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konstruiranju orodif je projektivanje orodia, zato je treba remu delu konstruivanja posveriti posebno pozornosi.
Navadno temelji postopek konstruivanja orodif na izkusnjah konsirukterja, kar lahko v osnovi vodi k napakarm
v konstrukeifi. Ena izmed mogodih resitev je uporaba odfoditvenega diagrama, ki vodi k doloéinvi defnih orodnih
Sunkeij. Odlocitveni diagrami so posebej pomembni za mlade in manj izkusene konstrukterje orodij, kajti z
uporabo diagramov se lahko izognemo napakam Ze v zgodnji fazi razvoia orodia.
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Mould design for injection mowlding of thermoplasiics is becoming a more complex and complicated

task, where even experienced mould designers could have problems. One of the most important phase of

mauld design is conceptual mould design, thus the mould designer must pay special attention to this phase.
The approach to this mowld design phase @5 wsually based on the designer 5 experience, which can lead to some
raw mould design errors. One of the possible solutions for this problem is the application of decision diagrams
which can guide 1o the sofution for certain partial mould functions. Decision diagrams are e.'rp:?cim‘f_r impar-
tant for young and less experienced mould designers, because with their application mould design errors can
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1 PREDSTAVITEV

Zmeraj vedje zahteve po zapletenosti orodij
za injekeijsko brizganje termoplastov na eni strani
in skrajievanje razvojnih éasov  za optimalno
konstrukeijo orodij na drugi strani terjajo metodolodki
in sistematiéni razvoj dolodenega orodja ([ 1] do [4]).

Dsnovna predpostavka pri tovrstnem nadinu
konstruiranja orodij za injekcijsko brizganje
termoplastov je, da razdelimo postopek na posamezne
faze, znotraj katerih nato definiramo vse potrebne
korake in njihovo zaporedje ([1] in [2]). Znotraj te
razdelitve je najbolj pomembno, da dolodimo
projektivno zasnovo konstrukcije orodja, oziroma ti.
delne funkcije [5]. Da se izognemo napakam v fej
fazi razvoja orodja, so bili razviti ustrezni odloditveni

diagrami, ki ponujajo preprosto metodo za

zagotavljanje projcktiranja orodja za injekeijsko
brizganje polimerov [2]. Za zagotovitev maksimalne
zanesljivosti odlogitvenih diagramov jih je treba
primerjati v orodjarnah na #e znanib orodjih, ki
preverjeno delujejo [6].

1 INTRODUCTION

The increasing degree of complicatednes and
complexity of moulds for injection moulding of thermo-
plastics on the one hand, and requirements for minimum
development time of the optimum mould for a given
moulded part, on the other hand, require a methodical
and systematical approach to its development ([1] to [4]).

The basic assumption to such an approach of
mould development for the injection moulding of ther-
muoplastics is the division of the whole process into single
phases within which all the necessary activities are de-
fined, as well as their sequence ([1] and [2]). Within the
frame of such a division, the most important phase is the
conceptual mould design within which the general solu-
tions are determined, i.e. the mould partial functions [5].
In order to avoid making wrong decisions in this phase
of the mould development, adequate decision-making
diagrams have been developed which provide an casy
and simple method of obtaining the concept of mould
for the injection moulding of thermoplastics [2]. For the
maximum reliability of the decision-making diagrams, it
is necessary to check and test them in the toolshops on
the already existing, verified mould designs [6].
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2 PROJEKTIRANIJE ORODLI ZA INJEKCISKO
BRIZGANJE TERMOPLASTOV

Vsak injekcijsko brizgan izdelek lahko
izdelamo v ved orodjih, katerih konstrukcije so
razli¢ne. Kakorkoli Ze, obstaja vsaj ena
konstrukcija, ki optimalno reduje tehnilne,
ekonomske in vse druge zahteve za izdelavo posa-
meznega izdelka [1].

S sistematizacijo korakov, ki jih je treba
opraviti, pospeiimo razvoj orodja in hkrati
zmanjSamo moknost nastanka napak med razvojem
orodja. Skrajiana predstavitev aktivnosti, ki jih je
treba izvesti pri metodoloikem konstruiranju, je
prikazana na sliki 1 {[1] in [7]). Faza projektiranja
orodij vkljuduje doloditev delnih relitev za
zagotavljanje funkeij orodja. V fazi dimen-
zioniranja orodja pa dolotimo konéne izmere
orodja ([1] in [2]).

