopment, and each workgroup consists of four
basic teams [1]:

- the logical team which ensures that the whole prod-
uct-development process is split into logical units
(operations, tasks) and defines the interfaces and
connections between the individual process units.

- the personnel team which has to find the required
personnel for the PDT, trains and motivates the
personnel, and provides proper payment.

- the technology team which is responsible for creat-
ing a strategy and a concept. It has to concentrate on
producing high-quality products at minimum costs.

- the virtual team which operates in the form of com-
puter software and provides other PDT members
with the data they required.

Figure 5 presents the composition of a
workgroup in a big company.

The goal of concurrent engineering is to
achieve the best possible cooperation among the four
basic teams of a particular workgroup.

The multidisciplinary teams should generally have
astructure that enables the following goals to be achieved:

NAVIDEZNI TIM
VITTUAL TEAM

DEOVNA SKUPINA
WORK GROUP

TEHNOLOGHIJS! il TIM

TECHNOLOGY TEAM

Sl. 5. Delovna skupina v velikem podjetju
Fig. 5. Workgroup in a big company
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ST /LT - stopenjski tim / level team
FT / FT- funkcijski tim / functional team

0 -

Sl. 6. Triravninska sestava timov v velikem podjetju
Fig. 6. Three-level team structure in a big company

- jasna definiranost pristojnosti in odgovornosti,
- kratke odlocitvene poti,
- razpoznavanje ¢lanov timov v izdelku, ki ga uvajajo.

Po pregledu objavljenih del s podroéja
nacrtovanja sestave timov v velikih podjetjih ([1] in
[8]) smo ugotovili, da se za velika podjetja predlaga
triravninska sestava timov uvajanja izdelka, kar
prikazuje slika 6.

Jedrni tim, ki ga sestavljajo vodilni delavci
podjetja in vodja opazovanega stopenjskega tima,
ima nalogo, da podpira in nadzoruje projekt uvajanja
izdelka.

Stopenjski tim, ki ga sestavljajo vodja
stopenjskega tima in vodje v opazovani stopnji
oziroma zanki udelezenih funkcijskih timov, ima
nalogo, da koordinira in uglasa cilje in dejavnosti
funkcijskih timov ter zagotavlja gladek prehod na
naslednjo stopnjo osvajanja izdelka.

Funkcijski tim, ki ga sestavljajo vodja
funkcijskega tima in strokovnjaki razli¢nih podrocij
dela podjetja ter predstavniki dobaviteljev in kupcev,
ima nalogo, da izvaja zadane naloge v terminskem,
finan¢nem in kadrovskem oziru.

2.2 Oblikovanje sestave timov v majhnih podjetjih

Analiza rezultatov oblikovanja delovnih
skupin in sestave timov v velikih podjetjih je pokazala,
da predlagani osnutek nacrtovanja delovnih skupin
in sestave timov za majhna podjetja ni sprejemljiv
(preveliko Stevilo timov delovne skupine, preve¢
timskih ravni).

Pri oblikovanju osnutka delovnih skupin,
sestave in organizacije majhnih podjetij bo torej treba
paziti na predlaganje:

- ¢im manjsega Stevila timov delovne skupine,
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- aclear definition of competence and responsibility,

- short decision paths,

- an identification of team members with the product
being developed.

A survey of the published works in the field of
team-structure planning in big companies ([1] and [8])
has revealed that a three-level PDT structure is recom-
mended in big companies, as presented in Figure 6.

The core team consists of the company man-
agement and the manager of the treated stage team;
its task is to support and control the product-devel-
opment project.

The level team consists of the level-team man-
ager and the managers of the participating functional
teams in the treated level (loop); its task is to coordi-
nate the goals and tasks of the functional teams and
to ensure a smooth transition to the next level of
product development.

The functional team consists of the functional-
team manager, experts from various fields in the com-
pany, and representatives of suppliers and custom-
ers; its task is to carry out the tasks given, taking into
consideration terms, finance and personnel.

2.2. Team structure in small companies

An analysis of the results regarding the setup
of workgroups and team structure in big companies
has shown that the proposed concept for planning
the workgroups and the structure of the teams can-
not be used in small companies (there are too many
teams in a workgroup and too many team levels).

