
� 48�    � 7�                               ��������	                                Vol.48,   No.7 

2019�      7�                      RARE METAL MATERIALS AND ENGINEERING                     July    2019 

 

 

�����2018-07-10 

���	����	
�������U1610253�����	
�������51604181������������201603D111004)�

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


���0123431992�53675389
:1�;<=>3�� 89 0300243E-mail: zhdk911@163.com 

 

AZ31B ��������	
�� 

 

���������	
 

(89
:1� �?@ABCDEF�G=>3�� 89 030024) 

 

�  ��HIJ AZ31BKLM�GNO3PQRS�400 T/12 h�U3V Gleeble-3800WXY@Z[\]^_`a

M 250 ∼ 450�bc^deM 0.01~10 s

-1

fWXYghij3klmdno:pqr]LWghlF=fstuvc

^3wLxyzXYqr]Wghstuv{|}~w���3.� Freudenthal ���������mdno:p�

WXYghij���fi���v��5H���f�O3w�������~��3�� Freudenthal ��3k

l�� Zener-Hollomon � ¡�¢KLW^_lFfstuv{|}£^_`a�c^def^¤3,¥]¦§�

IJ AZ31BKLfW^_uv��~¨�����©ª]KLW^_fstuv{|}�c«¬Jbc^b^_

`a�c^de^_®¯°±f²³3MIJ AZ31BKLW^_uv´µ¶·]S¸¹º3M¨LW»E®¯

f¼¤½r]:p�¾~ 

����AZ31BKL�mdno:p�W^_uv���stuv{| 

�������TG146.22        ������A        �����1002-185X(2019)07-2159-06 

 

��������	
������������

�������������� !"��#$%&'�

()*(+*,�-./01�2.�345678�

9:;�<=>�17?@A.B�C

[1,2]

DEFG1H

IJK�LC�MNCOPQRSTU#VW�XY

Z[\]D^_F`JabcFdU�e��,&f�

��g^hijklmnNopqNr�st�uvH

Iwxyz{�|}COy~�

[3,4]

DuQ�MN���

����G1HI�?���,�R�wx�MN��

����������	���	����% Zhu �

[5]

�� Oh ������*o"H�������L�X

}�nN����� ¡� Ti40�	¢£JK�Nr¤

eD¥¦Ck��	�HI§1MN���¨©���

�ª«MN����	��a¬�®¨©��2¯D

Seok�

[6]

`J� AZ31 ��	°�±�ª«²³�´µ

���"8¶·*oHI¸¹�kºMN"H�»M

N���¥Q�MN��±�³¼1�(�VC»��

½"1¾.DKim �

[7]

`J���	°�¿ª«²³�

�ÀÁ��ÂÃHI�LodeÄÅ
McClintock����

´µ�»�§1MN���#��1
 LS-DYNA �?

@�³¼DSÆ�ÇÈ¨©��	�HIJK��nN

�S�´µÉ½���	�a¬HI�§1nN���

hÊS��	�HInN� ¡�ËÌ_¨©�ÍD 

ÎÏÐÑ���	Ò���HInN�SonN�

��¨©�nNCO�lÓÔÕÖnN"H��×ØS

®Ù�Ú��Û�Æ�±��¨©DZhan

[8]

�Ü�Ý

[9]

�`JÞßàáâ��ãä?@��	�a¬HIJ

K�ÕÖnNHIf�åãä^æçèé��ê?ë³

Rì,�uví¦í8DSÆ�k¨©Ûî²`J#ï

ðñòó�ô©���nN�SDXu�

[10]

`J�õö

�÷øÌùúûüä�ãä�ëC��	ÒlmNr�

ý6þ¡DZhang �

[11]

�L�"�õö�÷�¡f

AZ31B ��	MN§*�ãä���Æ¡×�
��

�����	�MN§*�̈ ©�Nr�W¸¹���

�*H�DE�õöR÷ðñ�ë³	
[�z{�¡

f�*��@���*��*���V��o¡f�

*�\]���

[12]

DDroubi �

[13]