Me glede na potek razvoja orodja, ponuja
projektiranje orodij veliko podporo pri dolofanju
ponudbe za izdelavo orodja, v fazi pridobivanja
narotila. Orodjarji so namred prisiljeni, da doloéijo
ceno za izdelavo orodja v zelo kratkem Easu,
navadno le na podlagi skice izdelka. Z uporabo
projektiranja, seveda brez preverjanja izdelo-
valnosti izdelka, je mogofe zelo hitro povzeti,
kaksno zamisel orodja bomo potrebovali. To znanje
pa je temelj, na katerem lahko nato dolotimo ceno
orodja glede na materialne in izdelovalne stroske

[8].

TEHNICNO PREVERJANIE
IZDELEA

PROJEKTIRANIE
ORODIA

DIMENZIONIRANIE
ELEMENTOVY ORODIA

KONSTRUI u.uiNJE DRODIA

DOKUMENTIRANIE
ORODIA

[ZDELAVA ORODIA

Sl. 1. Skrajfan diagram metodoloikega
konstruiranja orvodij (f1] in [7])

Ce se Zelimo lotiti konstruiranja orodij
metodoloiko in sistematiéno, je pomembno
analizirati vse funkcije orodja. ¥V tem primeru je
termoplastiéna talina oblikovana v makrogeo-
metrijskih oblikah v predpisanih zahtevah za

2 CONCEPTUAL MOULD DESIGN FOR
INJECTION MOULDING OF THERMOFLASTICS

Each moulded part can be fabricated in a
number of moulds of various designs. However, there
is always at least one design which best meets the set
technical, economic and all the other requirements
regarding the fabrication of the moulded part [1].

By the systematisation of steps that need to
be carried out, the process of mould design is accele-
rated and the risk of reaching wrong decisions and bad
design solutions is reduced. The shortened presentation
of activities during the methodical mould design is
shown in Fig. 1 ([1] and [7]). The phase of the concep-
tual mould design includes determining the principle
solutions for fulfilling certain mould functions. During
the dimensioning phase, these solutions are used to de-
termine the final dimensions ([1] and [2]).

Apart from the process of mould development,
the conceptual mould design phase is of great signifi-
cance in forming the offers for manufacturing the mould,
while still in the contracting phaze. The toolmaker is in
fact expected, to determine the costs of mould manu-
facture, in a very short time, usually only on the basis
of a draft drawing of the moulded part. By applying the
concepiual design phase - of course, in this case, with-
out previously testing the technicality of the moulded
part - it is possible to come very quickly o a conclusion
reganding the type of mould in pencral. This knowledge
is the basis for further estimation of costs regarding
material and mould manufacture [8].

TECHNICAL CHECK OF
THE MOULDED PART

CONCEPTUAL MOULD
DESHIN —-l
I

DIMENSIONING OF |
MOULD ELEMENTS

MOULD | DESIGN

MOULD DESIGN

MOULD
MANUFACTURING

Fig. 1. A shoriened diagram of methodical mould
design ([1] and [ 7))

In order to approach the mould design me-
thodically and systematically, it is necessary to
analyse its overall function. In this case, the thermo-
plastic melt is primary shaped into the set
macrogeometrical shape and prescribed properties of




posamezni termoplastiéni izdelek. Izpolnjevanje teh
funkeij je poglavitna zahteva orodja za injekeijsko
brizganje polimerov (s, 2) [5].
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S1. 2. Osnowne funkeife orodja za injekeijsko
brizganje polimerov [ 3]

Kakorkoli Ze, vse funkcije orodja je
treba razdeliti v tako imenovane delne funkeije
orodja. Naslednji korak v projektiranju orodja
je doloCitev primerne, poprej sistemalizirane
reditve za posamezno delno funkeijo orodja, in
Jih kombinirati v optimalno konstrukeijo orodja
za injekcijsko brizganje termoplastov. Vse
aktivnosti pri doloanju refitev za vse delne
funkcije so lahko izvedene zelo hitro, z uporabo
t.i. odladitvenih diagramov ([1], [2] in [5]).

Faza projektiranja orodja je najpo-
membnejia faza v razvoju, saj fe najmanjfe napake
v tej fazi lahko povarodijo velike napake in strofke
pri izdelavi orodja. Ce Zelimo povelati zanesljivost
v tej fazi, je treba preveriti odloditvene diagrame na
sedanjih orodjih, in sicer s pravilno in optimalno
konstrukeijo [2].

3 DELNE FUNKCIIE ORODJA
IN NIIHOVE RESITVE

Med fazo projektiranja se dolodi lega
1zdelka v orodju, kakor tudi Stevilo in oblika gnezd,
in tudi drugih refitev za posamezne delne funkeije.
Z eljo po boljfem razumevanju delnih funkeij
orodja, jih je treba na hitro razloiti.

