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Abstract. The soft designed to simulate the castingRezumat. La Universitatea Transilvania din Bov a
solidification, created by Transilvania Universityf fost realizat un soft pentru simularea solidificpieselor
Brasov is experimentally verified and the resulte a turnate. Sunt prezentate rezultatele privind veara
presented in this paper. The verification was edrout  experimental a acestui soft. Verificarea s-a efectuat prin
by thermal analysis. A cubic sample part with the analizi termici. In acest scop s-a turnat o piete prol,
dimensions 40 x 40 x 40mm was cast. The temperatureubic, cu dimensiuni 40 x 40 x 40 mm. Prin simulgire
variation in the central points of the casting wasprin experiment s-a determinat vaidatemperaturii Tn
determined through simulation and experiment. Thecentrul probei turnate. Rezultateletiolite prin simulare
simulation results were compared with the expertaden s-au comparat cu cele experimentale. Aceasta @rowatf

ones. Thus, the validity of the software was conéid. validitatea softului.

Keywords: solidification simulation, thermal analysis, Cuvinte cheie:simularea solidifigrii, analiz termia,
experimental verification verificare experimental

1. Introduction 1. Introducere

The soft designed to simulate the casting La Universitatea Transilvania din Brav a fost
solidification [1, 2, 3], created by Transilvania realizat un soft pentru simularea solidific
University of Brasov, imitates the solidificatiofi o pieselor turnate [1, 2, 3]. Acesta simulgaz
casting from alloys that solidify within solidificarea pieselor turnate din aliaje care se
temperature ranges (alloys that solidify as solidsolidifica Tn interval de temperatur(aliaje care se
solution). The software uses the finite-differencesolidifici sub formd de soldie solidi). Softul
method. The mold — casting assembly is dividedutiizeazz metoda diferegglor finite. Ansamblul
into cubic volume elements. The evolution of formid de turnare — pi@sturnat este divizat in
temperature and solid fraction in the casting iselemente de volum cubice. Evghitemperaturiki
determined by solving the heat balance equatiom fragiei de solid in piesa turriase determia prin
for each volume element. The main hypothesesezolvarea ecuei de bilan termic, pentru fiecare
underlying the software are: element de volum. Principalele ipoteze care stau la
- perfect contact between the volume elements odbaza softului sunt:

the assembly casting — mold; - contact perfect intre elementele de volum ale
- the heat transfer between the elements is done by ansamblului piesa turriat forni;

thermal conductivity; - transferul de @dura intre elementele de volum se
- an equivalent coefficient of thermal conductivity  face prin conduge termic;

is considered (which includes the heat transfer este considerat un coeficient echivalent de

by convection and radiation); conductibilitate termig (acesta include si
- the solid fraction varies linearly with tempenau transmitereaadurii prin convedgie si radigie);
in the solidification interval; - in intervalul de solidificare, fraia de solid

- the dimensions of the volume elements are variaz liniar cu temperatura;
constant during cooling and solidification of the - dimensiunile elementelor de volum sunt constante
cast alloy; pe parcursulacirii si solidificarii aliajului turnat;
- the alloy density is constant with the tempematur - densitatea aliajului este constanotl temperatura.
The constant step of the network where the  Pasul constant al tedei in care este divizat
system casting-mold is divided is required for easi sistemul pies turnat — formi, este necesar pentru
solving the mathematical model. It is necessary toezolvarea accesidil a modelului matematic.
consider a constant density to respect the laws oiceasta impune ca densitatea fie considerat
mass and energy conservation in the volumeonstant, pentru a respecta legile conggiivmasei
elements. si a energiei in elementele de volum.
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2. Aim of the work 2. Scopul luctirii
The validity of the results obtained. With the Validitatea rezultatelor almute cu ajutorul
help of this software have been experimentallyacestui soft au fost verificate experimental prai t

verified through three procedures: metode:
- analysis of the hot spots position inside thé;cas - analiza poziei nodurilor termice in piese turnate;
- analysis of the risers operation at casting; - analiza fungonirii maselotelor la turnarea unei
- solidification thermal analysis of a sample aagti piese;

