
� 49�    � 4�                                   ��������	                                 Vol.49, No.4 

2020�      4�                        RARE METAL MATERIALS AND ENGINEERING                        April 2020 

 

�����2019-04-15 

���	����	
��
�U1710113�U1610256�������
��
�2017M622903��������
�2017-081�����

�	
��
�201601D011051������������201703D111003����� !"#$%&'�()*+,-�.�/����

���()01,-���2017SY077� 


��
�2  3�4�1994 �)�5��67
89�:;
�<=>�?��� 67 030024�@AB0351-2776763�E-mail: 

854523935@qq.com 

 

AZ31 ��������	
��
�� 

 

�  �

1

����

1,2

���	

1

�
��

1

��
�

1

����

1

����

1

 

(1. 67
89� �CDE*+F=>�(�.��� 67 030024) 

(2. GH9��IJ IK 510632) 

 

�  ��LM
NOPQRSTU�VWXNY&Z>�[\]^_`abcdeUf�ghiLM
:;jSkl

m��]nopZ>�e�jqr[\stZ>uvwxy�z{�|h�}�(#Z~��� AZ31LM
]�}�

�C���������8������D�C{������8�����}��C�����D<������

Mc�� ¡¢�£w��de�dt���9¤¥]^¦§¨©ª�«�¬­&®¯°Y& AZ31LM
op=±²

~³¬op¥S´�µ¶­&·�¸¹º»�¼#Z~�¬�½�«� �¾{  

����}��C�����D���tp��¿À�������8� 

�������TG146.22        ������A        �����1002-185X(2020)04-1242-08 

 

��������	
���

���	��

��������������
���� �!�

"#$�%	��!�&���'���()*+,

-.-/
0123��1456"789:;< 

=	���'>�?@�ABC	DEF�B�	�

G���HIJKLM4�*+NOBPQR	S

T	�UVW���XYHIZ[1\	]^���

HI'>�_1`a��b@b�Nc��de'

fg

[1]

; 

hijkKNclmHn[Zop'qr>�

?@	stuvwxyz
{|y}
~O��b@	

�Nc�����
��
�k
�k���"1\

'�%	����'���?@	�����'��	

�,kK�����_1zwHI	������


I��+ �"d¡¢�%	=£¤'R¥
R?@

��_1'U¦§¨	©,ª«¬­®kK'�%	

m¯���JkKM4°[Z$±²�?@³'�

_	DJb@'M4°E�´µJde¶·¸	mª

¹º»¼	��,���HI'b�; 

Ji

[2]

"½]^���¾IJ¹¿NÀ'?@Á

P	̄ Â���ÃE��NÀ?Ä'ÅÆÇ¤;Yan

[3]

"½]^¹¿1\ÈÉÊ���'?@ÁP	6MË

??@1\ÌKÍ�j���;He

[4]

"½]^ ZK60

���'_1ÎÄ�ÏÊÐÑÒÁP;Gerland

[5]

"½

, 1994ÓÇÔ�I�?@M4°ÕÖ×?ØÙ;Goetz

� Seetharaman

[6]

Ú+ÛÜÝÏ2Ç¤Þß���JÏ

ÊÐÑÒ°'Òà?ÄØÙ;Raabe� Becker

[7]

á�â

Ûc�ÛÜÝÏ2cÑ�ãÌ	Þß���äÊÐÑ

ÒÁP; 

å,T	Å]^6M��æuç	èé AZ31 �

��ê¨ÅÆN4	Æèë�Òàìí`aÛÜÝÏ

2Uî	ï�hijðk`aÑ�	êñb@M4°

���HI7?@¨'E�
*A�*?	�TPå

ò	¯óå,ô²»õ`aÛÜÝÏ2Ç¤'ö÷ø

Â	�uv���?@M4°Òà?Ä'Þß	ù�

��HIb@���'úûüK��defg; 

���������	
�


�
����
������

6M��æuç]^ AZ31���'�?@ÁP	

ýþ����*A*?��	èéê¨ÅÆÇ¤Ì�

����?@M4°E�
*A
*?��*? �

�'�¡; 

1.1.1  �� 

	+
���
�'ÉÊ AZ31B ����Pn

�	ªÄ�bê�� 1; 



� 4�                               2  3¨BAZ31LM
ÁÂÃ:ÄYopZ>�(                            Å1243Å 

 

 !""#$ 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  Comparison of true stress-strain curves with true stress-strain curves corrected by friction under different strain rates: (a) 0.01 s

-1

, 

(b) 0.1 s

-1

, (c) 1 s

-1

, and (d) 10 s

-1
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Fig.2  Comparison between the predictive value of the piecewise constitutive model and the experimental value under different strain 

rates: (a) 0.01 s

-1

, (b) 0.1 s

-1

, (c) 1 s

-1

, and (d) 10 s

-1
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Fig.3  Schematic diagrams of the topological deformation grain: (a) initial grain, (b) initial grain recrystallization, (c) initial grain recrystal- 

lization, (d) initial grain after compression, (e) mapping of the cell after the compression and the initial cell, (f) initial grain 

recrystallization after compression, (g) initial grain recrystallization after mapping, (h) grain deformation (no topological 

technique), and (i) grain topological deformation 
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Fig.4  Three dimensional model of Pilger rolling 
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Fig.5  Dynamic recrystallization simulation diagram including 

topological deformation of grain 
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Fig.6  Position distribution (a) and position (b) of the selected 

points in each deformation section of pipe 
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Fig.7  Temperature distribution of magnesium alloy tube at A~E 

points 
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Fig.8  Equivalent strain distribution of magnesium alloy tube at 

A~E points 
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Fig.9  Radial and axial strain (a) and equivalent strain rate (b) at A~E point 
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Fig.10  Cellular automaton simulation (a, b) and EBSD (c, d) grain boundary diagrams at A (a, c) and E (b, d) points 
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Abstract: Magnesium alloys have poor plasticity at room temperature, which leads to uneven distribution and stress difference of 

microstructure during rolling. Therefore, it is important to analyze the mechanical characteristics and microstructure evolution from the 

angle of material properties. Based on this, a piecewise constitutive model of AZ31 magnesium alloy was established by experiments, and 

a cellular automata model including grain topology technology was constructed. With the aid of secondary development technology, the 

constitutive model, cellular automata and finite element software were combined for simulation, and the predicted results including stress, 

strain, grain size and distribution law were obtained. It is of certain significance to control the forming process of AZ31 magnesium alloy 

rolled by Pilger to realize the coordinated control of forming and properties, and the simulation results were verified by experiments.  

Key words: constitutive model; cellular automata; topological deformation; dynamic recrystallization; secondary development technology 
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