Izbrana konstrukeijska reditev, ki bo
izpolnila potrebne delne funkcije, se mora zdruZiti v
celoto (v okrov orodja) in omogoditi nemoteno
delovanje in ravnanje # orodjem. To je zagotovljeno
z delno funkeijo zdrufevanja elementov orodja.
Orodje mora biti pritjeno na stroj za injekcijsko
brizganje. Zato je treba ustvariti delno funkcijo za
pritrjevanje orodja na stroj. Med postopkom
injekcijskega brizganja je orodje izpostavljeno
velikim obremenitvam. Zato je treba doloditi
funkeijo, ki bo popisovala prevezem in vodenje sile s
stroja na orodje. Preden se lahko grozd (izdelek in
dolivek) sname iz orodja, je treba orodje odpreti. Pri
odpiranju in zapiranju orodja je treba zapgotoviti, da
se gibajodi deli orodja dobro ujemajo, zato je treba
definirati funkeijo vodenja in centriranja orodnih
elementov, Termoplastiéna talina se mora v orodju

the thermoplastic product. The fulfilling of this func-
tion is the basic task of the mould for injection moul-
ding of polymers (Fig. 2) [5].
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Fig. 2. Basic_function of mould for injection mould-
ing of polymers [5]

However, the overall mould function needs
to be divided into the so-called partial mould functions.
A further step within the mould conceptual design is to
determine the adequate, previously systematised solu-
tions for single partial mould functions, and to combine
them into an optimum mould design for injection moul-
ding of thermoplastics. The activities regarding deter-
mination of the solutions for partial functions can be
carried out very quickly, with the help of the so-called
decision-making diagrams ([ 1], [2] and [5]).

The conceptual mould design phase is the
most important phase in the mould development pro-
Cess, SINCE Minor ermors or omissions during that phase
may result in gross faulis on the finished mould. There-
fore, in order to increase the reliability of this phase, it
15 necessary to check the already defined decision-
making diagrams using practical examples, i.e. on the
already finished and correct mould designs [2].

3 PARTIAL MOULD FUNCTIONS
AND THEIR SOLUTIONS

During the phase of the concepiual mould
design, the position of the moulding in the mould is
determined, as well as the number and arrangement
of the mould cavities, and the design solutions for
single partial functions of the mould. In order to be
able to understand better the partial functions of the
mould, these features need to be briefly explained,

The selected solutions of design versions
that will fulfil the partial functions need to be joined
in to one whole (mould base), and provide undis-
turbed operation and handling of the mould. This is
provided by the partial function of joining of mould
elements. The mould has to be clamped onto the in-
jection moulding machine. Therefore, it is necessary
to realise the partial function clamping of the mould
on the injection moulding machine. Durning the in-
jection moulding process the mould is subjected to
high loads that are transmitted from the machine.
Thus, to provide regular operation of the mould, the
partial function of taking over and transmitting force
has to be realised. Before the biscuit (mouldings and
runner system) is demoulded, it is necessary to open
the mould. In opening and re-closing the mould, the
moving parts of the mould must match precisely, It
15 necessary, therefore, to guide and centre the mould
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strditi v Zeleno obliko in z zahtevanimi lastnostmi.
Zato je treba temperirni sistem v orodju popisati s
funkcijo doseganja, vzdrZevanja in krmiljenja
temperaturnega polja v orodju. Za zapolnitev
oblikovnega gnezda orodja je treba termoplastiéng
talino transportirati od injekeijske skupine stroja do
oblikovnih gnezd. Ce Zelimo izdelovati kakovostne
izdelke, brez zrafnih vkljutkov, je treba razviti
funkcijo odzradevanja v orodju. Polem ko je izdelek
v orodju strjen, ga je treba izvredi iz orodja, za kar
skrbi funkecija izmetavanja. Pri tem je treba
omogoditi, da se bo izvrgel tako izdelek kakor tudi
dolivek ([1], [2] in [9]).

Me glede na tip orodja, morajo biti vse e
funkcije popisane. Odvisno od specifitnih zahtev
orodja je treba véasih rediti tudi tako imenovane
posebne orodne funkeije, ki pa so lahko zelo
razliCne.

Za vsako delno funkeijo pritakujemo
vsa] eno praktiéno refitev. Tako je na primer za
dolo¢eno funkcijo (vodenje in centriranje orodja),
definiranih sedemnajst razli¢nih mogodih reditev,
Zato je zelo pomembno, da sistematiziramo
sedanje reSitve delnih funkceij, za potrebe hitre in
zelo kakovostne izbire refitve za posamezno
funkcijo. Tak3na sistematizacija se lahko izvede
z uporabo morfoloske orodne matrike (pregl. 1)
[10].

