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Fig. 1. Geometry diagram of laser irradiating sample.
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Fig. 2. Cross section of sample.

M FH AU 5 7 R v SO 75 ) 1), a5
N RAT DX I i 300 5 b S S e RO S, ] 2, A
T F A0 T 00088 PR e DX 43 0 Y A X 3
S (2 = 2ab, Y = Yab), BRIFA RSP

224201-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 22 (2016) 224201

C RAg, WK PR O s o e
P 7L UL B, A TR X ST R,
P R E W, BL% AR . T X o

BV O AR oo 1]

3
) eyra], @

R CF; O 93 5 3R s e 1 X 4 AR o P AR
5, RN X R % B A AR DX R X3
S HIIBEES, Loy, ARSI L, A IR 4R X
3R A5 W A X g i) 4 75 BEL DL C 3 15 24

*AR : r

2.2 H{ERRKHEALSH

BT ERAK, RAARTZMEGHE K
£ COMSOL Multiphysics 2 37 47 185 5 {g A5 Y f3
RKELREEHRE N5 mm, LX) EE
R 0.5 mm, A7 K A0 IR X 4 2 ST 43
HNxa, =7 mm Ky, = 7 mm, WIKIX K E Ly,
98 mm. AR B[ XK K /N 5 AT D Kk i A
0L B VR 1 % S B R S ), FE AR B v 4 T
B N20 um K 0.02 MHz 0L kb ot 46 8 T &2
G EFM ¢ = 0 mmAib, NEHBER Qo, LI
4% ag, Bk b THET ] to K JIE VR E 1/ 43 5N
0.2 J, 100 pm, 10 ns 5 40 pm. BEAM IS 2%
SR RE .

R OBEWTERME S

Table 1. Material parameters used in numerical calcu-

lations.
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Fig. 3. Normal surface displacements with different source-receiver distances: (a) z = 2 mm; (b) x = 4 mm;

(c) £ =6 mm.
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Fig. 4. Attenuation curves of (a) S and (b) R.
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1.0
| (a) S h =0.3 mm
- - - —-h=0.8 mm
0.8
n
=
=
=
o)
-
<
~
o
)
=
0 L | L | | L | L
0 2 4 6 8 10

40

h =0.3 mm
- - = —h=0.8 mm

DiFiE /arb. units

8 10

90 R ERER B (a) S A (b) R MR

Fig. 9. Spectral amplitude of (a) S and (b) R with different thicknesses of near-surface layer.

B110 (a) 5B 10 (b) 40 5l il R 2 1 R A
0.350.8 mm XM HSERM ML, FFEA]
DU, Bl 3 3R 10 2 1R R, S AT R A 3 Uik
DN, X R T T SR T BB R R AR A
TEARAG A R 1) 26 4F T, M R R b R R
KR E R /N TR BN R R E
(0 A B R S A T SR TH 1 R 2 4y, Rk,
Bl 10 (a) 5 E 10 (b), B B ML & A8 A T 38 1

JZE M, S5 RBIFRIRD, X 5E 8 5K 9
SR TBEE.

N I 7T 3R T Z Lamé 30 AR 1b 3t 75 2%
THD 38 A5 4 e PR I s2 e N G B M B (O
Cyy Oty 5 Cle) 5 Lamé HH (N 5 ) ZIAIMIK R
NCE = Chy = M2u, Cfy = A Cis = p, Al
BEEGMEIN = 7.30+ i*0.23 GPa, u = 3.80+
i*0.11 GPa, . NEIYIRIE.

224201-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 22 (2016) 224201

250

- - - m=60%
(h =0.8 mm)

200

150

U/ Np-m—1

100

50

250
- — - m=60%
(h =0.8 mm)

200
7

£ 150
[=}
Z
<
=

#® 100

50

10 ANFERTE X R (a) S 5 (b) R IR L

Fig. 10. Attenuation curves of (a) S and (b) R with different thicknesses of near-surface layer.
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Propagation characteristics of laser-generated surface
acoustic waves in composite plate with gradient changes
of near-surface viscous moduli*
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Abstract

Taking into account the gradient change of the near-surface viscous property, we develop a finite element model of
laser-generated surface acoustic wave in composite plate. The propagation characteristics of the surface acoustic wave
in the composite plate are studied in detail, and the influences of the near-surface viscous modulus, thickness, and Lamé
constant on the attenuation characteristics of the surface acoustic wave are discussed. In addition, the propagation
characteristics of the surface acoustic wave are verified by the theoretical calculations of the dispersion and attenuation
curves. The results show that the near-surface viscous modulus and thickness are related to the attenuations of the surface
shear wave and the Rayleigh wave, but have no influence on the propagation velocity. Furthermore, the imaginary part
of the Lamé constant p has great influence on the attenuations of the surface shear wave and the Rayleigh wave, whereas
the imaginary part of A has no effect on the attenuation characteristics of the two waves, which indicates that the
attenuation of the surface acoustic wave is related to the near-surface shear viscous modulus. The study gives theoretical
basis for evaluating the near-surface mechanical properties of the composite plates by the laser ultrasound technique.

Besides, it provides a feasible way to study the surface micro-cracks on the composite plates.

Keywords: laser ultrasound, finite element method, near-surface viscous property, attenuation
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