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Mode conversion of laser-excited shear waves interaction
with the side of vertical cracks

FENG Wanwan, JIN Lei, ZHAO Jinfeng, PAN Yongdong
(School of Aerospace Engineering and Applied Mechanics, Tongji University, Shanghai 200092, China)

Abstract: In order to study mode conversion of laser-excited shear waves interaction with the side of vertical cracks, the
laser-generated ultrasound propagating along the horizontal surface and received on the vertical surface was simulated by means of
finite element method. After experiments, the change of displacement signals received by side receiving point at different depths
was analyzed when laser-excited ultrasonic was transmitted to the vertical side. The results show that, when the side receiving
point is within the corresponding depth of the critical angle, the surface wave signal generated by laser-excited surface wave at the
secondary source of the corner appears. When the side receiving point is outside the critical angle, there is a mode transformation
generated by laser-induced shear wave acting on the side of the vertical crack, and a new surface wave is formed. Furthermore,
when the excitation position is fixed, time difference of arrival between both signals increases gradually with the downward
receiving position. The results can promote the detection of vertical cracks by laser ultrasound.
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Fig. 1  Analysis of reflection characteristics of shear wave at oblique inci-

dence to vacuum interface in solid materials
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Fig.2 Finite element model of waves generated on the horizontal surface

and received on the vertical side
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Table 1  Material parameters of aluminum for finite element model

Young modulus/ Poisson’ s density/ specific heat capacity/ thermal conductivity/ thermal expansion bsorntivit
GPa ratio (kg-m™) (J-kg™' =K (W-m™.K™1) coefficient/10 > K absorpuvity
70 0.33 2700 900 160 2.3 0.05

Table 2 Velocity of waves in aluminum material

vg/(km - s7) v,/ (km - s7") vp/ (km - s71)
3.080 6.260 2.910
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Fig.3 Displacement signals at different receiving positions
a—from Opm to 400pm  b—from Opm to 1200pm  c—from 400pm to
4000pm  d—from 6000um to 6800um
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Fig.4 Propagation routes of different displacement signals
a—the propagation route of laser-excited surface waves b—the propagation
route of laser-excited shear waves c—the propagation route of surface waves
generated by comner B d—the propagation route of surface waves generated

by mode conversion

5% T B 708 S A5, 0T st 24
FRNCAL BEAE R OB N, HOGEUR 1 R T R
FORNOR C, HIAE S 808, M43 50 B ¥ LA
ORI Ry AHXTRCS  RBUA WL s MR h 1%
WK, ELA RN R A RESE B 50, 2% 5 a1 B
FRACAE U 2 e Ry, FHXTHE 38, R B9 I&] 3b ) g
I fES, HE R4 A5 5 B35 0 H] Bl A 211
I, BRI AR AR A 4c BiR . LIRS S R B AE
2000 wm i, {55 S ) BRI [E] 292 2. 047 s, 4 i
] 3b LA A B 0 6324. 555 m, I35 H X
T EIEHE S 3089. 670m/'s , RIVXT R 58 I I 7 5 155 Ry
FIRGEIS T 242 2. 774 s , X BL A 3¢ Hp AL R AR B BE
759 8000 wm , I+t XoF 7 11 35 2 Oy 2883. 922m/s,
BT X 7 T 9B P53

RRIEHS 135 & TR R A S 2 5 AR A 4

BRI AT, G5 S HECOR BE AR G RIN F th B A
LSS BN E A ER= o b I LS W IPAN I DEES U TS IR 8
Xt B AR B AR AN 4d B, o 0 D S B RS
Her)de/ N (I SREA ) R A 0 A A R A 48 Y £
BT T RS BD D h (RIS SEIRIE) o W25 A <
he W, BN K AR, (5 S U B C g T
WO K I B R R R R B SR S R AR TR
FERYFRIANE Ry s 25 h > h I US53N T 23806
KHRRPAE BC T S HE AR AR AR X 3 1
Ryo A A A A PR A4 19 e 1T B 15 5 (A L
P 4d) BRI ¢, UAE PR A AU 35 T AR5 (%A
ULEE dc) BIEISELA ¢y, PIAME 5 ROER IR 22 Aty K
ty oty BIFRIRANT -

h-h
= £ + : (2)
v cosf Vg
+h
b, = av (3)
R
h. = atanf (4)

