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Numerical Simulation of Residual Stress Field for Laser Shock Processing

HU Yong-xiang, YAO Zhen-qiang, HU Jun
(School of Mechanical Engineering s Shanghai Jiaotong University, Shanghai 200030, China)

Abstract Finite element method (FEM) simulation of laser shock processing (LSP) is an effective method to
predict the residual stress field and optimize the laser shock parameters. The FEM is applied to attain the numerical
simulation of residual stress field of material treated by laser shock processing. The history of energies during
explicit dynamic analysis is discussed and is well correlated with the result derived by shock wave theory. The
method of solution time choosing for explicit analysis is presented based on the history of energies. Residual stress
distribution of single and multiple laser shock is analyzed and validated by experimental result. The analysis results
indicate that compressive residual stress of material is uniform on surface and the stress gradient in depth is small.

Compressive residual stresses and plastically affected depth are extensively increased and gradually reach the
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saturated state by multiple laser shock.

Key words laser technique; laser shock processing; finite element method; residual stress
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Table 1 Mechanical properties of 35CD4 S0HRC steel

Material character Size Unit
Density, p 7800 kg e m™?
Poisson ratio, v 0. 29
Elastic modulus, E 210 GPa
Hugoniot elastic limit, HEL 2.1 GPa
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Fig. 3 Schematic configuration of 3D model
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Fig. 4 Simplified load curve of shock pressure
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Fig. 5 History of energies during explicit

dynamic analysis
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(a) explicit dynamic analysis result at 5000 ns

(b) implicit static analysis result
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