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Abstract. SIM - 3D software was done at Transilvania Rezumat. La Universitatea Transilvania din Bov s-a
University of Brasov for casting solidification giation realizat softul SIM — 3D pentru simularea solidific
of alloy that solidifies in a temperature rangeefghis  pieselor turnate din aliaje cu interval de soliifie. Sunt
presented the research conducted by the authors farezentate cerceile efectuate de autori pentru validarea
validate this software. Verification was based twe t acestui soft. Verificarea s-a bazat pe analizatfanirii
analysis of feeders operation. To this end, thaukition maselotelor. Tn acest scop rezultateletiralie prin
results were compared with those obtained by thiode  simulare s-au comparat cu celetiobte prin metoda
of real solidification modulus, as well as by cagti modulului real de solidificare, cati prin turnarea
experimental parts. We analyzed the solidificationexperimentad a unor piese de préb S-a analizat
directing in the system feeder - channel — parttanchot  dirijarea solidifiarii in sistemul maselét— canal — pies
spots and shrinkages positions. pozitia nodurilor termicei a retasurilor.
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1. Introduction 1. Introducere
At Transilvania University of Brasov it was La Universitatea Transilvania din Bev a fost

carried SIM — 3D software for casting solidificatio realizat softul SIM — 3D, pentru simularea solidifi
simulation. It includes two modules. One for carii pieselor turnate. Acesta include domodule.
simulating casting solidification of alloy that Unul pentru simularea solidifidi pieselor turnate
solidifies at a constant temperature (eutecticyallo din aliaje care se solidificla temperatudr constarit
or pure metals) and the other, more recently, foaliaje cu compozre eutecti@ sau metale pure).
alloy that solidifies in a temperature range. SIM —Altul, mai recent, pentru aliaje care se solidifio
3D software is different from the software widely interval de temperatér Softul SIM — 3D este diferit
used in the industry throw the module simulatingde softurile utilizate pe scatarga in industrie, prin
the solidification of cast alloy that solidifies at modulul care simule@zsolidificarea pieselor turnate
constant temperature [1]. Software used in thalin aliaje care se solidificla temperatudr constarit
industry only simulates the solidification of alky [1]. Softurile utilizate in industrie, simuleaz
that solidifies in a temperature range. In the adse solidificarea numai pentru aliaje cu solidificame 1
eutectic alloys these software considers thenterval de temperatir In cazul aliajelor eutectice,
hypothesis that solidification occurs in a very Bma aceste softuri considelipoteza & solidificarea are
temperature range. loc intr-un interval de temperatufoarte mic.

SIM — 3D software uses the finite difference Softul SIM — 3D utilizeaZ metoda diferegelor
method. The assemble casting - mold is divided intdinite. Ansamblul pie% turnati — formi este divizat
cubic volume elements. The evolution of thein elemente de volum cubice. Evidutemperaturigi
temperature and the solid fraction inside the ngsti a fragiei de solid din piesa turriase determii prin
is determined by solving the heat balance equationezolvarea ecuii de bilan termic pentru fiecare
for each volume element and for a sequence of verglement de volungi pentru o succesiune de intervale
small time intervals. Another particularity of the de timp foarte mici. O altparticularitate a softurilor
software currently used in industry, is that it suse utilizate Tn prezent industrie, colasin aceea &
the specific heat equivalent method. In this chse t acestea utilizeaz metoda &ldurii  specifice
heat balance equation is explained only by theechivalente. In acest caz egiaale bilam termic este
initial temperature of the elements. Therefore, inexplicitai numai in funge de temperatura ifla a
writing the equivalent specific heat and heat bagan elementelor. De aceea se intalnesc treitsit&ftul
equation there are three cases. The softwareealizat la Universitatea Transilvania, expliciteaz
developed at Transylvania university of Brasovecuaia de bilagp termic in fungie de temperatura
explains heat balance equation based on the initiahitiald, darsi de temperatura finala elementelor. In
temperature and the final temperature of theacest caz ectia de bilagp termic este explicitat
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elements. In this case the heat balance equatin le pentru noé situgii, care se intalnesc la solidificarea
to nine situations that occur in the alloys aliajelor. Aceast explicitare reproduce mult mai
solidification. This expression reproduces moreexact procesul de transfer termic la solidificare.
accurately the heat transfer at solidification. TheEvolujia temperaturii in funiee de timp este
temperature evolution in time is determined moredeterminat mult mai precis. De asemenea, acest tip
accurately. Also, this type of expression has thale explicitare aresi avantajul & face posibi
advantage of making possible the simulation ofsimularea solidifigrii la temperatut constarit (cazul
solidification at constant temperature (the case o#liajelor eutectice) Softurile care utilizéametoda
eutectic alloy). Software that uses the equivalentaldurii specifice echivalente nu pot face acestducr
specific heat method cannot do this thing. Softul SIM — 3D furnizeaz date privind
SIM - 3D software provides data on temperatura, fra@m de solid, viteza de vatia a
temperature, solid fraction, rate of temperaturetemperaturii, gradientul local de temperatur
change, locally temperature gradient, the criterionvaloarea criteriului Nyiama. Softurile utilizate n
Nyiama. The software used in industry usuallyindustrie furnizeaz de obicei numai date privind
provides only data on the distribution of theserepartizarea acestoranmi in piesa turnat Acestea
parameters in the casting. These are given only asunt redate numai sub foinde hari culori. De
color map. Therefore, many times, the values of theceea, de cele mai multe ori, valorilérimilor care
parameters which characterize the elements stataracterizeaz starea elementelor (temperatur
(temperature, solid fraction, temperature gradientfractie de solid, gradient de temperatuetc.) sunt
etc.) are computed approximately [2, 3, 4]. SIMD- 3 stabilite cu aproximge [2, 3, 4]. Softul SIM — 3D
software gives the distribution of these valuesdms redi repartizarea valorilor acestoarmi in volumul
the casting at a time moment, and the evolution opiesei la un moment dat, dgrevoluia marimilor
these quantities versus time in any point of therespective in fun@ de timp, in orice punct al
system casting — mold. The results are giversistemului pies turnati — formi. Rezultatele sunt
graphical, but also as spreadsheet (unlike thelate sub foréh grafici, dar (spre deosebire de
software used in industry). Therefore, the values osofturile utilizate Tn industrie}i tabelar. De aceea
parameters of the volume elements can be veryalorile marimilor de stare ale elementelor de volum,
accurately determined in function of the spacepot fi determinate cu foarte mare precizie, in fienc
coordinates and time. The distribution of these@sl de coordonatele de gpasi de timp. Repartizarea |n
in the part volume is given in graphical form as avolumul piesei a valorilor &imilor mertionate, este
color map. They are, however, completed withda& sub forni grafica ca hard de culori. Acestea
contour curves (corresponding to most interestingunt ind, completate cu curbe de nivel (corespdnz
values). The time dependence of the quantities igor valorilor numerice care interesépzDependeta
given by continuous chart. These curves makesle timp a rarimilor de stare este dafgrafic prin
possible to carry out precise studies about vellsm curbe continue. Astfel de curbe perniitse efectu-
volumes. You can study the phenomena at the&ze studii precise, localizate Tn volume foartei.mic
interface casting - mold (which is not possiblehwit Se pot studia fenomene la inteafgpied turnati —
the software currently used in the industry). Informa (ceea ce nu este posibil cu softurile utilizate Tn
addition to these software, SIM — 3D softwareprezent in industrie). In plustfade aceste softuri,
provides accurate data about the solidificationsoftul SIM — 3D, furnizeak date precise despre
sequence of the system feeder — feeder neck — pasticcesiunea solidificii in sistemul maselat— canal
about the communication interruption feeder — piegi, despre intreruperea comunieamaselal —
casting, about the amount of useful liquid alloylia  pies turnati, despre cantitatea de aliaj lichid util din
feeder, about the maximum amount of the liquidmaseloi, despre valoarea contf@t maxime a
alloy contraction in the part that can be compekat aliajului lichid din pied care poate fi compendade
by the feeder and about the shrinkage location. Thenaselai si despre localizarea retasurii. Aliajul lichid
useful liquid alloy in feeder is the liquid alloyhmieh  util din maselat este aliajul lichid care poateé s
can flow from feeder to part, to compensate thecurgi din maselat in pies, pentru compensarea