Maslednji pomembni korak je pravilna
izbira vsaj ene od ponujenih refitev za posamezno
delno funkcijo. V tem koraku je natanéno doloéeno,
da je treba imeti za vrhunsko kakovost in hitro
projektiranje orodja uporaben diagram odloditev,

Primer: E,, - tofkovni dolivek, E, -
orodna votlina, E,, - vodno hlajenje, E,, -
izmetalniki, E,, - trapezno vodenje, E_ |, - skupina
laminatnih slojev, E,| - pravokotne zapiralne
ploiée, E, - podloina plodéa, E , - standardni
sistem, tip N okrov orodja.

Ma koncu faze konstruiranja je nujno potrebno
kombiniranje natelno dolodenih reditev posameznih
delnih funkcij v optimalno konstrukcijo.
Optimizacija je izvedena na podlagi informacij o
tehninih prednostih in pomanjkljivostih posamezne
reditve, medtem ko je gospodarno prednost
posamezne konstrukeijske reditve mot opisati le na

grobo [1].

4 ODLOCITVENI DIAGRAM ZA
PROJEKTIRANIE ORODJA

Iz analiz velikega Stevila znanih orodij,
katalogov izdelovaleev standardnih delov in na
podlagi dobrega sodelovanja z izkuienimi
konstrukterji orodij, je mogode dolo€iti postopek za
definicijo posamezne delne funkeije. Ti diagrami
izberejo refitev, ki je sistematizirana v morfolodki

elements. The thermoplastic melt in the mould has to
solidify into the required moulding shape of the pre-
scribed properties. In order to achieve this, it is neces-
sary to reach and maintain the controlled temperature
field in the mould. In order to shape the thermoplastic
melt, it needs to be brought from the unit for prepara-
tion and injection and distributed to the required num-
ber of mould cavities. In making quality mouldings,
free of air voids, mould cavity degassing needs to be
done. Alter the moulding is solidified, the biscuil needs
1o be reliably demoulded. The runner system is taken
out of the feed cavity, and the moulds from the mould
cavilies. It is therefore, necessary to provide the par-
tial function of biscuit demoulding ([1], [2] and [9]).

Regardless of the type of the mould, the
mentioned functions have to be realised. Depending
on the special mould requirements, there is often the
need to solve also the so-called special mould func-
tions which can be very different.

At least one principle solution has to be
defined for each partial function. However, to select
asolution, e.g. for the partial function of guiding and
centring the mould elements, seventeen various so-
lutions have been defined. Therefore, it is very im-
portant to systematise the existing known solutions
of partial functions for the needs of a fast and top-
quality selection of the solution for a partial func-
tion. Such systematisation can be done, e.g. by means
of a morphological mould matrix (Table 1) [10].

The next important step is to make the rght
choice of at least one of the offered solutions for the par-
tial finction, It is precisely in this step that the adequate
decision-making diagrams represent a precondition for
the high-quality and fast coneeptual mould design.

Example: E , - pin gate feed system, E, -
mould cavity, E,, - water cooling, E,, - ejector pins,
E,, - tapered leading (guiding), E, , - set of lami-
nated sleeves, E, - rectangular clamping plates, E,, -
support plate, E,, - standard system, type N mould
base.

At the end of this mould design phase, it is nec-
essary to combine the principally determined solu-
tions of partial functions into an optimised mould
design. The oplimisation is done on the basis of in-
formation about the technical advantages and disad-
vantages of certain solutions since economic advan-
tages in this phase can be only roughly estimated[1].

4 DECISION DIAGRAMS FOR
THE COMCEPTUAL MOULD DESIGM

The analysis of a greater number of the al-
ready existing moulds, catalogues issued by manu-
facturers of standard mould elements, as well as in
co-operation with the very experienced mould de-
signers, it is possible to define the appropriate deci-
sion diagrams for single partial functions. These dia-
grams are used to select the principal solutions
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Preglednica 1. Metode izvedbe projektiranja za orodja za injekcijsko brizganje polimerov, gledano = vidika

delnih finkeif z uporabo movfolaikih matrik [10]

Table 1. Methods of canceptual design realisation of mould for injection moulding of polymer partial fimctions

shown by means of a morphological matrix [10]
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matriki orodja ([2] in [10]). V takinih diagramih
lahko konstrukter odgovarja = DA ali NE in po
dolotenem #tevilu vpradanj ga diagram pripelje do
reditve za posamezno delno funkeijo. Do sedaj je
bilo razvitih sedem odloditvenih diagramov.
Odloéitveni diagram je bil razvit za nadelno
doloéitev lege izdelka v orodju, za doloditev
velikosti in oblike orodne votline in za dologitev
tipa orodja ([1], [2] in [9]).

