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Numeriéne simulacije za optimizacijo tankostenskega
ulitka EN-GJL-200

Numerical Simulation In Optimization Of Thin-Walled
EN-GJL-200 Casting

Povzetek
Uvedba novih strategij in konceptov, kot so »ulitki skoraj konéne oblike« in »takoj v prvem
poskusu,« je danes kljuénega pomena za livarsko proizvodnjo. Visok izkoristek materialov
pri kar najmanj$em &tevilu formarskih opravil in izogibanje napakam sta glavna cilja
proizvajalcev ulitkov. Zato predstavljajo numeriéne simulacije kot del tehnologij CAD/CAE
nepogresljivo orodje za zagotavljanje konkuren¢nosti na globalnem trgu.

Numeriéna simulacija litia in strjevanja predstavlja opis fizicnega pojava na podlagi
matemati¢nega modela. Uporaba racunalnidkin numeriénih simulacij, ki temeljijo na
kompleksnih in celovitih matematiénih modelih, kot je Fourierov zakon, se pogosto
uporablja pri ocenjevanju termi¢nih procesov v livarstvu. Numeriéna simulacija omogoca
analogno prikazovanje metalurskih procesov z izraunavanjem in graficno dispozicijo
procesov od litja pa vse do konénega strjevanja ulitka. Postopek strjevanja je izredno
kompleksen proces, razumevanje katerega predvideva obsezno poznavanje vedenja in
interakcij materialov in tehnologij. Kompleksnost kovinskih ulitkov sestavljajo interakcije
elementov in masni prenos med strjevanjem ter tehnolo3ki razvoj, vkljuéno s prenosom
toplote. Najkoristnejsa numeri¢na metoda je metoda konénih razlik, in sicer zaradi njene
enostavnosti, vendar pa je metoda kongnih elementov natancnej$a in ni povezana z
omejitvami v smislu kompleksnosti geometrijskih oblik.

Ta raziskava se je osredotocala na optimizacijo litja in strjevanja tankostenskih ulitkov
EN-GJL-200 s pomo&jo numericne simulacije. Kompleksna geometrija tankostenskega
ulitka predstavlja izziv zaradi skorjastih delov in upogibanja ulitka pod obremenitvijo v
trenutni tehnologki konfiguraciji. Optimizacija numeriéne simulacije razkriva spremembe
tehnologkih parametrov pri ulivnih sistemih, prezraéevalnih sistemih in podpornih sistemih.
Optimizacija omogo&a tudi polnjenje ulitkov z namenom preprecitve izdatne toplotne
preobremenitve in posledi¢no obremenitve konkretnih delov ulitka.

Kljuéne besede: numeri¢na simulacija, EN-GJL-200, tankostenski ulitek, strjevanje

Abstract

Implementation of new strategies and concepts such as “Near net shape castings” and
“Right for the first time” represents an imperative for nowadays foundry production. High
material utilization, with a minimal number of forming operations and defects avoiding, is
the main goal for casting producers. Therefore, numerical simulation as a part of CAD/CAE
technologies represents an indispensable tool for achieving competitiveness in the global
market.

Numerical simulation of casting poring and solidification represents a description of
physical phenomena based ona mathematical model. The application of computer numerical
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simulations, which are based on complex and comprehensive mathematical models such
as Fourier law, found its significant application in consideration of thermal processes in the
foundry. Numerical simulation enables the analogical display of metallurgical processes
by calculation and graphical disposition of the process from the pouring to the final casting
solidification. The solidification process is a very complex process that comprehends
knowledge related to material and technology behaviour and interactions. The complexity
of metal casting consists of element interactions and mass transfer during solidification,
and technological development including heat transfer. The most useful numerical method
is the finite difference method due to its simplicity, but the finite element method is more
accurate and does not have any limitation concerning the complexity of geometric shapes.