solidification contraction of the part. contragiei la solidificare a piesei.
2. Paper aim 2. Scopul luctrii
After realizing the SIM-3D software it was Dupa realizarea softului SIM — 3D a fost

necessary to verify the validity of the resultsnecesar o verificare a validittii rezultatelor
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obtained with it. The two modules (solidification a obinute cu ajutorul acestuia. Cele domodule
a constant temperature and solidification in a(pentru solidificare la temperaturconstant si
temperature range) were tested using the followingpentru solidificare n interval de temperajuau

methods: fost verificate prin mai multe metode:

- by comparing the results with those obtained - prin compararea rezultatelor cu celgioite
with internationally recognized software; prin softuri recunoscute pe plan intefinaal;

- experimentally, by thermal analysis; - experimental prin analizermic;

- by analyzing the solidification of the system - prin analiza solidifigrii unor sisteme pies
casting — feeder. turnati — maselat.

This paper presents the results obtained when In aceast lucrare sunt prezentate rezultate
verifying the software module for casting obtinute in cazul verifigrii modulului de soft pentru
solidification simulation of alloy that solidify im  simularea solidifigrii pieselor tunate din aliaje cu
range of temperature by analyzing the solidifiaatio interval de solidificare prin analiza solidifidi

of the system casting — feeder. sistemelor piesturnat — maselat.
3. Working mode 3. Mod de lucru
Software verification was performed by Verificarea softului, s-a efectuat prin analiza

analyzing the parameters that characterize thparametrilor care caracterizéaz fungionarea
feeder functioning. The working methodology maselotelor. Metodologia de lucru a constat in
consisted of solidification analysis of castingshie  analiza solidifiarii unei piese turnate in prezen
presence of different sized feeders. The part used unor maselote cu dimensiuni diferite. Piesaiigic
the study is shown in Figure 1. The studiedsolidificare a fost studidteste aitati in figura 1.
assemble mold — casting is shown in Figure 2. Th Ansamblul forni de turnare — pidsturnat studiat
solidification of the system casting — feeder waseste aitat in figura 2. Solidificarea sistemului pies
studied by three methods: by using the reaturnat — maselat a fost studidi prin trei metode:
solidification modulus, by simulation with SIM-3D cu ajutorul modulului real de solidificare, prin
software and experimental. The parts were cast isimulare cu softul SIM — 3Dsi experimental.
steel. The chemical composition of the cast steel iPiesele s-au turnat dineb. Compozia chimica a

given in the Table 1. otelului turnat este datn Tabelul 1.
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Figure. 1. Casting Figure 2. Casting — feeder - mold assembly uselderstudy
Figura 1. Piesa turnat Figura 2. Ansamblul piagurnat —maselat — forma utilizat in cadrul studiului

Table 1. Chemical composition of the cast stefel Tabelul 1. Compota chimic a gelului turnat

Alloy type / Tip aliaj Element content  /Coninut element %]