When developing the workgroup concept,
structure and organisation in small companies it will
therefore be necessary to propose:

- as few workgroup teams as possible,
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KADROVSKI TIM
PERSONNEL TEAM

NAVIDEZNI TIM
VIRTUAL TEAM

DELOVNA SKUPINA
WORK GROUP

TEHNOLOGIJSKI TIM
TECHNOLOGY TEAM

Sl. 7. Delovna skupina v majhnem podjetju
Fig. 7. Workgroup in a small company

- ¢im manjSega Stevila timskih ravni in - as few team levels as possible,

- ustrezne organizacije podjetja. - an appropriate organisation of the company.
Sodelavci Laboratorija za proizvodne The members of the Production Systems Labo-

sisteme smo izdelali nekaj variant sestave delovnih ratory made several versions of the workgroup com-

skupin in sestave timov ter se po vrednotenju position and team structure, and decided, after an

predlaganih variant odlocili, da za majhna podjetja evaluation of the proposed versions, that the follow-

predlagamo: ing was advisable for small companies:

- prehod iz $tirih timov delovne skupine (kadrovski, — a switch from four workgroup teams (personnel,
logiski, tehnologijski, navidezni tim) na dva tima logical, technology, and virtual team) to two
(logiski in tehnologijski tim), workgroup teams (logical and technology team);

- prehod iz triravninske na dvoravninsko sestavo - aswitch from a three-level to a two-level team struc-

Ravnina:
Level: PERMANENT STRUCTURE OF CORE TEAM IN PRODUCT DEVELOPMENT PROCESS

JEDRNI TIM
CORE TEAM

VODJA PROJEKTNEGA
TIMA PROJECT MANAGER

Projektni tim zanke
planiranja postopkov
Project team of
production planning
loop

Projektni tim zanke
izvedljivosti
roject team of feasibilit;
loop

Projektni tim zanke
konstruiranja
Project team of design
loop

Projektni tim zanke
priprave proizvodnje
Project team of
production loop

Projektni tim zanke
izdelave
Project team of
manufacturing loop

SPREMINJAJOCA SESTAVA PROJEKTNEGA POSTOPKA OSVAJANJA IZDELKA
VARIABLE STRUCTURE OF PROJECT TEAM IN PRODUCT DEVELOPMENT PROCESS

Sl. 8. Dvoravninska sestava timov v majhnem podjetju
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V majhnem podjetju bo torej delovna skupina
sestavljena le iz dveh osnovnih timov (slika 7) in to:
- logiSkega tima, ki naj poskrbi, da se celotni
postopek uvajanja izdelka razdeli na logi¢ne enote
in da se dolocijo vmesni ¢leni ter povezave med
enotami postopka in

- tehnologijskega tima, ki naj odgovarja za stvaritev
strategije in zamisli.

Naloge navideznega tima bo v majhnem podjetju
prevzel osrednji informacijski sistem (OIS) z ustreznimi
programskimi orodji, za uporabo katerih morajo biti ¢lani
delovne skupine dobro usposobljeni, naloge
kadrovskega tima pa bi izvedel vodja projektnega tima.

Za majhno podjetje se nacrtuje tudi prehod iz
triravninske strukture timov na dvoravninsko
strukturo, ki je prikazana na sliki 8.

Jedrni tim, katerega naloga je, da podpira
in nadzoruje projekt uvajanja izdelka, naj bi
sestavljali:

- vodja jedrnega tima (stalni ¢lan),
- vodje strokovnih sluzb podjetja (stalni ¢lani) in
- vodja projektnega tima (stalni ¢lan).

Projektni tim, katerega naloga je izvajanje
zastavljenih nalog v terminskem, finan¢nem in
kadrovskem pogledu, naj bi sestavljali:

- vodja projektnega tima (stalni ¢lan) in

- strokovnjaki razli¢nih podrocij dela podjetja ter
predstavniki strateskih dobaviteljev in kupcev
(nestalni ¢lani).