The focus of this investigation was the optimization of pouring and solidification process
of thin-walled EN-GJL-200 casting using numerical simulation. The complex geometry
of thin-walled casting represents the challenge due to crusted parts and stress bending
of casting in the existing technological setup. Numerical simulation optimization reveals
changes in technological parameters of the gating system, venting system, and support.
Optimization enables even filling with castings to prevent an extensive thermal overload

and consequently stress of particular parts of castings.
Keywords: numerical simulation, EN-GJL-200, thin-wall casting, solidification

1 Uvod

Numeriéne simulacije se vse pogosteje
uporabljajo za upravljanje metalurdkih
procesov, kot sta litje in strjevanje. Glede na
tas obdelave, ki je potreben za posamezno
nalogo, lahko simulacije razdelimo v dve
skupini: povezane procese (numericne
operacije v zelo kratkem ¢asu, kot so
vodenje procesa, priprava peska za formo,
odmerjanje v peci, pihanje belega grodlja
v pretvornikih, nacin delovanja gorilnika
itd.) in nepovezani procesi (reSevanje
numeri¢nih operacij v zelo dolgem obdobiju,
kot so litje, strievanje, pretok toplote, pretok
tekocine, deformacija materiala itd.).
Obstajajo razlicni pristopi resevanja
zgoraj  navedenih problemov, npr.
eksperimentalni, teoretiéni in numericni.
Zaradi natanénosti, uporabnosti in stroSkov
je najbolj sprejemljiv numeri€ni pristop.
Sploéni problem prevodnosti toplote je
v dolo¢anju temperature na vsaki tocki
togega telesa, za katerega sta znana
zaletna temperatura in porazdelitev
toplotnega toka z dolo€enimi omejenimi in

1 Introduction

Numerical simulations are increasingly used
to control metallurgical processes such as
pouring and solidification. Depending on the
time processing required for each task, the
simulations can be divided into two groups:
online processes (numerical operations
in a very short time such as process
management, preparations of mold sand,
dosing of furnaces, blowing of whitepig iron
in converters, burner operation mode, etc.)
and off-line processes (solving numerical
operations over a very long period such as
casting, solidification, heat flow, fluid flow,
material deformation, etc.)

There are different approaches to
solving the above problems, such as
experimental, theoretical, and numerical.
The most acceptable approach is numerical
due to its accuracy, applicability, and costs.
The general problem of heat conduction lies
down in the determination of the temperatu-
re at each point of a rigid body, for which the
initial temperature and heat flux distribution
are known with defined limited and boundary
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mejnimi pogoji po Fourierjevem zakonu.
Odvisnost geometrijskih in fizikalnih koli€in
v mehaniki kontinuuma je vzpostavliena
na podlagi diferencialnega elementa.
Resitev diferencialnih enacb se z ustrezno
diskretizacijo zmanj$a na reSitev sistema
linearnih algebrainih enacb z neznankami
vozliséa. Najpogosteje uporabliene metode
diskretizacije diferenciainih enatb prenosa
toplote in mase so numeritne metode
[2]: metoda konénih diferenc (FDM),
metoda koné&nih elementov (FEM), metoda
kontrolnega volumna, metoda robnih
elementov.

Najpogosteje uporabliene numericne
metode so: metode konénih razlik zaradi
njihove preprostosti in metode koncnih
elementov zaradi pomanjkanja omejitev v
povezavi s kompleksnostjo geometrijskih
oblik [2].

Glede na potrebo zastavljenega
problema se ustrezna numericna metoda
izbere z uporabo ustrezne programske
opreme za numeri¢no simulacijo.

Metoda konénih elementov spada
med metode diskretne analize in temeli
na fiziéni diskretizaciji obravnavane
domene kontinuuma. Osnova za izraéun
je del domene konénih dimenzij, tj. koncni
element, kontinuum pa je mreza kongénih
elementov. Glede na nagin izpeljave in
oblikovanja enacb, ki opisujejo stanje
elementa, obstajajo $tirfje osnovni vidiki
metode konénih elementov: neposredne
metode, variacijske metode, metoda
uteznih ostankov in metoda energijske
bilance. Pri numeriéni analizi toplotne
prevodnosti se uporabljata metodi uteznih
ostankov in variacijska metoda. Za vsak
kon&ni element je znagilna oblika elementa,
dtevilo vozlid&, Stevilo in vrsta neznanih
koligin  (parametrov) v  posameznih
vozlidtih. 1z oblike in neznane velikosti
izhajajo razliéni tipi konénih elementov,
in sicer enodimenzionalni  (linearni),

