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Research on the spatial filter structure damage scanning

monitoring method based on circular array

Chang Qi,Xu Yong,Zhao Heng

(School of Mechanical and Precision Instrument Engineering, Xi'an University of Technology, Xi'an 710048, China)

Abstract: In this article, a spatial filter structure damage scanning monitoring method based on the annular array is proposed. The

annular piezoelectric sensor array is arranged in the center of the structure to realize the omnidirectional scanning monitoring of the

structure, which eliminates the influence of the blind area and far field on the monitoring effect in the active Lamb wave spatial filter

monitoring method. The circular array consists of four linear arrays with different angles in the diameter direction. Each linear array uses

the active Lamb wave spatial filtering monitoring method to monitor and image the structural damage. The imaging results of each array

are fused by the PCA-wavelet transform to identify the location of damage. Thus, the omnidirectional damage scanning monitoring of the

structure is realized, and the blind area, far-field, and false imaging of single array damage monitoring are eliminated. Then, more

accurate damage monitoring results are obtained. The effectiveness and practicability of the method are verified by experimental research.

Keywords : Lamb wave; spatial filtering; damage scanning monitoring; multi-array imaging fusion

0 8l &

WS ALK AT A AR R A P v A A R 32 52 2 i 28
1, oy tH B By S5 B T NS s, TR IS AT 2o 5 v A T 2R AR
i =k LN PR G S N W gL ik s 44
M+ 4 0 B ARG, 45 R i BE WD W ( structural health
I TR AR, n] Beist & BRI LA PR e A T 28 i
SR A

Yk H 4.2023-06-02 Received Date; 2023-06-02

FEF Bl Lamb I 04 W 75k 2 45 44 il B Wl =
FH T 207k B X0 R B AR R B |
TS RSO i, , T 35 2 ) g0 0 2 A 000 7 v 3 i
ot 225 KA R A B T P AL R 8 R AL | B X P s £
ST RS By, SEBU BT B S A T R £ gk
SEEUGHG G A W, B TSI S X ik R R g T S
ST WF ST RN, Purekar %55 Bt 2 ] 3 U 25 X
S JRAA LRG0 W R T T BRI A SR AT, R AR
P AL RAS B B 3R B Lamb 3R EE(E 5, SEBLR 4545
W T AT R AR A A W, e 4 R i %



222 f# £ ¥

a5k

AT B YEAR SRR BE 51 | 380 o 25 [A) U I 4% O 1 5 B X 48 4
I Qiu A5 AT X B A bRk e (R A 05 2 7, 8 A E
SEF AT B AR IR AR BEA | 7E 2 (] — IR A S % 451 473 A
M, Ren %5 R FZS UG8 %, LB TR e B &
WARREAR A5 L 2245005 UG e A, e 26 5 o 235 R 1 1
FETE 21 mm ZEAT [l S L R v 1 43 2 Dl I
SR 12 (BB 8 X0 12 A0 A R 47 7 6 F A8 i PP A i o A
FRITOF BN SR S0 TE 1% 07 Bk A 850k 5 58 P, X103
AR L SRR T A8 7, R R P 2% - Y B0 T
PO T WD, R 2 fedy B A iy 3k SIE I A5
Wi JO7 175 5 DA Sl 2810 51 25 e 50 3 1y 2t 46 388 ot S 38 A 9 500
WE TIZJ7 U6 0 St RS Fi v . ol 607 SR 245 1) o
PR =G G A WA Bt k4T 1 8 AL o, il
Tk 8 ) 9 0 X5 A A 5 W T 85 R B 5 R AT 2 7, 1R 25 3K
F) 1 cm LA, Mohammad 251 42 1 —Fb 3 By B2 i 24
25, 53 TR S I TR e R) 2 38 7S () I ¢ A
Vi) 2 B 45 7 1), B P A5 0 8 3 S B B Ak T s ) 9
R8N T S S R A T #8403 %8 17, Lakshmi' ™ 2 Hy —
23 (IR A% S AR 4 A BB 15 5 A 35 1 ot
ZRKRA AN RFEG I