Okrov orodja, ki zagotavlja prevzemanje
in prenos sile in povezuje orodne elemente, se prav
tako dolodi z uporabo odleditvenih diagramov.
Okrov orodja je neposredno odvisen od oblike in
prostornine izdelka. Dimenzije okrova orodja so
odvisne od potrebnega prostora za pozicioniranje
izdelka. V zadnji izbiri okrova orodja je treba
poznati podatke o standardnih orodnih elementih
(1], [2) in [9).

Tip dolivnega sistema in dolivka, ki
izpolnjuje zahteve za razdelitev polimerne taline do
oblikovnega gnezda, prav tako izberemo z uporabo
odlotitvenega diagrama za nalelno doloditey
dolivnega sistema in dolivnih totk (sl. 3). Diagram

systematised in the morphological matrix of the mould
([2] and [10]). In such diagrams, the designer mainly
answers the questions with YES or NO, and afier a cer-
tain number of questions this leads him to the principle
solution for the single partial function. Seven different
decision diagrams have been developed until now. The
decision diagram has been developed for principle de-
termination of the position of the moulding in the mould,
thus completely defining the shape and size of the mould
cavity, and the mould type ([1], [2] and [9]).

The mould base type that fulfils the function of
takeover and transmitting forces, and joins the mould
elements, is determined also by an adequate diagram.
The base type depends directly on the shape and volume
of the moulding that needs to be fabricated. The mould
base dimensions depend on the necessary space for posi-
tioning of the moulding (the injection shot). In the final
selection of the mould base type, the data on the standard
mould elements are needed [ 1], [2] and [9].

The type of the runner system and the gate
which fulfil the partial function of thermoplastic melt
distribution to the required number of mould cavi-
ties is selected using the decision diagram for the
principle defining of the runner system and gate (Fig,
3). The diagram is used to come Lo the conclusion as
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pomaga doloéiti, kateri tip dolivnega sistema naj
uporabimo (fopli ali hladni dolivek), prav tako pa
definira, kateri tip ustja je najprimernejdi za
posamezen izdelek ([17, [2] in [9]).

Diagram za nagelno doloditev temperaturni
krmilni sistem je oblikovan v prvi vrsti za orodja,
pri katerih se temperatura uravnava z grelnim/
hladilnim medijem oziroma za uporabo grelnikov

([13, 2] in [9]).

to whether the hot or cold runner system should be
applied, and what gate would be the best selection
for the adequate moulding ([1], [2] and [9]).

The diagram for the principle determination
of the temperature control system is applied mainly to
the moulds in which the temperature is controlled by
means of the cooling/heating medium or by using the
heater, The basic function of this diagram is to deter-
mine the cooling/heating method of the mould plates,
and determine principally the position of the cooling/
heating channels, i.e. heater ([1], [2] and [9]).

Preglednica 2. Medsebojna povezava med arodnimi delnimi funkeijami [5]
Table 2. Interaction between mould partial functions [ 5]

DELMA DRODNA FUNKCIIA
PARTIAL MOULD FUNCTION Fl F2

F3 | F4 | F5 | Fo | F1 | F8 | P2 | FIO

porazdelitey termoplastine

F1 | taline

thermoplastic mel diztribution
primarno oblikovane

F1 | thermoplastic melt primary ++
shaping

krmiljenje temperaturnega
F3 | polja v orodju

contral of mould temperature
field

+ + + + + 7

izmetavanje grozda (izdelka in
F4 | daolivka) 4
hiscuit ejection

++ B I I 1

vodenje in centriranje orodnih
F5 | elementov

puiding and centering of
mould elements

++ ++ | | o+ T

odzralevanje oradja
moald cavity degassing

O
7 injekeijsko brizganje

mould clamping on injection
moulding machine

prevezemanie chremeniiey in
vodenje
loads takeover and

LrEnsmission

elementl orodja za spajan je

P mould clement joining

Lad =+ | i

posehne funkeije orodja

F10 speciil functions 7 ?

? I 1 T 1 i s

Legenda: ++ - moéna interakeija
+ - interakeija
? - interakeija odvisna od reditve za
posamezno orodno delno funkcijo
- brez interakeije

Madalje je popisan tudi odloditveni diagram
za doloitev elementov izmetalnega sistema grozda
iz orodja (izdelka in dolivka). Diagram upoSleva
elemente v orodju, na primer zobnitke prenose v
orodju, pa tudi sistem izmetavanja zunaj orodja, na
primer manipulatorje ([1], [2] in [9]).

Matelna doloditev sistema za vodenje in
centriranje je treba na obeh stranch orodja, saj je
potrebno zagotoviti dobro ujemanje obeh polovic,
prav tako pa ta sistem zagotavlja centriranje orodja
na stroj. Ma osnovi opisov znanih metod vodenja in
centriranja smo razvili diagram za dolocitev
primernega sistema vodenja in centriranja
posameznega orodja ([1], [2] in [9]).