conditions according to the Fourierlaw. The
dependence of geometric and physical
quantities in continuum mechanics is
established on the differential element. The
solution of differential equations is reduced
through appropriate discretization to the
solution of a system of linear algebraic
equations with nodal unknowns. The most
commonly applied method of discretization
of differential equations of heat and mass
transfer are numerical methods [2]: finite
difference method (FDM), finite element
method (FEM), control volume method,
edge element method.

The most commonly used numerical
methods are: finite difference methods
due to their simplicity and finite element
methods due to lack of limitation regarding
the complexity of geometric shapes [2].

Depending on the requirement of
the posed problem being, an appropriate
numerical method is selected, using
appropriate numerical simulation software.

The finite element method belongs
to the methods of discrete analysis and
is based on the physical discretization of
the considered continuum domain. The
basis for the calculation is a part of the
domain of finite dimensions, i.e. the finite
element, and the continuum is a network
of finite elements. According to the way
of deriving and formulating equations that
describe the state of an element, there
are four basic aspects of the finite element
method: direct methods, variation methods,
the weight residue method, and the energy
balance method. Inthe numerical analysis
of heat conduction, the weight residue
methods and the variation method are
used. Each finite element is characterized
by the shape of the element, the number
of nodes, the number and type of unknown
quantities (parameters) in individual nodes.
Depending on the shape and unknown
sizes, different types of finite elements
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dvodimenzionalni (trikotni in Stirikotni) in
tridimenzionalni (tetraedrski in prizmaticni)
elementi. V geometrijah z ukrivljenimi
povréinami se najpogosteje uporabljajo
dvodimenzionalni trikotni in tridimenzionalni
tetraedrski elementi [3].

Samozadostne livarne se morajo
v danasnjem ¢asu prilagajati strogim
zahtevam svetovnega trga in zato poiskati
re$itve za njihovo izpolnjevanje na podlagi
koncepta takoj v prvem poskusu [4]. V
zadnjih desetletjin je najpomembnejSe
orodje upravljanja, ki se uporablia Vv
livarnah, vitka proizvodnja [5, 6]. Nacela
taksne proizvodnje so skrajSanje Casa do
prevzema izdelka, izboljanje kakovosti in
zmoznost prilagajanja zahtevam kupca.
Eden gospodarnih nacinov proizvodnje
ulitkov je koncept procesa proizvodnje
ulitkov skoraj konéne oblike [7]. Kupcu
to predstavlja zmanjSanje sekundarnih
postopkov na komponentah, ki imajo
manjée tolerance, za proizvajalca pa
najvecji dobicek.

Izpolnjevanje zahtev strank je mogoce
dosedi samo s celostnim pristopom. To
pomeni, da je treba celotno Zivljenjsko
dobo komponente obravnavati kot sistem,
v katerem je treba posamezne segmente
Zivljenjskega cikla preveriti skupaj z vsemi
delujogimi  dejavniki kot ~medsebojno
odvisne dele celote. Zivljenjski cikel
komponente razlikuje naslednje faze [8]:

« razvoj (ideje, skice, konstrukcije,

izbor materialov in postopka, izra¢un,

izdelava prototipa),

«  proizvodnja (priprava, litie, strojna
obdelava, montaza),

« uporaba (delovanje, vzdrZzevanje,
servisiranje),

- recikliranje (razstavljanje, zbiranje,
razvrianje, uporaba, odlaganje
odpadkov).

are derived, namely one-dimensional

(linear), two-dimensional (triangular and

quadrangular), and three-dimensional

(tetrahedral and prismatic) elements.

Two-dimensional triangular and three-

dimensional tetrahedral elements are

most often used in geometries with curved

surfaces [3].

