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Sodoben trZno prilagodljiv razvoj in proizvodnja
novih mudulml: gra?eni plut‘evi'}last?h izdelkov

Modern Market Adaptable Development and Manufacturing
of New Modular Sheet Metal Parts

TOMAZ PEPELNJAK - BORIS JURKOSEK - KARL KUZMAN

Sodoben razvoj in proizvodnja novih izdelkov terjajo povezovanje in sodelovanje vseh
razvojnih in proizvodnih slufb podjetja. Nov izdelek, po katerem povprasujejo na trgu, oblikujeta
oblikovalec in konstrukter s sodelovanjem tehnologa glede na nacrtovano ceno izdelka. Skupaj
optimirajo geometrijsko obliko izdelka glede na razpoloiljive proizvodne tehnologije. Vkljucevanje
zamisli krojenih prirezov pri postopkih preoblikovanja izdelka izboljfuje njegovo trdnost ob minimaini
porabi materiala. Oblikovanje in konstrukcijo izdelka je treba izpeljati izkljucno v virtualnem okolju
(CA-x), kar omogoéijo ustrezna radunalniska orodja. Izhod iz virtualnega okolja CA-x je datoteka z
geometrijskimi in tehnoloSkimi podatki o izdelku. Ta datoteka se nato prenese v prototipno delavnico
ali orodjarno.

P:{oranpna izdelava je podpria s sodobnimi koncepti in tehnologijami hitre izdelave prototipov
in/ali orodij. Tako se prototipe ali ni¢to serijo izdela v najkrajSem mogocem casu. Pri optimiranju
prec;?h’kominega procesa lahko s slojevito gradnjo orodij hitro izvedemao rekonstrukcijo ali popravilo
orodja.

; Dobra povezava med vsemi oddelki, ki sodelujejfo pri zasnovi in razvoju izdelka, z.’:.‘mnf in
vrednotenje informacij o morebitnih napakah v katerikoli razvojni fazi (FMEA) ter njihovo
odpravijanfe pred tesino serijo, skrajsuje case uvajanﬁa novega izdelka. Z minimiranjem napak f;r:'
razvoju se zmanjfujefo tudi strofki zaradi morebitnih napak na izdelku, ki bi se lahko pojavili v
redni proizvodnji.

Slanku je predstavijen model celovitega pavezavarz‘a razvoja, proizvodnje in trienja, ki se
od doslej poznanih sistemov razlikuje predvsem po povramih informacijskih zankah. Z njimi se lahko
odzivamo na hitre trine spremembe in jim prilagajamo izbiro razvojnih in proizvodnih tehnologij za
uvajanje in izdelavo novega ali obnovo sedanjega izdelka. Raziskave so potrdile ustreznost modela
povezovanja vseh faz razvojnega sistema. Smeri razvoja novih izdelkov se nagibajo k nadaljnjemu
firfemu povezovanju celoinega sistema razvoja s fazo proizvodnje in modernih metod trienja. Sfédnje
amogodafo predvsem sodobni komunikacijski mediji, npr.: racunalniiki prodajni katalogi, internet
in virtualne predstavitve izdelkov.

Kljugne besede: preoblikovanje ploevine, gradnja modulna, metoda FMEA, trZenje izdelkov

Modern integrated systems for the development and manufacturing of new products require
cooperation between all services involved in this process. The design ajg new products to meet the
market demands has to be performed according to its expected price through cooperation beiween
the designer and the production engineer in order to achieve optimum part geometry according o
maffabfg manufacturing technologies. To achieve optimum strength witﬂr’nimum material use, the
introduction of tailored blanks into the production process is recommended. Therefore, the concept
and design of the product have 1o be prepared entirely in a virtual environment (CA-x), and this is
made possible through powerful computer tools, The output of the virtual CA-x environment is a data
file containing the geometrical and technological information about the new part. This file has to be
iransferred to the prami‘ypr'nf workshop or mﬂ."mg plant.

The prototyping workshop is supported by modern concepts and technologies of rapid
pramzp:‘ug and/or tooling. This enables .‘fe manufacturing of prototypes and zero-series in the shortest
possible time. In the case of forming process optimization, tool reconstruction is possible through a
ftﬂ-'eil"ed tooling concept. Good cooperation between all the participants :'nvafvedu in the conceptual
phase and development of a new product, gathering information and evaluation of possible failures
in all development phases (FMEA) and their elimination before the test-series helps to shorten devel-
opment times. The cost minimization of possible product failures, which could appear in the produc-
tion, is also significant.

The paper presents a model of integral linkage of development, mmgcfacmrin and marketing,
which g‘ﬁ from the systems known to date, particularly since it includes feed-back information
loops. These serve for responding to rapid market changes and adapting the selection process for
developmental and manufacturing recﬁnofﬂfr'ﬁs in order to master and make new products or recon-
struct the existing ones. The research work has shown that all development phases are successfully
linked. Modern development concepts tend towards the further spreading of the global linkage of the
development phases with manufacturing and current trade methods which are made possible through
new communication media, such as computer sale catalogues, the internet and pr { presentation
in virtual reafity.

