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Table 1  Chemical composition of lab magnesium alloy (ω/%) 

Alloy 

Gd Y Zn Zr Ca Mg 

VWZK 6.44 1.64 1.05 0.28 / Bal. 

VWZKG 8.33 1.69 0.99 0.40 0.47 Bal. 
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Fig.1  Homogenized microstructures of VWZK (a) and 

VWZKG (b) 
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Table 2  Magnesium alloy constants under different strains 

VWZK VWZKG 

ε 

α 

Q n lnA 

 

α 

Q n lnA 

0.1 0.012393 331.1896 9.44189 49.01338 0.014123 382.2776499 7.94269 58.06821 

0.2 0.010280 293.6172 7.29302 45.31001 0.010034 298.4586447 6.40462 47.53214 

0.3 0.009799 268.7046 6.28567 41.84485 0.009874 280.2510517 5.57331 44.79757 

0.4 0.009933 265.2770 5.84267 41.46694 0.010141 283.9054734 5.28390 45.63773 

0.5 0.010033 265.7915 5.58981 41.75126 0.010293 287.4153979 5.12437 46.50279 

0.6 0.010194 265.8003 5.37033 41.85310 0.010484 287.8815354 5.00261 46.76994 

0.7 0.010363 264.4473 5.20022 41.65300 0.010554 280.4548650 4.89039 45.63840 

0.8 0.010491 260.4435 5.06823 40.96517 0.010521 270.0813301 4.80446 44.00449 

0.9 0.010625 256.3595 4.94271 40.24505 

 

0.010646 269.6239377 4.83893 44.02988 
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Fig.2  Comparison between theoretical and experimental flow stress-strain curves of VWZK and VWZKG under different deformation 
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Fig.3  Processing maps of different deformations of VWZK (a~c) and VWZKG (d~f): (a, d) e=0.2, (b, e) e=0.4, and (c, f) e=0.6

0.0 0.2 0.4 0.6 0.8 1.0

0

50

100

150

200

250

300

350

 573 K Theoretical  573 K Experimental

 623 K Theoretical  623 K Experimental

 673 K Theoretical  673 K Experimental

 723 K Theoretical  723 K Experimental

T
r
u
e
 
S
t
r
e
s
s
/
M
P
a

a

0.0 0.2 0.4 0.6 0.8 1.0

0

50

100

150

200

250

300

350

b

0.0 0.2 0.4 0.6 0.8 1.0

0

50

100

150

200

250

300

350

c

0.0 0.2 0.4 0.6 0.8 1.0

0

50

100

150

200

250

300

350

d

0.0 0.2 0.4 0.6 0.8 1.0

0

50

100

150

200

250

300

350

True Strain

h

0.0 0.2 0.4 0.6 0.8 1.0

0

50

100

150

200

250

300

350

True Strain

g

0.0 0.2 0.4 0.6 0.8 1.0

0

50

100

150

200

250

300

350

True Strain

f

0.0 0.2 0.4 0.6 0.8 1.0

0

50

100

150

200

250

300

350

T
r
u
e
 
S
t
r
e
s
s
/
M
P
a

True Strain

e



�1654�                                       ,-
./0(�1                                              � 492 

�¬)6M 40%�(| 3b)���_�ä¬� 20%àá

��i® T=623~723 K� ε

�

=0.001~0.01 s

-1

ä7��

$ÐÑq�� 0.46��6M 20%�¢$� 18%Ó

ε

�

=0.01~1 s

-1

	ä¬T��©zä��6M 20%�º) 

¸6M²¢$ñ 60%(| 3c)�©zä\Ý»�
�i

® T=573~673 K� ε

�

=0.01~1 s

-1

ä¬ÓÐÑq��$

;ñ 0.47�ª��_�ä¬� T=623~723 K�

ε

�

=0.001~0.01 s

-1

ä) 

| 3d~3f� VWZKG	v_�|�P.��µ	

_]�Ä_ Ca Ë�¼+6M²�	¥7©zä(«|

ä¬)6º�)6M 20%��©zäi® ε

�

=0.01~1 s

-1

ä¬���_�äi® T=673~723 K�ε

�

=0.001~0.01 s

-1

ä¬��$ÐÑq�� 0.33��a_ Ca�Î¬� 15%)

