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Study on the Numerical Simulation and Statistical Optimization
of Micro-Scale Laser Shock Peening

Zhou Jianzhong Huang Shu Fan Yujie
(College of Mechanical Engineering, Jiangsu University, Zhenjiang. Jiangsu 212013, China)

Abstract In order to ensure high quality of micro scale laser shock peening (,LSP), an appropriate analysis model is
established for the numerical simulation of the process, and then some key technical issues in the simulation are studied and
solved. By extracting the characteristics of residual stress field and comparing the calculated data with the process
parameters, the critical parameters affecting the value of the characteristics of residual stress field induced by pLSP are
searched out. The Box-Behnken optimization program based on the response surface methodology (RSM) is developed to
search out the influence of the identified critical parameters and the interaction of the parameters to characteristics of the
residual stress field. A quadratic regression model for predicting the average surface residual stress which is one of the
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characteristics of residual stress field is established, the optimal setting for each process parameter is predicted also.

Key words laser technique; micro-scale laser shock peening; statistical optimization; numerical simulation; residual stress
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Table 1 Mechanical properties of pure copper

(2)

Material p /(kg/m®) v E /GPa ¢,./MPa ¢,/MPa
Pure Cu 8960 0.343 110 172 196
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Fig. 4 Contour of the residual stress distribution (spot diameter of 250 um, peak pressure of 2. 5 GPa, single pulse).

(a) S11 residual stress from dynamic analysis; (b) S11 residual stress from static analysis
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Fig.5 Typical residual stress distribution (spot diameter of 250 pm, peak pressure of 2.5 GPa, single pulse).

(a) S11 radial stress on the surface; (b) S11 stress along the depth
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Table 2 Experimental factors levels and codes

Coding Level
Factor
Code value Real value —1 0 1
A /(GW/em?) X x 1.5 2 2.5
B /mm X, X 0. 20 0. 25 0. 30
C/n X; X3 1 2 3
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Table 3 Simulation results of characteristic parameters of residual stress field

Experimental Factor Residual stress characteristic
number X X, X o (Yy) /MPa omax (Y2) /MPa 0w (Y3) /pm
1 —1 —1 0 —94. 62 —114. 82 32.5
2 —1 1 0 —86.23 —103.11 25.5
3 1 —1 0 —102.3 —123.53 33.2
4 1 1 0 —112. 80 —125.91 14.1
5 0 —1 —1 —78.45 —108. 00 40. 5
6 0 —1 1 —81.69 —95.21 32.0
7 0 1 —1 —81.52 —102.42 35.1
8 0 1 1 —51.82 —116. 32 19.2
9 —1 0 —1 —54.53 —77.12 42. 8
10 1 0 —1 —68.41 —91.82 38.5
11 —1 0 1 —55.40 —91.11 32.5
12 1 0 1 —42.91 —144.91 33.4
13 0 0 0 —67.74 —95.62 30.0
14 0 0 0 —67.74 —95.62 30.0
15 0 0 0 —67.74 —95.62 30.0
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Fig. 7 2D level pictures of response value under single-factor
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