Keywords: sheet metal forming, modular concepts, FMEA method, product marketing
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0 UVOD

Velika konkurenca v sodobni industrijski
proizvodnji sili izdelovalee k nenehnemu skrajSevanju
casov razvoja in izdelave izdelka. Razvoj novega in
obnovo sedanjega izdelka lahko skrajSujemo z
uvajanjem novih ratunalnisko podprtih tehnologij
konstruiranja in naértovanja proizvodnje. Pomembno
viogo ima tudi ragunalni3ko podprto optimiranje
izdelka glede na njegovo napetostno-deformacijsko
stanje, toplotne obremenitve itn. Vpeljevanje
ratunalnidke podpore v vse faze razvoja izdelka
omogoda, da slednje prenasamo v virtualno okolje in
prototipno serijo predstavljajo Ze optimirani izdelki. Cas
izdelave prototipnih serij se je v zadnjih letih skrajsal
(do 30%) z uvajanjem metod hitre izdelave prototipov
[1] (laserska stereolitografija, selektivno lasersko
sintranje itn.), s katerimi lahko izdelamo manjse serije
prototipov brez uporabe obi¢ajnih orodij. V zadnjem
letu se pojavljajo tudi Ze prve tehnologije izdelave
kovinskih prototipov in orodij za tlaéni liv, s katerimi
hitro in natanéno izdelamo nifto serijo z ustreznimi
snovnimi lastnostmi.

Razvoj novih izdelkov v svetu se nagiba k
opusanju preverjanja novih izdelkov in orodij zanje z
uporabo prototipnih serij [2]. V fazi testiranja so
proizvodni sistemi, s katerimi virtualno preverimo in
optimiramo izdelek in njegovo izdelavo do faze
proizvodnje velikoserijskih orodij. Hkratna uporaba
razliénih ratunalnidko podprtih (CA-x) programskih
orodij je primema v vseh omenjenih virtualnih razvojnih
fazah - sofasno inZenirstvo [3].

Za izboljsanje informacijske povezave med
trzenjem in razvojem izdelka, ki mora omogogati hiter
odziv razvoja na trina povpraevanja ob hkratni
vrhunski kakovosti in sodobni proizvodniji novih
izdelkov, je bil razvit model sistema globalne
informacijske integracije. Namen omenjenega modela
Je skrajanje razvojnih ¢asov, zmanjsanje stro¥kov in
zmoZnost prilagajanja razvoja zahtevam trga.

1 SISTEM POVEZOVANJA RAZVOJA IN
TRZEMNJA MODULNO GRAJENIH
IZDELKOV

V nekaterih industrijskih panogah je potrebna
velikoserijska izdelava plofevinastih izdelkov, ki imajo
velike ravne povriine (nad 0,5 m?) in se uporabljajo
le kot okrovi aktivnih delov izdelka. Obigajni nagini
izdelave uporabljajo izdelavo ene stranice okrova iz
ene platine oziroma veé stranic okrova iz ene platine
in le redko omogodajo prilagodljivo izdelavo okrovov.
Moinost izdelave razliénih modelov v eni seriji, ki gre
v velikosti nekaj 100 000 izdelkov na leto, je zelo
majhna.

Pri iskanju novih reitev povedevanja pri-
lagodljivosti proizvodnje in tipizacije posameznih

0 INTRODUCTION

The enormous competition in modern indus-
trial production forces manufacturers into the con-
tinual shortening of production and development
times. Development of new products and redesign
of existing ones can be shortened with the introduc-
tion of new computer aided technologies in design,
process planning and product optimization (accord-
ing to its stress-strain condition, thermal loads etc.).
With most of these development phases now being
carried out in a virtual environment it is possible to
produce an already optimized prototype series. The
time needed to manufacture the prototype batch has
been drastically reduced over the last years (up to
30%) using the rapid prototyping (RP) technologies
[1] (laser stereolithography, selective laser sintering,
etc.) which enable the production of small batches of
prototypes without the use of conventional tools. Last
year, the first RP technologies for metal prototype
production and rapid tooling for processes such as
injection molding have been presented to produce fast
and accurate zero series with corresponding mate-
rial properties.

Trends in world production development [2]
tend towards omitting the checking of products and
their tools with prototype series. Manufacturing sys-
tems are being tested which will enable the evalua-
tion and optimization of the product and its manufac-
turing, up to the tooling for large batch jobs, in a com-
pletely virtual environment. The parallel use of dif-
ferent CA-x tools in these phases is also essential -
concurrent engineering [3].

To improve the connection between market-
ing and development information - which assures a
fast, high quality and modemn production of new prod-
ucts - a model of global information integration has
been developed. The purpose of this model is to
shorten development times, decrease costs and adapt
development to market demands.

1 THE SYSTEM FOR THE INTEGRATION OF
DEVELOPMENT, MARKETING, AND
MODULIZATION OF PRODUCTS

In some industrial sectors, the production of
large batch series of relatively large flat surfaces
(0.5 m* or more) made of sheet metal is required.
These parts are often used only as casings for the
active product parts. Using conventional manufac-
turing technology, often one part per casing side - or
even one part for more than one casing - side is pro-
duced. This decreases the manufacturing adaptabili-
ty and model variation when the annual production is
of several 100 000 parts.

A concept of the modular part and/or product
design for sheet metal part production in large series
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komponent izdelka je bil zasnovan sistem modulne
gradnje ploZevinastih izdelkov za masovno proizvodnjo.
Zamisel modulne gradnje omogoéa izdelavo vecjega
itevila po geometrijski obliki sorodnih izdelkov. Testni
izdelek lahko oznagimo z naslednjimi lastnostmi:

- plogevinski deli so relativno velikih dimenzij z
lokalno povetanimi obremenitvami, od katerih je
odvisna debelina ploevine za posamezne dele,

- plotevinski deli so povriinsko zas€iteni,

- prilagodljivost izdelave je omejena (velike serije,
velika orodja),

- omejena je geometrijska prilagodljivost (razli¢ice
geometrijske oblike so omejene na Stevilo modelov
izdelka).