Symbol / Simbol C Si Mn P S Cr Md Ni Al CU Mg
Carbon steel 0.112| 0.314| 0753 0.018 0030 0.3 0p2 0/04 0.p3%16 | -
Otel carbon
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We used three feeders: a properly sized feeder, S-au utilizat trei maselote, masalot
an undersized feeder and an oversized feeder wittlimensionat corect, maselat subdimensionit si
undersized feeder neck. In the Table 2 are given thmaseloi supradimensionat(cu canal de alimentare
dimensions of feeders used. We have analyzed ttgubdimensionat). in tabelul 2 sunt date dimenssunil
parameters which characterize the feeder operatiomaselotelor utilizate. S-au analizat parametrireca
by the three methods. There were analyzed thearacterizeaz fungionarea maselotelor prin cele
shrinkages positions and the hot spots positidwes, t trei metode. S-a analizat pgai retasurilor,si a
sequence of the alloy solidification in the system,nodurilor termice, succesiunea solidific aliajului
the amount of useful liquid alloy available in the in sistem, cantitatea de aliaj lichid util dispdhih
feeder and the maximum contraction of the alloy inmaseloi si contragia maxini a aliajului din pies
the part possible to be compensated by the feedgposibil de compensat din masélotRezultatele
The results obtained by the simulation are comparedbtinute prin simulare s-au comparat cu rezultatele
with the experimental results and with thoseexperimentalesi cu cele okinute prin metoda
obtained with the method of real modulus of modululuireal de solidificare.
solidification.

Table 2. Feeder sizes for the casting variantsesdualy experiment and by simulation
Tabelul 2. Dimensiunile maselotei in varianteldul@are studiate experimentalprin simulare

. Feeder-part channel size
Feeder size . e ;
. Dimensiunile maselotei Dimensiunile cqnalulm
Variant maseloi — pies
Varianta thickness| width flelgt_h up heigth down | entire heigth | heigth | width | length
grosime | latime Inal';l_me Tnaltime jos | Tnaltime totak | Tnaltime | latime | lungime
superloai
symbol dr br hs hi Hr hn bn In
u.m. mm mm mm mm mm mm mm| mm
V1 80 80 80 40 120 32 32 40
V2 64 64 96 56 152 48 48 40
V3 88 88 88 56 152 48 48 40
4. Results 4. Rezultate
4.1. Result obtained using the method of real 4.1. Rezultate olinute prin modulul real de
solidification modulus solidificare
The real solidification modulus was calculated Modulele reale de solidificare s-au calculat prin
by the equation [5, 6]: relgia [5, 6]:
M=
2k 0§ W
i=1

where: V is the volume of the part area (whoseunde:V reprezini volumul zonei din pigs(al crei
modulus is calculated)p — number of surfaces, modul se calculeay, n — nunirul suprafeelor,

i — the index of surface§, — surface area index'; i — indicele suprafelor,S — aria suprafiei cu index
ki — the cooling coefficient of the"'surface. “i”, ki — coeficient dedcire aferent suprafei S.
The cooling coefficienk; take into account the Coeficientul de &cire k; tine cont de incetinirea

slowing down or the increase of heat transmissiorsau intensificarea transmisigildurii prin suprafga
throughS surface, comparing with a surface whererespectid (S) in compargée cu o suprafia prin care
heat transfer is not affected. The heat transmissiotransmisia &ldurii nu este influetati. Modificarea
changes are caused by hot corners, very thin corieansmisiei &ldurii este cauzatde cot cald, miez
thickness relative to the part, insulating material foarte sukire in raport cu grosimea piesei, material
exothermic material, coolers, very close vicinity termoizolant, material exoterngaitori, veciritatea
with other parts or feeders, etc.). foarte apropidta altor piese sau maselote, etc.).

To ensure a proper solidification directing of Pentru a se asigura o dirijare coresptwere a
the system casting - feeder between the reesolidificarii Tn sistemul pies turnati — maseldt,
solidification modulus of the part, the feederintre modulul real de solidificare al piesei, al
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channel, and feeder the following relationship mus canaluluisi al maselotei, trebuieisxiste relga [5,
be [5, 7, 8]: 7, 8]

Mp:Mc:My=1:11:1.2, 2)
whereMp — is the real solidification modulus of the undeMp — reprezini modulul de solidificare real al
part (the area fed by feederMc — the real piesei (al zonei alimentatde masela), Mc —

solidification module of the channel feeder — part,modulul de solidificare real al canalului masglet
Mwm — the real solidification modulus of the feeder. piesi, Mm — modulul de solidificare real al maselotei.

The real solidification moduludV) is related to Modulul de solidificare realM) este corelat cu
the solidification time t) by the square root law of timpul de solidificaretg) prin legea &dacinii patrate
solidification [7]: a solidificarii [7]:

M =kyts , ©)
wherek is a solidification constant. undek este o constafde solidificare.

From the equations (2) and (3) results that a  Din relgiile (2) si (3) rezuld ca dirijarea
proper directing solidification in the system part corespunatoare a solidifidrii sistemului pie§ —
feeder is obtained when the solidification times ar maseloi se oltine cand timpii de solidificare sunt
in the relationship: n relaia:

tpitc ity =M3:MZ:MJ = 1:12:145, 4)

wheretp is the solidification time of the castinig,—  undete reprezini timpul de solidificare al piesei
the solidification time of the channety — the turnate.tc — timpul de solidificare al canaluluiy —
solidification time of the feeder. timpul de solidificare al maselotei.

In the Table 3 are given the values of the real  1n tabelul 3 sunt date valorile modulelor reale
solidification modules, determined by calculation de solidificare determinate prin calcul pentru
for the elements of the system casting — channel elementele sistemului piedurnati—canal-maselét
feeder. These were calculated using the equatjon (Acestea au fost calculate cu t&#da(1), in fungie de
based on the sizes given the Table 2. dimensiunile din tabelul 2.

