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Simulation of Columnar Crystal Growth of ESR Mnl18Cr18N
Steel by CA Method

ZHU Hua, ZHU Xuetong, CHEN Huiqin
(School of Materials Science and Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China)

Abstract: By analyzing and studying the solidification structure and microstructure characteristics of columnar grains in
electroslag remelting (ESR) large ingot, the nucleation rules and non-periodic boundary conditions of the same supercooling
surface perpendicular to the direction of heat dissipation are proposed. According to the ratio of the growth direction of
solidification microstructure and the undercooling degree perpendicular to the growth direction of solidification
microstructure, the local growth transition rule of planar cell for columnar crystal was proposed. Based on MATLAB
software platform, the nucleation and growth module of columnar grain solidification structure of Mn18Cr18N ESR ingot
was developed and applied to the simulation study of the nucleation and growth process of columnar grain solidification
structure of solid and hollow Mn18Cr18N ESR ingot at macro and micro scales. The experimental verification shows that
the developed CA method columnar crystal growth module is accurate and effective.

Key words: clectroslag remelting (ESR); cellular automata method (CA method); columnar crystal; solidification
structure; transformation rules

[2-3]
b o bl
[4]
b (o}
(1
o b
b
[5-7]
b o
8]
b b b b
b b b b e}
b
:2021-05-06 . ©
(51575372)
(1977—), ,
b
: 18703417081 , E-mail: chenhuiqin@ tyust.edu.cn ©
(1968 —) , . ) . (Cellular Automaton,CA )
’ b
118703417081 , E-mail: chenhuiqin(@ tyust.edu.cn - Rappaz [10]

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



¢ %05/2021 , :MnlSCri8N CA <413

CA . Gandin ~ Rappaz""

: AL-Si ,
. CA ; CA
(21, .
: . . MATLAB ,
,CA )
s Mn18Crl18N
, (1314 ,Liu N
[15] o C A
Raabe [ ,
. , o
, CA , o
] 1
CA
, C A . [19]
(Moore ), 200 Moore CA ,
CA ) 21 ,
, , $»30 cm
, 1 2 o
s 1

()L (b)1/23 43 &b (c)sh BE

1
Fig.1 Solidification microstructure along radius direction in the

bottom of ESR solid ingot
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Fig.2 Solidification microstructure along radius direction in the middle of ESR solid ingot
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Fig.12 Growth and evolution of columnar crystal in the bottom of ESR solid ingot
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Fig.14 Conduction coefficient variation of inner and outer wall ,
surfaces of ESR hollow ingot
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Fig.15 Simulation morphology of columnar crystal in the middle section of ESR hollow ingot
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Fig.17 Simulation result of columnar crystal of typical locations in the middle section of ESR hollow ingot: a, b, ¢ and d corresponding
to the locations A, B, C and D in Fig. 16
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