Veliki plofevinski deli s temi lastnostmi so ob
obiajnem nadinu izdelave pogosto razmeroma
predimenzionirani. Najbolj obremenjena cona
posameznega dela dolofa njegovo debelino, kar je
povezano s preveliko porabo materiala. Uporaba
krojenih prirezov s kombinacijo razliénih in/ali razli¢no
debelih materialov zmanj3a porabo materiala ob
hkratnem izboljsanju mehanskih lastnosti izdelka.
Rekonstrukcija izdelka, sprememba modela ali
posebne Zelje kupea po nestandardnih dimenzijah
izdelka pomenijo pri sedanjem nainu izdelave iz
enovite debeline plo¢evine velike konstrukcijske
zahteve in visoke investicijske strofke za nova orodja.
Pomanjkljivost velikih orodij, ki so bila izdelana za
dolod¢ene razlifice izdelka v ¢asu konstrukcije in
izdelave orodja, je majhna zmoznost prilagajanja trénim
spremembam. Prilagodljivost izdelave posameznih
delov izdelka je minimalna, saj lahko z enim orodjem
izdelujemo le en izdelek. V primeru sprememb v
proizvodn)i pred dokonéno amortizacijo orodij mi
mogoée porabiti delov orodja za proizvodnjo sorodnih
izdelkov, kar je izvedljivo v primeru modulno grajenih
izdelkov in orodij. Nova kombinacija modulno
sestavljenih delov orodja omogoéa njihavo uporabo
za proizvodnjo po geometrijski obliki sorodnih izdelkov,
kar izboljia amortizacijo orodja in poveta donosnost
naloZbe.

Z ustrezno konstrukcijo sedanjega izdelka lahko
tega razdelimo na posamezne komponente (sl. 1). Z
razliénimi kombinacijami komponent se lahko poveéa
stevilo sorodnih izdelkov. Za doseganje velike
kakovosti 1zdelkov (dober videz, vodotesnost,
geometrijska natanénost) moramo uporabiti sodobne
tehnologije spajanja, npr.: lasersko varjenje, uporovno
varjenje z gnetenjem in lepljenje. £ ustrezno
modulamostjo komponent lahko izdelujemo izdelek
glede na posebne zahteve kupca, pri temer so
dolo¢ene komponente izdelane po meri. Prilagajanje
dimenzijskim zahtevam povprasevanja lahko izvajamo
s prilagodljivimi rezalnimi sistemi (npr. lasersko
rezanje).

has been developed to look for new solutions to in-
crease production adaptability and specifications of
particular product components. The idea of modular
part design enables the production of an increased
number of geometrically similar components. The
sample product can be characterized by the follow-
ing properties:

- sheet metal components have relatively large di-
mensions with locally increased loads which dic-
tate the sheet thickness,

- sheet metal components are surface coated,

- production flexibility is limited (large series, large
tools),

- geometrical adaptability is limited (geometrical
variants are limited to the number of models).

Conventionally produced sheet metal compo-
nents are relatively oversized, The most loaded sec-
tion determines the sheet thickness, which demands
high material consumption according to modern de-
sign concepts. The use of tailored blanks with differ-
ent materials and/or sheet thicknesses in one blank
decreases this consumption with a parallel improve-
ment in the part’s mechanical properties. Product re-
design, change of product variants or special cus-
tomer demands (for non-standardized product sizes)
require, in existing part production (using equal sheet
thickness), enormous design efforts and high invest-
ment costs for new tools. The drawback of large tools,
which determine product variants defined at the time
of their production is their low adaptability to chang-
ing market demands. In the event of production
changes before the amortization period of such tools,
it is not possible to use their parts for the production
of similar parts, which is when the product is designed
in a modular way. The recombination of modular tool-
ing parts enables the production of new products and
leads to improved tooling amortization and return on
investment.

Using appropriate design, an existing product
can be divided into components (Fig. 1). This rede-
sign increases the number of geometrically similar
products with the use of different combinations of
particular components. Modern joining technologies,
such as laser welding, mash seam welding and adhe-
sive joining, should be used to satisfy high quality re-
quirements (such as visual, waterproof, high geometri-
cal accuracy). With suitable component modularity it
is possible to manufacture the product to a custom-
er’s particular request, where some components need
to be produced according to special specifications.
Adaptation to specified dimensions can be achieved
by flexible cutting systems (e.g. laser cutting).
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o MODULMA GRADNJA IZDELKA
o UPORABA KROJENTH FRIREZOV
o POVECANA AMORTIZACIIA ] b i) £
PREDBLIKOVALNIH ORODLI
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Sl. 1. Modularno konstruiran izdelek

Brez natanénih informacij o odzivih trga na
sedanje izdelke (variante modela) ne moremo
vrednotiti moZnosti njihove rekonstrukeije. V tanamen
je nujno potrebna obojestranska informacijska
povezava med slu¥bami tr¥enja, razvoja in proizvodnje
izdelka (sl. 2). Razvojna strategija vsakega podjetja
naj bi temeljila na moé&nih informacijskih povezavah
med vsemi sluZbami, ki vplivajo na izdelek. Za
izboljSanje povezav in sodelave med vsemi sluZbami
podjetja je bil razvit model strategije povezovanja, ki
zajema sodobne razvojne, marketinike ter proizvodne
koncepte in tehnologije (sl. 3). V tem sistemu imajo
pemembno vlogo komunikacijske tehnologije, s
katerimi najhitreje vzpostavljamo obojestranske
povezave med potrebami trga, izbiro ustrezne razvojne
tehnologije in optimalno proizvodnjo izdelka.
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Sl. 2. Informacijske povezave o izdelku

Model integracije vseh sluZb podjetja, ki vplivajo
na izdelek, je bil zasnovan za modulamo gradnjo
izdelka, s katero povedujemo prilagodljivost izdelave.
Glede na vse vetje zahteve po recikliranju in ponovni
uporabi posameznih delov izdelka je bila v model
integracije vkljuéena tudi povratna zanka recikliranja
izdelkov. Ta prenasa informacije o izrabljenih izdelkih
do razvojnih oddelkov podjetja.

