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Dynamic Response and Residual Tensile Stress Formation Mechanism of
Titanium Alloy Thin-Walled Piece in Laser Shock Peening
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Abstract: To investigate the residual tensile stress formation mechanism of thin-walled piece in laser
shock peening, the shock wave propagation law and the dynamic respond law of 0. 5mm titanium alloy thin-
walled piece are analyzed by ABAQUS software. The results show that when in reflecting in the thin-
walled piece, the shock wave forms high-intensity tensile wave and compression wave in turn. The stress
distribution in depth is disordered under the action of tensile wave and compression wave, and is character-
ized by multiple peaks. The tensile stress field is located within 0. 125mm beneath the surface and the re-
sidual tensile stress up to 426 MPa appears on the surface. The formation mechanism of residual tensile
stress is revealed based on the shock wave reflection law. The maximum residual tensile stress is only 70
MPa in the 5mm thick plate and tensile stress at the surface translates into compressive stress by reducing
the intensity of reflected tensile wave. Therefore, based on the principle of controlling the reflection wave

pressure, a method of stress field regulation by exporting shock wave is proposed.
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Fig.2 The time and spatial energy distribution of laser beam
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Fig. 3 The variation of axial stress in the first reflection

95 ns

100 ns
105 ns
110 ns
115 ns
120 ns
125 ns
130 ns
135 ns
140 ns

Pl 4 9 TR S S5 A i 8 1 A e

Fig. 4 The variation of axial plastic strain in the first reflection
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Fig. 5 The variation of axial stress in the second reflection
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