- analiz termica a solidificirii unei piese de prab
This paper presents some research carried out In aceast lucrare sunt prezentate o parte din
by thermal analysis. To this end, the resultscercedrile efectuate prin analiztermici. In acest
obtained by simulation and by experiment arescop sunt comparate rezultatele tiole prin
compared, showing the temperature evolution in thesimulare si prin experiment, privind evotia
casting. temperaturii in piesa turriat

3. Working mode 3. Mod de lucru

An experimental part (approximately a cubic S-a turnat o piesde prola, apropiai de un cub
part with dimensions 40 mm) was cast. The moldcu latura de 40 mm. Forma de turnare est@rin
used in the experiment is shown in Figures 1 and Zigurile 1 si 2. Forma de turnare este realizain
The mold was made of sand and thermo-reactivaisip cu liant #sind termoreacti¥ (rasina
resin binder (phenol formaldehyde resin). The parfenolformaldehidig). Piesa a fost turnatdin aliaj
was cast in AlZn8 alloy. The chemical compositionaluminiu-zinc (AlZn8). Compogia chimid a
of the cast alloy is given in Table 1. According to aliajului turnat este datin tabelul 1. Conform
the equilibrium diagram from Figure 3, this alloy diagramei de echilibru din figura 3, acest aliaj se
solidifies in form of solid solution. The theoretic solidifica cu formare de sotie solidi. Intervalul de
solidification interval, based on the equilibrium solidificare teoretic, (conform cu diagrama de
diagram is: T = 660 °C (liquidus temperature), echilibru) este: T= 660 °C (temperatura lichidus),
Ts = 605 °C (solidus temperature). In the center ofTs = 605 °C (temperatura solidus). In centrul piesei
the casting (the height center) the temperature watsirnate (la mijlocul Taltimii piesei) s-a risurat
measured with a thermocouple (figures 1 and 2)temperatura cu un termocuplu (figurasil2). In
Figure 4 show the mold after solidification of figura 4 este atati proba turnat si solidificati. Tn
casting sample. Figure 5 shows the installatiom usefigura 5 este datati instalaia utilizat pentru

to measure and register the temperature. masurareai inregistrarea temperaturii.
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Figure 1. Dimensions of mould Figure 2. Mould for thermal analysis (foto)
Figura 1. Dimensiunile formei de turnare Figura 2. Forma de turnare pentru arialermici (foto)

Table 1. Chemical composition of the experimentadigt alloy (AlZn8)

Tabelul 1. Compozia chimic a aliajului turnat experimental (AlZn8)
Chemical element [%] / Element chimic [%]
Symbol / Simbol Al Zn Si Cu Mg Fe
Content / Cofinut 91.52 7.8 0.48 0.6 0.4 0.2
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Figure 3. Zn — Al equilibrium diagram

Figura 3. Diagrama de echilibru Zn — Al

Figure 4. Casting sample (after solidification)
Figura 4. Proba turna(dup solidificare)

Figure 5. The equipment used for measuring anddé@mpthe temperature in casting
Figura 5. Instalga utilizati pentru nisuraregi inregistrarea temperaturii in piesa tuénat

4. Experimental results 4. Rezultate experimentale

Figure 6 shows the experimental curve of in figura 6 este atati curba experimentala
temperature variation recorded in the center of thevarigiei temperaturii Tn centrul piesei turnate. Prin
casting. The critical temperatures and start-engrelucrarea datelor experimentale s-au determinat
times of solidification were determined by temperaturile criticesi timpul real de Tnceputi
processing the experimental data. These values asfarit de solidificare, Tn acest punct. Aceste valori
given in Table 2. sunt date n tabelul 2.