Table 3. The real solidification modules for cagtifeeder and channel, and the solidification tiate calculated with
the relationships (1) and (4)
Tabelul 3. Modulele reale de solidificare pentresai turndt, canalsi maseloi si raportul timpilor de solidificare
calculate n funge de dimensiuni (prin ref@e (1) si (4))

Real solidification modulus
Modulul real de solidificare calculat Solidification times ratio|
Variant Channel Real solidification Raportul timpilor de
Varianta | Piesa turnat feeder-part Feeder modules ratio solidificare olinut prin
Casting Canal maseldt- Maselota | Raportul modulelor calcul
piesa reale de solidificare
Symbol Mc Mn Mg Mc : My : MR tc:tnv:tr
u.m. mm mm mm - -
V1 15.13 13.6 16.10 1:0.90:1.05 1;0.81:1.10
V2 15.05 17.5 15.17 1:1.16:1.01 1:1.35:1.02
V3 15.18 17.5 18.62 1:1.15:1.23 1:1.32:151

Subunit values were adopted for the cooling S-au adoptat valori subunitare pentru
coefficient of part, channel and feeder surfacesoeficientul de dcire aferent suprafelor piesei, ale
where cooling is slower. The slowed cooling is canaluluisi ale maselotei, In dreptufi®ra icirea in
caused by the molding batch overheating. Valuesimpul solidificirii este incetinit. Incetinirea icirii
between 0.5 - 0.9, depending on the coolingeste cauzat de suprainidzirea amestecului de
slowing, were adopted [5, 6]. For feeder neckformare. S-au adoptat valori intre 0,5 — 0,9 ircfien
surfaces were adopted valugs = 0.5. For the de incetinireadcirii [5, 6]. Pentru suprafele canalul
surfaces near the hot corners of the parts and thmaseloi — pies s-au adoptat valok; = 0,5. Pentru
neighboring areas of the part and feeder wereupraf¢ele din dreptul colrilor calde ale piessii
adopted valuek; = 0.7 - 0.9 depending on the local pentru suprafiele vecine (apropiate) ale piesgi
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geometry. For the surfaces where heat transfer imaselotei s-au adoptat valéri= 0,7 — 0,9 n funge

not affected by molding batch overheating, thede geometria local In cazul suprafelor unde

cooling coefficient was adoptég= 1[5, 6, 8, 9]. transmiterea adurii nu este afectat de
suprainglzirea amestecului de formare, coeficientul
de ficire s-a adoptd =1 [5, 6, 8, 9].

4.2. Results obtained by simulation 4.2. Rezultate olfinute prin simulare

The simulations were performed in similar Simukirile s-au efectuat pentru cogidsimilare
conditions as experiment: non alloyed steel castingcu cele in care a fost realizat experimentul: piese
with 0.1 %C, sand molds chemical hardenedturnate din gl nealiat, cu 0.1 %C, forme din nisip
(sodium silicate + C€). The values of the physical ntarite chimic (silicat de sodiu + G{ Valorile
guantities used for simulation are: initial marimilor fizice utilizate pentru simulare sunt:
temperature of the liquid ste®&l= 1650 °C, lichidus temperatura imialda a gelului lichid, To = 1650 °C,
temparatureT. = 1530 °C, solidus temperature temperatura lichidus T= 1530 °C, temperatura
Ts = 1495 °C, mold thermal conductivityo= 0,65 solidus & = 1495 °C, conductivitatea terriica
W/mK, steel thermal conductivity in solid state formeiirso= 0,65 W/mK, conductivitatea ternaién
Aso = 30 W/mK, steel thermal conductivity in liquid stare solid a gelului Aso = 30 W/mK, Ao = 28
statedo = 28 W/mK, specific heat of liquid steel W/mK, cildura specifid a gelului lichid aco. = 850
clo. = 850 J/kgK, the specific heat of solid steel J/kgK, dldura specifi@ a gelului solid goL = 750
csoL = 750 J/kgK, specific heat of the moleb=  J/kgK, aldura specifid a formei ¢o = 1170 J/kgK,
1170 J/kgK, liquid alloy density.oL = 7200 kg/m, densitatea aligjului lichidp.o. = 7200 kg/m,
mold densitypro = 1550 kg/m, specific latent heat densitatea formepro = 1550 kg/m, cildura latent
of solidification of the steel & = 270000 J/kg, specifia de solidificare a®@lului Lo, = 270000 J/kg.

initial temperature of the moldydo = 20 °C. Temperatura imiala a formei Tro = 20 °C.
For the cases studied by simulation there were  Pentru cazurile studiate prin simulare s-a
determined: determinat:
- the solidification time of the part, feeder and - timpul de solidificare a piesei, a maselaofeia
channel feeder - part; canalul maseléat— pieg;
- the solidification times ratios; - raportul timpilor de solidificare;

- the ratio of the real solidification modules of - raportul modulelor reale de solidificare ale
casting, feeder channel, feeder, calculated sistemului pies turnati — alimentator — maselt
according to the solidification times; calculat In funge de timpii de solidificare;

- the amount of useful liquid alloy available ireth - cantitatea de aliaj lichid util disponibiin maselat
feeder (to compensate the shrinkage of part and (pentru compensarea contiiac pieseisi mase-
feeder) until casting solidification; lotei) para la momentul solidifigrii piesei turnate;

- the maximum contraction percentage possible to contragia procentud maxima posibik de compen-
be compensated by the feeder until solidification; sat din maselétpari la solidificarea piesei;

- the hot spots positions; - pozikia nodurilor termice;
- the solidification times map. - harta timpilor de solidificare.