6M 40%��©zäi® T=573~623 K� ε

�

=0.001~1 s

-1

� T=623~673 K� ε

�

=0.01~1 s

-1

ä¬Ó��_�ä�

T=623~723 K� ε

�

=0.001~0.01 s

-1

.� T=673~723 K�

ε

�

=0.001~0.1 s

-1

ä¬��$ÐÑq�� 0.4�� VWZK

Î¬� 13%)6M 60%��©zäi® T=573~673 K�

ε

�

=0.01~1 s

-1

67Ó��_�ä¬� VWZK�]Ý+ä

¬�k#i® T=623~723 K� ε

�

=0.001~0.01 s

-1

.�

T=673~723 K� ε

�

=0.1~1 s

-1

ä¬��$ÐÑq�� 0.4)


m6M²¢$�2S��Ã�Ê]v_�©zä�
	

½»)Ä_ 0.5%Ca Ë�Ì�6M²�(| 3a 4 3d�3b

4 3e�3c4 3f)���v_�©zä�
�âãä¬¢$�

¹�$Ï�ÐÑq�"ëÎ¬)ÐÑq������É

rÇ È�F	À1�i®_�âãä	ÐÑq�(³

$���ÉrÇ È�F	À1³/

[18]

��¾D��v

��ËC¥k¿v_���4Ç È�F	y+) 

���������	
�� 

À| 3  a�6M���	v��ËC¥®QK

NOPµ³Q�BR���!G6M���®� 3�

C¥Á3�®| 4�| 5)| 4 � VWZK ��C¥�

4TUC¥Ì£�T=623 K� ε

�

=0.1 s

-1

6M���a

�6M²ËFjÃEÂÃ��EGÄl�Ô�µ�


mXFj]Ê��Å{�q�¬K��ÆÇ=�
�

DRXMÇNOÓT=723 K� ε

�

=0.001 s

-1

��EFÈ]

Ê��µ	�
mX	È�FFj�ÂÃFjYZ   

5 µm�ª
m6M²V 20%¢$ñ 60%�È�FFj

�²an¢$���V®gÉ6M��6MäÊ8¢

$�È�FMÇ¢�ëI) 

| 5 � VWZKG ��v��ËC¥��ö_ Ca

	��C¥ÌË�T=623 K� ε

�

=0.1 s

-1

�ÔÈ�FF

j]Ê�ª6M²�$��C¥ ]Ê�µ�Ì��

Ì4��EGL 45ºÍ���V®Îä¬6MK1¬�

6M`À ijankl�Ç si\�aÏk�%

=Ð Ñz�HI6MaÒÓ�Ô@¥76MgÉ�

^?ÕrÖv×He�Öv×He�6MSígÉ�

�6MËØÙr�Ì�]Êµ¶	©z

[19]

Ó 

T=723 K� ε

�

=0.001 s

-1

_�����ETUW$F

jFÈ�Ér��µÇ È�F�È�FFj�ÂÃF

jYZ 5 µm 	�
mXF�ªÈ�FÀ1
%6¢$

?¢$)^| 5c4 5fÉÊ�$6M²��VWZKG	

È�FÀ14 VWZK Ì£�¬��4�
EÀ 6M

QR8�v_�| Ï�ÐÑq��(�ÊÝI�Ä_

Ca ÚÛË��6MQR8¢$��$Ï�ÐÑq�Î

¬�ÉrÇ È�Fë¤8²¢$�C¥±6ëpÐ	

8²ë²£Ü� VWZK¬

[20,21]

�ÝÈ�Fk��¬) 

