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Investigation of Residual Stress Hole on a Metal Surface by Laser Shock

Li Zhifei
(School of Mechanical Engineering . Jiangsu University . Zhenjiang . Jiangsu 212013, China)

Jiang Yinfang Lai Yanling Zhang Lei Tang Zhenzhou

Abstract The compressive residual stresses are generated by laser shock processing (LSP) on the metallic surface,
and laser shock processing is a new surface strengthening technology which can modify material surface. With the
finite element simulation software ABAQUS, the effect of the laser power densities and the spot configurations on the
distribution of residual stress field of the material surface is simulated. The results indicate that the compressive
residual stress field can be enhanced by increasing the laser power densities, but the “residual stress hole” may
appear with the increase of the power densities. From the analysis of material displacement and the dynamic response
of the surface stresses after the laser shock, it is found that the shocking on material surface and the elastic force of
material together form the oscillation process. and the reflection waves (rarefaction waves) load reversely on the
shocking spot edges, inducing the reverse plastic deformation, which is the so-called “residual stress hole”. The
focalizing of the rarefaction waves to the center is influenced by the spot configurations, and the residual stress
deletion at the shocking center is different. The results can be used to reduce the residual stress deletion at the
shocking center and optimize the process parameters, which provide a basis for obtaining the better strengthened
effect of the laser shock processing.
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Fig. 2 Residual stress longitudinal distribution on metal surface
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Table 1 Parameters of 2024-T3

. Young's Yield Yield
Density/ Passion's
] modulus strength strength
(kg/m*) ratio
GPa o,/ MPa 6.2/ MPa
2770 68 0. 35 265 325
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Fig. 3 Amplitude curve of laser shock pressure
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Table 2 Parameters of Johnson-Cook model

A /GPa
0. 265

B /GPa n C
0.426 0. 34 0.015
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Fig. 6 Displacement (a) and stress (b) along S;; direction
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Table 3 Comparision of maximum opposite displacement

under different power densities and displacements

Power densities / Displacements / Maximum opposite

(GW/cm?) mm displacement /pm
10. 08 0.1765 —2.68
10. 08 0.5294 —1.08
3.94 0.1765 —2.23
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