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Tablel Chemical composition of as-cast AZ31 magnesium
alloy (@/%)

Al Mn Zn Ca Ni Fe Si Mg
2.5~3.5 0.15~0.5 0.6~1.4 0.05 0.005 0.005 0.1 Bal.
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Fig.1 Initial microstructure of as-cast AZ31 magnesium alloy
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Fig.2 Initial grain structure obtained using CA simulation
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Fig.3  True stress-strain curves of as-cast AZ31 magnesium alloy at different temperatures and strain rates: (a) 0.005 s, (b) 0.05 s,
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Table 3 Experimental and predicted results of grain size at

different deformation condition (um)

Deforrpe_ltlon Experimental value Predicted value
condition
300 C 7.9 8.3
450 C 17.1 18.9
0.005 s™! 21.0 22.3
55" 7.1 7.6

WRE S N AR AR HARIIOCR, I S 2 R N %
SEMA A RLE TR R ARSI i, RN AR R R
RAENSFEMAAEELZIKR: MHE 9a FIE 9d,
R IAE AR S AR B DL R, T R P 45 i it bz R
SHRUN, ORH TS S B BRI HELRZ R BE, TE
PR N AR BN AR A TR I R AT R
B, AF AR A R A B AR R S Bk R e, AR N
AN, TR IO b B A AL T I TR) AR i A

B9 AIRAETE AT T RITCI A sh B 45 R
Fig.9 Comparison of grain structures obtained using CA simulation under different deformation conditions: (a) & =0.005 s™', =250 ‘C,

£=0.5; (b) & =0.005 s™", 7=250 °C, ¢=0.2; (c) & =0.005 s™', T=400 °C, &=0.5; (d) & =0.5 s, T=250 C, ¢=0.5

LR, AHRTE N AR RN, TR RN
i (1Y B[R] A T B NI 3 S0P 45 o R K
XECE 9a A 9c, KRB FER R, FA5 i AR
K, IXGEPh & ST 2 B B BT AR R, Rk
i RLAE il RS KOR.
52 BHE@BERIRTHEE
WL CA by BRI, P4 A AR R ST SR N AR
AR A AR ER, TGS A bR R ] LA R
cLﬂ==a8"éme%% (36)
KEBOHF, dex MWL PT, av by n Flm hF
B, x@Ee)e A sk £, 3]
bQ,
T

Ind, =Ina+nlng +miné +

(37)

H T B N RGBT R A, PR
) B I A R A B34, 18] m . K10 R
TNAERY 0.005 57, ARV RE R T 45 doR
ST, AR RIREE, XEASR N AR R 1) R HCT
BEAR b H. B 11 R TR 250 C, NAR
RN 0.005 57" I, TS5 R R ST BE N AR 1 AR 4L
AR BB, AR TS G R RO,
53 ng.

4.4} —— Fitting curve
B The simulated value at 0.005 s™" and 250

42F
4.0F
3.8r
3.6F
3.4F
32r

3.0 L L L L
24 26 28 30

O/RT
Kl 10 250 ‘C. 0.005 s I Indey-OW/RT HH 45

Fig.10 Plot of Index and Qw/RT at 250 ‘C and 0.005 s~

]ndrex

4.8F ——Fitting curve
M The simulated value at 0.005 s and 250 ‘C
4.7F
2 40}
4.5
4.4 [ 'l 'l 'l 'l 'l
25 20 -15 -10 -05 0.0

B 11 250 C. 0.005s" It Ind,_ -Ing #hek
Fig.11 Plotof Ind, andIng at250 ‘C and 0.005 s



.+ 892 - Wi & JE kLS TR o947 %
gE LRTIR, B5A& AZ31 BEA AT Aok R ST AR y M
= (40)
ﬂj‘j: Nc
0170, @0, N AZhA TSR E , N R SR E |
d, =585.95c7"%5 e AT (38)

B AZ31 SO A A bR RS AR A )
A5 N DEFORM 7 #r#k i, BilR4id#2, ol
DI RNEE AZ31 BEA SR RS i, LIRS
250 'C, MARME R 0.005 s, 4R 60% K, G
Bl 12 FIE 13 s

