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

2019�      7�                      RARE METAL MATERIALS AND ENGINEERING                     July    2019 

�����2018-07-10 

���	����	
��(51601062�51605059)�����	
��(2018JJ3180)  


���� ����1988������������
�����
� !"�#��� $% 411201�&'(0731-58290847�E-mail: 

liuxiao0105@163.com 

  

������� LZ91 �	
������� 

���� 

 

� �

1,2

����

2

���	

1,2

��
�

1,2

�� �

2

���

1,2

 

(1. ��
��� )*+,��-./�0����1
�23456��� $% 411201) 

(2. ��
��� ��
� !"�#��� $% 411201) 

 

�  ��789:;<=X>?@>ABCDEFGHI)JKLMNO LZ91PBQRSTUVWXY�Z[\A]

^_(`TaYbaTJcdef�g�h Portevin-LeChatelieria�jaTJcW 3600 s

-1

klmnopqrs�tuv

w β-Li9xyz{|}~Q α-Mg9��h���R�Y���opqref����α-Mg9U�h�����[ 20º~30º

QE��[�d�������{|��TU�tuFW α/β 9������ Burgers �������h Johnson-Cook Y

�Z[��BA] 45A] B\ 

����LZ91PB�opqr��[�Burgers�����Johnson-CookZ[¡" 

�������TG146.22        ������A        �����1002-185X(2019)07-2171-08 

 

Mg-Li

��������	
������

����������������� 	!"#

  

$

[1-3]

%�&'()*+,-./012345��

6789����012345�	:;<�=>

�?@!��A-BC%DEF

[4]

G"HIJK

L78M

AZ31

9��2345N"�	?@!

O��PQR:;ST�UVW(XYZ!<1[

\]�^_`a	!�!<Z!<1[�]%b

c
d

[5]

e"fghij�kUl

(SHPB)

78M

MB15

9��	<�=>�PQR:;W(XY�

<�mnop0%

Wen

d

[6]

e"qr23stu

AZ91C

v=:;STwK�PQ�:;xy�	!

<z{|!}~��%��+d

[7,8]

u�;

AM80

9

������v=0123�PQ!��	!<

1[�����"

J-C

?���wMR:;!

-

!<��%

 

�#�u

Mg-Li

����012345�	:;

<�=>�?@!	78~�%�6��78e"

fghij�kUl

(SHPB)

78M�;

LZ91

9��

���012345�

(1000~3600 s

-1

)

	:;<�=

>�?@!O���uR?��v=��%

 

1  

�

  

�

 

�KL�"��>�; LZ919���R{?


f> 9.12%Li�1.03%Zn R�> Mg(�mf�)%��

���
 Φ8 mm×4 mm	���K���fghij

�kUl(SHPB)�v=!<1[> 1000~3600 s

-1

	�

�23KL���K��KL*+, ¡P¢£¤%

�23¥	�¦§23¨©ª«¬��*�®�¯

°(OM)±²R�®³´µ�23¥	�¦¶·¸23

¨©ª¹¬�G" X º�»º(XRD)¼v=½±´

�¾w% 

2  ����� 

2.1  ��-���� 

¿ 1> LZ919��ÀÁ!<1[�	!-!<�

�%Â¿ 1 ÃÄ�Å!<1[	Æ��K�	!<�Ç

Æ��^��.4	!¡���<{�ÈÉQÊ!<

X{|!��!<1[|!�LZ919���01234

5�	Ë<!u!<1[À��%Â¿ 1 ÌÃÍ±²

Î�!-!<��ÊQ��	STW(Ï�È�QÊÐ

ÑW(	<�OÒ�̂ ÀÁ!<1[�	!-!<��

 ÊQ��	ÓÔÕÖ:��%78É��×ØÓÔÕ

Ö:��ÙÚÛW(QÜ�ÝÞ Portevin-LeChatelier |

!

[9-11]

�×Ø|!ÙÂ�ß,à:	á�âã�ä:,	

åæP¢�çN"èé% 

2.2  ���	 

¿ 2 > LZ91 9���ÀÁ!<1[�	�®³ 



¢2172¢                                       £¤¥�� !"                                              � 48� 

 

 

 

 

 

 

 

 

 

¦ 1  LZ91PBd§aTJcOQaY-aT¨? 