Kot vidimo, naj bi bil projektni tim v majhnem
podjetju zasnovan podobno kakor funkcijski tim v
velikem podjetju, s to razliko, da je en sam in da skozi
stopnje oziroma zanke uvajanja izdelka spreminja
Svojo sestavo.

V zanki izvedljivosti, v kateri naj bi
projektni tim poskrbel za dolocitev zahtev
kupcev, dolocitev ciljev ter izdelavo razli¢nih
variant zamisli izdelka, naj bi projektni tim
sestavljali usluzbenci trzenja, projektive,
konstrukcije ter predstavniki strateskih
dobaviteljev in kupcev.

V zanki konstruiranja, v kateri naj bi projektni
tim poskrbel za idejne resitve izdelka, projektiranje
in konstruiranje izdelka, sklopov in sestavnih
delov, razvoj prototipov ter izbira najprimernejsih
variant z vidika tehnologi¢nosti, naj bi projektni
tim sestavljali usluzbenci projektive, konstrukcije
in tehnologije.

V zanki nacrtovanja postopkov, v kateri naj bi
projektni tim poskrbel za izbiro najprimernejSih
tehnoloskih postopkov izdelave sestavnih delov in
montaze sklopov (dolocitev zaporedja, opravil, izbira
strojev in orodij, normirani ¢asi), naj bi projektni tim
sestavljali usluzbenci konstrukcije, tehnologije,
priprave proizvodnje in predstavniki strateskih
dobaviteljev.

V zanki priprave proizvodnje, v kateri naj bi
projektni tim poskrbel za dolocitev poteka dela

stran 208

In a small company a workgroup therefore
consists of just two basic teams (Figure 7):

— the logical team, which should ensure that the whole
product-development process is divided into logi-
cal units and that the interfaces and junctions be-
tween process units are defined;

— the technology team, which should be responsible
for providing the strategy and concept.

The CIS performs the role of the virtual team
with proper software tools (workgroup members
should be well trained to use these tools), and the
project-team manager carries out the personnel-team
tasks.

For a small company, the transition from a
three-level to a two-level team structure is planned
too, as presented in Figure 8.

The core team, whose task is to support and
control the product-development project, should
consist of:

- acore-team manager (permanent member),

- department managers (permanent members),

- aproject-team manager (permanent member).

The project team, which carries out the tasks
given, taking into consideration terms, finance and
personnel, should consist of:

- aproject-team manager (permanent member),

- experts from various fields in the company and rep-
resentatives of strategic suppliers and customers
(variable members).

The project team in a small company is there-
fore designed in a similar way to a functional team in
a big company, the difference being that there is just
one team and its composition changes in different
phases (loops) of the product-development process.

In the feasibility loop, where the project team
should define customer requirements and goals, and make
several versions of the product design, the project team
should consist of employees from the marketing, the prod-
uct-planning, and the design departments, and the repre-
sentatives of strategic customers and suppliers.

In the design loop, where the project team
should provide general solutions regarding the prod-
uct, the product planning and the design, its parts
and components, the development of prototypes, and
the choice of the most suitable versions from the
manufacturing point of view, the project team should
consist of employees from the product-planning, the
design and the production-planning departments.

In the production-planning loop, where the
project team should select the best technology opera-
tions for the manufacturing of parts and the assem-
bling of components (definition of sequence, opera-
tions, selection of machines, tools, and norm times),
the project team should consist of employees from the
design, the production-planning, and the production
departments, and strategic suppliers’ representatives.

In the production loop, where the project team
should define production type (workshop, cell or
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S1. 9. Vzorna matricna organiziranost

timskega dela v majhnih podjetjih

Fig. 9. Ideal matrix organisation in a small company

(delavniski, celi¢ni ali izdel¢ni potek dela) ter za izbiro
najboljse razmestitve delovnih sredstev, naj bi
projektni tim sestavljali usluzbenci tehnologije,
priprave proizvodnje, izdelave in montaze ter logistike
in odpreme.

V zanki proizvodnje, v kateri naj bi projektni
tim poskrbel za preizkus prototipov, nabavo
potrebne opreme, razmestitev delovnih sredstev,
izvedbo in preizkus nicte serije, naj bi projektni tim
sestavljali usluzbenci priprave proizvodnje, izdelave
in montaze, kakovosti ter usluzbenci skladi$¢ in
odpreme.

