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Fig. 1. Schematic diagram of dynamic grid scheme: (a) ¢ = 5; (b) t = 10.
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Fig. 3. (a) Calculation plane; (b) physical plane.
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fied area.
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i=1
PR b R ZAR DU SR mt v] LA B0k
JEE 5 i (0L PR, Sk BB YN R B By SCFF i)
TEASCH DL BT s BB AR A, )
1 — AR LA RS [ A 7 Y ) I R
o R AR 2R 2R K, AR Tt g1
A BT T R A

3 BARE

3.1 TEEHE

& 7 SR A SCEE BT A A A, T IX
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Fa AR A%, BCRIA% ROSE Sy 125 pm, 36 ) ik B2
9.81 m/s?, SRS 3 e A, By TR 4 44,
Jii) [ A 5 g i P 7 Ry 300 K, X i de HA R
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PESHOILE 1.

L 50 mm K
™ il
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X

5 O\IIIHI
N\

J
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7 S AR
Fig. 7. Physical model of castings.
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AP A MEAR 2 W EE B FoR 2 K R
HREAF, W0 FER 4l i s =X AR
CA AL K LBM 1 544 2A] DL STk [14].

F 1 AL0S%Cu A ERIESE
Table 1.  Physical properties of Al-0.5%Cu alloy.

HYESEL e HufE
T T./K 733.3
AR EE Ti/K 717
LR TR Ts/K 621
WALk AR my/(m-K/%) —3.44
A HR o/ (m?*s) 2.7x107
TR E v/(m?s 1) 1.2x10°6
I R AL D/(m2s1) 3.0x10°
R Y k 0.145
TR p/(kg-m?) 2606
H IR € 0.0467

Gibbs-Thomson &4 I'/(mK) 2.4x107
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PR AT AL R I EA TR AT, ] 8 435 A 4L
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(R [ 1 VAR A B A L R R B AR A 10, i s
PG TR O 1 SR B T 5 IS IR RS, 50 PN B 4
BRI A3 B0 T A8 L) K AR I e 22098 P8 37 1) 3 45
AR, B8 A7 bR o IR R T A 43 BRI
BE, i, 7 & 8(a) Hr, B4k 58 42k A [
AR, T2 3R T5Ab TR DX

FEREFE I, TS SR 58 H8E R 2 17
TS IR 22 IR U PR RS 4 i 3 5
H TE SR B A TR Y B — 2 S 4R
J2, XA BB R R s 322 sz 2R AR
oK, Ean (1) b dsT s, IO i bl AR 0
MK T RS I AN W, 0 i UG D s
FE L JEAE LBM B ) 9 AT 1] % 2SR AT
TVFPBE D7 [ B R DR, BRI AE 2 7 1) L i
ARRTE T y 7).
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B 8 (a) t=25MEMETNA; (b) t = 25 BHEE /30 (c) t = 50 B FE AR (d) t = 50 BFEE 4 ; (e) ¢ = 75 B B A0 R4
Ais (F) t = 75 BWHRESM i s (g) t = 100 I E AR5 ; (h) ¢ = 100 BHEEEY i s (i) t = 125 WHEARR A6 (G) ¢ = 125 IR ES i

Fig. 8. (a) Distribution of solid phase rate when t = 25; (b)distribution of temperature when ¢ = 25; (c) distribution of solid phase
rate when ¢ = 50; (d) distribution of temperature when ¢ = 50; (e) distribution of solid phase rate when ¢ = 75; (f) distribution of

temperature when ¢ = 75; (g) distribution of solid phase rate when ¢ = 100; (h) distribution of temperature when ¢ = 100; (i) distri-

bution of solid phase rate when ¢t = 125; (j) distribution of temperature when ¢ = 125.
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Fig. 9. (a) Localized enlargement of the upper left corner in
Fig. 8 (a); (b) localized enlargement of the lower left corner
in Fig. 8 (a).
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Fig. 10. Localized enlargement of the lower left corner in
Fig. 8 (e).
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Fig. 11. Shape and size of casting specimen and casting result: (a) Casting specimen; (b) casting result.

028103-10

(a) BHE; (b) BRiEEE R


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 74, No. 2 (2025) 028103

JI U SEBAE R /N, eI 5 B X (2 = 25 mm)
WEST O B 5 2) ARITSE bR it 37 10 AR A R Ak
PHA S 0 A A T Bt O T WA 451 S Ao
EhiZ A, F8LBM Fkrh i R Kbz
RAZUE, TR B SO BN, ARSI AR R
TR, [ s 6] 2K B B 3E 2 IR LBM -1y
O PR PRI, AU SR R 3) A
FARTHR R TR ARALATHE, HePery iR
BEUN, HRF B THMA R BRGNS, KT
A AN AT RIBFFOR: T4 5 T . T RBF S5 2
It LAAUL & R BE B0 02 IR O AR T SVM R 2%
JE TSGR R, A4S T RFIE T AR EREANRY
FRRE ST, PRI E— e REE b mT L O S5 10 A B o
Bl O, X A& RBF SETE I AR A 550/t
DB U, AN b ERE 5 R BOBUESC Rk i
ARTE T, BEXFAS R BB B [T 55 o 2 AR A 22 5
X JE RBF AR 2.

12

X (a) Experiment
~ 10} —— RBF_Simulation
=}
2
g
iel
5 6
o
o
S 4l
)
£
2 oo
a
0 1 1 1 1
0 10 20 30 40 50

Distance/mm

(b) Experiment
10 — SVM_Simulation

Degree of contraction/%
o

0 1.0 2.0 3.0 4.0 50
Distance/mm

12 AR SLEREEN  (a) RBF 53%; (b) SVM

(873

Fig. 12. Comparison of calculated and experimental results:

(a) RBF; (b) SVM.
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Abstract

Shrinkage cavities and porosity are the main defects generated in the solidification process of castings.
These defects are caused by the alloy’s contraction during solidification, with the final solidified area not being
effectively compensated for by the liquid metal, resulting in cavitation defects. Shrinkage cavities and porosity
significantly reduce the mechanical properties of castings and shorten their service lives, thus necessitating
appropriate process to eliminate them. Utilizing numerical simulation technology can effectively predict the
shrinkage of castings during solidification and optimize the process based on simulation results, thereby
reducing the occurrence of shrinkage defects, which is a low-cost and high-efficiency method. In this work, a
machine learning-driven dynamic mesh model is established to simulate the dynamic shrinkage behavior of
castings during solidification. Cellular automata are used to simulate the solidification process of castings,
dynamically marking the displacement of boundary points and calculating the displacement of other grids using
RBF neural network algorithms and support vector machine algorithms, thereby achieving the dynamic
simulation of the solidification process. The model is used to simulate the shrinkage cavity morphology of the
Al-4.7%Cu alloy solidification process, and corresponding casting experiments are designed for verification.
Comparisons between simulation results and experimental results indicate that this coupled method can
effectively capture the casting deformation caused by solidification shrinkage, the evolution of complex solid-
liquid interface morphologies, and the deformation of internal grids within the castings. Compared with the
experimental results, the simulation results have an error of no more than 2%, providing a new approach for

numerically simulating the solidification process.
Keywords: machine learning, dynamic mesh, cellular automata, lattice Boltzmann
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