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Constitutive analysis and FEM simulation of
hot compression of ZX115 magnesium alloy
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Abstract: The hot compressions of Mg-1.3Zn-1.7Ca (mass fraction, %)magnesium alloy (ZX115) were carried out on
Gleeble—3500 thermal simulator at a strain rate of 1X 1071 s ' and temperature range of 300—450 ‘C. Based on the
true stress—strain curves of ZX115 magnesium alloy obtained from experiments, the effects of deformation temperatures
and strain rates on the peak stress, peak strain and Zener-Hollomon parameter were discussed, and the constitutive
equations were established to describe the hot compression of ZX115 magnesium alloy. These constitutive equations were
applied into finite element analysis software DEFORM 3D and then the hot compressions of ZX115 magnesium alloy
were simulated. The variation and distribution of strain rate, strain and temperature in the compressed workpiece were
analyzed by the post-processing procedures. The results show that peak stress decreases with increasing the deformation
temperature or decreasing the strain rate, and the peak strain decreases with increasing the temperature under a given
strain rate. The hot compressions of ZX115 magnesium alloy exhibits a nonuniform characteristic. In order to control the
recrystallized grain size, the deformation temperature and strain rate should be necessarily decreased.
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Fig. 1 True stress—strain curves of ZX115 magnesium alloy obtained from hot compressions under different conditions: (a) 450 C;

(b) 400 C; (c) 350 C; (d) 300 C
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2078 FP A (<R AR 2015 4F 8 H
6
a
@ " 300°C
st . . 350 C
: 400C
s 4 " 450 °C ~
= RS
5 =
E 3t =
2 -
Average slope: 0.2014
] 1 I L 1
-8 -6 -4 -2 0 2 . 3
In(/s™) In[sinh(z g,)]
3 ZX115 By AR AR U I ) 22 1) AR OK 2R it 2%
200 (b) 300 C Fig. 3 Relationship between strain rate and peak stress of
. ZX115 magnesium alloy
150
o3 - 3
= =—0.001s
=~ 100 | 2l *— 0.015s"!
L a—0.1s"
_ v— s
50 &1t
N
Average slope: 12.8302 g
0 . . . . ‘a3 of
-8 -6 -4 -2 0 2 ] 0
In(é/s™")
-1 -
2 ZX115 B BN ) 5 AR A 2 [ )R AR
Fig. 2 Relationship between peak stress and strain rate for - A . ) A
1.3 1.4 1.5 1.6 1.7 1.8

ZX115 magnesium alloy according to Eqns. (2) and (3):
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