Nowadays, self-sustainable foundries
must adjust to the high demands of the
global market and therefore seek a solution
to meet them based on the concept Right
for the first time [4]. In the last decades, the
most important management tool introduced
in foundries is Lean manufacturing [5,6].
The principles of such productions are to
shorten the adoption time of the product,
improve the quality, and be adaptable to
the customer. One of the economical ways
of producing cast components is the Near
net shape process concept of casting to
an almost finite shape / dimension [7]. For
the customer, this means a reduction in
secondary operations on components that
have a narrower tolerance, and for the
manufacturer, maximum profit.

Fulfilment of customer requirements
can only be achieved with an Integral
approach. This means that the total lifetime
of a component should be considered
as a system in which individual life cycle
segments should be reviewed together with
all influencing factors as interdependent
parts in their entirety. The life cycle of a
component distinguishes the following
phases [8]:

« development (ideas, sketches,
constructions, choice of materials and
procedure, calculation, prototyping),

«  production (preparation, casting,
machining, installation),

« use (operation, maintenance,
servicing),

= recycling (dismantling, collection,
sorting, utilization, waste disposal).
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Najpomembnej$i segment je prva
faza, torej razvoj komponente, saj doloca
Zivlienjsko dobo ostalih segmentov in
faz. Sodasni inZeniring moéno prispeva k
skrajganju razvojnega &asa in izboljsanju
kakovostiizdelkov [9, 10]. Ta nacin spodbuja
proizvodnjo ustreznih ulitkov s pravilnim
pristopom brez napak Ze v prvem poskusu
(takoj v prvem poskusu). S tem pristopom
se ve&ina Kkljuénih odlogitev sprejme
pred izdelavo izdelka, ko je izvajanje
sprememb najenostavnejSe in najcenejse.
Bistveni elementi sofasnega inZeniringa
so: tehnologije CAD / CAM / CAE, hitra
izdelava prototipov, centralno upravljanje
proizvodnih podatkov, vecfunkcijske ekipe,
analititne metode, ekspertni sistemi in
zbirke znanja.

Optimizacija procesa litjia je doseZena
s tehnologijo CAE. Cilj tak8ne optimizacije
je prihranek materiala, zmanj$anje mase,
zvetanje dovoliene obremenitve, napetosti,
togosti itd. K tej optimizaciji smo pristopili
z izdelavo modela na podlagi uporabe
razliénih radunalnidko podprtih tehnologij.
Za virtualno izdelavo 3D-ulitkov se uporablja
tehnologija CAD, na podlagi katere se
preverjajo zahtevane lastnosti izdelka:
napetosti, deformacije, sposobnost litja itd.
[11]. V zadnjih dvajsetih letih je bila uporaba
simulacije  polnjenja kalupov obvezen
segment tehnologije CAE. NumeriCna
simulacija z vkljuéenim termotehnicnim
izradunom dolo¢a prenos toplote z ulitka
v formo, grafi¢ni prikaz toplotnega polja in
razvoja napetosti. Iz pridobljenih rezultatov
je mogoge dolotiti strjevanje, stopnjo
polnjenja forme, temperaturno in toplotno
porazdelitev napetosti, mikrosegregacijo,
vroce tocke itd. [12]. Ko virtualno litje
izpolnjuje vse predvidene zahteve, je
mogode pristopiti k hitri izdelavi prototipov
v razliénih razpoloZljivih materialih, vkljuéno
z originalnim materialom ulitka in ustrezno
tehnologijo ulitka [13]. Na izdelanem

The most important segment is the
first phase, i.e. the development of the
component because it determines the
lifespan of other segments and phases.
Simultaneous  engineering  contributes
significantly to the reduction of development
time and the improvement of product
quality [9, 10]. This approach encourages
the production of correct castings with a
zero defect approach in the first attempt
first and correctly (Right for the first time).
With this approach, most key decisions are
made before constructing a product, when
changes are easiest and cheapest. Essential
elements of simultaneous engineering
are: CAD / CAM / CAE technologies,
rapid prototyping, central production data
management, cross-functional  teams,
analytical methods, expert systems, and
knowledge bases.

