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Numerical Simulation of Laser Ultrasonic Surface Wave

Measurement of Residual Stress
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Abstract: The propagation of surface wave which induced by the laser ultrasonic shock processing
was simulated in half-space elastic materials by ABAQUS software. First, the effect of laser shock
processing was equivalent to a modulated Gaussian pulse. To eliminate the undesirable reflections
from boundary edges, the infinite elements were placed along the appropriate edges of the model.
The received waves agree with the Rayleigh surface waves. Secondly, the effective elastic
modulus method was introduced to simulate the initial residual stress in the surface region.
Detection of surface velocity based on ultrasonic time-difference method was introduced. The
numerical value and theory well fit experimental datas, which provid a way of using laser
ultrasonic to measure of the residual stress.
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Fig. 1 ABAQUS finite element model
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Fig. 2 Gaussian pulse
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Fig. 3 The velocity-time curves of node 1,2,3
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Fig. 4 The displacement-time curves of node 1,2,3
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Fig. 5 The velocity-time curves of node 4,5,6
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Fig. 6 The displacement-time curves of node 4,5,6

2 NIirh AR R A

2.1 HEXCEMEERE @A F

N7 7% 2% THT I I T A R I 2 T A BN 1
100 MPaffy )i /3 458028 T4y 2 — B k"™ o8 T
T i b ATE 5 5% A% 07 ) 0T 5 T 2 138 1) R, 3 3k
1B R 1Y) T VR R B AN 18, 5l AME TE )

Bergman A3 .

. 0.87+1.120 | E
Cr = 1+v 20(1 +v) -~ (1)

Kif: E~E(1 - Bo), HEMIPER R, B~

11240.87 +1. 124 u(20+)) “
0.87 +1. 12 ¢ 4 (v py A T IR

FH B s R R B Lame 5 %805 o i B[] 1V )
RTINS
Xt 4% 1 RIS ), Lame 7 %00E N

A= b
(1L +p) (1 =2u) "’
(2)
_E
YTl

X E Dt R s p AR LL.

TE ABAQUS H ' A B fELASE $DL P ot FH 25 03t
PERCER R GBI N T 5, eSS IR A, B o <
o AR E =E(1 - o) I ME R AL

WA AR IR 1.
R1 EPEUEBENNXE

Table 1 The relationship between effective
modulus and stress
)i J3/MPa SERAMEA R/ GPa
0 199.500 0
230 199.414 3
416 199.328 6
691 199.242 5
807 199. 199 3
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Fig. 7 The displacement-time curves of node 1,4
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Fig. 8 The surface wave velocity ratio comparison
of experimental, calculated and theoretic
values
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Table 2 The surface wave velocity ratio error of
calculated and experimental values

¥ 1/ MPa 0 230 461 691 807

R22/% 0 0.005 0.024 0.024 0.022
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