`J�V�ðñ¨©

���	Ò������º�S�EF���Ê���

�o��� !"�A���Ïk#�$��%&7f

H��¥¦²³¡f�*�� �'�=>

[14]

D()

)�

[15-18]

`J,�*�ðñ+,B¨©���HI�

MN�S�-.+,��D��Æ�ì¨©/�,�*

�ðñ�0¡o¨©��	�HInN�S��¡×�

�	�HInN�ÕÖnN"HD 



¿2160¿                                       ÀxÁÂÃ�EF                                              � 48� 

\Æ�ì¨©Êb� AZ31B��	S¨©�O�

`J Gleeble ��1a¬²³�kT2�1o,�*

�ðñ-��ãä�´µ����*o"H���

��	�HInN���-.���	�R�3�

��4U� ¡��	�HInN5kZ[�Ì_6

7oK"�89D 

1  �  � 

:�;<=>?e�� AZ31B ��	b@AS

²³���&fßÅB%CSD3.37Al�0.86Zn�0.29Mn�

0.04Fe�0.1Si�0.0015Cu�0.0047Ni�EfS MgD¦

ºøÌB400�F12 hCG���HI�DJÃKÃL

Φ8.3 mm×12.5 mmMNO²#��GP²# !Á

R Φ8 mm×12 mm �a¬²#�
 Gleeble-3800 ��

1²³ Q±���1a¬²³�HI�*S 250�

300�350�400�450 R�"H��S 0.01�0.1�1�

10 s

-1

Da¬S�²#TUVQWX�9Y²#Z[\

]^��_M`a�²#"8b�����c�²#

deHID²#fm�q�g K��hi��hiQ

jk,�lm�Ên×�hi�oÁ²³Rp�D²

³a¬q�"HS 0.916�r��* 5 R/s�s�¦t

S 3 min�HIG²#��HI�D 

uYHIJK/� Phantom v310,�*��v*

wx�*��n×
*�yQ�9Y\*��z6�

�v*º.DSê±{*��|��%J}~�v*

�÷¾Á+,��a¬JK/� LED��%Dv*�

�L 1000~3000 �/sB0.01 s

-1

/1000 �/s, 0.1 s

-1

/1000 

�/s�1 s

-1

/2000 �/s�10 s

-1

/3000 �/sC�q��%¦

tS 1000 s�wx��÷�{c���wì����

�0¡���6%� 1 Ï�D 

PHIG²#�a¬·�Ãn���G���/

� 400#�800#�1000#�1200#�2000#l��±�£

]��]��G`J����%���G�
 Axio 

Imager A2m	��|�0�#$���� :� 5.5 

g¡¢£�2 mL¤£�90 mL¤¥o 10 mL¦§l$

R�¨�©D 

2  ����� 

2.1  ��������	
�� 

� 2 S,�*��wx���	²#
 1 s

-1

/250 

���a¬HIlmNr�VWJKDª� 2VC�

�÷hÊ+«B¬��	HIJK�lmNr�IR

oVWD"HfS 0.1696¦�hÊVC²#�ql

mn®LC�Nr��NrÏ
¯m�a¬·�° 45º

��\ÆhÊ�×"Hf 0.1696S²#
 1 s

-1

/250 R 

 

 

 

 

 

 

 

 

 

 

Ä 1  WghlF-ÅÆÇªÈÄ 

Fig 1  Diagram of thermal compression process equipment  

connection 
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Ä 2  mdnoÉÊn�fKLWgh^_lF 

Fig.2  Thermal compression deformation process of magnesium 

alloy taken by high speed photographic instrument 
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Ä 3  KLWgh^_uvÌÍÎÏÐÑ 

Fig.3  Microstructure of fracture mode on thermal compression 

deformation of magnesium alloy (1 s

-1

/250 T) 

 

 

 

 

 

 

 

 

 

 

Ä 4  KLWgh^_v���ÎÏÐÑ 

Fig.4  Microstructure of crack propagation on thermal 

compression deformation of magnesium alloy 

 

 

 

 

 

 

 

 

 