Informacijske povezave med trZenjem,
razvojem in prodajo terjajo sodobne rafunalnifko
podprte tehnologije v podjetju ter tesne povezave s
prodajno mreZo. Soéasna izmenjava informacij med
vsemi sluZbami (od zasnove novega izdelka do njegove
prodaje) je izvedljiva le z razvejanimi ralunalnigkimi

FORMING TOOLS ...

- ele.
Fig. 1. Modular designed product

Without precise information about the market
response to existing product variants (model variants),
it is not possible to estimate the potential for rede-
sign. Therefore a two-way information flow between
the market, development and production is necessary
(Fig. 2). Each development strategy of an industrial
enterprise should be based on strong information links
between all product-affected services. To improve
the links and cooperation of all these services, a strat-
egy model has been developed which incorporates
modern development, marketing and production con-
cepts and technologies, including as well as commu-
nication technologies (Fig. 3). The shortest bidirec-
tional link between the market demands, choice of
appropriate development technology and optimum
product manufacturing has still to be found.

< OEVELOPMEY, >

I_.-’-~-:__; f,---' \\ P
| & | \proDUCT -

Fig. 2. Product information flow

The model of integration of all product-affected
services has been developed according to the modu-
lar concept, which enables additional flexibility in prod-
uct manufacturing. According to strong demands on
part recycling and re-use of some product compo-
nents, a fedback used products recycling link has been
incorporated into the development strategy model.

The information flow between marketing, de-
velopment, and sales demands modem computer aided
technology in enterprises and a strong connection with
the marketing network. Only with good computer
networking can the concurrent information exchange
between all phases (from new product conception
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mreZnimi povezavami. Prvi pogoj za vzpostavitev
sistema je zadovoljiva racunalnidka pismenost vseh
sodelujofih. Brez slednje niso mogogi ne vnos, ne
vrednotenje in ne izmenjava podatkov o sedanjih
in/ali novih izdelkih v vseh razvojnih, proizvodnih in
trznih sluZzbah.

Za zagotovitev oblikovno, konstrukcijsko in
tehnolodko optimiranega izdelka, ki mora biti prodan
kupcu v ¢im krajSem mogocem &asu in ob &im manjsih
proizvodnih stroskih, je treba definirati povezave med
razvojem, proizvodnjo in trZenjem. S slike 3 so
razvidne najpomembnej3e povezave:

- trZenje — razvoj: zahteve trga,

- trzenje —» razvoj: informacije o recikliranih delih,

- trZenje — proizvodnja: optimizacija nadzora trga
(zmanj3anje zalog),

- razvoj —» trzenje: 3D raunalniski model izdelka,

- razvoj —» proizvodnja: trZno usmerjena in opti-
mirana proizvodna tehnologija.

1. RAZW TN

——— e

up to the point of sale) be assured. A sufficient level
of computer literacy is necessary in all phases in-
volved, which is important for data input and evalua-
tion of the existing and/or new products in all devel-
opment, production and marketing services.

The primary links between development, pro-
duction and marketing have to be in place to assure
that the designed and technologically optimized pro-
duct will reach the customer in the shortest possible
time with the lowest development and production
costs. Figure 3 shows the most important links:

- marketing — development: market demands,

- marketing — development : information about re-
cycled parts,

- marketing — production: optimization of market
control (decreased stocks),

- development — marketing: 3D computer model
of a product,

- development —» production: market oriented and
optimized manufacturing technology.

. ]é i
i
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RPl .. RACUMALMIEKO PODPRTO INIEMIRSTVD
. RACUMALNIZKO PODPRTA OBDELAVA
SLA . LASERSKA STERECLITOGRAFIIA

RS . SELEKTIVEO LASERSKO SINTRANIT
LOM .. LAMELMNA GRADMIA DBIEKTA

Sl. 3. Sistem razvojno-trine integracije za modularno grajene izdelke
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Fig. 3. Modular product concept in the system of development and marketing integration

2 RAZVQJ IZDELKA

Razvoj izdelka poteka v veé fazah, ki so med
seboj povezane v integrirani razvojni sistem (sl. 3).
Faze se medsebojno prepletajo, pri tem morajo v &im
vedji meri potekati sofasno. Oblikovalei (O) zasnujejo
obliko novega izdelka, ki ustreza vizualnim,
ergonomskim in modnim kriterijem. Podatke o obliki
izdelka - tridimenzionalni povriinski model - shranijo
v centralni podatkovni bazi. Vse sluZbe v razvoju, ki
imajo dostop do te baze, lahko zbirajo iz nje podatke
od oblikovalcev. Dopolnjujejo jih s svojimi
informacijami o izdelku ter nazaj v bazo shranjujejo le
dodane informacije o izdelku. Strogo dolo&ene pravice
shranjevanja v podatkovno bazo onemogocajo
podvojitev podatkov in minimirajo obseg podatkov o
izdelku.

