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Application of Solifidification Grain Structure Simulation for the Casting
by Cellular Automaton Method

In-Sung Cho’ and ltsuo Ohnaka”

Abstract

Computer simulation of the solidification grain structurc was applied to the casting process by using CA-DFDM. The Direct
Finite Difference Method (DFDM) for temperature field calculation and latent heat treatment was coupled with Cellular Autom-
aton (CA) method for the grain growth. 2-dimensional simulation of the solidification grain structures and calculation of the con-
centration fields were carried out and the calculated concentration distributions were compared with exact solution. Castings
having complex geometries such as turbine blades were applied for 3-dimensional CA-DFDM. Effects of grain selector and mold
extraction speed on the solidification grain structures in the turbine blade were examined.
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Table 1. Comparison of grain growth model

Growth Microsegrega- Growth Interface Fs and Latent
. C . R k
Method model tion model Kinetics Tracking. Heat Cal. eImarks
S Columnar . .
Wang and . . . | Diffusion Macroscopical Heavy calculation of
Beckermann[1] Deterministic Equation KGT, LKT ?tgll::t,ive Cal solid fraction iterative procedure
Zhu and .. Thermodynamic . No. of cells
Smith[2] Probablistic None model Probabilistic solidified Monte Carlo
Brown and . : e s Monte Carlo, Lack of
Spittle[3] Probablistic | None Arbitrary rules Probabilistic None physical meaning
Isi)ica?;tered Cell size solid
Rappaz[4] Stochastic Scheil KGT acll orithm fraction
Dgn drite Tip introduction
KGT and . . . More accurate
Nastac and Ste- Stochasti Diffusion SphericalGrowth lgligir:eu};lg Ea;l%?:ilsf il;daand calculation than
fanescu[35] OCaste Equation dendrite tip P q Rappaz, but CA size
. probabilistic macroelement \
coarsening 1s very small
. Jackson and Geometrical solid | Only equiaxed crystal
Charbon(6] Stochastic None Hunt relation fraction calculation | Calculation
Phase Field . . .| Daffusion Phase field . . Cell size must be
Model[7] Deterministic Equation mobility Phase function | Heat equation nanoscale
Multiple Cell size solid
Hong([8] Stochastic Scheil KGT orientation fraction
method introduction
ufghd £ AFoMe FOMET ZAAARNE 4 FHI0E ARSI en, 2904 54l AT, KGTR

2]Eel CAYlS Zilsle Bakal 3jAke] FE2] 32l
L 222} & ZF gL ST o] turbine
blade=.%F2] FEol A& dalz} sjod e, 22l 332
z4 & 2o = FA4] AAE 2FAA
=4 AARE s

2. 20|y 24

TE52 SO AAEEAM FEL HAA 1
] Aol 2fia] o] Fo A, S5 EA 2 o
F7HA el dAE =260 diste] o HAE 2
s "o dAdAe] dist 2SS 7R} 9l
w, £ d7olME Rappazsol Agte FpYxEel] oiE
7Y A SEAS ARSI o] A2 e A
(1 Ze] FEAHH9].

oN " nax (AT_ATN)2 0
= e
oBT) ™ amaT, | 2T,y
718 N g, ATE IY=, = HAA

AT, AT S 7 YA IIE, AT = EFHAo|T
o] YA Fo] £AA}F Yok A vdle KGT

(42)

Be e BE Ao ANt Absei

v 2007OD o)y @)

n2T((1-k)Q—1)

Q71N vE AT S5, 2 e )
%, me A 7187, ke 44 944, D §
AHa, TE AdellvRA], Q) L= Qo Yt
Ivantsov function®|t}. & Aol $AA Hte
E5AARE $8le] (245 ol83ld TPl digt 5
A Aol 25 F3lal o]F WAl (3)X3 &2
< Hej 2 AME3iT

v(AT

tip ) +b(A ,,p) (3)
A7)M AT, & 42244 Futellale] Thyzole),

) = a(ATy,,

3. TRl A UH

CARE °]83F §31xA)2] oSl 13 13} 22
F7H1¢] mesh system®] E=Y¥™ macromesh system
7} submesh system F7HAE Uddl. 238 1ol 23
el AE =A% £ ATolx9 Macromesh=
non-uniform meshE ©|-43lg}. & submesh®] 73



Vol. 21, No. 1, 2001

Journal of the Korean

Foundrymen’s Society

—43 —

Macromesh

/

Mold Sub-mesh

Liquid

Solid

Fig. 1. Schematic diagram of the mesh structure.
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Fig. 2. Schematic diagram showing the DFDM mesh.
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Fig. 3. 2-D Growth algorithm.

(43)

Fig. 4. 3-D Growth algorithm.
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Fig. 5. Two grain growth with different orientations.
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Fig. 6. 1-dimensional Cu solute distribution of the Al-
4.5wt%Cu alloy during directional solidification.
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Fig. 7. 2-Dimensional solute distribution of the the Al-
4.5wt%Cu alloy during directional solidification.
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Fig. 8. 3-Dimensional grain growth by using CA algorithm.
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Fig. 9. (a) Macromesh structure of turbine blade and (b)~(f)
solidification sequence of the turbine blade during
directional solidification.
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