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Abstract: Based on the basic principle of the interaction between Lamb waves of different modes and
cracks originating from a through-hole, the current work focused on the precise detection of time-of-
flight (ToF) for Lamb wave packets of different modes, and implements the Lamb wave localization and
imaging of cracks originating from a through-hole by fusing Radon transform with taking the crack

originating from the hole in an isotropic plate as the research object. Firstly, a broadband chirp signal
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was used to excite the sparse sensor array for the generation of Lamb waves, and the scattering signals

of through-hole were obtained as the baseline signals, where the scattering ones of the crack originating

from the hole were collected as monitoring signals. Secondly, the chirp response signals were filtered

and the center frequency and modulation cycle number of the corresponding narrowband responses of

tone burst were optimized. Then, the Radon transform was performed on the baseline singles of tone

burst response to obtain the optimized group velocity and offset time, and the ToF of Lamb wave packet

was calculated. Finally, the elliptical imaging algorithm was used to locate and image the crack

originating from the hole, and the imaging results were compared with those by the nominal group

velocity method. The results showed that the ToF of Lamb wave packet can be accurately calculated

with the fusion of Radon transform, which improved the detection capability of different modal Lamb

waves for the defects of crack originating from the hole.

Keywords: Radon transform; cracks; Lamb wave; localization and imaging algorithm; time-of-flight

B 4 R 4 ELA M BRE/IN . TR L PO b
PERR R G R R AR S O, RS AR
BRAEMAN . SR T A ESg 22 m i,
fiias TS, T E AR FEHLE P FLE
SR, MRS RESEe N E, H
Z LIRS PRI 2 4 . E0FL A AL AR
S 2 45 R e SR 1 ) B b R, R SE AR A
(1R RS = e e s s, H e 2 4L ih
2774 . Lamb U R UEAT (G 4G BE B9 | R0 5
LS, WO TR R T U I R 4
e ™

W ZB AN, T LUK 55 24 8053 o
TSR WIS Y 4 A 1 % B A6 5 22 A 3R A
I, H 3= A I 1T R e (s, B
HERWT 2 B, SETRRIE AR, R
NS NTHIA R ST QR TK % 78 RN ]
P, [ A EF AR YE Lamb 35 1 TR
35 2L BRI . Shen 455 i) LA W i i
NRSH R A AR P BRCAE AL, BF5E T Lamb
T I 0%, 55 480 K 9 I 2 4 S A 2 A i BT
A7 K Lamb 3 So 858 24 5 40 R 30 0 I 45
75k, HEATAA BROTOF ML AT S, ST X
OB S 5 7 L% o Aslam 2™ 2 f I i 14 6
f¥) Lamb JIRSIEE A, 5030 T AR b e s iy Ak 2%
H Lamb 358 QOGN . E 2 4 399 5% 2 2k —
BRI R RO, AR LA Lamb i gk
ARG SR R L FIARL ] pAY A2 2 3 e 2
Lamb 3% K 1 42 J& 25 # b 9 22 Mt g™, % 0%
Lamb % 5 2 WAL (9 VE FAHLIE, Liu 2" 514

= BRICE AL, BF5Y T Lamb 3% A BEASFESL
IO B B IR R AR A T R RS
Wt —Fl g . ERERG LR REREN
Jrik, SEELT XL Tr AR B e A
Barski 21 it T R 2k M fe R W N B g,
BUERLL A LI I B HE T2 R EARE, &
BT X} S 8% HUTE Bl B Bz R N R 24 4% KR Y Ak
o EERERHZE Lamb P45 A 00 25 M8 05 58 157 5
J8A%, Luo 251 SR FH—Fi 5L T 05 5 8 B2 A 151 58
BENAR L, SCEL T XA b A 6 A v
fiF o Rt U 5 T B 5106 [P A A i
IRy 5 08 420 I b 8 WIS 1 5 VR ol DA A A
FRE T — R ELE KRR A ST E R
5 U SR A PRI T Bk, SEER T X B U
B B BB R R . et i SR MG 19 A i
AR FE AR AR ABGS A TCI A T, 42
BT 0 R AR AN AR TR Xia 1Y S i
H B 1] 52 i Lamb i 55 HE 5 451 497 S AG RN 152 22 A7 %
GAEMGE S, ST T XM oL B B A AL
BB 0 5 57 A

RWFSR 2 AF SL I EE A T R AR Lamb XA
() 24 70 e 5 (%) T b0 A I [) R8T, gl ST s 5K B vy
(S AR fR R I T 75, YRR A IBOAS [R) B AS Lamb
) I A AT IS ) 6T 4 Ja AR 285 4 L 32 SR S0 ) i Aor
RS A B B . AR SCUL 4 B IR 454
LI HBER A AR RT S, AR RBIA Lamb 371
WA AT I ] (time-of-flight, ToF) £ Ak ] S 4k,
Radon ZZ#F- [ A AR (B[R] A8, 42 H T Rl Radon 2%
e ) FLIN B Lamb B8 AL 58074k, Bk, Ml



154 o B TR 2 2 R

H SE 4 chirpfi 54 & Lamb 7, R&EEfLAFLiA
AR SE LI ey WS 5, 453 chirp W N 5
B HR, T HEE Lamb B, UIbIEHCEHE
AL R IR IR B A S %) R R A o B
XF chirp Wi {5 5 HEA T8 I AR B, 4 3 o5 A bk e
Ml A 5 o SRS, X U8 UE S Y 3E LW A AR
Radon ZZ 4, W5 Hff AR O o B2 R RS e (] o 4245
THEA A RAT R[], ol R AN (B0 2 57 B A5 B 1k X
LI RGeS . &5, K flA Radon
AR A5 2 (A LA B RN e B AR 25 R 5 1 44 X
BE N B 25 AT X R, PR BB A
ST AR E NG EE A R m 4R Tt

1 FEEMERFPE Lamb i

Lamb {72 1] [A] VA 04 12 6 T LAR I 52
A bR B X L AT SR, BT s R AT
Wik o RBAEH R R AR R A — K J7 1 JGFR
R BN A H A [ EAR, dniEl 1B
N o A H MR R TR R AT B R A s DAL
xy il Lamb 2 9L HET7 100, o B 0 AR 58 7 1
Bl by M VR 5 1) LR BT o B, A% 1] [ PE AR
TE x3 175 16 B VRl 2d. RS 25 A T A 4k
LR, AT LK Lamb e A5 18] [F] PR AR
e P R 2R SR AT B AT A0 T ik

X3

1 BEEMERE SRR E

Fig.1 Schematic diagram of the space coordinate in isotropic

plate
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