2 PRODUCT DEVELOPMENT

Product development consists of several
phases which should be concurrent and are organ-
ized into an integrated system (Fig 3). The designers
(DS) create the final shape of the product, which
meets the visual, ergonomic and fashion criteria. The
data about the product - 3D surface model - are stored
in a central database. All developers requiring these
data can read the information about the newly de-
signed product, adapt it to their needs and store only
additional data back to the database. The strictly de-
fined storage rights of particular product information
eliminate the possibility of its duplication and decrease
the total amount of product data.
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V naslednji razvojni fazi konstrukterji
tridimenzionalni povriinski model izdelka dopolnijo 2
debelino materiala, ojatitvami, spojnimi elementi itn,
in pripravijo tridimenzionalni prostorninski model
izdelka. Za minimiranje Stevila neustreznih razvojnih
modelov izdelka je nujno sodelovanje konstrukterjev
(K) in tehnologov (T), ki definirajo proizvodne
tehnologije izdelka in njegovih posameznih komponent.
Pri tem je nujno potrebno vklju€evanje metode analize
mogodih napak in njihovih posledic. Uporaba sodobnih
zasnov preoblikovanja plotevine, kakréna je npr.
uporaba krojenih prirezov [4] do [6], ima pomembno
vlogo pri sodelovanju konstrukterja in tehnologa (sl. 4).

0.6 mum

0,8 mm

Another design phase is necessary to build up
a 3D surface model with data on material thickness,
reinforcements, joining elements etc. and to gener-
ate a 3D solid model. Coordination between designer
(DC) and production engineer (PE), who define the
manufacturing technologies of the product and its
components, is necessary to decrease the number of
inappropriate product variants, and the use of a fail-
ure mode and effect analysis (FMEA) is essential in
this process. The use of modern sheet metal forming
concepts, such as the use of tailored blanks [4] to
[6], plays an important role in the coordination of work
between the designers and engineers (Fig. 4).
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0,8 mm

Sl. 4. Uporaba krofenih prirezov v industriji bele tehnike
Fig. 4. Use of tailored blanking in household appliances industry

V celotni razvojni verigi je treba do petkrat
preverjati izdelek z metodami konénih elementov
(MKE) [2]. Analizirati je treba trdnost, toplotne in
dinami¢ne obremenitve tridimenzionalnega
prostorninskega modela novega izdelka. Po njegovi
optimizaciji in morebitni rekonstrukciji izbere tehnolog
ustrezno tehnologijo izdelave - preoblikovanje ali
odrezovanje kovin, tlatno litje termoplastov in
duroplastov. Simuliranje preoblikovanja plogevine [7],
[8] in tlaénega liva [9] z MKE je pokazalo zelo dobro
povezavo z eksperimentalnimi rezultati, kar omogoda
optimizacijo izdelka v virtualnem okolju. Z uporabo
orodij za ratunalnisko podprto inZenirstvo dolotamo
ustrezno preoblikovalno tehnologijo in geometrijsko
obliko orodij glede na zahtevane mehanske lastnosti
izdelka (trdnost, trdota itn.). Programi MKE so Ze
vkljuéeni v trznih programskih paketih (IDEAS,
ProEngineer itn.). V razvoju so tudi veépredstavni
(multimedijski) raéunalnidki programi (integrirani
rasterski, vektorski, tekstovni, vidni in sli3ni podatki),
ki dajejo programom RPK/RPO nove razseZznosti
uporabe [10].

In the total development chain, up to five
checks with the final element method (FEM)
simulations are necessary [2]. The strength, thermal
and dynamic loads have to be determined and evalu-
ated for the 3D solid model of a new product. After
its optimization and possible redesign, the production
engineer has to choose the appropriate manufactur-
ing technology - metal forming or cutting, injection
molding of thermosets or thermoplasts. The FEM
simulations of metal forming [7], [8] and injection
molding [9] have shown a good correlation with ex-
perimental results that enable technological product
optimization in a virtual environment. Using compu-
ter aided engineering technologies, the forming tech-
nologies and tooling geometry can be evaluated to
establish appropriate forming phases according to
product attributes (strength, hardness, etc.). FEM
programs are already incorporated into the com-
mercial packages (IDEAS, ProEngineer etc.) and
computer applications with multimedia communi-
cations (integrated raster, vector, text, video and
audio data) are in development to give the CATY/

CAM programs new potentials [10].
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S prototipno fazo je treba preveriti ustreznost
konstrukcijske in tehnoloike optimizacije izdelka in
orodij za njegovo izdelavo. V bliZnji prihodnosti se s
skokovitim povetevanjem ratunalniskih zmogljivosti
in izboljfavami programov MKE ter njihovih modelov
obeta celo opu3&anje preverjanja RPI optimiranega
izdelka s prototipi [2]. Slednji bodo v uporabi le za
hitro proizvodnjo manjsih serij - npr. za predstavitve
na sejmih.

Izdelava prototipov in prototipnih orodij v
prototipnih delavnicah (P) v zadnjih letih vedno bolj
temelji na tehnologijah hitre izdelave prototipov (HIP-
RP) in hitre izdelave orodij (HIO-RT) [11]. Postopki
laserske stereolitografije (LS), selektivnega
laserskega sintranja (SLS), slojevite gradnje objekta
(SGO-LOM™) in drugi omogoéajo neposredno
izdelavo prototipov brez obitajnih orodij. Z lamelnimi
[12], [13] in slojevitimi [14], [15] orodji je mogoda
hitra in pnlagodljwa izdelava orodij (sl 5) Za
vizualizacijo izdelka, geometrijsko preverjanje in
izdelavo form za ]itjcse uporabljajo plasti¢ni in sintrani
materiali ter papir. Lamelna in slojevita kovinska orodja
ali sintrana orodja, izdelana po postopku SLS z
nanesenimi trdimi prevlekami se uporabljajo za hitro
izdelavo orodij. Pri tem se po postopku SLS izdelana
orodja najve¢ uporabljajo pri tlaénem litju plastiénih
materialov majhnih in srednje velikih serij (do 10 000 kosov).

