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In order to investigate the influence of different laser shot peening (LSP) parameters on the
strengthening effect, the finite element software ANSYS integrated with ISIGHT was adopted to establish a LSP

parameterized file. Multi-island genetic algorithm (MIGA) was applied to optimize the process parameters of LSP,
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and an optimal parameter combination was obtained. The effects of different LSP parameters on the residual stress
field and plastic deformation of the treated surface were discussed. Good consistency can be found between the
simulation and experimental results under the optimal process parameters, which indicated that the optimization
approach was feasible, and some guidance for the future research was also pointed out.
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Table 1

Main property parameters of pure copper

Material properties  Density p/(kg /m®)

. ’ .
Poisson's ratio v

Young's modulus E /GPa Elastic limit /GPa

TU1 8960 0.343

110 0. 83
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Fig. 1 Boundary conditions of the LSP model. (a) Single shot model; (b) multipoint model

3 SRR BEIN

3.1 BHEERERHME
BRI BE B T AN U R B 1

OB A% B A1 Pk A AT e 26 G 5 A 1 1

95 o BEEHHT 9 AR R A OB WL R

MTHEATHOEBOAL 0 S 3L BT BF 9. R 09 23T

AT WOEWE(ELIE J) P JEHEF B2 ROEBE LB

B L, Hire g F8A. 82 Z J5m -1 34060 5%
SurfUZ (R 2V 43R40 J1 SurfSY, H 4 32 241 4 th
AR 1) TR BE 5 1] & BT R T Y P B ER AR ]
DSurfSY1, DSurfSY2:----- DSurfSY19; 2) f Kik&E
N SYs 3) WRERIZW Z Jrm W F Y6 #.
DSurfUZ1, DSurfUZ2¢++++- DSurfUZ19; HA B anE 2
Fis 2 5 2 R T B — A S BT

s103003-2



arrgaiin "

et

T RCEE UL A O B2 B At Al

Surf
DSurfl
DSurf2

(®)

impact zone
P Surf

| — DSurfl

—— | _ Dsuri2

DSurf3

DSurf18
DSurf19

| —1  psumd

K2 BOtBAARSRAE. (0 B (b) £

Fig. 2 Location of target parameters of LSP. (a) Single shot; (b) multipoint
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Table 2 Parameters setting of MIGA
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Fig. 3 Run times curve of variables. (a) Peak pressure;(b) spot radius
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Fig. 4 Contour of target variables of LSP. (a) Residual stress along Y diretion; (b) deformation along Z direction
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Table 3 Comparison of parameter values before and after optimization

o o Increase
Parameters Before optimization After optimization
Yes/No
. P /MPa 2500 3326 Yes
Variables
R /mm 0.5 0.392 No
SY /MPa —110. 06 —139.91 Yes
USUM /mm 0.677X107° 0.128X10°* Yes
SurfSY /MPa —41.24 —35.48 No
SurfUSUM /mm 0.469X107° 0.104X10°? Yes
SurfUZ /mm —0.406X10? —0.923X10? Yes
Target
DSurfSY1 /MPa —117.39 —139.27 Yes
varabkes B B
DSurfUZ1 /mm —0.212X10°° —0.552X10° Yes
DSurfSY2 /MPa —52.091 —108. 04 Yes
DSurfUZ2 /mm —0.259X10"" —0.235X107° Yes
DSurfSY3 /MPa —15.97 —60.11 Yes
DSurfUZ3 /mm 0.727X107* —0.312X10"* No
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Fig. 5 Influence of laser peak pressure on target variables. (a) Maximum residual compressive stress; (b) the average residual

compressive stress of each surface; (¢) maximum deformation; (d) the average deformation along Z direction of each surface
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Fig. 6 Change of spot radius and center distance with running steps. (a) Spot radius; (b) center distance
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Fig. 9 Optimal solution combinations of surface deformation. (a) Single shot; (b) multipoint
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