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Fig.3 True stress-true strain curves of samples obtained by quasi-static

tension experiment at different temperatures
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Fig.4 True stress-true strain curves of different notch samples

obtained by quasi-static tension experiment
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tension experiment
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Fig.16 Tensile fracture macroscopic morphologies of Mg-9Gd-4Y-2Zn-0.5Zr alloy: (a) quasi-static tensile specimen (¢=0.001 s, 7=293 K);

(b) dynamic tensile specimen (¢=1000 s, 7=293 K); (c) high temperature tensile specimen (6=0.001 s, 7=473 K)
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Fig.17 Tensile fracture morphologies of Mg-9Gd-4Y-2Zn-0.5Zr alloy specimens: (a) quasi-static tensile specimen (¢=0.001 s”, 7=293 K);
(b) dynamic tensile specimen (6=1000 s™', 7=293 K); (c) high temperature tensile specimen(é=0.001 s, 7=473 K)
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Johnson-Cook Constitutive Model and Failure Parameters of Mg-9Gd-4Y-2Zn-0.5Zr Alloy

Zhi Huidong'?, Guo Baoquan'?, Ding Ning"?, Yan Zhaoming™*, Zhu Jiaxuan'?, Wan Chen'
(1. Intelligent Weapons Research Institute, North University of China, Taiyuan 030051, China)
(2. School of Mechanical and Electrical Engineering, North University of China, Taiyuan 030051, China)
(3. School of Materials Science and Engineering, North University of China, Taiyuan 030051, China)
(4. College of Missile Engineering, Rocket Force University of Engineering, Xi’an 710051, China)

Abstract: The mechanical behavior and fracture failure characteristics of Mg-9Gd-4Y-2Zn-0.5Zr alloy at various strain rates were investigated,
including parameter calibration and verification based on the Johnson-Cook (J-C) constitutive model and failure model. Quasi-static tensile tests at
different temperatures were conducted by a universal testing machine, while dynamic tensile tests at high strain rates (1000—3000 s') were
performed by a Hopkinson bar apparatus. Based on the experimental data, modifications were made to the strain rate hardening and thermal
softening terms of the J-C constitutive model were modificated, and relevant model parameters were calibrated. Further numerical simulations
were carried out; the fracture locations and true stress-strain curves between experimental and simulated results were compared to validate the
reliability of the failure model parameters. The fracture morphology of the magnesium alloy was observed and the microstructural characteristics
influencing failure under different temperatures and strain rates were explored. Both dimples and cleavage steps were observed in the fracture
morphologies during quasi-static and dynamic tensile processes, indicating a mixed fracture mechanism. Slightly more cleavage steps are found at
higher strain rates, which is related to the strain rate sensitivity of the magnesium alloy. In contrast, ductile fracture is predominant during high-
temperature tensile tests.

Key words: Mg-Gd-Y-Zn-Zr alloy; J-C constitutive model; J-C failure model; fracture strain
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