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Constitutive model and process analysis on thermoforming of 2124 aluminum alloy

Guo Yuanheng, Xie Yanmin, Wang Dongtao, Zhao Jiangbo, Du Lingfeng
(School of Mechanical Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract; In order to obtain the mechanical behavior of 2124 aluminum alloy under thermal deformation, the thermal tensile test was con-
ducted at the temperature of 350450 °C and the strain rate of 0. 001-0. 1 s~ and the stress-strain curves of material were obtained. The
results show that the peak stress decreases with the increasing of temperature and the decreasing of strain rate, the temperature is a main
factor affecting elongation rate, and there is a smaller uniform elongation rate at the low strain rate. In order to accurately describe the de-
formation behavior of the material under thermal deformation, a viscoplastic constitutive model was established, and material parameters of
the constitutive model were obtained by genetic algorithm. The results show that the predicted value of the model is in good agreement with
the experimental value. Based on the established constitutive model, the user material subroutine VUMAT was developed, the finite ele-
ment model of double C part was established, and the thermoforming process of 2124 aluminum alloy was simulated and analyzed by soft-
ware ABAQUS. Based on orthogonal experiment, the influences of temperature, stamping speed, blank holder force and friction coeffi-
cient on the maximum thinning rate of double C part after forming were studied, the better forming process condition was obtained by the
range analysis method, and the results of forming under the process conditions were verified by experiment.
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Fig. 1 Dimensions of hot tensile specimen
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Fig. 2 Curves of stress-strain for 2124-T4 aluminum alloy under different deformation conditions
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Fig. 5 Finite element model of double C part
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Table 2 Settings of material performance parameters
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Table 3 Schemes and results of orthogonal experiment

R (#Eﬁ&i/ st/ r— BRI ER/
(mm s ) kN %
1 623 20 2 0. 100 10. 13
2 623 65 6 0.175 12.38
3 623 110 10 0.125 10.72
4 623 155 4 0.200 12.27
5 623 200 8 0. 150 11.22
6 648 20 10 0.175 13.81
7 648 65 4 0.125 10. 59
8 648 110 8 0. 200 14.22
9 648 155 2 0. 150 10. 67
10 648 200 6 0. 100 10. 08
11 673 20 8 0.125 11.35
12 673 65 2 0.200 12.99
13 673 110 6 0. 150 11.52
14 673 155 10 0. 100 10. 76
15 673 200 4 0.175 11.90
16 698 20 6 0.200 15. 61
17 698 65 10 0. 150 14.42
18 698 110 4 0. 100 10.22
19 698 155 8 0.175 13.72
20 698 200 2 0.125 10.25
21 723 20 4 0. 150 15.61
22 723 65 8 0. 100 14.42
23 723 110 2 0.175 10.22
24 723 155 6 0. 125 13.72
25 723 200 10 0. 200 10. 25
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Fig. 6 Trend chart of each factor level and maximum thinning rate
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