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Nonlinear features of Lamb wave based on approximate phase velocity matching
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Abstract: The choice of primary Lamb wave mode and the determination of excitation conditions play important roles in the nonlinear
Lamb wave technology. The excitation window of the second-harmonic Lamb wave is defined by accumulation distance when the phase
velocity is approximate matching. The strictness of the primary Lamb wave excitation condition is discussed. The excitation efficiency of
the second-harmonic Lamb wave is evaluated by the amplitude of surface displacement. The influence of phase velocity approximate
matching on the excitation efficiency as well as the excitation efficiency of different modes of Lamb wave is discussed. The theoretical
results show that, within the accumulation distance, the increase of the propagation distance could improve the excitation efficiency of the
second harmonic. But, the harmonic generation conditions are more strictly. A certain degree of phase velocity approximate matching will
improve the excitation efficiency of second-harmonic Lamb wave. For different primary wave modes, the excitation efficiency and the
strictness of the excitation condition of second-harmonic Lamb wave are different. The excitation window and the relative nonlinear
coefficient of the longitudinal S,/S, mode at 90 and 150 mm propagation distance, as well as of longitudinal S,/S, and S,/S, mode at 150
mm propagation distance, are measured and compared. The measurement results are consistent with the theoretical analysis. In this
article, the nonlinear effect of the Lamb wave in the case of approximate matching of phase velocity is discussed, which provides the
analysis method and basis for the practical application of the Lamb wave.
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Fig. 1  Excitation windows of the second-harmonic wave
of different type primary Lamb wave mode in the aluminum

plate ( minimum accumulation distance z,;, =220)

M T AT RIE R — e /MR T, AN [
AP BT RN AL, ik o R A s, AT A
TSI R P, B0 475 80 T B4 930 4 91 i B 80 A ) R e 2
TR, WO B AR RN A UK B, AR R
R /INARY B 858 2 DA S — s 5 i /N B SR B8 D T 4 19
FE A R GE N Tz DRI R O WA 13T
AR IR Lamb 07 4 “ IS BA ML 8 1, &
PR [l re /N R R, 5 X e 7 1 A9 AR R R
N o WORT TR/ P 2 T LB O 1 S
i BEAE 2, b o 1 58 B2 1) LU A I s 1 R BRAR
PRI A0, 7 1 e BE A PO 7R 1 AR 3 B2 A A 3
oL, SRR/ NRREE 2, MR BEITE 7L
BN Lamb R3O B 11 5 B AN s BE B 2,
MRS B, 20 aniEl 2 (a) L (b) B

08 —— S /S R
——HBAS /S B
osl —— YA /S B
e —v—3 HHS /S A
= ——3% SRS /S BN
% 041
jmg
=
0.2

0 200 400 600 800 1000
BANRRHEE 2/d

(a) BB
(a) Width



266 % # N R ¥ W

43

be e GBS /S AT
—o S /S BT
061 —a— YIRS /S BN
= —— RS /S MR
g o AT /S R
% 04f
o
=
"l \\._;
0 200 400 600 800 1000
BARRER z/d
(b) H
(b) Height

P2 AR Lamb 309 — UORHHUL 3 171 528
R0 el o /N SR B 9 A2 AT 0
Fig.2 Variation of the excitation window width and
window height of second-harmonic wave excited by different
primary Lamb wave mode with minimum accumulation

distance z;,

PN 11 G 15 1 B LU B 2 2R T LA Y B di /)
FRER RS B, e v g Az /) L BIEE M Lamb 3%
B AP LR GE AR /)N A S B I /DN SR B
R 07 R BR U I 119 TR 00 25 g A T R PR A
il SRR, AL S, /S, BN B B 0 s T
IS, /S, BRI E 2R A (An g
PR I8 ) | B AR A 0 1) 7 1135 R T Bk
AR M, X8 PR A RAEAT /MR B B R
7, AR ERNR R E R TIARE, RI, e —
FREHES , UGB B FVR R/ RS 2R, i)
DA B MR A SR T #2000 Lamb A HRHE

ZE BRI, X T AR A A Lamb 3, HARER U
W B8 7 X PR SR AP TR A 28 S, U BT D
B U, BV B0 Lamb 35 768K 15 Bl N 22 1L,
Amr =R R ZUGR I CR T F/INE ZUaE,
T TP A P A S Lamb I AY AR SR E 25 A
FHAPE HE HL e BE 28 HEAT Lamb I 038 % 55 $2 Ui, A
JEE Rt o DO 2 70 kg AR B TEE 40K 090 2 o, T A S PR
S T SR R B R I AR A

3 Lamb i ZRIEBEE A ELILE

TEREREL Y P AR A (5) X TR IR
U A B SRl AR TR BCR S, @ sy
Prig it SR 2 i ST LUy, R A
R 7 DG T B 3R U U A (o B et (A O

TEFE— A B R 26T RO 80 AN K
TERE A 37 5 W (L 2 il AT FICREE B8 R A2 B 8 ) 22 A T ek

AR ORI S, /S, AT, H T I 4 4 RS R e
(HRTEA w; /d , BIIRAT B AL T30 & = d Ab) BEATHORR
BE (491 -0.7% . ~0.5% . —0. 1% 0% .0. 1% .0.5% .
0.7% ) MASAEAE AN & 3 i, HHIE 3 Al LR H, 2440
AT AT BC B, 76 A R HCIR S T Lamb 35 4% 6 A 5]
PR P A 1 U O A B AR S R R KN R
HATE]

VS ek 5]

0 50 100 150 200
A BB/ d

B3 [l Lamb U 7E AR AR ECRR LR B0 T,
Lamb {5 U (149 2 11 5 A2 4R B

Fig.3 Displacement amplitude of the secondary wave whose

primary wave is with the same mode in different

dispersion degree

g HEE ) — UL A3 Lamb {7 AH 380 RE 3T ULV L 155
BB 77 AR B U R TS AR IR R/, LR AR (ARG
SR 1 IR ) B S, S, B ] T
PRI 09 220 mm B U BRI L R IR IR, 4 4 B
N P4 P[] 2 i O O B T AN kR AT
JI7 , LA BT BE M DL TEE £, A IE = Fbnichb . AAIET 4
HRT LA FESOR B 1T ORI 14 57 A% I 1 i A 5
PRI R BT B AR A R 5, O HLAE A% IR 1R 1
(ELRL IR HH BUAE T A% DL JC s AL T2 AR AU AR R T 4%
DUPC AR B R — A E ST DIV RE A B Ak, BTSSRk
W, AT Lamb 54505 AR ) A2 A0 22 5 80— U U 3L
ARYRIR A AR A, 518 T AT AAVE FE BO I A — Ui
W CR A R LR PP AS TR BE B4 Lamb 3
BRI N o T80 N BT B8 734 T LA Y, A
AR 25 SR, REAS A — E T B4 i — U I A AL
Aol R SRR A 2

®1 HERHESH

Table 1 Aluminum plate material parameters
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