Naloge stopenjskih timov velikega
podjetja naj bi v majhnem podjetju prevzel vodja
projektnega tima in ta naj bi poskrbel za
uskladitev in uglasevanje ciljev in dejavnosti med
projektnim in jedrnim timom ter za zagotavljanje
nemotenega prehoda iz ene v drugo zanko
uvajanja izdelka.

V velikih podjetjih so obi¢ajno ¢lani jedrnega
tima, stopenjskih in funkcijskih timov projektno
organizirani. Takega nacina organizacije timov si majhna
podjetja ne morejo privosciti, in to predvsem zaradi
premajhnega Stevila usluzbencev oddelkov podjetja.

Analiza razli¢nih organizacijskih struktur
podjetij oziroma timov ([9] in [10]) je pokazala, da
bi bila za majhna podjetja najprimernejSa matricna
organizacija ¢lanov jedrnega in projektnega tima
(s1.9).

Posamezni ¢lan jedrnega tima, razen vodje
projektnega tima, del delovnega Casa opravlja
naloge v oddelku, kateremu pripada in bi bil za
izvedbo teh nalog odgovoren direktorju podjetja,
preostali del delovnega ¢asa pa bi posvetil delu
pri projektu uvajanja izdelka, za kar bi bil

product-oriented type of production) and select the
optimum layout of production means, the project team
should consist of employees from the production-
planning department, production, manufacturing and
assembly, as well as logistics and delivery.

In the manufacturing loop, where the project
team should take care of prototype tests, supply of
required equipment, layout of production means,
manufacturing and test of the null series, the project
team should consist of employees from the produc-
tion department, manufacturing and assembly, qual-
ity assurance, warehouse and delivery departments.

The tasks that are performed by the stage
teams in big companies should be done by the project-
team manager in a small company, and he/she should
coordinate and tune the goals and activities between
the project team and the core team, and provide a
smooth transition from one phase (loop) of the prod-
uct-development process to another.

In big companies the members of the core,
level and functional teams usually use a project type
of organisation. This type of organisation cannot be
used in small companies, as they have too few em-
ployees.

An analysis of the various organisational
structures of companies and teams ([9] and [10]) has
shown that in small companies a matrix organisation
would be the most suitable for the core- and project-
team members (Figure 9).

A member of the core team (with the exception of
the project-team manager) would carry out tasks in his/her
department for part of his/her working time (for this work
he/she would be responsible to the general manager of the
company), and the rest of his/her working time he/she
would work on the product-development project (for this
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Sl1. 10. Mini nakladalnik »VEPER«
Fig. 10. The “VEPER mini-loader

odgovoren vodji jedrnega tima. Tudi ¢lan
projektnega tima, razen vodje projektnega tima,
bi prav tako del delovnega Casa opravljal naloge
v oddelku, kateremu pripada in bi bil za izvedbo
teh nalog odgovoren vodji oddelka, preostali del
delovnega Casa pa bi posvetil delu pri projektu
uvajanja izdelka, za kar bi bil odgovoren vodji
projektnega tima.

Vodja projektnega tima naj bi bil za cas
trajanja projekta uvajanja izdelka izlocen iz oddelka
in naj bi bil polni delovni ¢as zaposlen samo pri
projektu.

3 PRIMER ISTOCASOVNEGA UVAJANJA
[ZDELKOV V MAJHNEM PODJETJU

Majhno podjetje, ki je izdelovalec strojev za
gradbenistvo, se je odlocilo za isto¢asovno osvajanje
mini nakladalnika » VEPER« (slika 10).

