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Fig. 1 Dispersion curves for Lamb waves in a 1 mm thick aluminum plate
0.5r,; 0.5 :
I&-‘ Tiva 1 iva !
 oa maitin | it on ]
Z oaH E o1 l
~2 1 ~2
@ -0.11 = 0.1 ;
= X !
034 03 wmeos)| w6
03 0 i 03 0 '1
IH—AL R IH—AL At
(a) A, B (b) S, B
2 300 kHz  Lamb
Fig.2 Displacement distributions of Lamb wave modes at 300 kHz
Lamb
3) 0~1.565MHz A,
S
4) 1(b) 300 kHz S, A ( Cg)
5.42m/ms  2.63 m/ms S, A,
Ay So
2
Lamb . Lamb
. Lamb
2.1
3 N HP33120A.
Ultra2020 . TDS3032B. 1 mm 1 000 mm
800 mm. 3 Lamb
. PZT I1lmm 0.4 mm (300 200) .(400
300) (500 200)3 502



e F— 8 | x
B
=
| stk o — Uik ss | o5 (400,300)
SRR WU # (300200015 (500,200
MEaR i BEaR A y HREH (400,60)
l 0 - * %A
3 4
Fig.3 Experimental setup with bonded Fig.4 The location of the piezoelectric wafers and the
piezoelectric ceramic wafers defect in the aluminum plate
Lamb Lamb
Hanning 10
" 100 mV.
2.2
3 Lamb
300 kHz . (300
200)
(400 300) 5( a)
40  Daubechies
15
5(b) 5( a)
20 201
= 10 = 10
5 N
X X .
;O mE _ {Ei@. 2
E-10 E-10 Wkl 4
) 40 80 120 160 2% 40 80 120 160
t/us t/us
(a) JF AR5 5 (by &/ ISR BINE S
5
Fig.5 Received signal in the defectHree aluminum plate
5(b) 300 kHz 0 ~160 s
4 . 1 26.3 s 141. 4 mm
141.4/26.3 =5.38 m/ms S, 5.42 m/ms
S, . 2 2 A, ; 3
A S, ; 4 B S, . 5(b
1 So 33.4mV 2 A 4.9
mV S, A, 6.8 300 kHz



30 2011
2.3
(400 60) . 300
kHz (400 300) (500 200)
Smm 10 mm 1 mm .
6 300 kHz 0 ~120 ps
4 6
7
15 15 15
E 5 E 5 £ 5
i i , i
=l || A g | w2 was 2 T\ ww 2 w@s
_15 1 | | _15 1 1 ] _15 1 1 ]
30 60 90 120 30 60 90 120 30 60 90 120
t/us t/us t/us
() BREFEAE 5 mm (b) K AL 6 mm () BREFEAE 7 mm
15 15 15
c ks 4 .» Yt 4 ; et 4
we B we e |
% s - \ z sl N % s - \
= s =
B L B oo B Y
I Wt 2 it 3 o B2 e 3 I W2 yd 3
_15 1 | | _15 1 1 ] _15 | 1 ]
30 60 90 120 30 60 90 120 30 60 90 120
t/us t/us t/ns
(d) BRF EAR 8 mm () BRFH B AT 9 mm (f) BRI B AR 10 mm
6
Fig.6 Received signals in the aluminum plate with different sizes of the defect
30 3
- =
£ £2
i e
= =
056 7 3 10 5—% 7 s 9 1o
BREFGEAR d/ mm R EAE d/ mm B EAR d/ mm
(a) PEL 1 (b) P12 () WA 3
7
Fig.7 The relation curves between the amplitudes of received signals and the defect diameter
6 1 2 S,
Ao 7(a)  (b)
S Ay
Lamb 6
. 6 3
S
7( c) Lamb S,
4 A So



10

11

12

13
14

15

Lamb 300 kHz

Lamb Lamb

ALLEYNE D N CAWLEY P. The interaction of Lamb waves with defects J . IEEE Transactions on Ultrasonics
Ferroelectrics and Frequency Control 1992 39(3) : 381-397.
SIMONETTI F. Lamb wave propagation in elastic plates coated with viscoelastic materials J . Journal of Acoustical Society of
America 2004 115(5): 2041-2053.
YE Lu LIN Ye ZHONG Qingsu et al. Quantitative assessment of through-thickness crack size based on Lamb wave
scattering in aluminium plates J . NDT&E International 2008 41: 59-68.
CASTAINGS M HOSTEN B. Lamb and SH waves generated and detected by air-coupled ultrasonic transducers in composite
material plates ] . NDT&E International 2001 34: 249-258.