The results of the simulation are shown in Rezultatele ofinute prin simulare sunt date in
Tables 4 and 5. tabelele 4i 5.

In the Table 4 are given solidification time In tabelul 4 este dat timpul de solidificare,

obtained by simulation for parte], channel ), obtinut prin simulare, pentru pig$te), pentru canal
feeder {u) and also the time of part feeding by the (tc), pentru maselét(ty) si de asemenea timpul de
feeder {a. - time of communication interruption alimentare a piesei din maselota. — timpul de
feeder - part). With these values, we calculated thintrerupere a comunigai maseloi — pies). Cu
solidification time ratio % : tc : tm). This aceste valori, s-a calculat raportul timpilor de
characterizes the solidification directing. Based o solidificare {p : tc : tm). Acest raport caracterizeaz
the square root law (using the solidification time dirijarea solidificrii. Pe baza legiiadacinii patrate
values determined by simulation) it was calculatec(utilizand valorile timpilor de solidificare
the ratio of the real solidification modules of the determinate prin simulare) s-a calculat apoi raport
three elements. The ratios of the real solidifmati modulelor reale de solidificare al celor trei
modules were calculated according to theelemente. Raportul modulelor reale de solidificare
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solidification times determined by simulation, with s-a calculat, Tn fune de timpii de solidificare
the relationship: stabiliti prin simulare, prin relga:

Mp:Mc:Mpm =\/$:\/E:\/W. (5)

The ratios of the solidification times, and the Raportul timpilor de solidificare si al
real solidification modules determined by modulelor de solidificare reale determinate pe baza
simulation (Table 4) were compared with the ratiossimulirii (din tabelul 4), s-au comparat cu valorile
from Table 3, calculated according to Equation (1)din tabelul 3, calculate pin rgia (1) Tn fungie de
in function of geometry and dimensions. The valueggeometriesi de dimensiuni. Valorile sunt apropiate,
are close, confirming the validity of the results ceea ce confirthvalabilitatea rezultatelor furnizate
provided by the software. de soft.

In the Table 5 are given the results of the in tabelul 5 sunt date rezultatele privind
volume of useful liquid alloy in the feeder ()  volumul de aliaj lichid util din maseldt(Vium) si
and the maximum contraction at alloy solidification contragia maxiné a aliajului la solidificarea piesei,

possibly to be compensated by feediaiag).

posibil de compensat din masal{Bmax).

Table 4. Results obtained by simulation about diigification time and the ratio of the real sofidation modules
Tabelul 4. Rezultate ginute prin simulare privind timpul de solidificageraportul modulelor reale de solidificare

Solidification times Time of interruption
Timp de solidificare frup Solidification e
_ Channel of communications times ratio Real solldlflcafuon
Variant Casting | feeder-part feeder - part Raportul modules ratio
Varianta Piesa Canal Feeder | Timp de TnFre_ru_pere 3] timpilor de Rapor_tu_l _modulelor
turnat maselok - Maselota comunicaiei solidificare de solidificare reale
g maselota - piesa
piesi
Symbol tc tn tr tsn tc:tn:tr Mc : Mn: MR
u.m. S S S S - -
V1 541.5 492 705 387 1:0.91: 1.30 1:0.95:1.14
V2 600 645 642 621 1:1.08: 1.07 1:1.04:1.03
V3 604.5 781.5 916.5 630 1.1.29: 1.52 1:1.1231

Note: Real solidification modules ratio was calculatethwelationship (5)
Nota: Raportul modulelor de solidificare s-a calculahmelatia (5)

Table 5. Results about the elements of the systemolume, the amount of useful liquid alloy ire teeder, the
maximum shrinkage possible to be compensated loefee
Tabelul 5. Rezultate privind volumul elementelosistem, cantitatea de aligj lichid util din mas&kp contragia
maxina posibil de compensat de maselote la solidificpieaei turnate

Useful liquid Maximum contraction
Part Channel| Feeder | Total alloy . i
. alloy in the feeder] possible to be compensated
Variant | volume | volume | volume volum o
. Volum de aliaj by feeder
Varianta | Volum | Volum Volum Volum total Sy . o -
. i lichid util in Contragie maxini posibik
pies canal maseloi de aliaj .
maseloi de compensat din maselot
Symbol Ve Vi VR Vot Vuir Bmax
u.m. cni cn? cn? cn? cn? %
V1 663.55 40.12 768.00 147251 52.90 3.59
V2 663.55 92.12 622.59 1378.30 1.56 0.11
V3 663.55 92.12 1115.13 1870.80 110.18 5.89

In the Figures 3 — 8 are shown the results  In figurile 3 — 8 sunt ditate rezultatele amute
obtained by simulation about the movement of theprin simulare privind deplasarea frontului de selid
solidification front and the corresponding zone officaresi zona afereritaliajul lichid util disponibil Tn
the liquid alloy available in feeder to compensatemaseloi pentru compensarea contiac pari la
the shrinkage till solidification. The solidificati  solidificarea piesei. Harta timpilor de solidifiear
maps highlight the hot spots. It can be seen ipune evidetd nodurile termice. Se poate observa
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secondary hot spots appear in the part caused hja@ in pies apar retasuri secundare, cauzate de
feeder malfunction. Figures showing the usefulfundgionarea necorespuitpare a maselotelor.
liquid alloy inside the feeder (available to Figurile care arat zona aliajului lichid util din
compensate alloy solidification shrinkage) allow interiorul maselotei (aliajul disponibil pentru
observe if the liquid alloy useful in the feedenca compensarea contiga la solidificare a piesei)
reach the part till the end of its solidificatiofhe  permit $ se observe dacaliajul lichid util din
useful liquid alloy in feeder can run in the pdif ( maseloi poate § ajung: In pies, pari la sfasitul
the end of solidification time) only if the solidificarii acesteia. Aliajul lichid util din maselbt
corresponding useful liquid alloy zone reach thepoate § curdi in pied (pari la sfasitul solidificarii
junction feeder channel — part. acesteia) numai daczona aferent aliajului lichid
util atinge segunea de jongune canal — pies

