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 1  !" AZ31#$�%&'� 

Table 1  Chemical composition of as-cast AZ31 

magnesium alloy (ω/%) 

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  Distribution of deformation zone (a) and compression 

experimental procedure (b)  
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Fig.2  True stress-strain curves of AZ31 magnesium alloy at different temperatures and strain rates: (a) 0.01 s
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, (b) 0.1 s
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Table 2  Material parameters of AZ31 magnesium alloy 
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Fig.5  Effect of strain on recrystallized grains at strain rate of 0.01 s
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 and temperature of 200�: (a) ε= 0, (b) ε= 0.16, (c) ε= 0.35, and  

(d) ε= 0.92 
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Fig.6  Effect of different strain rates on recrystallized grains at 

300 � and strain of 0.35: (a) 
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Fig.7  Effect of different temperatures on recrystallized grains at 

strain rate of 0.01 s
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 and strain of 0.35: (a) 200 � and  

(b) 300 � 
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Fig.8  Curve of dislocation density changing with strain 
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Fig.9  Comparison of stress-strain between experiment and cellular automata simulation under different deformation conditions:  

(a) 0.01 s

-1

, (b) 0.1 s

-1

, (c) 1 s

-1

, and (d) 10 s

-1 

0.0 0.5 1.0 1.5 2.0

B

 

 

True Strain

 Mean dislocat ion densi ty at  200 �, 0.01 s

-1

 Cell1

A

2.5

2.0

1.5

1.0

0.5

D
i
s
l
o
c
a
t
i
o
n
 
D
e
n
s
i
t
y
/
�
1
0

1
5

 



� 9�                             � ���� 3D CA� AZ31!"#$%&'()*+,                     �3097- 

 

 

 

 

 

 

 

� 10  �
�����&'((./012 

Fig.10  Recrystallization grain distribution under different deformation conditions: (a) 0.01 s

-1

, (b) 0.1 s

-1

, (c) 1 s

-1

, and (d) 10 s

-1 

 

 

 

 

 

 

 

 

 

 

 

� 11  &'(3/4/012 

Fig.11  Recrystallization percentage distribution: (a) experimental results under different deformation conditions and (b) comparison of 

experimental and simulated results 
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Abstract: A three-dimensional cellular automata (3D CA) model was established to visualize and quantitatively predict the 

microstructural evolution of AZ31 magnesium alloy during hot deformation by thermal compression test and electronic backscatter 

characterization (EBSD). According to the true stress-strain curve obtained from the test, the values of the parameters of the 3D CA model 

under the test conditions were determined, and the relationship between the parameters of the model and the deformation conditions (strain, 

deformation temperature and strain rate) was established. The flow behavior and microstructure evolution of AZ31 magnesium alloy 

during hot deformation were simulated and discussed by using the established 3D CA model. The results show that the recrystallization 

integral increases with the increase of strain, and increases with the increase of deformation temperature or the decrease of strain rate. 

Raising strain rate or decreasing temperature can refine recrystallized grains. The simulation results are in good agreement with the 

experimental results. The relative error is between 4.5% and 16.2%. The 3D CA model can accurately predict the microstructure evolution 

of AZ31 magnesium alloy. 

Key words: AZ31 magnesium alloy; thermal deformation; 3D cellular automata; dynamic recrystallization; microstructure evolution 
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