Table 2. Experimental data on AlZn8 alloy solidifiion, in the center point of the casting sample
Tabelul 2. Date experimentale privind solidificaediajului AlZn8, n punctul din centrul piesei

Initial temperature
Temperatura iniala

Liquidus temperature
Temperatura lichidus

Solidus temperature
Temperatura solidus

Solidification time
Timp de solidificare

[°C]

[°C]

[°C]

[s]

722

635

~605

56.8

The real temperature for the beginning of Temperatura reala inceputului de solidificare
solidification (liquidus temperature) was accunatel (temperatura lichidus) a fost f@u$n evidemi cu
highlighted by the experimental data. This is givenprecizie de datele experimentale. Aceasta este dat
by the inflection point of the temperature variatio de punctul de inflexiune al curbei de vagaa
curve. The inflection point is caused by the reteas temperaturii. Punctul de inflexiune este cauzat de
of the latent heat of solidification. The solidus inceputul degéayii caldurii latente de solidificare.
temperature was approximately determined. This iFemperatura solidus este stabilitu aproximée.
because the inflection point that corresponds ¢o thAceasta, deoarece punctul de inflexiune
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end of solidification is not very clear, on the corespunitor sfagitului de solidificare, nu este
experimental curve. evident pe curba experimerial
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Figure 6. The temperature variation experimentaborded in the casting center
Figura 6. Variga temperaturii inregistraexperimental in centrul probei
5. Comparison between simulation and 5. Compardie
experiment simulare - experiment
In order to check the software, the Pentru verificarea softului s-a simulat

solidification of the casting has been simulatdade T solidificarea piesei turnate. Prin simulare s-a
temperature variation was determined by simulatiordeterminat variga temperaturii in punctul in care a
in the point where the thermocouple was placedfost poziionat termocuplul. Simularea s-a realizat
The simulation was performed in the similarin condiii similare (temperatura ifiala,
conditions (casting temperature, mold temperaturetemperatura formei, temperatura soliguchidus)
solidus and liquidus temperature) with thosecu cele determinate prin experiment. La simulare
highlighted by experiment. The following values s-au utilizat urrdtoarele valori:

have been used in simulation:

- for the cast alloy: - pentru aliajul turnat:
+ initial temperature dye = 722 °C; + temperatura iiala Toye = 722 °C;
+ solidus temperatureofe = 605 °C; + temperatura solidussfe = 605 °C;
+ liquidus temperaturedlye = 635 °C; + temperatura lichidus iz = 635 °C;
+ alloy densitypye = 2600 kg/m; + densitatey. = 2600 kg/m;
+ latent heat of solidificationje= 370000 J/kg; ¢+ caldura latent de solidificare ke= 370000 J/Kg;
+ specific heat in liquid state,e. = 1040 J/kgK; + caldura specifig in stare lichid gyg. = 1040 J/kgK;
+ specific heat in solid statgg= 980 J/kgK; + cildura specifié n stare soligl cyes= 980 J/kgK;
+ thermal conductivity coefficient in liquid state < coeficient de conductibilitate terndidn stare
AMEL= 85 W/mK, lichida AMEL= 85 W/mK,
+ thermal conductivity coefficient in solid state ¢ coeficient de conductibilitate terndidn stare
Aves= 200 W/mK. solida Myes= 200 W/mK.
- for the mold: - pentru forma de turnare:
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= initial temperature dgo = 24 °C; = temperatura iialda Toro = 24 °C;

= mold densitypro= 1550 kg/n; = densitatgro= 1550 kg/m;

= specific heatg= 1050 J/kgK; = caldura specifié co= 1050 J/kgK;

= thermal conductivity coefficient-o= 0.8 W/mK. = coeficient de conductibilitate terriidzo= 0,8
W/mK.

Figure 7 shows the temperature variation curve  In figura 7 este atati curba de varige a
obtained by simulation (in the casting center). Thetemperaturii obnuta prin simulare (in centrul
results of the simulation were compared with thepiesei). Rezultatele dbute prin simulare s-au
experimental results. comparat cu cele experimentale.