a0 -

Distanta d, in [mm]
g

100+

50 100 b 200 2 20 £
Distanta d, in [mm]
Figure 3.Solidification times map
(Variant V1 — feeder: dm x Hm = 80 x 120 mm; chdnine x hc = 32 x 32 mm)
Figura 3.Harta timpilor de solidificare
(Varianta V1 — masel®tdm x Hm = 80 x 120 mm,; canal: bc x hc = 32 x 38)m

300}

250 |

E 20 A,
I I|u_n_-rm||_i1u._u/|.'
o | va
& 1500 =
e 1=
k-
=]

100

o

- I

=0 100 50 20 E -
Distanta d, in [mm]
Figure 4.The area of useful liquid alloy inside the feeder
(Variant V1 — feeder: dm x Hm = 80 x 120 mm; chdnipe x hc = 32 x 32 mm)
Figura 4.Zona metalului lichid util din interiorul maselotei
(Varianta V1 — masel®tdm x Hm = 80 x 120 mm; canal: bc x hc = 32 x 38)m
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Figure 5.Solidification times map
(Variant V2 — feeder: dm x Hm = 64 x 152 mm; chdnbe x hc = 48 x 48mm)
Figura 5. Harta timpilor de solidificare
(Varianta V2 — maselota: dm x Hm = 64 x 152 mmatalnc x hc = 48 x 48mm)
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Figure 6.The area of useful liquid alloy inside the feeder
(Variant V2 — feeder: dm x Hm = 64 x 152 mm; chdnbe x hc = 48 x 48mm)
Figura 6. Zona metalului lichid util din interiorolaselotei

(Varianta V2 — maselota: dm x Hm = 64 x 152 mmatalnc x hc = 48 x 48mm)

The results obtained by simulation and their Rezultatele ofinute prin  simulare si
comparison with those obtained calculating the reatompararea acestora cu celgimitte prin calculul
solidification modules show the following aspects modulelor reale de solidificare atatrmatoarele
about feeders operation: aspecte privind funmnarea maselotelor:

Variant V1. The channel feeder — part is Varianta V1: Canalul maselét— piesa este
undersized. The solidification times map (Figure 4)subdimensionat. Harta timpilor de solidificare
shows that the primary hot spot is formed in the(figura 4) arat ca nodul termic principal se
feeder. The part shows a secondary hot spot @rmeaz in maselat. In piesi apare un nod termic
result of premature interruption of communicationsecundar ca urmare a Tintreruperii premature a
feeder — part. Time to close the channel iscomunicaiei maselai - piesi. Timpul de obturare a
taL = 387 s <p. canalului estéa. = 387 s <p.
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Figure 7.Solidification times map
(Variant V3 — feeder: dm x Hm = 88 x 144 mm; chdnbe x hc = 48 x 48 mm)
Figura 7. Harta timpilor de solidificare
(Varianta V3 — maselota: dm x Hm = 88 x 144 mmatanc x hc = 48 x 48 mm)
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Figure 8.The area of useful liquid alloy inside the feeder
(Variant V3 — feeder: dm x Hm = 88 x 144 mm; chdnbe x hc = 48 x 48 mm)
Figura 8. Zona metalului lichid util din interiorolaselotei
(Varianta V3 — maselota: dm x Hm = 88 x 144 mmatanc x hc = 48 x 48 mm)

This is lower than the solidification time of the Acesta este mai mic decét timpul de solidifi-
part - = 541.5 s). Directing alloy solidification in care a pieseit{ = 541,5 s). Dirijarea solidifasii
the system, characterized by the ratio of solidHic aliajului in sistem, caracterizgprin raportul timpilor
tion end time (part : channel : feeder), is notrapp de sfagit de solidificare (pies: canal : masela}, nu
priate. The solidification times ratio (determinegl  este coresputitbare. Raportul timpilor de solidifi-
simulation) iste : tc : tw = 1 : 0.91 : 1.30. Solidifi- care (determinat prin simulare) este: tc : tw =
cation modules ratio (calculated by the Eq. (5),=1: 0,91 : 1,30. Raportul modulelor de solidifeca
based on the solidification times given by simula-(calculat prin relga (5), in fungie de timpii de
tion) isMp : Mc : Mm =1 : 0.95 : 1.14. These values solidificare dai de simulare) est®lp : Mc : My =
are very close to the values (in Table 3) calcdlate =1 : 0,95 : 1,14. Aceste valori sunt foarte apati
according to the geometric dimensions (relations (1de valorile (din tabelul 3) calculate in fuiec de
and (4)), namelyMp : Mc : My = 1 : 0.90 : 1.05, dimensiunile geometrice (cu rélke (1) si (4)) si

respectivelytp : tc :tw=1:0.81: 1.10. anumeMp : Mc : My = 1 : 0,90 : 1,05 respectiv
tpitc:tv=1:0,81:1,10.
The solidification times ratio also confirms the Raportul timpilor de solidificare confirinde