Podjetje zaposluje 182 delavcev in ima poleg
vodstva (direktor, pomocnik direktorja) oblikovanih
devet oddelkov, in to:

- komercialni oddelek, ki skrbi za trzenje in prodajo, s
7 delaveti,

- razvojno-projektivni oddelek, ki skrbi za razvoj in
projektiranje izdekov, s 5 delavci,

- konstrukcijski oddelek, ki skrbi za konstruiranje
izdelkov, s 6 delavci,

- tehnoloski oddelek, ki skrbi za nacrtovanje
proizvodnje in logistiko, z 12 delavci,

- nabavni oddelek, ki skrbi za nabavo in sodelavo, s
5 delavci,

- proizvodnja, ki skrbi za operativno pripravo

work he/she would be responsible to the core-team man-
ager). A member of the project-team (except the project
team manager) would carry out the tasks in his/her depart-
ment for part of his’her working time (for this work he/she
would be responsible to the department manager), and the
rest of his/her working time he/she would work on the
product-development project (for this work he/she would
be responsible to the project-team manager).

The project-team manager would be excluded
from his/her department throughout the duration of
the product-development project and he/she would
work full-time on the project.

3 ANEXAMLE OF THE CONCURRENT DEVELOP-
MENT OF PRODUCTS IN A SMALL COMPANY

A small company that produces civil engineer-
ing equipment decided to concurrently develop a mini-
loader called “VEPER” (Figure 10).

There are 182 employees in the company; in
addition to the management (the general manager
and his assistant) there are nine departments:

- the commercial department is in charge of market-
ing and sales (7 employees),

- the development and planning department is concerned
with development and product planning (5 employees),

- the design department is concerned with product
design (6 employees),

- the technology department is concerned with pro-
duction and logistics (12 employees),

- the supply department is concerned with supply
and cooperation (5 employees),

- the production department is concerned with op-
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proizvodnje in samo proizvodnjo, s 136 delaveci,
- finan¢ni oddelek s 3 delavci,
- oddelek kakovosti s 3 delavci in
- informacijska enota s 3 delavci.

Da bi podjetje lahko preslo na istocasovno
uvajanje mini nakladalnika, se je bilo treba najprej
odlociti za sestavo timov isto¢asovnega uvajanja
nacrtovanega izdelka.

Vodstvo podjetja se je odlo¢ilo za oblikovanje
dvoravninske strukture timov, torej za jedrni in
projektni tim.

Da bi prisli do najprimernej$e sestave jedrnega
in projektnega tima, sta bili organizirani dve delavnici
ustvarjalnosti [4], v katero so bili povezani direktor
in pomoc¢nik direktorja podjetja ter devet vodij
oddelkov.

Rezultati izvedbe prve delavnice ustvarjalnosti
so pokazali, naj jedrni tim sestavlja enajst delavcev
podjetja, in to:

- direktor podjetja, ki bo vodja jedrnega tima,
- devet vodij oddelkov,
- pomocnik direktorja, ki bo vodja projektnega tima.

Vsi ¢lani jedrnega tima bodo stalni ¢lani, torej
se sestava jedrnega tima v Casu uvajanja mini
nakladalnika ne bo spreminjala.

Da bi dolocili stopnje postopka uvajanja mini
nakladalnika, stopnjam pripadajoce dejavnosti ter
dolocili odgovornosti oddelkov za izvedbo dejavnosti,
je bila izvedena druga delavnica ustvarjalnosti.

Rezultate izvedbe druge delavnice
ustvarjalnosti prikazuje preglednica 1.

V preglednici 1 zbrani rezultati dolocanja
stopen;j in dejavnosti ter dolo¢anja odgovornosti
oddelkov za izvedbo dejavnosti in sprejeta odlocitev
vodstva podjetja o organizaciji 3-T zank postopka
uvajanja mini nakladalnika, je predstavljala temelj za
oblikovanje sestave projektnega tima v posamezni
zanki uvajanja izdelka. Rezultati oblikovanja
spreminjajoCe sestave projektnega tima v zankah
uvajanja mini nakladalnika so vidni v preglednici 2.

Vodja projektnega tima bo stalni ¢lan tima,
strokovnjaki devetih oddelkov podjetja ter
predstavniki oblikovalcev, dobaviteljev in kupcev pa
bodo nestalni ¢lani tima.

1z rezultatov sestave jedrnega in projektnega
tima je bilo mogoce nacrtati dvoravninsko strukturo
timov osvajanja mini nakladalnika (sl. 11).