" PREOBLIKOVALNO ORODJE
FORMING TOOM

KONCEPT LAMELNE INAL] SLOJEVITE
GRADNJE ORODJA

| LAMINATED ANIVOR LAYERED TOOLING c‘mrcm

T. Pepelnjak - B. JurkoZek - K. Kuzman

It is necessary to verify the final design and
technological optimization of the product and its tools
in the prototyping phase. In the near future, the enor-
mous increase of computer capacities and improve-
ment of FEM programs and their models will make it
possible to omit verification of the CAE optimized
product by prototyping [2]. Prototypes will only be
used for the fast production of small batch jobs - e.g.
for presentations at trade fairs.

The production of prototypes and prototype
tools in the prototyping shops (P) has recently been
based on RP and rapid tooling (RT) technologies [11].
Laser stereolithography, selective laser sintering
(SLS), LOM™ ete. enable direct prototyping with-
out the conventional tools, whereas laminated [12],
[13] and layered [14], [15] tools allow for fast and
flexible tooling production (Fig. 5). For product visu-
alization, geometrical checking and forming models -
plastics, sintered materials and paper are used. Lami-
nated and layered metal tools or hard metal coated
SLS tools are used for RT. The SLS tools are used
more efficiently in injection molding for small and
medium batch jobs (up to 10 000 parts).

St

’

| HITRA IZDELAVA
ORODIA
| RAFID TOOLING

[ SLOJEVITO ORODIE ZA GLOBOKI VLEK [12]
LAYERED DEEP DRAWING TOOL (12}

S1. 5. Lamelna in slojevita orodja
Fig. 5. Laminated and layered tools
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V celotnem razvojnem sektorju je primerna
vpeljava metode analize mogocih napak in njihovih
posledic (FMEA). Z njo vrednotimo pojav napak in
okvar ter njihov vpliv na razvoj izdelka v vseh
razvojnih fazah. PravoZasno ugotavljanje okvar in
utinkovita minimizacija napak skrajiuje case ter
zmanjiuje stroke razvoja novega izdelka.

3 TRZENJE

TrZzenje izdelka ima zaradi svojega
neposrednega stika z uporabnikom pomembno vlogo
v podjetju. Pri kakovostnem trgovanju 3e vedno velja
nacelo "kupec je kralj", zato je treba za pridobivanje
kupcev uporabiti vse razpoloZljivo znanje in
tehnologije.

V modernih trZnih oddelkih se poveduje upo-
raba rafunalniske tehnologije za predstavitev izdelka
kupcu. Obiéajne tiskane kataloge dopolnjujejo
ratunalni&ki programi na osebnih ratunalnikih. Z njimi
se izboljSuje predstavitev izdelkov, omogocen je hitrejSi
pregled razli¢nih razlitic izdelka ter komunikacija z
izdelovalcem. Vse bolj se uporabljajo multimedijske
predstavitve in nekateri izdelovalci jih Ze vkljuéujejo
v svoje prodajne strategije. Uporaba navidezne
resniénosti je najboljia moZnost za celovito
predstavitev izdelka kupcu. Trenutno je potrebna
oprema (strojna in programska raunalnifka oprema
ter projekcijska ¢elada) relativno draga, vendar se
napoveduje moZnost uporabe te tehnologije tudi za
potrebe trZenja. S povetano zmoznostjo prilagajanja
zahtevam trga lahko zadostimo potrebam veéjega
ftevila kupcev kakor nekod ter zmanjiamo dobavne
lase.

MreZa internet je najnovej3i medij za odpiranje
novih trgov. Je medij, ki dnevno omogoéa nekaj deset
milijonom potencialnih kupcev, da kupujejo s kreditno
kartico ali navideznim denarjem. Informacijska
omreZja kot je IndustryMNet [16] in specializirani
programi omogoéajo uporabnikom precizno iskanje
informacij o proizvodih in storitvah. Vse, kar mora
podjetje pripraviti za trZenje svojih izdelkov, je
postavitev domace strani z vsemi potrebnimi
informacijami o izdelkih in njihovih razli¢icah ter
posredovati prispela povprasevanja trznemu sektorju
podjetja. Pomemben vidik takega nacina trZenja
izdelkov je zmanjdanje strodkov obilajne prodajne
mreZe. Z neposredno povezavo izdelovalca in Kupca
se lahko zmanjZajo tudi strofki prevoza in zalog
izdelkov.

S povezavo razvoja in trZenja izdelka ter
modularno gradnjo izdelka lahko izpeljemo
konstrukcijske resitve, s katerimi prepeljemo izdelek
do kupea po delih ter ga Sele pri njem sestavimo.
Tipiten primer takénega prevoza razstavljenih izdelkov
najdemo pri pohistveni industriji.
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In the whole development sector it is advis-
able to use failure mode and effect analysis (FMEA)
to determine and evaluate the defects and their influ-
ence on product development in all development
phases to immediately determine and minimize these
failures in order to shorten the development time and
decrease its cost.

3 MARKETING

Product marketing is an important part of an
enterprise as it is the direct contact point with the
customer. In quality trading it is stated that "the cus-
tomer is the king", therefore all accessible technolo-
gies and knowledge have to be used to prove this true.