jamming of the channel feeder — part. The map oasemenea strangularea sistemului Tn dreptul
the useful liquid alloy in feeder, show that it nah  canalului maselét- pies. Harta cantitii de aliaj
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fully reach part because this area does not reaclichid util din maselat arat ci acesta nu poate s
junction channel - part until the end of partajundi integral in pies deoarece zona respeétiv
solidification. nu atinge jongunea canal — piéspari la sfasitul
Variant V2: It is a case in which the feeder is solidificarii piesei.
too small, and the channel section is increased Varianta V2: Este un caz in care maselota este
compared to the previous case. The hot spot isubdimensionat iar canalul are s@ane nirita fata
formed in the feeder channel. Although the feededde cazul precedent. Nodul termic se fornieaz
canal section is large the feeder do not workcanalul maseldt— pied. Desi segiunea canalului
properly because is undersized. The ratio of thenaseloi pies este mare, maselota nu ftinpoeaz
solidification times and of the real solidification corespunitor deoarece este subdimensi@nat
modules obtained by simulationtis: tc : tw = 1 :  Raportul timpilor de solidificaresi al modulelor
1.08 : 1.07, respectivelylp : Mc : My =1 : 1.04 : reale de solidificare gimut prin simulare est® : tc
1.03. These ratios show that the feeder istw=1:1,08: 1,03 respectivMp:Mc: My =1":
undersized. The values obtained by simulation ard,04 : 1,03. Aceste rapoarte araf maselota este
in accordance too with those obtained bysubdimensionét Valorile ohkinute prin simulare
calculation based on the geometric characteristiceoncord de asemenea cu celetiobte prin calcul
(relations 1 and 3), namety : tc :tv = 1 : 1.35: 1n fungie de geometrie (cu ralde 1 si 3) si anume
1.02 , respectivellp : Mc : My =1 :1.16 : 1.01. tp:tc:tw=1:1,35:1,02i respectivMp : Mc : Mwm
The amount of useful liquid alloy in the feeder is= 1 : 1,16 : 1,01. Cantitatea de aliaj lichid wtih
very small. The shrinkage is formed in the channemaseloi este foarte mic Retasura se formeain
because the hot spot is located in this area (theona canalului, deoarece nodul termic (timpul de
solidification time is the largest). solidificare cel mai mare) este plasat in aceasita
Variant V3: This is a feeding system properly Varianta V3: Este un sistem de maselotare
sized. The solidification time ratio determined by dimensionat corespufitor. Raportul timpilor de
simulation indicates that the solidification is solidificare determinat prin simulare, arafca
properly directed. The ratio of the solidification solidificarea este dirij&t corespunitor. Raportul
time and of the solidification modules dpe tc : tw  timpilor de solidificaresi respectiv al modulelor de
=1:1.29: 152, respectiveMp : Mc : My = 1 : solidificare estetp : tc : tv = 1 : 1,29 : 1,5i
1.14 : 1.23. They also correspond to the solidifi-respectivMp : Mc : My = 1 : 1,14 : 1,23. Acestea
cation time ratio calculated based on the reacorespund de asemenea cu raportul timpilor de
solidification modulestf : tc : tw = 1 : 1.32 : 1.51, solidificare calcula pe baza modulelor reale de
respectivelyMp : Mc : My = 1 : 1.15 : 1.23). The solidificare ¢~ :tc :tm = 1 : 1,32 : 1,5%i respectiv
useful liquid alloy in feeder can compensate ¢éMp: Mc: Muw =1: 1,15 : 1,23). Aliajul lichid util
maximum contraction (of the liquid alloy during din maselat poate compensa o contfi@cmaxin,
part solidification) of puax = 5.89 %. This is la solidificare a aliajului lichid din piésegah cu
sufficient to obtain a steel casting without puax = 5,89 %. Aceasta este suficignpentru a

shrinkage. ohtine o pie& turnat din ael, fara retasuri.
4.3.Experimental results 4.3. Rezultateexperimentale
For experimental verification of the results Pentru verificarea experimeritah rezultatelor

obtained by simulation, the part of Figure 1 wast ca ohtinute prin simulare, piesa din figura 1 s-a turnat
in the three different feeder systems. The moldsexperimental in cele trei variante de maselotare.
were made of silica sand (S)Qvith sodium silicate Formele au fost realizate din nisip (SiQu liant
binder, hardened with GOThe temperature of the silicat de sodiu Tatit cu CQ. Temperatura aliajului
liquid alloy (measured in the ladle, prior to filj  lichid (masurai in oala de turnare Tnainte de
the mold) was Jue = 1662 °C, and the temperature umplerea formei) a fostohe = 1662 °C, iar tempe-
measured in at the funnel of the casting networkatura nisurat in palnia reelei de turnare la sfgtul
was Tove = 1648 °C. The three parts were castumplerii a fost tve = 1648 °C. Cele trei piese au
simultaneously in the same mold. fost turnate simultan in aceeforma de turnare.

The castings and feeders were sectioned to st Pieselesi maselotele au fost s@anate pentru a
the shrinkage position. The experimental results o vizualiza pozia retasurilor. Rezultatele experimen-
the shrinkage position and the feeder operatiomweltale privind pozia retasurilor si functionarea
compared with those obtained by simulation.maselotelor, s-au comparat cu celgirolie prin
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Figures 9+ 11 show the shrinkage positions in the simulare. in figurile 9+ 11 se obset poziia
three cases. In Table 6 are given the coordindtes retasurilor in cele trei cazuri. In tabelul 6 sdate

the hot spots (points where solidification ends)coordonatele nodurilor termice (punctele in care se
highlighted by simulation and experiment. In thetermira solidificarea) puse in evidgnprin simulare
case of experimental castings, hot spots coordinatisi prin experiment. In cazul pieselor turnate
are given by the coordinates of the lower tip @& th experimental, coordonatele nodurilor termice sunt
shrinkages. date de coordonatele varfului inferior al retasuril