Optimization of the casting process is
achieved using CAE technology. The goal
of such optimization is to save material,
minimize mass, maximize the allowable
load, stress, stiffness, etc. This optimization
is approached by creating a model using
various  computer-aided technologies.
CAD technology is used for the virtual
production of 3D castings, based on which
the required product requirements are
examined: stresses, deformations, casting
ability, etc. [11]. In the last twenty years,
the use of mold filling simulation has been
a mandatory segment of CAE technology.
Numerical simulation with incorporated
thermal- technical calculation determines
the heat transfer from the casting to the
mold, a graphical representation of the
thermal field, and stress development.
From the obtained results, it is possible
to determine solidification, mold filling
rate, temperature, and thermal stress
distribution, microsegregation, hot spots,
etc. [12]. When the virtual casting meets all
the required requirements, rapid prototyping
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prototipu je treba opraviti vse zahtevane
preskuse, nato pa se zacne proizvodnja
komponente. V literaturi je na voljo mnogo
primerov podobnega pristopa [14, 15].

Ta raziskava se je osredotoCala na
optimizacijo litja in strjevanja tankostenskih
ulitkov EN-GJL-200 s pomocjo numeri¢ne
simulacije, ki predstavijata pomemben
del sodasnega inZeniringa. Optimizacija
numeriéne simulacije razkriva spremembe
tehnoloskih parametrov pri dotocnih siste-
mih, prezragevalnih sistemih in podpornih
sistemih. Optimizacija omogo¢a tudi polnje-
nje ulitkov z namenom preprecevanja
izdatne toplotne preobremenitve in posle-
diéno obremenitve konkretnih delov ulitka.

2 Poskusni postopek

Livno Zelezo EN-GJL-200 ima zaradi
luskaste strukture grafita nizko natezno
trdnost, trdoto, zilavost, raztezek in
modul elasti¢nosti [16-19]. Ena glavnih
pomanijkljivosti tega materiala je obcutljivost
na debelino stene (velikost preseka), kar
lahko povzroéi znatne razlike v mehanskih
lastnostih znotraj ulitka. Cilini ulitek s
kompleksno geometrijo je prikazan na Sliki
1.

Obiéajni proizvodni proces Zelenega
ulitka je bil izveden z linijo za formanje in
lijie DISAMATIC®. Kompleksna geometrija
tankostenskega ulitka predstavija izziv
zaradi skorjastih delov in upogibanja ulitka
pod obremenitvijo v trenutni tehnoloski
konfiguraciji.

Numeriéna simulacija je bila izvedena
z uporabo programske opreme ProCAST
na obstojetem materialu in tehnologiji
ter z optimiziranimi parametri. Glede na
ugotovljene napake se je optimizacija
osredotoala na tehnolo$ke parametre,
kot so korekcija ulivnega sistema,
odzradevalnega sistema in obstojeCe

can be approached in various available
materials including original casting material
and corresponding casting technology [13].
All the required tests should be performed
on the obtained prototype, after which the
production of the component is started. A
number of examples of similar approach is
available in the literature [14, 15].

The focus of this investigation was the
optimization of pouring and solidification
process of thin-walled EN-GJL-200
casting using numerical simulation as an
important part of simultaneous engineering.
Numerical simulation optimization reveals
changes in technological parameters of the
gating system, venting system, and support.
Optimization enables even filling with
castings in order to prevent an extensive
thermal overload and consequently stress
of particular parts of castings.

2 Experimental

Grey iron quality EN-GJL-200 due to the
flaky structure of graphite, possess low
tensile strength, hardness, toughness,
elongation, and modulus of elasticity [16-
19]. One of the main disadvantages of this
material is the sensitivity to wall thickness
(cross-sectional size), which can result
in significant variations in mechanical
properties within the casting. Target complex
geometry casting is shown in Figure 1.

The usual production process of
target casting was performed using the
DISAMATIC® line for molding and casting.
The complex geometry of thin-walled
casting represents the challenge due to
crusted parts of casting and stress bending
of casting in the existing technological
setup.

