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Constitutive equation during hot compression deformation of
Mg-Gd-Y-Zr alloy

ZHANG Xin-ming, WU Yi-ping, DENG Yun-lai, TANG Chang-ping

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Three kinds of constitutive equations, power law (PI), expression law (EI) and sine hyperbolic law (SI) were
used to analyze the flow behavior of the Mg-6Gd-3Y-0.5Zr alloy after compression at temperatures of 300—500 ‘C and
strain rates of 10°—1 s ' by using Geeble—1500 test machine. The microstructures were studied using scanning electron
microscope (SEM). The results show that EI fits the experimental results better than PI and SI. And even, the sine
hyperbolic law with the optimization of material parameter o (SIO) exhibits the close precision to EI. The precipitated
heat-resisting phase after compression is the reason for EI better fitting than PI and SL

Key words: Mg-Gd-Y-Zr alloy; hot compression deformation; constitutive equation; material parameter optimization
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Table 1 Q of alloy at different deformation temperatures and

1

strain rates of 10°—1 s ' by using different constitutive

equations
-1
Constitutive Q/(kJ-mol ) Mean
. value/
equation  350°C 400°C 450°C 500°C  (kJ-mol™)

PI 582.17 25274 17326 137.6  286.44
EI 31671 217 220.02 26487  254.65
SI 428.08 24437 1927 16599  257.79
SIO 324.19 22153 219.85 246.17 25294

PI: Power law; EI: Expression law; SI: Sine hyperbolic law;

SIO: SI with optimization of material parameter o.
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Fig.6 Variation trend of apparent activation energies of alloy

attained at 350—500 ‘C by using different constitutive equations
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Fig.7 SEM images of alloy compressed at 350—500 °C: (a) 350 °C, 10 s"; (b) 400 °C, 10 2s™"; (¢) 450 °C, 1s"; (d) 500 °C, 1 s
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Table 2 EDS results of point 4 in Fig.7(d)

Element Mass fraction/%
Mg 28.56
Y 43.70
Gd 27.74

£ 3 ABILHLEA 350~500 ‘CHI 400~500 ‘CHH PI. EI, SI
A1 SIO 14321 45 < R ML E

Table 3 Apparent activation energy attained by PI, EI, SI and
SIO at temperatures of 350—500 °‘C and 400500 ‘C

E/(kJ'mol ")
Temperature/ ‘C
PI El SI SIO
350-500 286.44 254.65 252.94 257.79
400-500 201.7 194.38 196.09 194.88
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