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High strain rate constitutive model and electromagnetic forming application
evaluation for 2219 aluminum alloy

Tang Tianyu, Huang Liang, Xu Jiahui, Xie Bingxin, Sun Yiran, Shi Tian
(State Key Laboratory of Materials Processing and Die & Mould Technology, School of Materials Science and Engineering,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: In order to explore the high strain rate deformation behavior of 2219 aluminum alloy during electromagnetic forming, the high
strain rate and high temperature quasi-static tensile experiments of aluminum alloy were conducted by separate Hopkinson tensile rods and
thermal simulation testing machine, and the influences of different temperatures and strain rates on the flow stress of 2219 aluminum alloy
were analyzed. Then, the strain rate term of traditional J-C constitutive models was corrected and optimized. Furthermore, based on the
traditional and optimized J-C constitutive model, the finite element models of electromagnetic forming were established respectively, and
the experimental results of electromagnetic forming were compared. The results show that the tensile strength of 2219 aluminum alloy in-
creases first and then decreases with the increasing of strain rate, and the flow stress gradually decreases with the increasing of tempera-
ture. The optimized OP J-C constitutive model has the best fitting effect, and linear correlation coefficients R and AARE are 0. 9975 and
1. 06% , respectively. Compared with the traditional J-C constitutive model, the electromagnetic forming simulation results of the optimized
constitutive model are more consistent with the experimental values, which confirms that the optimized constitutive model can accurately
describe the high-rate deformation behavior of 2219 aluminum alloy.
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Fig. 15  Electromagnetic forming verification experiment
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Fig. 16 Comparison diagram of simulation and experimental results
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Fig. 17 Deformation information of typical points under different dischange voltages
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