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Fig. 1 Diagram of intelligent identification system for structural damage
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Fig. 2 Data picking platform of intelligent structural damage identification system
and sensor array and damage area layout
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Fig. 3 Flow chart of guided wave database construction
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Fig. 4 Location of damage in the area to be detected

Lamb 5 80 45 56 0 e 8% | T R2 52 B AF AR 1 B ATL R P 25 349 522 o 3 473 TR J31) 38 50 X0 43 493 9 R i) BURR B
7 18 B B — YR SR S A A — 1 (20 B IS 5 5 88 i 2 A5 FEURp 28 I 205 4 43 1 U B Ay ]
TGFRE B U5 20 241 55 75 2K 38 150 5 B8 45 4 450 40 U 0N A8 28 5% 85 4 5 403 ) AR B 0 5 SR AN T ) 5 40 1
SR AR KB < 4y S e O R O 150k H 2, 200k Hz, 250k Hz B3R 3% . 37 20 B0 EE A= A {5 e 1k
35dB.30dB.25dB.20dB . 15dB [ & 87 14 M5 L 28 S 1E S L AT 345 450 X 3 X 5=6750 PHLIL B IR FE A .
TR A I N A 45 DX 5 403 7 L R/ IN A R AT o 2 ) 1 SR G R B I L DRI R e 25
P45 U R A



308 Lo N % (2022 4E) 45 37 4

3.2 REMLREIBHRINS B SHIBENME

A3 9PEF AR N 4mm Smm ., 6mm ., 8mm . 10mm 9 % A7 0 B 55 il 25 #4453 405 500 52 56 57 5 A% e 0 A
UL b LS A L A HURE DG B S 36 4 5 BN FEAS 5 B B X IR A 15 S LB B REAS L B IR
AR 15X 25=375 NI EHEHEA S I0 3 A b O S BUR FE AR 5 2 R e B0 R R, AR 375 X
3X5=5625 ML EIAEA,

25 b A3 IR — 2 LA 8 ALK BB i A R AR R S 0 B AR v AR AR R AT G L A5 B G RO
R T PR IE e il EBCE A~ DXl ) R A X A 4D B30 4l 8 RS2 3 S A0 R A AT A A el BB R AR R ORE A IX
B REAR BEAT RO o P48 U1 il B v 3 Ao A 1R 22 1 R A, AN BT R 0 R A A B LY A8 B 2 S R AR
By 2/3 W), 1 22 M AR 8 THEUE 0 AYMH . MERR SR Zef0E TR 1 M08 . A SCRY Rl & 8ol e 3t
(675045625) X 2/3=8250 PEEA, DL 8 + 1+ 1 Ay H R 43 I 2R 4 L 56 0E 5 A i 46
3.3 HIEmAE

AR R EEASAS ] A 45 48 T i B3 15 5 5 LR A 5 I M — DX R T 403 s S i DA R il RS D
F AR SRy MK B 4003 5 B AR 5 5 T SRR (5 5 22 LU SR U i RRAE 15 5 .

DLEE — G IR 15 5 X8R 4] L 2 B 45 44 32 b 3 0 200k Hz B SBCIRI I L 28 1 14 5 SR A AU LY
P R 5 5 A5 T VE 25 (B 5 () Ji B I F R B 05 0 00 . o A SR 2 AR 2215 5 U HE 5
B B I 54T T A A A 2L AR B AN 5 (b R IPE 205 S B ONZEAE AT 1~20 SRR, | Bfi T R i
[E] 77 51)) o 6 T AE o Ry 1 22 Ak B0 T 52 B0 %) 0 495 52 S dpi o JHE 7 o Sl e e 8L %) 4 A1 e A s e A% J sk A X
TGO E R, ACPE SR B RE KN 0. 15ms, 2R A K JE 5 P58 7375 18 1 AR U6
AR S I I ELA O [ A% 5 L S PRI BE S R 4R B I 85 5 i s B Y . [ B T A AR A5 A
32 o A% 150k Hz, 250k Hz 358030 T (A DGR 2205 5 1 . e 2 B0 T b B A5 21 Y 8 sk 1R 225 5
P B A R 4 B A

Health Number

210k wamagc =

g | —— Difference
Ho
E
2o
g

=] 1 1 1 1 (=

Z0.00 0.03 0.06 0.09 0.12 0.15 o

Time/ms
(a)200kHziz il B 1455 25 AL B B 45 (b)200kHz % il BV 15 205 5 1

B 5 A& b WO B AE TR 15 5 DX A 45 3 B U455 R

Fig.5 Diagram of analog signal of damage in the 15th region under the excitation of each center frequency wave
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Fig. 6 Basic model of convolution neural network for damage detection of plate structure
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Fig. 7 Training results of convolutional neural network
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Fig. 12 The prediction results of the model for experimental data in different quadrants
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An intelligent structural damage identification
method based on Lamb wave

LUO Ying, MAO Yuxin

(National Center for International Research on Structural Health Management of Critical Components, Jiangsu University, Zhenjiang

212013, Jiangsu, China)

Abstract: Conventional damage detection methods based on ultrasonic Lamb wave rely on accurate
physical models, cumbersome signal processing techniques and limited by different imaging
algorithms, which makes it difficult to balance the accuracy and efficiency of damage imaging. Aiming
at the rapid and accurate intelligent damage detection requirements of key structures of high-end
equipment, the method of automatically extracting Lamb wave damage features information based on
the constructed convolution neural network by using the detection platform of piezoelectric excitation
and Scanning Laser Doppler Vibrometer pickup. The area of damage to be detected in the structure is
divided reasonably. and the damage detection is transformed into an image classification task based on
convolution neural network. The database was established according to the change of the location and
size of the damage, and the data enhancement technology is used to expand the database. The
intelligent damage identification model based on convolution neural network is used to establish the
mapping relationship between damage area and LLamb wave signal features, so as to realize the rapid
and intelligent identification of damage. The experimental testing prove that the application of
convolutional neural network to damage recognition based on LLamb waves has potential engineering
application prospects in realizing fast and intelligent damage detection.

Keywords: Lamb wave; convolutional neural network model; data enhancement technology;

structural damage identification; intelligent detection



