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Finite Element Analysis of Laser Welding Residual Stress and
Distortion in Welded Joints of TC4 Titanium Alloy
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Abstract: The laser beam welding residual stress and distortion of titanium alloy were investigated
by numerical simulation and experimental tests. T he finite element calculations were performed u-
sing the ANSYS software. T he laser beam was modeled as three-dimensional moving heat source.

The results showed that the prodigious longitudinal stress was produced in the welded joints, never—
theless the transverse stress were lower correspondingly. When the heat input increased, the region
of tensile of longitudinal stress widened out and its peak value fell, but the magnitude of transverse
stress became larger. When the heat input of laser welding exceeded the critical penetration pro-
cess, with theincrease of energy mput the angular distortion decreased, but the magnitude of trans—
verse shrinkage increased. Asthe welding specimens were fully penetrated, the effects of heat input
on the angular distortion weakened. Experimental tests were carried out to measure the angular dis—
tortion and the distributions of residual stresses in welded joints. The calculated values were in good
agreement with experimental measurements . Moreover , the internal relationships of residual stress ,

deformation and heat input were further investigated by metallographic section of weld.

Key words: titanium alloy; laser beam welding; welding residual stress; welding distortion; finite

element analysis
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Table 1 Laser welding parameters of TC4 titanium alloy
Welding parameter
Specimen  Laser power Welding speed Defocusing distance  Flux of rear shielding gas Flux of dragging cover
/W / (m* min 1) / mm / (L* min™ ) shielding gas/ (L* min~ 1Y)
LW1 2700 1.4 -0.5 23 28
LwW2 2700 1.0 - 0.5 23 28
LW3 2700 0.7 - 0.5 23 28
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Fig.2 T emperature distribution (a) and history curves

(b) of T C4 titanium alloy by laser welding
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Fig- 3 Effect of heat input on residual stress
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