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Numerical simulation of the effect of post-welding heat treatment
on fatigue life of titanium alloy butt plate

Luo Jiayuan, Zhang Yuxiang, Lii Chenke

(School of Mechatronics and Vehicle Engineering, Chongqing Jiaotong University, Chongging 400074, China)

Abstract: Based on the finite element software, a thermo-elastic-plastic finite element model of 30 mm
thick TC4 titanium alloy butt plate considering the creep stress relaxation effect was established. The
temperature field and stress field in the electron beam welding process of TC4 titanium alloy butt plate
were simulated by this model, and the distribution of residual stress in the butt plate under three post-
welding heat treatment processes was compared. The optimal post-welding heat treatment process is ob-
tained. Fatigue analysis software fe-safe was used to analyze the influence of heat treatment on the fa-
tigue properties of butt plate. The results show that the residual stress distribution obtained by numeric-
al simulation is accurate. After 700 “Cx2 h post-welding heat treatment, the internal transverse and lon-
gitudinal residual stresses of the butt plate were completely eliminated, and the peak values are 28 MPa
and 46.3 MPa, respectively. The creep effect plays an important role in the process of post-welding heat
treatment to eliminate the residual stress, and the fatigue safety factor of welding seam and heat-af-
fected zone of the butt plate can be increased from 0.192 to about 0.7.
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Fig. 2 Thermal cycle curve
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Fig. 4 Residual stress distribution cloud diagram
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Fig. 6 Distribution curve of residual stress
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Fig. 7 Internal residual stress curve of butt plate after post-welding heat treatment
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Fig. 8 Longitudinal residual stress curve
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Fig. 9 Curves of elastic, plastic and creep strains with time during post-welding heat treatment
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