Figure 9. Part cast in variant V1 Figure 10. Part cast in variant V2 Figure 11. Part cast in variant V3
Figura 9. Piesa turnain varianta V1 Figura 10. Piesa turnain varianta V2 Figura 11. Piesa turnain varianta V3

Table 6. The hot spots coordinates obtained bylsiion and experiment, in [mm]
Tabelul 6. Coordonatele nodurilor termicgiahte prin simulargi experimental, in [mm]

Main hot spots coordinates Secondary hot spots coordinates
(inside the feeder) (inside the casting)
Variant Coordonatele nodului termic principal Coordonatele nodului termic secundar
Varianta (In maselat) (in pies)
Sslrinr#LIl?:%n Experiment Sslrinn?tll?;';n Experiment
Symbol x.y,z) (x.y,2) (x.y,2) (x,y,2)
V1 (164;184;104) (166;180;104) (76;132;104) (74;188)
V2 (128;154;104) (138;144;104) - -
V3 (162;168;104) (172;170;104) - -

Note. Coordinates are expressed in relation to @xyz system in which the coordinates are represgentFigures 3-8
(Point O corresponds to the front - left - downrearin of the mold assembly from Figure 2)

Noti. Coordonatele sunt exprimate in raport cu sistateudxe Oxyz, in care sunt reprezentate coordenfitglrilor
3-8 (punctul O corespunde cu golfata - stanga — jos al ansamblului formei din figura 2)

5. Conclusions 5. Concluzii

The comparison of the shrinkage position inside ~ Compararea pogei retasurilorsi a nodurilor
experimental castings and the hot spots positiontermice din piesele turnate experimental, cu
obtained by simulation shows a good concordanc@oziiile acestora ofinute prin simulare, arato
between the experimental results and those obtainetbncordata buri intre rezultatele experimentae
by simulation. This comparison leads to thecele olbinute prin simulare. Aceastcomparare
following observations: conduce la uritoarele obsenyi:

- Figure 9 shows that in the experimental - figura 9 arat ¢ in piesa turnatexperimental,
casting, variant V1, a secondary shrinkage isvarianta V1, se gine o retasur secundat plasai
obtained near the feeder neck. This is causedéy thin apropierea alimentatorului. Aceasta este cauzat
premature interruption of communication feeder —de Tntreruperea premaiius comunicgiei maseloi —
casting, as shown by the data obtained bypies turnafi, asa cum arat atat datele ginute prin
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simulation (Figure 3) and those highlighted by realsimulare (figura 3), cafi cele puse Tn evidei prin
solidification modulus value (Table 3); valorile modulului real de solidificare (tabelut 3)

- Figure 10 shows that in the experimental - figura 10 arat ci In piesa turnat expe-
casting, variant V2, the main shrinkage is formed i rimental, varianta V2, retasura principalse
the channel feeder — part. This position is duthéo formeaz in canalul maseldt- pies. Aceasi poziie
undersized feeder and insufficient amount of useful retasurii este cauzatle subdimensionarea mase-
liquid steel available in the feeder, as shownhsy t lotei si de cantitatea insuficieitde ael lichid util
data obtained by simulation (Figure 5) and thosedisponibil Tn masel@t asa cum arat datele obinute
obtained by calculating the real solidification prin simulare (figura 53i cele ohinute prin calculul
module (Table 3); modulului real de solidificare (tabelul 3);

- Figure 11 shows that in the experimental - figura 11 arat ci in piesa turnat
casting, variant V3, the shrinkage is formed only i experimental, varianta V3, retasura se formieaz
the feeder. This shows that the feeder is workingiumai Tn maselat Aceasta ardt ca maselota
correctly, as shown by the data obtained byfuncioneaz corect, ga cum ardtsi datele okinute
simulation (Figure 7) and by calculating the realprin simulare (figura 7}%i prin calculul modulului
solidification module (Table 3). The amount of real de solidificare (tabelul 3). Cantitatea deajali
useful liquid alloy available in the feeder is egbu lichid util disponibil Tn maselat este suficierit
to compensate the solidification contraction of thepentru compensarea contiac la solidificare a
steel casting; piesei turnate dintel;

- The data in Table 6 shows that the position of - datele din tabelul 6 atati poziia nodurilor
the hot spots determined by experiment (positiongermice stabilite prin experiment (pgai punctelor
of the points of alloy ending solidification — in care se termin solidificarea aliajului — varful
shrinkage lower peak) corresponds to the positiorinferior al retasurilor) corespunde cu pazi
of the hot spots determined by solidification nodurilor termice determin@at prin  simularea
simulation software. The difference between thesolidificarii cu softul realizat. Diferegele intre
real position of the hot spots and those obtained bpozitia nodurilor termice realg cele oltinute prin
simulation is of the order of 0 — 12 mm. The refati simulare este de ordinul 0 — 12 mm. Eroarea rélativ
error between simulation and experiment (the hointre simularesi experiment (privind coordonatele
spots coordinates) is within 0 — 7 %. The errorsnodurilor termice) este in limitele 0 — 7 %. Sunt
below 4% are prevalent. predominate erorile sub 4%.

Based on these observations it can be said that Pe baza acestor obsejivae poate afirma i
the software developed by us reproduce withsoftul realizat reproduce cu suficiéntprecizie
sufficient precision the solidification of castinfypg  solidificarea pieselor turnate din aliaje care se
alloy that solidify within a temperature range andsolidifica Tn interval de temperaturgi care
forms only solid solutions at solidification. formeaz la solidificare numai soflie solidh.
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