Fig.1  Stress-strain curves of LZ91 magnesium alloy at  

different strain rates 
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Table 1  Schmid factors (m) of different slip systems and 

twinning for α-Mg phase under a strain rate of 3300 s
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Table 2  Microcosmic yield stresses for different slip systems and 
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Fig.2  Microstructures of LZ91 magnesium alloy under different strain conditions: (a)

ε

�

=1000 s

-1

, ε=0.10; (b)

ε

�

=1800 s

-1

, ε=0.17;       

(c)

ε

�

=2100 s

-1

, ε=0.18; (d)

ε

�

=3100 s

-1

, ε=0.22; (e)

ε

�

=3300 s

-1

, ε=0.28; (f)

ε

�

=3400 s

-1

, ε=0.35; (g)

ε

�

=3600 s

-1

, ε=0.38 

 

2.5  α/β ������ 

� 5� LZ91������	
 3300 s

-1

����

��� α-Mg�� β-Li���������������

c��� !���"�#$%&'(�)*+,

[17-19]

�

-� 5./�α-Mg���0��	
���12%&)

*+,�34567� c�89��� 20º~30º�α-Mg6

7�(0002):;*<=� β-Li67�(110):;*>?�Kral

@

[ 2 0 ]

AB α / β C*D�EF Bu rg e r s D�GH

([0001]α//[

0 11

]β)�IJ α-Mg�K34567� c�89

��� 20º~30º�%&�LMN����OP+,� 

ND 

CD 

100 µm 

ND 

CD 

d 

f 

b 

ND 

CD 

b 

100 µm 

100 µm 

ND 

CD 

ND 

CD 

g 

100 µm 

e 

ND 

CD 

100 µm 

ND 

CD 

c 

100 µm 

ND 

CD 

a 

100 µm 

Adiabatic shear band 



�2174�                                       ()�*+,-./                                              � 480 

 

 

 

 

 

 

 

 

 

 

 

 

� 3  LZ91���1 α-Mg2- β-Li2� !"�3"��4� 3300 s

-1

5� ODF� 

Fig.3  ODF figures for α-Mg phase (a, c, e) and phase β-Li (b, d, f) in LZ91 magnesium alloy under a strain rate of 3300 s

-1 

with different strains:        

(a, b) ε=0.22, (c, d) ε=0.26, and (e, f) ε=0.28 
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Fig.4  Microstructures (a, b, c) and stress-strain curve (d) of LZ91 magnesium alloy at a strain rate of 3300 s
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 with different strains: (a) ε=0.22, 

(b) ε=0.26, and (c) ε=0.28 
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Fig.5  Pole figures of α-Mg phase and β-Li phase in LZ91 magnesium alloy at a strain rate of 3300 s
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 with different strains: (a, b) ε=0.22,     

(c, d) ε=0.26, and (e, f) ε=0.28 
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Fig.6  Experimental and fitting stress-strain curves for LZ91 magnesium alloy at different strain rates: (a) 1000 s
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Abstract: The dynamic deformation behavior and mechanical constitutive of LZ91 magnesium alloy were investigated under high speed 

impacting by optical microscopy and X-ray diffraction combined with Schmid factor. The results show that the flow stresses are not sensitive to 

strain rate and the Portevin-LeChatelier effect occurs. The fine α-Mg phase is uniformly distributed in β-Li phase, hindering the dislocation 

motions. This finally induces that the adiabatic shear sensitivity decreases and the adiabatic shear band only occurs above 3600 s

-1

. The special 

texture, which deviates from the basal texture by 20°~30°, forms in α-Mg phase, due to the Burgers orientation relationship between α/β phase 

interface. Twinning is not required to accommodate the uniform plastic deformation in α-Mg phase because of this orientation relationship. The 

Johnson-Cook (J-C) mechanical constitutive was modified and the fitting results well match with the experimental results. 

Key words: LZ91 magnesium alloy; adiabatic shear; texture; Burgers orientation relationship; Johnson-Cook constitutive equation 
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