- big interaction
- interaction
- interaction dependent on solution
for single mould partial function
- without interaction
The decision diagram for principle determina-
tion of the elements of the system for reliable demoulding
of the biscuit from the mould. The diagram takes into con-
sideration the elements within the mould, eg. pears for
demoulding of threaded mouldings, but also outside the
mould, e.g. the demoulding manipulators ([ 1], [2] and [9]).
The principal detenmination of the elements of
the mould guiding and centring is necessary o as to in-
sure that both parts of the mould are positioned and match
accurately, but also that the mould is centered on the in-
jection machine plates. Based on the analysis and de-
scription of the known methods of mould elements guid-
ing and centring, a decision diagram has been developed
for the principal selection of the elements of the mould
guiding and centring system ([1], [2] and [9]).

Legend: ++
+
7
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Med postopkom injekeijskega brizganja
polimerna talina zapolnjuje orodno votline in
izpodriva zrak pred seboj, zato je treba v
konstrukeiji orodja zagotoviti sistem odzradevanja
orodja, V ta namen smo za izbiro clementov
odzratevanja orodja prav tako razvili odlogitveni
diagram ([1], [2] in [9]).

Naéelna dolofitey posebnih orodnih funkeij
inclementov ni tako preprosta, saj je pri posebnih orodjib
nekaj prav poscbnih funkeij, ki se glede na obliko
izdelka, med scboj zelo razlikujejo. Zato odloditveni
diagram za ta sistem £e ni razvit (1], [2] in [9]).

Po dolo¢itvi vsch delnih funkeij orodja, je
treba te refitve sestavljati v optimalno konstrukeijo
orodja. Med tem sestavljanjem moramo biti pozomi
na medsebojno uéinkovanje med dolofenimi
refitvami za posamezne delne funkeije. Preglednica
2 prikazuje medsebojno poveravo med orodnimi
delnimi funkeijami,

4.1 Testiranje in analiziranje odlofitvenih
diagramov

Glede na to, da se je postopek konstruiranja
orodij od prvega pojava odloditvenih diagramov
precej spremenil, saj so se pojavile dolofene nove
konstrukeijske reditve, je treba odloditvene diagrame
neprenchoma obnavljati in modernizirati z analizo
relitev na novih orodjih. Tovrstno testiranje je treba
izvajati v kar najvedjem Stevilu orodjarn za kar najved
razliénih oblik izdelkov.

Sedanji diagrami odloéitve so bili testirani
v dveh slovenskih orodjarmah (Iskra OTC-Kranj
in Gorenje Orodjama-Velenje) in v treh orodjarnah
na Hrvaikem (MNovotec, TOZ in Elektrokontakt-
Zagreb) v okviru projekta Re-inZeniring
konstruiranja orodif za potrebe malih in srednje
velikih podjetij. Do sedaj je bilo analiziranih 22
orodij. Analize smo izvedli tako, dasmo preverili
diagram na posameznem izdelku in nato te
rezultate zapisali, tako kakor da konstruiramo novo
orodje. ¥ naslednjem koraku smo te rezultate
primerjali z dejanskimi preverjenimi reditvami, V
primeru, da je prislo do razlik med dolofenimi
reditvami in dejanskimi, smo poskuZali najti vzrok

JE*‘ wr
A ]

81 4. Primer injekcijsko brizganega izdelka [6]
Fig. 4. Example of moulded part (cover) [6]

Dwring the injection of the thermoplastic melt
into the mould cavity, air and gases remain there, and
they prevent complete filling of the mould cavities, so
they need to be removed. Therefore, a decigsion diagram
has been developed for the selection of elements of the
mould cavity degassing system ([1], [2] and [9]).

The principle determination of the special
mould clements is not as simple as for the other mould
functions, since special functions may be very different,
depending on the mould shape characteristics. Therefore,
the decision diagram for determining special mould ele-
ments has not been defined yet ([17, [2] and [97).

Adfter determination of all solutions for par-
tial functions of the mould, those solutions should
be optimized and combined into an optimum mould
design. During this combination, the mould designer
should be aware of interaction between certain solu-
tions for mould partial functions. Table 2 represents
interactions between mould partial functions.