Ä 5  Wghstuv^_Òfµr 

Fig.5  Determination of critical fracture deformation of thermal 

compression: (a) length of original pattern and (b) length 

of cracking 
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Table 1  Critical fracture strain under different thermal  

deformation conditions 

Strain rate/s

-1 

Temperature/T 

0.01 0.1 1 10 

250 0.22523 0.19807 0.1696 0.13508 

300 0.29437 0.23977 0.20336 0.18673 

350 0.36025 0.34838 0.26768 0.22523 

400 0.41804 0.36635 0.3105 0.26136 

450 0.45544 0.40797 0.36384 0.31243 
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� 6  �� AZ31B�����	
���� 

Fig.6  Damage evolution of as-cast AZ31B magnesium alloy  

during thermal compression 
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Table 2  Critical fracture damage values under different  

thermal deformation conditions 

Strain rate/s

-1 

Temperature/� 

0.01 0.1 1 10 

250 62.0085 58.0074 52.9871 46.1596 

300 70.4032 60.6068 56.1522 54.5563 

350 76.6585 71.0976 67.0299 61.7347 

400 85.6784 78.7825 69.4144 64.6366 

450 88.8043 81.4427 77.7171 72.1377 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 7  ���������������������   

Fig. 7  Influence of deformation temperature and strain rate on critical fracture damage value of magnesium alloy: (a) graphic model and  

(b) projection drawing
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2.3.2  ��������	
 

Ö 8�QH Freudenthal×4Øm�������

�- lnZ�ÙN'Ú·rsÛÜ�lnZ-������

�¤ÝÞ\ß_ÙN� 6���#a lnZ ��5 

f3�àá.Ù�ây±ãÎ��ä 

C

f

=146.27428å2.31253lnZ                 (3) 

æ�.ÙN&VAdj. R-SquareW� 0.974 82�æ

��O2']E�çè����$����é�

AZ31B�����×4�ä 

( )

f f

0 0

d d

=

, 146.27428 2.31253ln

D

f T Z

ε ε

σ ε σ ε

ε

=

−

∫ ∫

�

        (4)

 

D×4�ê��ëìíî�äD=1 )�ÓÔ�ïÌq 

 

 

 

 

 

 

 

 

 

 

 

� 8  �� Freudenthal�����	
�� C

f

� lnZ ��� 

Fig.8  Relationship between critical fracture damage value C

f

 and  

lnZ based on Freudenthal criterion 
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Fracture Criterion on Thermal Deformation of AZ31B Magnesium Alloy 

 

Zhao Dake, Ma Lifeng, Zhu Yanchun 

(Heavy Machinery Engineering Research Center of Ministry of Education, Taiyuan University of Science and Technology,  

Taiyuan 030024, China) 

 

Abstract: As-cast AZ31B magnesium alloy after homogenization treatment was taken as the research object, and a thermal simulation 

compression test with deformation temperature of 250~450 °C and strain rate of 0.01~10 s

-1

 was carried out on the Gleeble-3500 thermal 

simulator. The critical crack strain in the process of thermal compression was determined by high speed photographic technique, and the 

critical crack damage value was determined by FEM simulation. The results reveal that the classical Freudenthal criterion can well reflect 

the phenomenon of surface crack initiation and propagation observed by high-speed photographic technique and thermal simulation 

compression experiment, and the results are consistent with the metallographic observation. Therefore, based on the Freudenthal criterion, 

a new fracture criterion was established by introducing the Zener-Hollomon factor to characterize the effect of deformation temperature 

and strain rate on the critical fracture damage of magnesium alloy during thermal deformation process. The fracture criterion well indicate 

the relationship between the critical fracture damage value of magnesium alloy and the stress state, strain, deformation temperature and 

strain rate, which provide a theoretical support for predicting thermal deformation cracking of as-cast AZ31B magnesium alloy and lay the 

technical foundation for optimizing the parameters of thermal processing of the alloy. 

Key words: AZ31B magnesium alloy; high-speed photographic technology; thermal deformation fracture criterion; critical fracture 

damage 
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