Numerical simulation was performed
using ProCAST software in existing material
and technology set up and with optimized
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Izvedena sta bila numericna

podpore.
simulacija in tudi proces litja z originalnimi
in optimiziranimi parametri z namenom
primerjave vpliva spremenjenih parametrov
na nastanek napak.

3 Reazultati in razprava

Postopek optimizacije se je zaGel z oceno
celotne teze ulitka in nagina polnjenja,
kar je privedlo do teZnje po zagotovitvi
laminarnega in enakomernega pretoka
po ulivnem sistemu ter odpravo odvecne
teze odzradevalnih delov. Kompleksna
geometrija preiskovanega ulitka predvideva
uporabo podpore, da bi se izognili
ukrivljenosti nepodprtih delov. Ta podpora
omogoca tudi dodatno polnjenje, Ceprav je
odvisno od dotoéne zmoznosti podpiranja
livne votline. Izvirna (V1) in optimizirana
razlicica (V2) spremenjene geometrije sta
predstavljeni na Sliki 2.

Pomikanje nosilca proti rebru ulitka
zagotavlja njegovo aktivno vlogo pri
enakomernem polnjenju livne votline, kot je
prikazano na Sliki 3. Zmanj$anje velikosti
zratnika in sprememba geometrije sta

Slika 1. Kompleksna
geometrija preiskovanega
ulitka (zgornja in spodnja
stran)

Figure 1. The complex
geometry of investigated
casting (top and bottom side)

parameters. According to identified defects,
the focus of optimisation was placed
on technological parameters such as
correction of inflow system, venting system,
and existing support. Numerical simulation
and also casting process were performed
with original and optimized parameters
to compare the influence of changed
parameters on defect occurrence.

3 Results and discussion

The optimization process started with an
evaluation of complete casting weight and
filing mode which resulted in a tendency to
achieve laminar and uniform flow over the
ingate system as well as the elimination
of excess weight on the venting parts.
The complex geometry of investigated
casting requires support to avoid free
parts curvature. This support also enables
additional filling, although it depends on
the ingate ability to support the mold cavity.
Original (V1) and optimized version (V2) of
changed geometry are presented in Figure
2.

Scrolling the support toward rib part
casting enables its active role in the uniform
filing of the casting cavity as shown in
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V1 d=0,5mm V2 d=2mm

T /Tl

Skupna teza ulitka = 25,7 kg Skupna teza ulitka = 24,3 kg
Total casting weight = 25,7 kg Total casting weight = 24,3 kg

Slika 2. Originalna (V1) in optimizirana razli¢ica (V2) spremenjene geometrije
Figure 2. Original (V1) and optimized version (V2) of changed geometry

1,6x 51 2,4 x142

V1 24 % (2,5kg)+76 % (7,9 kg) V2 35% (3,2 kg) + 65 % (6 kg)
Teza ulitka in odzracevanje = 10,4 kg TeZa ulitka in odzragevanje = 9,2 kg
Casting and venting weight = 10,4 kg Casting and venting weight = 9,2 kg

Slika 3. Nacin polnjenja originalne (V1) in optimizirane (V2) razlicice
Figure 3. Filling mode for both original (V1) and optimized (V2) version
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povzrotila zmanj$anje skupne teze, kar je
ostala prvotna vloga.

Glede na enake zacetne parametre
litja: temperatura lijfa Tp= 1400 °C in Cas
polnjenja t=5 s v meSanico sveZega peska
in bentonita, je numeri¢na simulacija litja

V1

o

Vit Sbennn frm]

Figure 3. Reduction in the vent size and
changing the geometry resulted in total
weight reduction remaining in its original
role.

According to the identical initial casting
parameters: pouring temperature Tp= 1400

V2

r—

Slika 4. Cas do distribucije solidusa originalne (V1) in optimizirane (V2) razlicice

Figure 4. Time to solidus distribution for both original (V1) and optimized (V2) version

V1

ot S s 1]

- r

1

b
-

e
- m
g n
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Slika 5. lzradun pojavnosti poroznosti originalne (V1) in optimizirane (V2) razlicice

Figure 5. Porosity occurrence calculation for both original (V1) and optimized (V2) version
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in strievanja pokazala razlicno toplotno
porazdelitev pri litju, kar je vodilo v razlike
v Casu do solidusa v pomembnih kriti€nih
vozliscih, kot je prikazano na Sliki 4.

