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Material model optimization for dynamic recrystallization of Mg alloy
under elevated forming temperature
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Abstract A hot forming process is required for Mg alloys to enhance the formability and plastic workabilitydue to
the insufficient formability at room temperature. Mg alloy undergoes dynamic recrystallization (DRX) during the hot
working process, which is a restoration or softening mechanism thatreduces the dislocation density and releases the
accumulated energy to facilitate plastic deformation. The flow stress curve shows three stages of complicated strain
hardening and softening phenomena. As the strain increases, the stress also increases due to work hardening, and it
abruptly decreases work softening by dynamic recrystallization. It then maintains a steady-state region due to the
equilibrium between the work hardening and softening. In this paper, an efficient optimization process is proposed
for the material model of the dynamic recrystallization to improve the accuracy of the flow curve. A total of 18
variables of the constitutive equation of AZ80 alloy were systematically optimized at an elevated forming
temperature(300°C) with various strain rates(0.001, 0.1, 1, 10/sec). The proposed method was validated by applying
it to the constitutive equation of AZ61 alloy.

Keywords : AZ80, AZ61, dynamic recrystallization, material model, optimization, thermo-mechanical flow curve
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Table 1. Physical meaning of each coefficient

Coefficients Physical meaning
e, Cs Saturated strain of DRX effect
Effect of change in the grain  orientation on
fm, M, Cr . .
hardening behavior
ng, Cy Convexity of stress-strain curve
A Change of Yield stress
at quasi-static state
e, Ct Initial strain of DRX effect
B, ny Slope of stress-strain curve
C,P Change of yield stress according to strain-rate
Change of grain size accordin,
di, do, k, Ca e gr . s
to strain hardening
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Table 2. Chemical composition of AZ80 (wt.%).

Al Zn Mn Cu Si Mg
8.10 0.52 0.25 <0.05 <0.10 Bal.
Table 3. Model coefficients for Fig. 1
A B n no (0N C
60.456 75.352 3.831 1.143 -0.026 0.648
P d, do Cq €4 &
0.214 0.001 0.001 -0.043 0.0093 2.734
fn Cr C Cs k M
0.973 0.022 1.498 -0.053 59.362 0.245
350
—&— Experiment
—— Fitting
280
w —&— 10/sec
% —o—1/sec
= 2104
" —A—0.1/sec
] —e—0.001/sec
5 140
Q
2
=
70
0.0 0.2 0.4 0.6 0.8 1.0 1.2
True strain

Fig. 1. Comparison results of the compressive stress -
strain curve between experimental and fitting at

300°C
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Fig. 2. Comparison results of the compressive stress -
strain curve of AZ80 between experimental and
fitting at first step optimization.
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Table 4. Model coefficients for Fig. 2
A B nm no Cn C P
375 26.6 6.1 0.038 1.431 0.154 1.031
250
—e— Experiment
—o— Fitted
200
—_ —e—1/sec
& —A—0.1/sec
%150‘ —=— 0.001/sec
¢
% 100
2
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50«! O
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Fig. 3. Comparison results of the compressive stress -
strain curve of AZ80 between experimental and
fitting at second step optimization

Table 5. Model coefficients for Fig. 3

A B np No Cn C
40.882 139.16 -1.600 0.422 0.006 0.160
P d do Cq € &
1.253 0.001 0.0003 0.038 0.018 2313
T Cr G C, k M
0.924 -0.001 0.834 -0.06 4.420 0.378
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Table 6. Chemical composition of AZ61 (wt. %).

Al Zn Mn Cu Si Mg
6.1 0.46 0.22 0.002 0.0006 Bal
200 —e— Experiment
—O— Fitted
—e— 10/sec
= 150 —a— 1/sec
% —a—0.1/sec
= —v— 0.001/sec
@ 100
e
®
Q
2 50
=
0+ T T T T T 1
0.0 0.2 04 0.6 0.8 1.0 1.2
True strain
Fig. 4. Comparison results of the compressive stress -

strain curve between experimental and fitting of
AZ61 at 350°C
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Table 7. Model coefficients for Fig. 4
A B n ny Cy C
29.051 5.235 6.559 0.019 3.801 0.252
P d, do Ca €4 g
0.852 0.003 0.003 0.094 0.028 1.365
fin Cr C Cs k M
0.368 0.330 0.309 -0.009 0.085 0.440
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