DL BT o3 (a8 U 25 R B ) 3 Lamb I W I 75 vk
TSR LALRBE  WE58 X 52, — B 2k W A i A 45 4 —
] WA 5 R A7 380 W DX RIS 0 S e, A AR
FeT EZ) Lamb 3 25 [R10E I 4% 75 16 00 1500 48021 42 v il
13 WK B, i o A 00 DX Rz 3 8 5 T, AR SCHR Y
T BT IR R 5 1) 245 () g0 0 s 4 A I v 3 sk
S5 R AT B IR RS, AR T 1) (8 2 B SR 25 ) U
WM 03 AT 41 M 0 AR, DT S 45 44 4
Dy A A I, A 2R P 1 R 25 Rl i PCA -/
PG T S RS, B T R A 0% 45 4 ) 25 2R
e, I SEIR AT IR T %07 VR B A R E R S M

1 ETIREEES R = BRI 2R 3 a7
ERR

1.1 EZh Lamb i 5 88K 2545 {5 MU /R 3

TEEZ) Lamb P #9458 07 5 00 75 3 v, T R A At A
W5 B HES T3 XA T30 — 12 188 SR G AR S5 AL R
Lamb ¢, FA T H A2 S5 HEAT R HE R, 24 Lamb P 7E
LR AR B RO , 23 KA R RO B 4
Vb AT LIE AR —A IR HA PZT RS A 115
SR IR S

WP 1 Ca) s 76 W X3 A 8 N e R R e
LA TR R 81, L R 0 D AR AR st AR T 1 X el
HESTELAARAR AR o 5105 5 ZR BRI AR R 90° I B B B i
() PR,

Ji 1A

LRI F
() EEH T L&FENGT

(a) Incident perpendicular to the linear array

<

e

N \\ o
]
’ / N \\\ \\\
AN
° \
0 X
° m

Ltk R A o

(b) fESERA NG

(b) Signal incident at any angle

1 2SR R R
Fig. 1 Spatial filter diagram

(1) = Z}f(x,,,t) (1)
A g (o) HERIRNAE S f(x, ,0) JEARN «, BRI
FEINIES, N LR PZT 95

PRI TC 72 95 1T K0 Lamb 3 1% A5 5 WAL 4K 7 1), Ry
SEERAS A AR S A B, BT LA G A (R S DA
TSI LR I 1 AT A B R ROLIE A, S I L 2 o
TR 5 TR A 90° DL EE A, Wi 1(b) Fias, Ik
A B AR T REF 5 = (2) B,

§(1,6) = Zf(x,,,z) £ (x,) (2)
S g (,0) WHITBMIE S0 e . i
Bt WA, « R BBUEL b (v, ) LR
AT b2 T B A T B, Tk (3) B

x cos( 0
¢<x,t,e>=g(t— wcos ))

v
K v R Lamb JAEREHEE, o(¢) HRAIES .
1.2 ZERKB[OBRGRGTTE

1) Z5 [ R g S AL

T 2 T 0 OB A8 45 P 40 40 A I B 9 o, s HL B
G 2 R — 4L P, Ay A& 2 B o i L1 IR

(3)




%1 W

SR S BV AR R b3 S e S VERE LR 4RI DI REN bl 223

A AELTR] IR A7 AR AN A < T2 (DD A R AL 0 e £ JEE )
90° 75 T ({43 A e SR, 0475 02 T A% ke e ¥ 51 il 1 B a0
FEAT 0°5 180° I , 2R JH 23 (I UE I 5 VLG s 5 37 45 SRR 22
BOR 3k — X HUE T 00 H X, B b 2R A 23 18] 38 3
Jridk A5 R 45 R 2 7 A LA S 4 27 il o kA — A4
MEME O, PRI — A B AR SR 5%, 0 TR T 45 4
eI STRE S AN

@ PZT

XXX FERE X

A

VAY; e
R g

100 cm

100 cm

2 YR BN A

Fig.2  One-dimensional linear array layout diagram
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Fig.3 Circular PZT array layout and damage

simulation diagram
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Fig. 4 Wave velocity distribution probability diagram
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Fig.5 Structural damage scanning monitoring flow chart

based on circular array
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Fig. 6 Structural damage monitoring experimental system
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