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Fig. 1 Schematics of the CA grid

BADTLRZS

|

| mwiar-ar, |
=[]
BEEEELE

g

[ SN SR

@il

EHFRAER

H2 —fnilaaiirniHE
Fig. 2 Flowchart of 2-D CA program
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Fig. 3 Comparison between calculated and actual

weld grain structure without nucleate agent
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Fig.4 Calculated results showing different time of grain
structure and comparing with the actual results

with the number of nucleate agents of 100/mm?*
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Fig. 5 Comparison between calculated and actual
weld grain structure with different volume

density nucleate agent (T, =5 000 K)
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Fig. 6 Simulated results showing the effect of welding

pool center temperature with the number of

nucleate agents of 100/mm’



40 A % E I X

¥ o R 51 %

(D EESE T —ZR Mgk iy CA/MC 15 8% ¥ [ ol
2 2RV AR AR SR e 10 FH AR Bk 2 AN 5 A
PP ARG M AT, T AR U [ SO0 4 2L T A 5

(2) TEAREE 1R IR A% 22 55 00 T DA R AR 18
VL BE A BE MO A% 2o ¥ BE L 3R A 2E 5 Al A TR
B B v AR B T R

(33 3 ol /N R B BT L AT R AR 4 Ak i
L R A0 Ak d R, S AR 1 R

2% SCik -

(1] k4. 2 BEERERERTAIM] at AL T
H R A, 1980

[2] RAPPAZ M. GANDIN C A. Prediction of grain
structures in various solidification processes [ ] .
Metallurgical and Materials Transactions A, 1996,
27A:695-705

[3] NESTLER B, PAVLYK V, LUDWIG A, etal.
Numerical simulation of microstructure formation
during electron-beam surface remelting of an Al-Si
alloy [ J ]. Mathematical Modeling of Weld
Phenomena, 1998, 4:332-351

macroscopic heat and fluid flow modeling [ J ].
Modeling and Simulation in Materials Science and
Engineering, 2004, 12:S33-S45
[5] KOSEKI T, INOUE H, FUKUDA Y, etral.
Numerical simulation of equiaxed grain formation in
weld solidification [ J]. Science and Technology of
Advanced Materials, 2003, 4:183-195
(6] E4EH, £ 2H. 257, BLALBERELL THH
AR MLI]. B Z W, 2008(04) :45-48
[7]WEl Y H, ZHAN X H, DONG Z B, etal.
Numerical simulation of columnar dendritic grain
growth during weld solidification process [ J]. Science
and Technology of Welding and Joining, 2007, 12(2):
138-146
[8] ZHAN X H, DONG Z B, WEI'Y H, et al. Dendritic
grain growth simulation in weld molten pool based on
CA-FD model [J]. Crystal Research and Technology .
2008, 43(3):253-259
[9JRABBED. & #H¥[M] Lz Tk #K
., 2002
[10] & #, &%, REF. ALTXSIREE LR AR
WA T A AT EEBLT] AT, 2004,
7:35-39
[11] ZHU Pan-ping, SMITH R W. Dynamic simulation
of crystal growth by Monte Carlo method- [l . Ingot

microstructures [ ] . Acta  Metallurgica et

Materialia, 1992, 40(12):3369-3379

[4] PAVLYK V, DILTHEY U. Simulation of weld

solidification microstructure and its coupling to the

Simulation of formation of welding
solidification microstructure by CA/MC scheme

DENG Xiao-hu, ZHANG Li-wen”

( School of Materials Science and Engineering. Dalian University of Technology. Dalian 116024, China )

Abstract: Based on the metallurgical theories of welds, a modified cellular automaton (CA) and
Monte Carlo (MC) model is constructed on microstructural evolution during welding solidification.
The CA/MC scheme is used to the development of evolutional rule of grains nucleation and growth
combined with finite difference calculation of thermal and solute diffusion. The model is employed to
simulate the formation of welding solidification microstructure in low-carbon ferritic stainless steel. It
is found that the simulation can reproduce the welds solidification. The simulation results show that
increasing the nucleating agent or decreasing the energy input can enhance the columnar-to-equiaxed
transition (CET). The computed results are qualitatively consistent with the actual ones and

theoretical conclusions.

Key words: cellular automaton (CA); Monte Carlo; welding solidification; computer simulation;

microstructure



