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FEM Simulation of Residual Stress Field Induced by
Laser Shock Wave Based on ABAQUS

NI Min-xiong, ZHOU Jian-zhong, YANG Chao-jun, DU Jian-jun, CAO Xiang-guang
(School of Mechanical Engineering, Jiangsu University, Zhenjiang, Jiangsu 212013, China)

Abstract Laser shock processing (LSP) is a novel surface treatment technology which uses laser-induced shock
wave to strengthen material surface. The magnitude of the surface residual stress and the depth of compressive
residual stress are important indexes for the evaluation of LSPs effect. The finite element method (FEM) simulation
is a valid means for predicting residual stress field distribution in the metal after LSP. The ABAQUS software is
applied to simulate the laser shock processing of 6061-T6 aluminum alloy. It discusses how to deal with finite element
model, material behavior, the loading of laser shock wave, solution time and so on during the FEM of LSP, and the
distributions of residual stress field induced by shock wave are also analyzed. At last the effects of multiple LSP

processes on the residual stress field were evaluated by using FEM.
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Fig. 1 Sketch for laser shock processing
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Table 1 Configuration of FE model s mesh

Finite element 100X100
Infinite element 2X100
Unit scale /mm 0. 06
Gridding density /% 1.5
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Fig. 3 Amplitude curve of shock pressure

B4 ERICFMBOLKMES
Fig. 4 Laser pulse signal recorded in the experiment

3.3 MBHXREER

WO W I E SR AL AR o R AR Y B R i
10° s71, [l LS 38 50 5 I, B4 ek Y 55 1 A5 B 0 R
A ACAR /N o AEBE L 09 JE IR 5 B A BT B . 7E B
W ARIRAS T, wpa B o — 27 TR 48 U, vh o B AR
J7 1l b B B v M B ) B € A Hugoniot Elastic
Limit (HEL) , 2§ rp v 5 A U {E [& J7 @ i+ HEL &,
WORREE & A BB RS TE , BB AR B 3 A R IRGR B

o ASE X

oin — HEL L= 2

1—y’
KAy HIAM . 6061-T6 484 &4 B HERES %
R 2 frn. (R AR OR S &l (R , 28 4 B AR AR
Von Mises J& & #E W, 3 W4 v & & 5 2 A
ABAQUS Hr3R R b B A 1 3¢ R 2R S B, 8 L
IR G

2 6061-T6 57 & &+ BBy WL 1 B
Table 2 Mechanical properties of 6061-T6 aluminum

(2)

Material properties Numerical value

Density p /(kg/m*) 2672
Poisson ratio v 0.33
Young modulus E /GPa 72.4
Hugoniot elastic limit /GPa 1.02
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Fig.5 A flowchart of the LSP FE simulation
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Fig. 6 Surface dynamic stress profiles at different time
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