J. 2007 43(6): 99404.
HE CunHu HUAI Baoding DU Ting et al. Method monitoring fixed liquid level of large tanks using Lamb waves J .
Chinese Journal of Mechanical Engineering 2007 43(6): 99-404. (in Chinese)

Lamb J. 2007 20(3): 291-296.
YAN Gang ZHOU Li. Damage identification for platedike structure using genetic algorithms and scattered Lamb waves J .
Journal of Vibration Engineering 2007 20(3) : 291-296. ( in Chinese)
Lamb J. 2008 30(3): 349-352.
XIE Wei-hua TANG Jun ZHANG Bo-ming et al. Technical research on active detection and monitoring of damage in
metallic plate based on Lamb wave J . Piezoelectrics & Acoustooptics 2008 30(3) : 349-352. (in Chinese)
Lamb J. 2006 27(5): 957962 777.
PENG Ge YUAN Shen-fang. Optimization for collecation of sensors in active Lamb wave-based monitoring J . Acta
Aeronautica et Astronautica Sinica 2006 27(5): 957-962 777. (in Chinese)
I 2005 18(2): 215-220.

ZHANG Feng WANG Cheng. Piezoelectric wafer model and its application in structural health monitoring J . Chinese
Journal of Sensors and Actuators 2005 18(2): 215-220. ( in Chinese)
XU Buli GIURGIUTIU V. Single mode tuning effects on Lamb wave time reversal with piezoelectric wafer active sensors for
structural health monitoring J . Journal of Nondestructive Evaluation 2007 26(2/3/4): 123434.
GIURGIUTIU V= CUC A. Embedded non-destructive evaluation for structural health monitoring damage detection and
failure prevention J . Shock and Vibration Digest 2005 37(2): 83405.
HAY T R ROYER R L. GAO Huidong et al. A comparison of embedded sensor Lamb wave ultrasonic tomography
approaches for material loss detection J . Smart Materials and Structures 2006 16: 946-951.
ROSE J L. Ultrasonic waves in solid media M . Cambridge UK: Cambridge University Press 1999.

I 2006 32(8): 699-
703.
LIU Zeng-hua WU Bin LI Long-ao et al. Experimental study on signal choice for ultrasonic guided wave inspection in
pipes J . Journal of Beijing University of Technology 2006 32(8): 699-703. (in Chinese)

J. 2008 44(7): 118422.
HE CunHu LIU Su LIU Zeng-hua et al. Application of wavelet denoise in defect inspection of steel strands J . Chinese



32 2011

Journal of Mechanical Engineering 2008 44(7): 118422. ( in Chinese)

16 . Lamb J. 2004 19(2): 211-216.
ZHOU Wandin WANG Xin-wei. Lamb wave theory and experimental study on impact damage in laminated plate J .
Journal of Experimental Mechanics 2004 19(2): 211-216. ( in Chinese)

Experimental Research on Hole-ike Defect Detection in
Plate Based on Ultrasonic Guided Waves Technique

LIU Zeng-hua ZHAO Jichen WU Bin HE Cun-u
( College of Mechanical Engineering and Applied Electronics Technology
Beijing University of Technology Beijing 100124 China)

Abstract: To achieve active health monitoring of platedike objects piezoelectric ceramic wafers bonded in the
structures are applied for excitation and reception of guided wave modes and proper modes are optimized for
identification and evaluation of the defects. According to the theoretical prediction compared with A, mode S,
mode in a low frequency range with dominant in-plane displacement and low dispersion is suitable for defect
detection in the aluminum plate. The piezoelectric ceramic wafers 11 mm in diameter and 0.4 mm in thickness
are used for excitation and reception of S, mode at 300 kHz which is suitable for defect detection in aluminum
plates with a thickness of 1 mm. Based on the experimental results an artificial holedike defect is machined in
the plate for verifying the ability of defect detection using S, mode and the effect of the defect diameter on the
amplitudes of received guided wave signals is further analyzed. Experimental results show that Lamb wave modes
can be applied for defect detection in the aluminum plate using the pitch-catch method and defect characterization

can be achieved based on the amplitudes of the received echoes.
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