In the modern marketing department, comput-
ers are increasingly used to present the product to
the customer. Printed catalogues are supported by
software applications on personal computers, thus im-
proving the presentation of the product, faster lookup
for product variants and communications with the
manufacturers. The use of multimedia is still being
expanded, and some manufacturers are already in-
corporating it into their marketing strategy. Virtual
reality demonstrations are the best way to present
the product to the customer. At the moment, the nec-
essary equipment (hardware + software + projection
helmet) is rather expensive, but in the future it will be
possible to use this equipment in the marketing sec-
tor. With the increased adaptability to market demands
it is possible to satisfy more customers’ requirements
than before and to minimize the delivery times.

The internet is the newest medium used to in-
crease trade. This medium daily enables ten million
or more potential customers to buy by credit card or
E-Cash (virtual cash). Information networks such as
IndustryNet [16] and specialized search engines al-
low users to find out specific information. All you
need to do to market your products is to set up your
homepage, listing all product variants and to channel
the incoming information into the marketing depart-
ment of the company. An essential aspect of such a
marketing method is that the costs of the current sales
network can be reduced. The transport costs and
stock levels can be decreased due to the direct link
between the company and the customer.

The connection between development and
product marketing promotes design solutions for a
modular product concept enabling the transport of
the product in parts and its assembling by the cus-
tomer - a typical case of such product transportation
is found with the furniture industry.
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Za zadostitev ekologkih zahtev, ki so v nekaterih
drzavah Ze predpisane z zakonom, bo izdelovalec
kmalu prisiljen vzeti izrabljene izdelke nazaj. V modelu
razvojno trine integracije je nafrtovana povratna
informacijska zveza o rabljenih izdelkih. Zahteve po
preprostosti demontaZe izdelka in informacije
izdelovalca o ponovni uporabi njegovih posameznih
delov morajo biti sporoéene razvojnemu sektorju. Ta
lahko s konstruiranjem ustrezne modulamosti izdelka
skraj%a Zase njegove demontaZe.

Z uporabo ratunalniko podprtih orodij
(rafunalnifki prodajni katalogi, internet) se lahko
optimira in minimira potrebne izdelkov oz. delov
izdelkov, kar je povezano z niZjimi prevoznimi in
skladi$¢nimi stroki. Uporaba modemih informacijskih
tehnologij v trznem sektorju je upraviéena, &e omogoda
skrajSevanje dobavnih ¢asov. Sprotno naro¢anje
izdelkov terja trzno orientiran razvoj, definiranje naéina
izdelave prototipov, prototipnih serij in vseh drugih faz,
ki so potrebne za zagon velikoserijske proizvodnje.

4 OPTIMIZACIJA

Optimizacija razvoja novega izdelka glede na
zahteve trga je tisti segment predstavljenega modela
razvojno-trZnih povezav, ki s sodobnimi infor-
macijskimi tehnologijami ob integraciji ratunalnitko
podprtih tehnologij v razvoju hitro povezuje informacije
5 trga (npr. neposredna narodila izdelka ali zahteve
po njegovih spremembah) z izbiro ustrezne razvojne
strategije (sl. 6), Glede na poprej definirane
odloitvene kriterije lahko izberemo optimalno
proizvodno tehnologijo. Pri optimizaciji uporabljamo
nevronske mreZe ali genetske algoritme. S tem se
zmanj$a Stevilo potrebnih prototipov izdelkov ali orodij
za preverjanje ustreznosti slednjih. Hkrati je treba
izbirati ustrezno tehnologijo izdelave prototipov glede
na velikost serije izdelkov. Pri majhnih serijah lahko
konéni izdelek izdelamo kar s prototipnimi orodji, ¢e
50 ta dovolj natanéno izdelana.
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Sl. 6. Trino usmerjena optimizacija razvoja izdelka
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In order too fulfill all ecological requirements -
which are in some countries defined by law, the manu-
facturer is forced to take the womn-out product back.
In the model of development and selling integration,
an inforamtion loop for used products has been in-
corporated. The simple disassembly of the product
using the manufacturer's information about the pos-
sible re-use of particular used parts has to be passed
on to the developers, in which appropriate product
modularity can shorten the disassembly times.

Using computer aided technologies (computer
selling catalogues, internet), itis possi%le to optimize
and minimize necessary product and part stocks
which are connected with smaller transportation and
stocks costs. Use of modern information technology
in the marketing sector is sensible, if it allows for the
shortening of delivery times. On-line product order-
ing demands strong market-oriented development by

prototyping definition, prototyping series and all other
plmsgrw;c%mg to the final large sergms production.

4 OPTIMIZATION

The development optimization of a new prod-
uct according to market demands is the part of the
presented moﬁel of developmental-market links which
rapidly connects information from the market (e.g.
direct orders for products or demands for their
changes) with the selection of an appropriate deve-
lopmental strategy through the use u?madem infor-
mation technologies and by integrating computer-aided
technologies in the developmental process (Fig.6).
According to the predefined critenia of a decision
system, where neural networks or genetic algorithms
have to be used, the optimum prodguctiun technology
will be chosen. Through these optimization proce-
dures, the amount of prototypes necessary for pro-
duct and tooling verification can be reduced by a si-
multaneous decision about prototyping technology ac-
cording to the batch size. In the case of'a sm allﬂtch
job, the final part can be manufactured with proto-
Prpe tools - the assumption is that these tools are suf-

iciently accurate.