In Figure 8 the temperature variation curves In figura 8 sunt suprapuse curbele de v@ia
obtained by simulation and those obtained bytemperaturii obnute prin simulare si  prin
experiment are overlapped. This figure show a goo@xperiment. Aceastfigura arat o apropiere buna

correspondence between the curve obtained bgurbei obinuta prin simulare cu aceea determinat
simulation with that experimentally determined. experimental.
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Figure 7. Temperature variation determined by sittioih (in the casting center)
Figura 7. Varigia temperaturii determinaprin simulare (in centrul piesei)
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Figure 8. Comparison between the temperature i@mgtietermined by simulation and by experiment
Figura 8. Compatge intre varigia temperaturii prin simularg experiment

6. Conclusions 6. Concluzii

In order to assess the accuracy of the Pentru evaluarea veridigiti rezultatelor
simulation results, Table 3 shows the temperatur@btinute prin simulare, in tabelul 3 sunt date
deviations obtained by the simulation comparedabaterile temperaturilor gbute prin simulare in
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with those experimentally measured at differentraport cu cele #&surate experimental la diverse
times. The relative deviations seem to be generallynomente. Se obserwci abaterile relative sunt in
small (of the order -4% + +4%). The higher relative general mici (de ordinul -4 + +4 %). Abateri relati
deviations (of the order of 7 + 8%) were obtainedmai mari (de ordinul 7 — 8 %) s-autotut in zona
for the temperature of 600 °C (end of alloytemperaturii de 600 °C (sfiul solidificarii
solidification). The results in Table 3 show tha¢t aliajului), Rezultatele din tabelul 3 afati, n
relative deviation of the temperatures obtained byintervalul de temperaturigF Ts, abaterea relativa
simulation compared to the experiment, in thetemperaturilor otnute prin simulare fa de
temperature range oT— Ts, are very small and experiment este negaliwi foarte mi@. Sub Tg
negative. Under J (solidus temperature) the (temperatura solidus) abaterile relative sunt in
relative deviations are generally positive and alsaeneral pozitivgi de asemenea mici.
small. Abaterile mici ale rezultatelor gbute prin
The small deviations in the results obtained bysimulare f# de experiment arat ca softul
simulation compared to the experiment results shoveimuleaz bine perioada de solidificare a aliajului.
that the software simulates well the alloy Acesta este intervalul determinant pentru ajgari
solidification period. This period is essential foe  defectelor cauzate de solidificarea aliajului. Ca
defects caused by alloy solidification to be regdal urmare se poate afirma softul SIM — 3D poate fi
In conclusion, the software SIM — 3D can be usedutilizat pentru proiectaregi optimizarea sistemelor
with confidence to design and optimize the riserde maselotare la turnarea pieselor din aliaje
systems for metallic castings. metalice.

Table 3. Comparison of temperature evolution inudation and experiment, in the casting center
Tabelul 3. Compararea evgki temperaturii la simularg experiment, in centrul piesei

. . Absolute difference of Relative difference of
Experimental Simulated ; . . | ;
temperature (simulation against temperature (simulation
Symbol | Time temperature temperature experiment) against experiment)
Simbol | Timp Temperatura| Temperatura Diferenta absolutade Diferena relativa de
X : temperatut (simulare fga de | temperatut (simulare fgi
experimenta simulat . .
experiment) de experiment)
AT pgs= ATgre=
Symbol t T Tsim = Tom — Texe = 100XAT s/ Texp
u.m S °C °C °C %
1 4 707.546 684.090 -23.456 -3.31
2 6 688.92 661.172 -27.748 -4.03
3 10 669.708 636.497 -33.211 -4.96
4 15 648.991 634.780 -14.211 -2.19
5 20 635.424 633.827 -1.597 -0.25
7 25 629.508 632.365 +2.857 +0.45
8 30 627.313 630.645 +3.332 +0.53
9 35 623.864 628.824 +4.96 +0.79
10 40 620.874 626.991 +6.117 +0.98
12 50 613.035 623.452 +10.417 +1.70
13 55 606.889 621.777 +14.888 +2.45
14 60 600.095 620.137 +20.042 +3.34
15 70 583.706 617.122 +33.416 +5.72
16 80 569.365 614.195 +44.83 +7.87
17 90 563.825 610.584 +46.759 +8.29
18 100 554.71 601.069 +46.359 +8.36
19 110 542.711 586.111 +43.4 +8.00
20 120 533.576 563.874 +30.298 +5.68
21 130 529.311 544.349 +15.038 +2.84
22 140 521.869 526.874 +5.005 +0.96
23 150 518.712 510.954 -7.758 -1.50
24 160 511.709 496.275 -15.434 -3.02
25 170 504.873 482.619 -22.255 -4.41
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