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Table 1  Chemical composition of rolled ME20M magnesium 

alloy 

Al Zn Mn Ce Cu Ni Si Fe 
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Fig.1  Initial metallographic microstructure of materials 
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Fig.2  Dimensions of hot tensile specimen 
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Fig.3  True stress-strain curves of ME20M magnesium alloy at the strain rate of 0.001 s

-1 

(a), 0.01 s

-1

 (b), and 0.1 s

-1

 (c)

 

0.0 0.1 0.2 0.3 0.4 0.5

5

10

15

20

25

σ
 
/
M
P
a

773 K

723 K

673 K

 

 

ε

623 K

a

0.0 0.1 0.2 0.3 0.4 0.5

5

10

15

20

25

30

35

b

 

 

ε

773 K

723 K

673 K

623 K

0.0 0.1 0.2 0.3 0.4 0.5

10

20

30

40

50

60

c

 

 

ε 

773 K

723 K

673 K

623 K

50 µm 

125 

R20 

30 

1
0

 

1.5 

3
0

 



� 5�                               �  ��7QRSME20MTUXYZ>)VAkl:m                     �1717�  

������( 0.8ασ� )������( 1.2ασ� )

	
���������������� 

( )

1

1

exp /

n

A Q RTε σ= −

�

                     (1) 

( ) ( )

2

exp exp /A Q RTε βσ= −

�

                (2) 

���������������������

� ! Arrhenius"#����

[18]

 

( ) ( )

sinh exp /

n

A Q RTε ασ= − 

 

�

                (3) 

$%


1 2 1

A A A n n α β� � � � � � &�'()�*+

#
,

1

/ nα β= -ε

�

�����


1

s

−

-σ ��.��


MPa-Q��/012


( )

kJ/ mol K⋅ - R�3456

+#
 8.314R =

( )

J/ mol K⋅ -T �7�89:
K; 

Zener

�

Hollomon

<=>�/9:�����?

����*@A�B9:CD����EF

Z

��

[19]

 

( )

exp /Z Q RTε=

�

                         (4) 

GH$

(3)

�

(4)

�I

 

( )

sinh

n

Z A ασ=  

 

                        (5) 

J#α *KLM 

?$

(1)

�

(2)

NO��P?#
�I

 

1 1

ln ln ln /n A Q RTε σ= + −

�

                 (6) 

2

ln ln /A Q RTε βσ= + −

�

                   (7) 

QR�/STU*

ln - lnε σ

�

�

ln -ε σ

�

���V
W

X

4

�X

5

Y�;ZBV[\]
�I^V*_�

1

4.9456n =




0.3463β =


`aI=

1

/ 0.07nα β= =

;

 

J#

n

�

Q

*KLM

 

?$

(3)

NOP?#
�I

 

( )

ln ln sinh ln /n A Q RTε ασ= + − 

 

�

          (8) 

QR�/STU*

( )

ln - ln sinhε ασ

 

 

�

���V
W

X

6

Y�;V[\]b
�I_�

3.4111n =

;

 

c����dL	
�e$

(8)

�I

 

( ) ( )

{ }

ln sinh 1Q nR Tασ= ∂ ∂ 

 

             (9) 

( )

-1

ln sinh -Tασ

 

 

���V
WX 7Y�;fgV

[\]
h n R� ij$ (9)
�I�/012

185.6679 kJ/molQ = ; 

J# A*KLM 

?$

(5)

NOP?#
�I

 

( )

ln ln ln sinhZ A n ασ= +  

 

               (10) 

( )

ln - ln sinhZ ασ

 

 

���VWX

8

Y�;?�V

V [ k l 
 � V m n

ln 26.4748A =


 o

11

3.1467 10A = ×

;

 

 

 

 

 

 

 

 

 

 

 

 

 

�

4  

�������

ln - lnε σ

�

	


 

Fig.4  Relationship between 

lnε

�

 and 

lnσ

 under different 

deformation conditions 

 

 

 

 

 

 

 

 

 

 

 

 

�

5 

�������

ln -ε σ

�

	


 

Fig.5  Relationship between 

lnε

�

 and

σ

 under different 

deformation conditions 

 

 

 

 

 

 

 

 

 

 

 

 

�

6  

�������

( )

ln - ln sinhε ασ

 

 

�

	


 

Fig.6  Relationship between 

lnε

�

 and 

( )

ln sinh ασ 

 

 under 

different deformation conditions 

1.5 2.0 2.5 3.0 3.5 4.0

-7

-6

-5

-4

-3

-2

-1

 

 

773 K

723 K

673 K

l
n
ε

.

lnσ

623 K

0 10 20 30 40 50

-7

-6

-5

-4

-3

-2

-1

 

 

773 K 723 K

673 K

l
n
ε

.

σ 

623 K

-1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5

-7

-6

-5

-4

-3

-2

-1

 

773 K

723 K

673 K

l
n
ε

.

ln[sinh(ασ)]

623 K



�1718�                                       ��������                                              � 49 � 

 

 

 

 

 

 

 

 

 

 

 

� 7  �������

( )

-1

ln sinh -Tασ

 

 

	
 

Fig.7  Relationship between 

( )

ln sinh ασ 

 

 and 

-1

T  under 

different deformation conditions 

 

 

 

 

 

 

 

 

 

 

 

 

� 8  �������

( )

ln - ln sinhZ ασ

 

 

	
 

Fig.8  Relationship between ln Z  and 

( )

ln sinh ασ 

 

 under 

different deformation conditions 

 

���������	
����

(3)

����

����

Arrhenius

����

 

( ) ( )

3.4111

11

3.1467 10 sinh 0.07 exp 185668/ RTε σ= × − 

 

�

 

(11) 

������ ���� Arrhenius ����!

"	#$%&'()#$%&*+�,- 9�./0

- 9�1234!"	#$%&'()#$%&	5

6789:
� R′=0.96445�;<= 1/>?@A�

!"#$%&'()#$%&	BC9*DE MRE

F 5.19%�GHIJ���� Arrhenius ����J

=K���?L�#$M�%&	�NOPQR	

ST/ 

UVWX �YF%�*M�ZF	[\�]�

^_`�������abc%�/d(e��%�

*�����	

lnn A Qα� � �

fghi�OPUj	

 

 

 

 

 

 

 

 

 

 

 

 

 

� 9  �������������	
 

Fig.9  Relationship between predicted peak stress and 

experimental peak stress
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Fig.10  Relationships between strain and material constant: (a)α , 

(b) n , (c) Q, and (d) lnA 
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Fig.11  Theoretical and experimental true stress-strain curves 

under different deformation conditions: (a) 0.001
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Fig.12  Processing maps at the strain of ε=0.1
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Abstract: The hot tensile deformation behaviors of rolled ME20M magnesium alloy at temperatures of 623~773 K and strain rates of 

0.001~0.1 s

-1 

were studied by INSPEKT Table 100 kN universal high temperature experimental machine. The effects of deformation 

temperature and strain rate on the flow stress of the material were analyzed, and the constitutive model and processing map under hot 

deformation conditions were established. The results show that the flow stress of the rolled ME20M magnesium alloy increases with the 

decrease of deformation temperature or the increase of strain rate. The predicted peak stress of the constitutive model is in good agreement 

with the experimental results, and the average relative error is 5.19%. After considering the influence of strain on the material constant in 

the constitutive model, the predicted stress value is highly correlated with the experimental value, and the average relative error is 6.00%. 

The best hot working range is 673~773 K in temperature and 0.001~0.01 s

-1

 in strain rate. 
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