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Numerical study of solid-solid interface wave properties and
its relation with interface bonding conditions

JU Haonan, HU Wenxiang
(Institute of Acoustics, Tongji University, Shanghai 200092, China)

Abstract: According to the boundary conditions of spring model for the interface between two solid materials, the in-
tegral representations of solutions are obtained by applying the Fourier transform to the wave equations. The dispersion
and attenuation characteristics of the interface wave are analyzed theoretically and calculated numerically for two solid
materials with similar shear wave velocity. The results show that when the tangential stiffness gradually changes from the
slip boundary to the perfect boundary, the dispersion characteristics of the interface wave change accordingly. On this
basis, the transient interface wave signals excited by a linear laser pulse source under different interface bonding condi-
tions are further calculated. The signal characteristics and propagation characteristics of the interface waves under dif-
ferent interface bonding conditions can be more intuitively observed, including dispersion characteristics and amplitude
variation. These results provide theoretical basis and means of detection and characterization for further quantitative and
qualitative ultrasonic detection and evaluation based on interfacial wave propagation characteristics.

Key words: weak bonding; interface wave; dispersion characteristics

0 5 5

BUR TR, s 45 M b R R 2 Hi R FH 9
BRRS ITE EARTE Tz A, AR T
REANE, AT, BOTERR, KA

I #S BHA: 2020-10-20; &[5 HEA: 2020-12-03

EemB: EFARRFEES11774260)F BT A .

EZ BN WRT199%6—), T, WA A, BLRAe, HRirmA
TS ARG o

BIE1ES: 3, E-mail: wxhu@tongji.edu.cn

T (PR B o] R B 2, 3 TT R 1 4% (1) T 5 4k
IR SEU™E G R, KHIDOR, RS2 5 R
WORG B0 55 S VP — B e I - [ 5 A%
& LI B B R PR AE S P A, SRR, Rl
T SRR B F T e Ve 2 7 A2 BH R 5
I G TRT 7 92 A 0 G (7] - 3 57 T RS 42 i BE 1 I 41
W ANPEAN

S TR A VR R B Claus 46
7E 1979 FEH . HAF R Tl F3 (Stoneley) 7
THT B 0 S T 2% A W P AR o A 38 S sk el g e ik
AT RERES P2 A PR R TR 20 T, R BIURELRE B2 1Y)



10 B

HoOR 2021 4F

HRAL Stoneley St I IRIG K, %45 K FURE
Stoneley 5 [HI ¢ ) ok S5 PR AL S ITRG #5011
W 710 LS, Rokhlin S5 328 5 5 i i e 48
A5 375 5 430 2R R A PR 48 38 2 AE I 4 ST 3R A ik
PR BE () ARAY, DA Jis 48 7] T Ak S AR AR )
T g A S B 1991 4F, Rokhlin 45
B 0 [ 7 TR R e 22 o) REAT BRAR 43T, Akl 4
B R FE e /INT PP, AT DLk 2 1 R
FpT &, W B DAVE A 336 30 I R A K, AN e s
L RH K, RS B AT R S A, RAE T THIKG
BRI, ASCUAE NFEAETHE T Stoneley ATHURF
PE KBRS BE K AL . 2018 4, Li &
T T ZER S R TR, S B T
TR 5 SO B B AT LU, AR 31 TR 4
S UE T 2 2R I AR

PR 7% 8] ST o B A, — A
FAAN GG B PR Bkl 4R R H 3 1) (Rayleigh) i - 57
THI 3 -Hti K (Rayleigh) 8 77 St > o i 24 3o —p
PR AE BT RS AT DUR A 2207 VR AT Rl .
FECIHETL T AR -17 B WL O R 35 R 42 BT
AR RRFAE, X A7AE A Tt 7 i Jp A It e i 41 i3
1T THHIE, JER OGRS LI B TR I e
WE, A - [ ST v O  R O Rayleigh U
-Stoneley ¥ 3K 7720, Valier-Brasier 25 % Tk
R A Wb R A8 RFEM BB R, BESE T
GHz. ps(SF) ot 7 far il 75 sCAE AN [7) 954 42
T S5 TR 0 ST A S R R, S ARAE Y
Stoneley AR AL HIBGHEAT THFFL. 45REIR,
ST 28 7Y Ko FLATBAURT 3 9 P o 5 PR Rl b RS 2
J G BB . ARSCHE pus(TFD) REEWE 5T
T BRI (A SR T, S R ST
HHEAF, BT AL, FikESE
S, SR T S R A R