V podjetju, ki izdeluje mini-nakladalnike, so
dosedaj le-te uvajali na zaporedni nacin. Analiza
rezultatov zaporednega uvajanja razli¢nih tipov mini
nakladalnikov je pokazala, da je bil povprecni Cas
uvajanja izdelkov stiri leta.

Danasnji trg terja kratke dobavne roke izdelkov
oziroma kratke ¢ase uvajanja izdelkov.

Da bi podjetje skrajsalo ¢as uvajanja mini
nakladalnika in s tem postalo bolj konkuren¢no na
trgu, se je odlocilo za istoCasovno uvajanje novega
tipa mini nakladalnika.

erative production preparation and manufacturing
(136 employees),
- the financial department (3 employees),
- the quality assurance department (3 employees),
- the IT department (3 employees).

In order that the company could switch to con-
current development of the mini-loader it was first nec-
essary to decide about the structure and the composi-
tion of the concurrent product development teams.

The company management decided to form a
two-level team structure (core and project teams).

In order to get the best structure of both teams,
two creativity workshops were organised [4], with
the general manager, his assistant and nine depart-
ment managers participating.

The results of the first creativity workshop
showed that the core team should consist of eleven
company employees:

- the general manager, who would manage the core team,

- the nine department managers,

- the assistant general manager, who would manage
the project team.

All core-team members will be permanent
members; the core-team composition will therefore
not change within the mini-loader development time.

A second creativity workshop was organised
in order to define the stages of the mini-loader devel-
opment process, and their corresponding activities,
as well as the responsibilities of the departments to
carry out these activities.

The results of the second creativity workshop
are presented in Table 1.

The results of the second creativity workshop
(presented in table 1) and the selection of the project-
team manager, made by the company management,
allowed for the definition of the project-team struc-
ture in the individual loops of the mini-loader devel-
opment, as shown in Table 2.

The project-team manager will be a permanent
team member, while the experts from the nine depart-
ments of the company and the representatives of
designers, suppliers and customers will be variable
team members.

After the structures of the core team and the
project team had been defined, it was possible to
design the two-level team structure for the mini-loader
development (Figure 11).

Up to now the producer of the mini-loaders has
developed the products sequentially. An analysis of the
results of the sequential development of various types of
mini loaders in the past has shown that the average de-
velopment time for a particular product was four years.

These days the market demands short deliv-
ery terms for products and short development times.

In order to reduce the mini-loader develop-
ment time (and thus get a competitive advantage) the
company decided to concurrently develop a new type
of mini-loader.
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Preglednica 1. Stopnje in dejavnosti postopka uvajanja mini nakladalnika
Table 1. Stages and activities in the mini-loader development process
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STALNA SESTAVA JEDENEGA TIMA OSVAJANJA MINI-NAKLADALNIKA

PERMANENT STRUCTURE OF CORE TEAM IN MINI-LOADER. DEVELOPMENT PROCESS
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SPREMINJAJOCA SE SESTAVA PROJEKTNEGA TIMA OSVAJANJA MINI-NAKLADALNIKA

VARIABLE STRUCTURE OF PROJECT TEAM IN MINI-LOADER DEVEL OPMENT PRU('ES.‘;'/'
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Sl. 11. Dvoravninska sestava timov uvajanja mini nakladalnika
Fig. 11. Two-level team structure during the mini-loader development

paketom CA — SPJ, s katerim je bil narisan gantogram
izvedbe postopka istoCasnega uvajanja novega tipa
mini nakladalnika (sl. 12).

Analiza gantogramov sedanjega zaporednega
in nadrtovanega istocasovnega uvajanja novega tipa
mini nakladalnika je pokazala, da bo podjetje s
prehodom iz zaporednega na istocasni inZeniring
lahko dalo mini nakladalnik na trg, ne v Stirih letih,
temvec v petindvajsetih mesecih, kar bo bistveno
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was used to design the Gantt chart of the develop-
ment process for the new type of mini-loader (Figure
12).