(] A A v DX S8 5 7 T DX sk, % X sl AR T
Ko AR PR SR 2, BT DL R4 1k
wﬁwﬁ,%ﬁRW%EF%,%&EﬁETﬁﬁ
ek, BARAESEFLSE W, ook R ~H A
RAAZA
53 BISHBERETEIRE

BNAS TGS i A 2 BUE HER AT B RIS T 45 I R
FE, MRS IMAK B8, 25 P45 W B 40 30T AR R P

ks
X,=1-exp —k1(8_€°]
gp

KGO, Xg NBNAFRLE o E 2 7T SRR A K
(40)IF s ky Bl ko h BB e I FENAR, e, by VAR AR,
I 7 I A AU 8 AR 35 W pl Y ) B AR il e, AR
J7 V0] 2 OCHR[25] -

(39)

Step 102

Strain - Effective (mm/mm)

0267

A"lll..‘. ml
- - 0000236 Min

B 12 He 4 ol R o N AR o0 A

Fig.12  Strain distribution during compression

Step 102
Grain model - Average grain size (um)

V\I

433

0000 I

158 Mn

B13 R4 R R rp 1 3 okl RT3 A1 P

Fig.13  Average grain size distribution during compression

gh45 o B BB RIS I A3 A BT 300 CHE, AN
AR A ZN A PR b E 4, W 14 o, 56
I S LA LR S50 75 AE N ARHER O 0.005 57 I, AN[A]
HEE NI A 8, Wi 15 k.

1 14 FIEE 15 AT AN, PR 45 0 E 20 B0 i A B i
FER T i 3G K, BE N AR R BRI 3K, 455 o
H W WL R B A i Edis, xR TR, 15
B AZ31 BT A BB R

2.114
X, =1—exp{—0.159>{g_g°] ]
gP

g, =0.029z"" (41)
g, =0.007z""
[FHE, K@) AT, DAURES0  °C, AR
HH0.005s", RGER 60% A0, HEIEAZIL BT
in H A EO A E, il 16 os. ff5, %t DEFORM-3D
BAULE RS LGTL, RINFEARY), B ST,

§ 100}
> 80t
o
on
s 60}
§ ——:=0.005 5"
E 40+ —e—:=0.05s"
——=0.5 ¢

§ 20F ———=55"
=)

ok

00 02 04 06 08 1.0
True Strain, &

14300 CIN AR AR T 130 2 117 45 i 7120 30
Fig.14 Percentage of dynamic recrystallization at 300 C and

different strain rates

_100f
B

=
" 80F #0005 s
[
g 6or —a— 7-200 °C
g 40} —e— 7=250 °C
& —a— 7300 °C
Z 20} ——1=350 °C
fa) —— =400 °C

0 3

-02 0.0 02 04 06 08 1.0 1.2
True Strain, ¢

Bl 15 0.005 s AN A1 1R 3 25 7 45 b 11 43 8
Fig.15 Percentage of dynamic recrystallization at 0.005 s™'

and different temperatures



%531 G T Iu A ZNL AZ31 B G SO AL SR

* 893 -

Step 101

Grain model - Dynamic rex. vol. fraction

Mo

it

K16 TR 4 f b s 215 45 i T 20 2o A1 1]

Fig.16 Distribution of dynamic recrystallization percentage

during compression

6 % it

1) B G A oo A S FLB Y, 3 I Xt
b S 56 AU PR AR Y 0 R ke RO, SR ik Je i A
BRI ) HERf

2) ERIVAR |k JRE AR AR 3 55 Wi B 25 iR RS
(AR fir 26 iR S M B K AE R AR RN, Bk
TR LR IER S, SRR/ fE
il .l T AR R T R AR, S
AL AE K o

3) HEALHER AZ31 BES B AE R RO R
MBS FFET R H B8, A DEFORM A [RIcH
PEr, 19 2ULE M 4 R rp s ROST 20 A1 A3l 25 15 45 i
FLOY oA, BEAS 21 ) 8 DX 4 1 diohar 2 23 S B AR A R

st L A 1 DL o

22 3k

[1] Li Miaoquan(Z%#%%), Chen Shenghui(fJEWF), Li Xiaoli(%
WEWN). Rare Metal Materials and Engineering(¥if 4 J& 1 %}
5T R[], 2006, 35(2): 172