4.1 Testing and analysing the decision diagrams

Since the approach to mould development
has changed since the appearance of the first decision
diagrams, and some new solutions have also appeared
on the market, decision diagrams need to be constantly
checked on the completed mould examples, and cor-
rected and supplemented. Such tests and analyses need
to be carried out at a maximum number of toolshops
and for different shapes of the moulded parts,

The existing diagrams were tested at two
toolshops in Slovenia (Iskra OTC-Kranj and Gorenje-
Toolshop Welenje), and at three toolshops in Croatia
(Novotee, TOZ, and Elektrokontakt-Zagreb) within the
project Re-engineering of mould design for small and me-
diom enterprises. Up 1o now, a total of 22 moulds have
been analysed. The analysis was performed so that the
decision diagrams were checked for a certain moulded part,
and the solutions for mould partial functions were recorded.
In the second step, those results were compared to the so-
lutions of the already completed and verified moulds. In
case of deviations of the actual solutions from those sug-
gested by the diagrams, an attempt was made to find out
the reason for this deviation. An analysis was also made o




Preglednica 3. Refitve delnih funkcif za izdelek na sliki 4 [6]
Table 3. Solutions for partial functions of mould for cover [6)

delna funkelja (2-gncedin orod je) redltey bz diagrana odloditey
partial function {2-cavity monkd) solwtion from decision diagram
poicijn izdelkn v orodju pravilna postavitey indelka OK
o bl g pesilace mn ol cormect position of moulding
olcrow orod ja drsmiko orodje [T
moubl base alide mould
dolivni sisbem in usije hladni dolivni sistem 0K
type of runmer system and gate wolid runner sysiem
sumanji okrogh dolivek
iuside ring gate tab pate
palidasia irmetala O + vollo izmetale
cjeolor pin K +|1nl||m-¢'ﬂu'
hladilmifogrevalni sisbem
coodingheating of cavity plates
krog U OK
LUh-circle
krog 7
E-aarcle
“praveokotmi® krog 0K
“rectangular” circle
ALLOR
navadna delitey cevi & posamesnim ali dvojmim
vijadnim hlajenjem
ordinary pipe panition with single-spindle or baoe
spindle thread,
navaden delilnl sisem 2 navojem (protismeren)
ordinary partition wall with thread (counier-stneam)
centriri obrod OK
centering ring
vodilng pus
guaide pallar
vindilna dep (414

dejansks refitey
real solution

filenaki dodivek

vrsla iznselalnega sislema

Bpe of ejection system

vrsla hladilnegafogrevainegn sistema
Iype of conling/heating system

visla contrmranga mn vodenja orodja
type of centering and guiding system

e bush
centrirmi &ep
centering bush
doseganpe polrebne hrapavosts ma robovih orodsa na [iTH
adelilmi ravmini;

wTela sistema 2a adoradevanje
type of degassing system

ronghness of mould cavity
plaies on parting surface;

poroeni sintrani viokki NE
porois sintering insens. M

za to. Nato smo analizirali ta primer in ugotavljali,
ali je dolofena reditev, ki smo jo dobili z uporabo
diagrama, primerna za to orodje ali ne, oziroma
katera od njiju je bolj3a. Eden izmed primerov je
podan na sliki 4 in v preglednici 5 [6].

Med analiziranjem odlo€itvenih diagramov
so prisli do sklepa. Diagrami so povsem sprejemljivi
za manj zapletene izdelke, medtem ko je na izdelkih,
kjer imamo zahtevno geometrijsko obliko treba
diagrame preverjati. To pa je tudi priakovano in
ofitno, saj smo diagrame razvili za srednje
zahtevne izdelke in vsebujejo zelo splofno znanje.
Tovrsini diagrami teZko popifejo vse primere
zahtevnih orodij, zato pa je to izziv za nafe
nadaljnje delo [6].

5 RACUNALNISKI PROGRAM ZA
PROJEKTIRANJE ORODJA

Z uporabo teh sedmih odlocitvenih
diagramov v obliki radunalnidkega programa, bi
uporabo projekinega refevanja orodja de bolj oFivili
in hkrati ponudili tudi zanesljivejie rezultate.
Kakorkoli e, z natanéno analizo diagramov smo
ugotovili, da se dolofena vprafanja podvojijo. Prav
tako se konstrukterju postavi kar nekaj vpraianj, na
katera mora odgovoriti # DA ali NE, kar zna biti

determine, whether the solution suggested in the decision
diagram is applicable afier all, i.e. which of the two solu-
tioms is the better one, the actual solution or the one in the
diagram. Anexample of analysing the mould for injection
moulding shown in Fig. 4 is given in Table 3 [6],
During analysis of the decision diagram one conclu-
sion was made. The diagrams are fully applicable to
the moulded parts of simpler shapes, whereas their
application becomes difficult in case of very com-
plicated shapes. This is obvious also because such
diagrams have been intended for conceptual design
of average moulds, and they have general contents.
Such diagrams can hardly encompass all the cases of
complicated mould forms, however, this can be an
incentive for their further improvement [6].