An analysis of the Gantt charts of the existing
sequential and the planned concurrent development
of the new mini-loader shows that if the company
shifts from sequential to concurrent engineering, it
will be able to launch a new mini-loader in 25 months
instead of 48 month as before — which would consid-
erably improve the competitiveness of the company.
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Preglednica 3. Casi trajanja dejavnosti, tipi in Casi prekrivanja dejavnosti istocasovnega uvajanja mini

nakladalnika

FS: Konec-Zacetek/Finish-to-Start
SS: Zacetek - Zacetek/Start-to-Start
FF: Konec-Konec/Finish-to-Finish

|

I

|

I

|

I

|

Table 3. Duration of activities, types, and times of overlapping activities the during mini-loader development
|

OPIS STOPNJE Ocena Ugotav. o Cas I

Ident | OSVAIANJA Ident trajanja | predhodne Vrsta prekrivanja prekrivanja !
stopje IZDELKA Nacrtovane dejavnosti stopnje dejav.  [deiav-[mes]| gejavnosti [mes] !
Type of overlap I

Stage DESCRIPTION Planned activities within the stage Activity ACtlYlty Preceding Time of ‘
id OF PRODUCT id dqrathn activity overlap !
' DEVELOPMENT ’ estimation iden. FS SS | FF [months] ‘
STAGE [months] : I

1 | Definiranjeciliev | Cilii 2 3 - !
Definition of goal Goals :

3 Studija izvedljivosti Terminski plan 4 13 2 X 1 !
Term plan !

P Finan¢ni plan 5 12 2 X 2 !

Feasibility study Financialp lan |
Predkalkulacija 6 19 5 X 1 I

Pre-calculation I

Cilji trga 7 10 4 X 0 I

Goals of market 5 X 0 I

8 Projektiranje Idejni osnutek izdelka 9 4 2 X 2 |
First draft of the product |

Product planning Idejni osnutki sklopov 10 4 9 X 1 |

First draft of components I

Projektiranje 11 9 9 X 3 I

Planning of the product I

12 Konstrukcija Konstruiranje sklopov 13 5 9 X 3 |
Design of components 11 X 0 |

Design Izdelava delavniskih risb 14 8 10 X 3 I
Drawings of parts I

Kosovnice 15 9 9 X 3 ‘

Bills of material I

16 | Naértovanje Materialne potrebe 17 8 9 X 0 !
postopkov Material requirements 10 X 3 |

14 X 0 :

Process planning 15 X 0 ‘
Tehnoloski postopki 18 11 13 X 3 !

Technology routings :

Nadzorni postopki 19 13 18 X 1 |

Control procedures |

Priprave' 20 5 19 X 1 |

Preparations |

Razpisana dokumentacija 21 14 18 X 0 |

Documentation of orders |

Pregled zalog 22 3 19 X 0 |

Overview of stock 21 X 1 |

Oblikovanje narocil / Creation of orders 23 4 20 X 0 |

Narocanje materiala 24 5 17 X 5 |

Order of material 22 X 2 |

Prevzem in skladi$cenje 25 7 24 X 1 I

Acceptance and storing :

26 Izdelava in montaza] Prozenje proizvodnje 27 11 19 X 0 |
Launch of production 21 X 0 |

Manufacturing and 24 X 0 I
assembly Priprava materiala 28 6 25 X 1 !
Preparation of material 27 X 2 ‘

Izdelava priprav 29 8 7 X 0 :

Manufacturing of appliances 14 X 0 !

20 x 4 !

Izdelava komponent 30 4 24 X 3 !

Manufact. of components !

Montaza / Assembly 31 5 30 X 2 :

Preizkus 32 4 29 X 0 |

Check 31 X 1 |

Testiranje in nadzor 33 4 32 X 0 |

Test and control |

34 Trzenje Ponujanje in sklenitev pogodbe 35 11 28 X 0 |
Marketing Offer and contract |
Priprava izdelka 36 4 32 X 0 |

| Preparation of the product 33 X 0 |

Kon¢ni nadzor 37 2 6 X 0 |

Final control 33 X 0 |

Dobava 38 3 35 X 1 |

Supply 37 X 2 |
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|
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Naslov/Naloga Heading/Task 2002

2003 200)