[2] Liu Liufa(X75¥%), Ding Hanlin(] 3 #k), Kamado S(&+
) et al. The Chinese Journal of Nonferrous Metals("F' E
10,45 J& 2 3R)[1], 2008, 18(2): 237

[3] Liu Liufa(X]75¥%), Ding Hanlin(] 3 #k), Kamado S(& +
) et al. The Chinese Journal of Nonferrous Metals("F' E
10,45 J& 2 3R)[J], 2008, 18(2): 250

References

[4] Goetz R, Seetharaman V. Scr Mater[J], 1998, 38(3): 405
[5] Kugler G, Turk R. Acta Mater[J], 2004, 52: 4659
[6] Timoshenkov A, Warczok P, Albu M et al. Computational
Materials Science[J], 2014, 94: 85
[7] Raabe D, Becker R C. Modelling & Simulation in Materials
Science & Engineering[J], 2000, 8: 445
[8] Chen F, Cui Z S, Liu J A et al. Materials Science and
Engineering A[J], 2010, 527(21): 5539
[9]Jin Zhanyang, Cui Zhenshan. Materials Science and
Engineering A[J], 2010, 527(13): 3111
[10]He Y Z, Ding H, Liu L et al. Materials Science and
Engineering A[J], 2006, 429(1-2): 236
[11] Liu Yanxing, Lin Y C, Li H B et al. Materials Science and
Engineering A[J], 2015, 626: 432
[12] Fei Chen, Ke Qi, Zhenshan Cui et al. Computational
Materials Science[J], 2014, 83: 331
[13] Zhang P, Yi C, Chen G et al. Metals[J], 2016, 6(7): 161
[14] Yazdipour N, Davies C H J, Hodgson P D et al
Computational Materials Science[J], 2008, 44: 566
[15] Hu Lijuan(# W8 &3). Thesis for Doctorate( 1 =it 3C)[D].
Shanghai: Shanghai Jiaotong University, 2010
[16] Liu X, Li Luoxing, He Fengyi et al. Transactions of
Nonferrous Metals Society of China[J], 2013, 23(9): 2692
[17] Lou Y, Wu W, Li L. Journal of Materials Engineering and
Performance[J], 2012, 21(7): 1133
[18] Xiao Namin, Zheng Chengwu, Li Dianzhong er al.
Computational Materials Science[J], 2008, 41: 366
[19] Ding R, Guo Z X. Acta Materialia[J], 2001, 49(16): 3163
[20] Lou Y, Wu W, Li L. Journal of Materials Engineering and
Performance[J], 2012, 21(7): 1133
[21] Lin Y C, Liu Yanxing, Chen Mingsong et al. Materials and
Design[J]], 2016, 99: 107
[22] Hallberg H, Wallin M. Computational Materials Science[l],
2010, 49(1): 25
[23] Jiang Dan( % ). Thesis for Master( i £ & 3 )[D].
Chongqing: Chonggqing University, 2008
[24] Chen X M, Lin Y C, Wen D X et al. Materials and Design[J],
2014, 57: 568
[25] Solhjoo S. Materials & Design[J], 2010, 31(3):1360



-+ 894 - WA SRS T 847 %

Microstructure Model of AZ31 Magnesium Alloy Based on Cellular Automaton

Chu Zhibing'?, Zhang Duo', Jiang Lianyun', Ma Lifeng', Li Yugui', Huang Qingxue'
(1. Engineering Research Center Heavy Machinery Ministry of Education, Taiyuan University of Science and Technology, Taiyuan 030024,
China)
(2. Jinan University, Guangzhou 510632, China)

Abstract: Based on the microstructure evolution of AZ31 magnesium alloy during hot compression, the recrystallization grain size model
and dynamic recrystallization percentage model were established on the cellular automaton(CA) model. The dislocation density model, the
critical dislocation density model, the nucleation rate model and grain growth model of magnesium alloy AZ31 were deduced by thermal
compression experiments under different deformation conditions. Combining the specific evolution rules of cellular automata, the cellular
automata model was established. The simulation results and accuracy of cellular automata were verified by stress-strain curves and grain
size. Based on the experimental data and the JMAK theory, the recrystallization grain size model and dynamic recrystallization percentage
model were deduced. By DEFORM-3D analysis software, the change of grain size distribution and dynamic recrystallization percentage
distribution in deformation were obtained.
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