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Table 1 Chemical composition of TC4 titanium alloy (wt%)

Al \ Fe C H O Ti
5.994 4.102 0.129 0.005 0.008 0.038 Bal.
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tension under different conditions: (a) temperature and

(b) current density
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Fig.5 True stress-true strain curves of TC4 titanium alloy after electro-

assisted tension and pure thermal tension at the same temperature
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Fig.7 Microstructures of TC4 titanium alloy under different tensile conditions: (a) as-received state; (b) pure thermal tension at 660 °C; (c) electro-

assisted tension at the current density of 16 A/mm’
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Electro-Assisted Tensile Behavior and Constitutive Model of TC4 Titanium Alloy

Li Ping, Liu Shaofeng, Yu Renhai, Liu Baisong, Liu Le, Xue Kemin
(School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: High-temperature and electro-assisted tensile experiments were conducted on TC4 titanium alloy, with the deformation temperature of
600900 °C and the current density of 1422 A/mm’. The effects of temperature and current density on the flow stress of the alloy were
investigated. The experimental results show that during the hot tensile process, the flow stress of the material decreases with the increase in
temperature, and the elongation is positively correlated with temperature. The flow stress of the material decreases after applying pulsed current,
and the elongation first increases and then decreases with the increase in current density. Finally, based on the true stress-true strain data of
tension, a multi-physical field constitutive model coupling thermal and athermal effects was constructed on the basis of the original Johnson-Cook
model framework. The constitutive model parameters were determined by the regression fitting method, and error analysis was performed
between the experimental and predicted values. The results show that the coefficient of determination R’ of the constitutive model is more than
0.95, the mean relative error is less than 2.5%, which indicates that the model has relatively good predictive ability within a wide range of process
parameters. The research aims to provide a theoretical basis for the electro-assisted forming of titanium alloys and a reference for optimizing
forming process parameters.
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