DEVELOPMENT
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Fig. 6. Market-oriented optimization of product
development
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Baza znanja o spremembah sedanjih izdelkov,
uspesna konstrukcija in izbira tehnologije imajo
pomembno vlogo v razvojnem sektorju. Z njimi se
izognemo neuspesnim reditvam pri vrednotenju izdelka
za dolodeno velikost serije. Tak3na integracija "razvoja
za trzenje” skrajiuje razvojne Ease in strodke. Nov ali
delno spremenjen izdelek lahko zaradi tega hitreje
doseZe trziiée, kar povecuje prilagodljivost trznim
zahtevam.

Optimizacijo prototipne faze naj bi v prihodnosti
izvajali v virtualnem okolju. V ta namen razvijamo in
pripravljamo ustrezne sisteme za virtualno izdelavo
in preverjanje prototipoy.

5 SKLEPI

Predstavljeni model povezave razvoja in trzenja,
ki zagotavlja zmanjSanje strodkov in optimizacijo
razvojnih ¢asov, temelji na predpostavki o sodelavi in
zadovoljivi ratunalnidki pismenosti vseh sluZb v
podjetju, ki so povezane v integracijski model.
Modularna zasnova gradnje izdelka temelji na sodobni
konstrukciji in proizvodnih tehnologijah ter pomeni
pomemben segment v povefevanju prilagajanja
proizvodnje na dinamitne trzne zahteve. Za optimalno
izpolnjevanje zahtev integracijskega modela moramo
uporabljati sodobne tehnologije laserskega rezanjain
varjenja, preoblikovanje krojenih prirezov, sodobna
lepila, ki so odporna na visoke temperature, hitro
izdelavo prototipov in tehnologije hitre izdelave orodij
ter nove optimizacijske metode (genetski algoritmi).
Model je odprtega tipa in ga lahko neprestano
dopolnjujemo z novimi sodobnimi metodami in
tehnologijami. Kombinacija modulame gradnje izdelka
in sodobnih tehnologij, ki jih povezujemo z novimi
informacijskimi tehnologijami, skrajsujejo dobavne
¢ase, zmanjSujejo potrebne zaloge izdelkov ter
izboljiujejo njihovo kakovost. Izboljiuje se tudi
povezava med izdelovalcem in kupcem.

Z uporabo povratnih informacijskih zvez med
razvojem, trzenjem in proizvodnjo se postavlja nov
model celovitega razvojno-proizvodnega krmiljenja. ki
se lahko hitro odziva na nova trzna povprasevanja in
zahteve, s Eimer postavlja nadgradnjo dosedanjih
sistemov soasnega inZenirstva in povezovanja med
razvojem, trZenjem in proizvodnjo.

In ne nazadnje je za globalno povezovanje
razvoja, trZenja in proizvodnje nujno potrebno
intenzivno sodelovanje vseh delov modela.
Vkljutevanje posameznih sluZb podjetja v potrebnem
tasovnem intervalu delovanja sistema glede na njihova
znanja in izkudnje je nujno za uspedno delovanje
integracijskega modela.

Kombinacija razli¢nih ra¢unalnisko podprtih
tehnologij konstrukcije (RPK), inZenirstva (RPI),
priprave proizvodnega procesa (RPPP), hitre izdelave

425

The knowledge base about modifications of ex-
isting parts and success of the chosen design and
technological variants has an important role in the
development sector in eliminating unsuccessful solu-
tions through product evaluation for particular batch
size. Such "development for marketing" integration
shorters development times and costs. The new or
modified product can therefore appear more quickly
on the market, with improved adaptability to market
demands.

In the furture, the optimization of the prototyping
phase should be carried out in virtual reality; there-
fore, the appropriate systems for this new way of
virtual prototyping have to be prepared.

5 CONCLUSIONS

The presented system of linking development
and marketing - which ensures a reduction of costs
and time optimization - is based on the expectation of
cooperation and sufficient computer literacy in all
services involved in the system. The modular prod-
uct concept based on modern design and manufac-
turing technology is an important part of the increased
adaptability to dynamic market demands. The laser
cutting and welding, forming of tailored blanks and
contemporary high temperature resistant adhesives,
rapid prototyping and tooling technologies, new opti-
mization methods (genetic algorithms) etc. have to
be used to fulfill the optimum system
requirements, The model is of the open type and can
be constantly supplemented by new modern me-
thods and technologies. The combination of modular
part concepts and modern technologies, connected
with new information technologies, will shorten the
delivery times and decrease the stock requirements,
with the consequent shortening of marketing links from
the producer to the customer.

Using information feedback between the
phases of development, marketing and manufactur-
ing, a new model of overall development-manufac-
turing control has been set-up which will be able to
rapidly respond to new market demands and require-
ments. This makes it an upgrading from the previous
systems of concurrent engineering and the linkage
between development, marketing and manufacturing.

Last, but not least, intense cooperation between
all model segments is essential for an overall integra-
tion of development, marketing and manufacturing.
The participation of professionally experienced indi-
vidual services in the company during a certain time
interval of system operation is essential for the suc-
cessful functioning of the integration model.

The combination of different computer - aided
tools for product design (CAD), engineering (CAE),
proces planning (CAPP), rapid protoyping (CARP),
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prototipov (RPHIP), obdelave (RPO) in zagotavljanja  manufacturing (CAM), quality control (CAQ), and
kvalitete (RPZK) ter velanje zmogljivosti increased computer capacities, modern manufactur-
ratunalnikov, sodobne proizvodne tehnologije in  ing technologies and communications enable the pre-
komunikacije dajejo predstavljenemu modelu sented model of coordinated development and mar-
povezovanja razvoja in trienja moZnost, dapostane v keting to become an industrial reality in the near fu-
bliZnji prihodnosti industrijska realnost. ture.
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