Obmocje v spodnjem delu ulitka je
na splosno povezano s krajSanjem Casa
strjevanja. Cas do solidusa je najdalji, a
e vedno precej enakomeren, fj. 80-110
s, saj je to obmocje v neposrednem stiku
z dovodnim kanalom. Vendar pa je bilo
zabeleZeno skrajSanje Casa strievanja
za 2 s v kriticnih debelostenskih odsekih.
Rebra in podpora so povezana s ¢asom
30-60 s do konca strjevanja. Zgornji del
ulitka je prav tako povezan s krajSim ¢asom
strjevanja, kar razkriva SirSe povrdine, za
katere je znacilna ¢asovna oznaka pribl. 60
s. Na splodno omogoca hitrejSe strievanje
krajsi ¢as segrevanja in prepreci nastanek
skorje. ZmanjSanje velikosti in volumna
odzracevalnih odprtin ter razsiritev velikosti
dotoka in pomikanje opore v smeri proti
rebrom omogocajo znizanje volumna taline
in s tem teZe ulitka kot tudi hitrej$e polnjenje
in strjevanje.

Vrote toCke so pokazale pojav
poroznosti, kar je bilo potrjeno s simulacijo
v grafi¢ni predstavitvi na Sliki 5.

Izrabun poroznosti ni nakazal razlike
v polozaju videza, Ceprav je bila velikost v
optimizirani razli€¢ici manjsa. Tudi ta polozaj
je sprejemljiv, &e je poroznost v notranjosti
ulitka.

Ker smo premaknili oporo, potrebno za
prepre¢evanje deformacije prosto litih delov,
je bila izvedena tudi simulacija deformacije
pri litju v formo ali zrak, kot je prikazano na
Sliki 5.

Simulacija deformacije je pokazala
popacenje ulitka v formi tudi naknadno
v zraku, in sicer zaradi kompleksne
geometrije, sestavljene iz tankih in debelih
sten ter reber. Ker je ta ulitek del celotnega
izdelka, popacenje ni sprejemljivo in ga je
treba zmanjéati na najmanjso raven. Ceprav
se popadenju ni mogoce popolnoma izogniti,

°C and filling time t=5 s in green sand
bentonite mixture, numerical simulation of
pouring and solidification revealed different
thermal distribution in casting and therefore
resulted in a different time to solidus in
critical nodes as presented in Figure 4.

The area in the lower part of casting
indicated shortening of solidification time
in general. Time to solidus is the longest
but still rather uniform 80-110 s since this
area is in direct junction to inflow. Although,
shortening of solidification time for 2 s has
been noticed in critical thick- walled sections.
Ribs and support indicated 30-60 s to
solidification end. The upper part of casting
also shows shortening of solidification time
revealing wider areas dedicated to cca 60
s time mark. In general, faster solidification
enables shorter time of heating avoiding
crust appearance. Lowering the vents size
and volume and widening the inflow size
as well as scrolling the support toward
ribs enable lowering the melt volume, and
therefore casting weight and also faster
filling and solidification

The hot spots indicated porosity
occurrence which has been confirmed with
simulation in graphical representation in
Figure 5.

Porosity calculation did not show
difference in position of appearance,
although the size in the optimized version
was smaller. Also, this position is accept-
able if the porosity is inside the casting.

Since the support needed for avoiding
the deformation of free casting parts was
moved, the deformation simulation for
casting in the mold and the air was also
performed, as shown in Figure 5.

Deformation  simulation  indicated
distortion of casting in mould also afterward
in the air dueto complex geometry consisting
from thin and thick-walled sections and ribs.
Since this casting is one part of the complete
product distortion is not acceptable and
should be lowered to minimum. Although,
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Slika 6. Numeri¢na simulacija deformacije v razliénih ¢asih; a) v formi (50 min po vlivanju), b) v zraku

Figure 6. Numerical simulation of deformation in different time marks; a) in mold (50 min after

pouring), b) in the air

je njegov videz maksimalno zmanjsan, kot
je prikazano na Sliki 6.