10 dni na stolpec 10 days per column

FMas M ]

g DMNDT FMAM] ] AFQNDY

[Veperpj Y
DEFINIRANMJE CILJEY / DEFINITION OF GOALS ¥ L
Cilji/ Goals —

-l -y

$TUDIIA IZVEDLJIVOSTI { FEASIBILITY STUDY ¥
Tenminski plan | Term plan ' |
Finanéni plan / Financial plan
Predkalkulacija f Pre-caleulation
Cilji trga § Gols of market

PROJEKTIRANJE | PRODUCT PLANNING ¥
Tdejni ognutek izdelka [ First draft of the product
Tdejrd osnutek sklopoy J First draft of cormponents
Frojektiranje § Froduct plarming
EONSTRUECIHIA ! DESIGN
Konstruiranje sklopow f Design of cormponents
Kosovree f Bills of material
Dielasmiske nshe f Drawings of patts
+PLANIRANJE POSTOPKOY | PROCESS PLANNING
HIZDELAVA [ MANUFACTURING
HMARKETING ! MAREETING

ol

‘. I
=
P

SI. 12. Gantogram istocasnega uvajanja novega tipa mini nakladalnika
Fig. 12. Gantt chart for the concurrent development of a new type of mini-loader

Ker je uspesnost realizacije nacrtovanega
postopka istocasovnega uvajanja mini
nakladalnika v veliki meri odvisna od uspesnosti
dela spreminjajoce se sestave projektnega tima v
zankah uvajanja izdelka, bo nadaljnje delo
usmerjeno v podrobno organiziranje in uskladitev
¢lanov projektnega tima posamezne zanke
uvajanja izdelka.

4 SKLEPI

Svetovni trg zahteva kratke roke za uvajanje
izdelkov in to dejstvo sili tudi majhna slovenska
podjetja k prehodu od zaporednega na isto¢asovno
uvajanje izdelkov.

Ker je temelj istocasovnega uvajanja izdelkov
timsko delo, smo v prispevku posvetili posebno
pozornost oblikovanju in sestavi timov v majhnem
podjetju. Raziskave so nas pripeljale do sklepa, da
naj bo v majhnih podjetjih delovna skupina
sestavljena, ne iz stirih, temvec le iz dveh timov (logi¢ni
in tehnoloski podtim), ter da je za majhna podjetja
primerna dvoravninska sestava timov (stalni jedrni
tim in spreminjajoci se projektni tim).

Predlagano zamisel oblikovanja timov v
majhnem podjetju smo preizkusili na primeru
dolocanja sestave timov v podjetju, ki izdeluje mini
nakladalnike. Oblikovana je bila tako stalna sestava
jedrnega tima kakor tudi spreminjajoca se sestava
projektnega tima.

Clani jedrnega tima so dolo¢ili ase trajanja
nacrtovanih dejavnosti, mozne povezave dejavnosti
ter case prekrivanj dejavnosti. Zbrani podatki o
dejavnostih postopka so omogocili delo s programskim
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The success of the concurrent mini-loader de-
velopment process largely depends on the effective-
ness of the work on changing the composition of the
project team in the product development loops, and
therefore future activities will be directed towards a
detailed organisation and coordination of the project-
team members during individual loops of the product
development.

4 CONCLUSIONS

The global market requires short product-de-
velopment times, and therefore small Slovenian com-
panies are being forced to switch from sequential to
concurrent product development.

As the basic element of concurrent product
development is team work, this paper pays special
attention to the formation and structure of teams in a
small company. Research has led us to the conclu-
sion that a workgroup in a small company should
consist of just two teams (logical and technology
teams) instead of four teams, and that a two-level
team structure (a permanent core team and a variable
project team) is more suitable for small companies.

The proposed concept of team formation in a
small company has been tested in a sample case of
team composition in a company producing mini-load-
ers. First, the permanent core-team structure and then
the variable project-team structure have been defined.

The core team members defined the duration
of the planned activities, the possible interconnec-
tions of activities and the times of overlapping ac-
tivities. The data obtained on the process activities
allowed the use of the CA — SPJ software to make a
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paketom CA — SPJ, s katerim je bila izvedena ¢asovna
analiza dejavnosti in izrisan gantogram istocasnega
uvajanja novega tipa mini nakladalnika.
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