Tl b PR A g R A AT ) A A R ()R 4
P B R i () 77 e AR SC LA A B T R .
BT () S SR, AR AR M T
ITER AT, TR SN S e SRR 1 R K
MORUR 75 ) I BUE T AT . AR ST i BTt X i)
] - ] 3 T 90 AT 5 R 38 EL A T i, B
W kO GE S B R A T R BOR S, R
WOCT VARSI ' 5 £ T 5 T BB I 57 [TV o
XoF B 3 - [T A A ) 2L 5k 2 A T %) 7 T O e
J RS M 20 R AL B IR, 1%
FHBE LT, B H S SRR T 2 A 28 53
ANF T DAESCER IS5 3, HAS [FPRE B 2610 T B 51
PRSI A R ER . BEE- N RSB T

P9 2 RO FE A AT 4 Ak, HE I iR
JE EE OIS LIS AR I 46 IE .

1 i

1 Dy A L 22 T e BSG  [- T 12 54
FENLHNE 1 B A AR AR

\
1 [E-FEDRG S AL b 2
Fig.1 Coordinate system of the solid-solid bonding interface.
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Table 1 Material parameters

- HE WP BEICHERE BRI
) plkgm?®)  ¢/(mst) ¢ /(msT) ¢, (m-s™)
G 7 800 6 100 3300 3057
EE 2700 5570 3370 3077

w2 6XFEMERGYIRSEENERY K E
Table 2 The tangential spring stiffness coefficient K, under
six different interface bonding conditions

REK K/ | REK K/ | REK 0 K/
Bk Pam) | BEM Pam!) | BEMF (Pam))
T1 0 T3 104 T5 1016
T2 1013 T4 1015 T6 0
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Fig.3 The dispersion curves of Stoneley wave for different
glass-steel weak bonding interface

3 BESETER &I

Xt k4 S T — DR 2% 1 98l (O ik
M, ﬁﬁ[‘ﬂﬁ?ﬁ?ﬂjf(t):(—t/rz)exp (~t/7), WSHL
=10ns . K 1% Wl I AE AN K (6), KAE
A Co By D, 4 NB%, XL FIA s
AT YR B AR, BVRTAS 2 BB F AL AR I
IF T 2 [ S AR AR 7 i 3o SR PR e B -2 4
(Fast Fourier Transform, FFT)HA 0] HUE 5 bk
VORI S I 7

B 4 gyt 1 JURAS RS SE A6 A T Dm0 5 i
kRO (K PR R AR T

& 4(a)Jy F 1 56 B R BRI ST BB SR
Stoneley % i B KT ABMERL, RS AT
WLZR 2 FE ORI Stoneley ¥, IR K #1655,
M2 TU R %S, Stoneley Y¢S H G5
i, WORA 3265 mes . [ 4(b) N FHEIE B R HRIN
) Stoneley ¢, LN K, i T 0, ATV S,
Stoneley ARSEL HLICZ N, PIHE N 3 061 m-s's
X PR DL T R B 5 AR 2R PR T S A AR —
o & 4(c)E A ESR T N T4 K, =10" Pa'm’!
B () SRR BE A (S 55, Stoneley A B 2 B AT AL
R, RPN R R, RO R R, BT
FERFRARAE R R ). 1] 4(d) AN IR 99 R4 2%
PN BCEEES A 30 mm AL ST BES (S S, AT

35

30 —
25 -

20
15 r
10—
5_———J
(_
0 2

R E/mm

0

4 6 8 10 12 14 16 18
B 8] /ps

(a) SEMFRGEE, FRIEBEHEN 3 265 m:s™!

35
30
g 25
5
iﬂi 15
10
sl
0
0 2 4 6 8 10 12 14 16 18
B 8] /ps
(b) WA, FLIPEA 3 061 mes?!
35
30 w
g 25 WV
S 1
o
ng "
=L +
et 10 1ﬁ
T
0
0 2 4 6 8 10 12 14 16 18
B 8] /ps
(c) T4 F1H %14 K, =10 Pa-m’!
B T6 < ‘
5~ f
doe T 4
£ 10" 3 > S
<
& ~Sa
=< 10" — &7
e T2 ~y
10" 4
T1 ~y r
0
0 2 4 6 8 10 12 14 16 18
B 8] /ps
(d) 30 mm AbF5H

B4 S-S won 2

Fig.4 Transient waveform at glass-steel interface
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