Poleg predstavljenih rezultatov so bili
izradunani tudi feritna frakcija, izkoristek
in natezna trdnost, razmik dendritnih vej in
trdota. Nobena od teh lastnosti ni pokazala
bistvenega odstopanja. Numericna
simulacija omogo¢a uporaben pregled
delovanja sistema talina/litie — forma. Ker
so pridobljeni rezultati zagotovili dobro
optimizacijo v zvezi z litlem in polnjenjem
forme, vendar pa niso bili tako zanesljivi
v povezavi s strjevanjem in pridobljenimi
deformacijami, je nastala potreba po
dodatni optimizaciji.

4 Zakljucki

S to preiskavo smo potrdili pomen nove
sirategije in konceptov. Cas izracuna ter

the distortion is not completely avoided
its appearance is minimized as shown in
Figure 6.

Beside presented results ferrite fraction,
yield and tensile strength, dendrite arm
spacing and hardness were also calculated.
Neither of those properties did show a
significant deviation. Numerical simulation
enables useful review in the melt/casting
— mold system behaviour. Since obtained
results achieved good optimisation relating
to pouring and mold filling, but not so
satisfying relating to solidification and
obtained deformations, it imposed the need
for additional optimization.

4 Conclusions

The importance of new strategies and
concepts was confirmed through this
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Referenc¢na oznaka /
Reference marks

V1

]

V2

inZenirsko znanje in uporaba numeriCne
simulacije kot del tehnologij CAD/CAE
lahko pojasnijo zniZanje razmerja napak
in naredijo izdelek bolj konkurencen
na svetovnem trgu. V tej raziskavi je
bila numeritna simulacija obstojeCega
tankostenskega ulitka EN-GJL-200
optimizirana s programsko opremo

Slika 7. Numeri¢na
simulacija popacgenja
med litjiem po referengnih
tockah

Figure 7. Numerical
simulation of casting
distortion in reference
points

dz=1,3mm dz= 1,5 mm

investigation.  Calculation  time and
engineer knowledge and effort using
numerical simulation as a part of CAD/CAE
technologies can comprehend the lowering
of defects ratio and make the product
more competitive on the global market. In
this investigation numerical simulation of
existing thin-walled EN-GJL-200 casting
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ProCAST. Poudarek je bil na optimizaciji
procesa litjia in strjevanja z modeliranjem
ulivnega sistema, zra¢nikov in podpore.
Optimizacija nakazuje enakomerno
polnjenje z boljfo porazdelitvijo dovodne
aktivnosti in zmanjsano toplotno
preobremenitev na posameznih polozajih
ulitka. Teza ulitka se je znatno zmanj3ala
in celoten Gas strjevanja se je skrajsal.
Kompleksna geometrija tankostenskega
ulitka predstavlja izziv zaradi nagnjenosti
k deformacijam. Optimizacija ni v celoti
uresnicila cilja prepreevanja deformacij,
vendar razkriva pozitivne  povratne
informaciie za pomembne polozaje
(referenéne oznake). Ceprav predstavija
optimizirano litie  izbolj8anje, zahteva
ta geometrija ulitka vecjo optimizacijo
tehnoloske nastavitve, da bi ze v prvem
poskusu dosegli pravo reSitev.

Viri / References

was optimized using ProCAST software.
The focus was placed toward optimizing
the pouring and solidification process
though modelling the inflow system, vents,
and support. Optimizition indicates uniform
filling with better distribution of inflow activity
and reduced thermal overload in particular
positions of the casting. Casting weight was
significantly reduced and total solidification
time was shortened. The complex geometry
of thin-walled casting represents the
challenge due to deformation tendency.
Optimization did not completely reach the
goal of deformation avoidance but it reveals
positive feedback for significant positions
(reference marks). Although, optimized
casting revealed improvement, this casting
geometry requires more optimization
technological setup to achieve right for the
first time.
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