I + tanf 1 ) (5)

by = =1y = a( v v cosf

MG 2 PR A R R S RE, IR 85a (1)
TR, i R A U e i) RS I S 290 30°, 3%
WSSO 13 ] S % S0k [ 14 ] PRy 45,
(4) ACTHER, 100 TrT B 5 H AT 38 A6 2 46 I8 11 e 5 TR 38
h,=3464pm, & 3c 124 h 3 4000 wm , B EF 4% I0R
JECL R T AR AR Y i SR BE 3464 pum, {H IR R LT
A SRR T AE 5, 2B B DR AT RE 2 PR I A EE A
BT SR BE et U R I RE AR/, A B B
B B2 h 4353 2 6000 wm , 6400 um F1 6800 wm
i, 40k 3d s, PO TE S P Ry PeZ M3 1
—HIAE S, B ARIE N Ryo B h = 6000pwm [ 4%
W pE S A0, (5) XTI R BIE I A 22 Ay, =
1.00ws, & 3d sPELULHE 15 5 Ry O BIIKIE] £, ~
3.140us, {55 Ry B EIAHTE] ¢, =4. 152 s, W] & B
228 1. 01 s, 5 BRI I 8] 22 + 0 40T, i — 20 kW]
AE T RO U A R R P T o (HE X
B A KB, AT REIE i T REHE v, %07 ) A
RERE AL , N 2 MO TAR R R T R il , WS e 4=
JIGH) 2 T BE AR

3 EEENERYIER LI IIE

3.1 SSSEMEES
SEGIR AL S 150mm x 50mm x 120mm f) 45 il 3,



FA2E FH4H

VVEVE SO R R I VR R T LSO T 2 491

BN Sa JioR, B b 2 SR v T R T (v) IR
T Cy) o BT Sk 322 A 1T A R, G52 B 2 i s B
BE Sa tBEICs B Sk E Y2y 12, Smm, 7 LA ST
PRl 5 S AL E (v +12.5)mm, $EARER 1 g X
AR SRR E 5 2 B (0, T BB I S A1 2
30°, L& &AL B v 76 30mm,40mm, 50mm
60mm B B i I LR B X Ay B, 036 3 iR, 4
Sk b 5 T 0 T RRC B9 — 2R 9 KT 20 1 0 5, B
PRFRICANIE Sa 7R, By MATH A Omm ~ 55mm , 4 1] ff
Smm SR — R FH . SLEE S R FE A Sb T
TR ARSI PR TSR B 2 AT A O HE R R
% LUFT-1301"" 347 O #8 75 92 3. v ] 2. SMHz
ST P AR S UL, ol T Sk HURE S i 3 1T B 15
ST AN REREC R 4b rhxd B R U EA 1 S, TR IR
THEFESH T,

Fig.5 Experimental diagram of surface waves converted by shear waves

a—text sample b—experimental arrangements

Table 3 Position of laser excitation and signal reception

laser excitation critical angle critical depth probe position

x/mm 0/(°) xtand/ mm y/mm
30 17.3 4.8
40 23.1 10.6

30
50 28.9 16.4
60 34.6 22.1
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Fig. 6 Side reception of surface wave piezoelectric probe corresponding to
laser-excited ultrasonic at different positions
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Fig.7 Side reception of surface wave piezoelectric probe corresponding to

laser-induced transverse wave at critical angle
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Table 4  Experimental calculation of critical angle of aluminum materials

probe position for

laser excitation the first signal Ry critical depth  critical angle
x/mm y/mm 0/(°)
¥/ mm
30 5 17.5 30.2
40 15 27.5 34.5
50 30 42.5 40.4
60 40 52.5 41.2
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