��
����������� 

Þ�v_�|Ö×	��_��w����ßà

á��K1 723 K�%6�� 0.01 s

-1

�� 2S��\�

mKâ½�D Φ120 mm×90 mm	!�Ýãâ½L Φ290 

mm×15 mm	�!ä��X| 6ë�)Àâ½Ë��å

U æ�C¥®KQ�BR��®| 7)â½Ë���

U�²ç �C¥ ß"6Mèé�ª"$²�
mX

	È�FFj������ Ö×	v_�6M���

�u	) 

 

� 3  �������	
� 

Table3  Hot deformation conditions for magnesium alloy 

No. Alloy 

Deformation 

/% 

Temperature/

K 

Strain 

rate/s

-1

 

Processing 

area 

1# VWZK 20 623 0.1 

Instability 

area 

2# VWZK 20 723 0.001 Safety area 

3# VWZK 40 623 0.1 

Instability 

area 

4# VWZK 40 723 0.001 Safety area 

5# VWZK 60 623 0.1 

Instability 

area 

6# VWZK 60 723 0.001 Safety area 

7# VWZKG 20 623 0.1 

Instability 

area 

8# VWZKG 20 723 0.001 Safety area 

9# VWZKG 40 623 0.1 

Instability 

area 

10# VWZKG 40 723 0.001 Safety area 

11# VWZKG 60 623 0.1 

Instability 

area 

12# VWZKG 60 723 0.001 Safety raea 
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� 4  VWZK	
�34567 

Fig.4  Microstructures of VWZK alloys after hot compressions in Table 3: (a) 1#, e=0.2, T=623 K, ε

�

=0.1 s

-1

; (b) 2#, e=0.4, T=623 K, 

ε

�

=0.1 s

-1

; (c) 3#, e=0.6, T=623 K, ε

�

=0.1 s

-1

; (d) 4#, e=0.2, T=723 K, ε

�

=0.001 s

-1

; (e) 5#, e=0.4, T=723 K, ε

�

=0.001 s

-1

; (f) 6#, 

e=0.6, T=723 K, ε

�

=0.001 s

-1
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Fig.5  Microstructure of VWZKG alloys after hot compression in Table 3: (a) 7#, e=0.2, T=623 K, ε

�

=0.1 s

-1

; (b) 8#, e=0.4, T=623 K, 

ε

�

=0.1 s

-1

; (c) 9#, e=0.6, T=623 K, ε

�

=0.1 s

-1

; (d) 10#, e=0.2, T=723 K, ε

�

=0.001 s

-1

; (e) 11#, e=0.4, T=723 K, ε

�

=0.001 s

-1

;    

(f) 12#, e=0.6, T=723 K, ε

�

=0.001 s

-1
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Fig.6  Alloys after isothermal forging 
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Fig.7  Microstructures of alloys after isothermal forging:      

(a) VWZK and (b) VWZKG 
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Effect of Ca-addition on Hot Deformation Behavior and Workability of 

Mg-Gd-Y-Zn-Zr Alloy 
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Abstract: Effect of Ca on hot deformation behavior and workability of Mg-Gd-Y-Zn-Zr alloy were investigated by Gleeble 3500 thermal 

simulation tester conducted at a temperature ranging from 573 K to 723 K and strain rate varying from 0.001 s

-1

 to 1 s

-1

. It is indicated that 

the addition of Ca increased the flow stress and hot deformation active energy, widened the range of processing stable zone and the optimal 

processing zone, but decreased the maximum power dissipation efficiency, and inhibited the dynamic recrystallization. Combined with the 

microstructure after thermal compression which was analyzed by laser confocal microscopy, the accuracy of the processing map was 

verified. The optimized hot processing parameters of Mg-Gd-Y-Zn-Zr were formulated, namely strain rate ranging from 0.001 s

-1

 to 0.01 s

-1

, 

temperature ranging from 623 K to 723 K. Depending on the optimum processing parameters, an isothermal forged magnesium alloy with 

good quality and no deformation defects was fabricated. 

Key words: Mg-Gd-Y-Zn-Zr; Ca addition; hot deformation behavior; constitutive equation; processing map 
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