5 COMPUTER PROGRAM FOR THE
CONCEPTUAL MOULD DESIGN

By considering the seven mentioned decision
diagrams, one cannot but think about organizing them
into a computer program that would provide simpler and
more convenient application for the mould designer than
the decision diagrams themselves. However, careful
analysis of the decision diagrams shows that certain ques-
tions are repeated. Also, the designer is expected to an-
swer with YES or NO quite a number of times, and that
can be very tiring [2]. Therefore, it was concluded that
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precej utrujajode [2]. Zato smo povzeli, da je
pameino zdruZiti vedino vpradanj v en splofen
obrazec, v katerega vnesemo zaCetne podatke, ki
jih mora konstrukter tako ali tako poznati (1zmere
izdelka, gostota termoplasta itn.) [13]. 2
izpolnjevanjem teh vnesenih podatkov dobi nato
konstrukter vnaprej odgovore na vefino vpraanj
iz odloditvenega diagrama, tako da ratunalniku ni
treba zahtevati vseh odgovorov od konstrukterja,
ampak jih prebere iz vnesenih podatkov [2].
Dodatna prednost ratunalniikega programa je
moZnost uporabe prek medmreZnega iskalnika, ki
omogota izris grafiénih rezultatov. Z uporabo
ratunalnifkega programa se izognemo vsaj enemu
od zelo zapletenih opravil nalrtovanju orodij in v ta
namen odgovorimo le na nekaj standardnih
vpradanj, na katera ni teZko odgovoriti celo manj
izkufenemu konstrukterju [13].

Pomanjkljivost tovrstnega raunalmiSkega
programa je v statiénem znanju, ki sloni na
odlo¢itvenem diagramu. V primeru, da pride do nove
reditve delne funkcije, ali se dolofene reditve ne
uporabljajo veé, je treba ponovno programirati nov
sistem. Nadaljnji trud bomo vleZili v nenchno
preverjanje odlo¢itvenih diagramov v praksi in tako
osveZevali program in diagrame. Program bo tako
nadin dopolnjen s slikami in primeri, kar bo za samo
uporabo e laZe.

6 SKLEP

Projektiranje orodja za injekeijsko brizganje
termoplastov je najbolj pomembna faza v razvoju
orodja in ji je zato treba posvetiti kar najve pozomosti.
Z #eljo, dabi bilo &im manj napak v tej fazi, smo razvili
ustrezne odloditvene diagrame. Ti diagrami pomagajo
dologiti pravilne konstrukceijske reditve za posamezno
orodje. Ti diagrami so nastali z analizami sedanjega
znanja, v reditvah Ze znanih orodij, v katalogih
izdelovaleev standardnih delov in s sodelovanjem
velikega Stevila strokovnjakov. Dodatni napredek v
projektiranje je dosezen z vpeljavo diagramov
odlotanja v rafunalniski program, ki pospesi in
poenostavi delo konstrukterja. Poleg tega pa omogoda
kakovostno nadgradnjo aktivnosti v tej fazi razvoja
orodja na nekoliko vigjo raven.
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miost of the questions can be joined into one general form
into which the input parameters are entered, which the
designer has to know anyway, (e.z. moulding dimen-
sions, thermoplastic material density, etc.) [13]. By fil-
ling in the input form, the designer gives in advance the
answers to the majority of questions in the decision dia-
gram, so that the computer program does not have to
require an answer from the designer but receives it from
the input parameters. Not all questions are included in
the existing input form, but the number of questions to
the mould designer is reduced to a minimum [2]. The
additional advantage of this computer program is the
possibility of using it via any Internet searcher which can
display the results in a graphical form, Using the com-
puter program, one of the otherwise very complex tasks
of mould designing is at least seemingly reduced to sev-
eral standard questions that are not difficult to answer
even for a less experienced designer [13].

The disadvantage of such a computer program
lies in the static knowledge base, represented in fact by
the decision diagrams. If, e.g. a completely new solu-
tion for a partial function appears, or a solution stops
being applied, it is necessary to re-program the com-
puter system. Further efforts will be also directed to-
wards constant checking of the decision diagrams in
practice, and to improving the appearance itself of the
program, which will be supplemented by pictures and
additional explanations, thus making it even simpler
for the mould designer to work with the program.,

& CONCLUSION

The coneeptual mould design for injection moul-
ding of thermoplastics is the most important phase of the
development, and thus requires special attention. In order
1o avoid taking wrong decisions and selecting bad design
solution, adequate decision diagrams have been developed
for the principle determination of the solutions of the single
partial functions of the mould. These diagrams result from
the analysis and systematization of the existing design so-
lutions in the field of moulds, as well as based on the expe-
rience and knowledge of a greater number of experts. An
additional improvement to the conceptual design phase is
the organization of the decision diagram into an adequate
computer program which speeds up and simplifies the work
of the designer, and what is more imporiant, provides a
qualitative upgrading of the activities in this mould devel-
opment phase to a higher level.
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