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Defect detection of thin aluminum plates in
frequency-wavenumber domain

ZHANG Haiyan, DUAN Weihua
(School of Communication and Information Engineering, Shanghai University, Shanghai 200444, China)

Abstract: In this paper, the frequency-wavenumber (F-W) domain imaging algorithm is used to detect circular perfora-
tion defects in thin aluminum plate. A simulation model of multi-element linear array is established by PZFlex software,
and the Lamb wave excited in a thin aluminum plate is used for simulating the full matrix capture function of ultrasonic
phased array. In the experiment, the ultrasonic phased array instrument of M2M Company is used to capture the full
matrix data of the thin aluminum plate with perforation defects. Based on the full matrix data, the F-W domain imaging
method is used to reconstruct the defect damage in the self-transmitting and self-receiving mode. The 3D Fourier
transform is performed on the full matrix data, and all the information of the array is used to complete the damage re-
construction. Experimental results show that the F-W domain imaging method can accurately characterize the size and
shape of the circular damage, and has a good detection effect for a single defect and double defects of different sizes and
distances. Compared with the total focusing method (TFM), the F-W domain imaging method has higher resolution.
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Fig.2 Three-dimensional model for finite element simulation
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Fig.5 Reconstructed image of a single defect
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Fig.6 Reconstructed image of double defects
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Fig.7 Reconstructed image of two adjacent defects
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Fig.8 The thin Al-plate with double defects
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Fig.9 Reconstructed image in F-W domain
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Fig.11 Small defects and reconstructed image
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Fig.12 Large defects and reconstructed image

FE—nl, AB/NGRIE AL AT A0 ) A LR O 2 RE RS
Y&Eﬁaﬂﬂﬁkﬁ AT DL I SR B R AN [ R/ A sl s 6
HA m#UYE, JIF R R R

4 7

% SCWE B - R 15 S 8 D 7 AR e
Sk b, S T BRI AR, BRI H
FRILH AL AR . LB S/ ME B, BT T
SR B 3 E AR BB R - 0 A

(1) MBS FAHT T 9728 Mook 1 il 1% BB 3
IR T SELEN Stolt H{E DA EIR R AR
B, FAE G IRTTHAEE T Lamb 764 R
WML RE, R4 Lamb B e B B E AL B 5
PR B, RO 1S BT B
B, 5T RIFI R,

() H U SR B R PRS00, B
KA FE R HAT AR, eI R k-
BSR4 S T 2 1 LB 4% B R A
FITRAR, St B S AR AN B B F XU L
A B HRIIECR . I T 4 Rk, #iR-
PR AR A B R

(3) M T07 BB AR, T HL T $R,
FIT LA Aot P ep PR 1 R R B B R 13
) RUATHORCR, TI7ESCIe R, TR LA R IO T4t
T LA 75 0 4 B 4T B 7

2 £ X W

[1] A, BRSCEL SRR LRI A FLAR MR I B B MR 2 807
FEIT ). RILEEA, 2018, 47(9): 317-323.
SHI Kunquan, WEI Wenguo. Bilateral filtering method for image
denoising of surface defects of cold rolled aluminum plates[J].
Surface Technology, 2018, 47(9): 317-323.

[2] FER. EETAR-EEER A Lamb 3 454 B LS [D]. M AT

B3]

(4]

[3]

(6]

(7

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

BRI AS R4, 2017: 1-13.

WANG Mengxin. Lamb wave structural health monitoring based
on frequency-wavenumber domain processing[D]. Nanjing: Nan-
jing University of Aeronautics and Astronautics, 2017: 1-13.
ZHANG H L, QI X G, LI X T. Research on key technology of
cold-rolled aluminum plate surface defect detection system[J]. Ap-
plied mechanics and materials, 2013, 433(1): 915- 918.

X4, SRR, IRAF L. ANBUBRRE B0 A R RS ik
1. RIFI2E, 2018, 37(6): 835-842.

LIU Jianquan, ZHANG Haiyan, XU Mengyun. Ultrasonic phased
array wave-number imaging algorithm for rail defects[J]. Applied
acoustics, 2018, 37(6): 835-842.

HUNTER A J, DRINKWATER B W, WILCOX P D. The wave-
number algorithm for full-matrix imaging using an ultrasonic ar-
ray[J]. IEEE Transactions on Ultrasonics, Ferroelectricsand Fre-
quency Control, 2008, 55(11): 2450- 2462.

CALLOW H J HAYES M P, GOUGH P T. Wavenumber domain
reconstruction of SAR/SAS imagery using a single transmitter and
multiple receiver geometry[J]. IEEE Electron. Lett., 2002, 38(7):
336-338.

CHEW W C. Waves and fields in inhomogeneous media[D]. Illi-
nois: University of Illinois, 1995.

FEN, AT, TS5 B AR A (K455 4 Bl AR R AT,
IFl 4 1% 544, 2011, 32(S1): 273-279.

YAN Gang, ZHOU Li. Frequency-wavenumber domain migration
in passive damage imaging identification[J]. Acta Mechanica Soli-
da Sinica, 2011, 32(S1): 273-279.

J-, TRV BT Stolt SRAE IR ST FE ). B
RAEFHA, 2011, 34(17): 28-30.

ZHOU Zichao, SU Xiaomin. Near-field microwave imaging based
on Stolt interpolation[J]. Modern Electronics Technique, 2011,
34(17): 28-30.

MOGHIMIRAD E, VILLAGOMEZ H C A, MAHLOOIJIFAR A,
et al. Synthetic aperture ultrasound fourier beamformation using
virtual sources[J]. IEEE Transactions on Ultrasonics, Ferroelec-
trics, and Frequency Control, 2016, 63(12): 2018-2030.
MOGHIMIRAD E, MAHLOOIJIFAR A, ASL B M. Computa-
tional complexity reduction of synthetic aperture focus in ultra-
sound imaging using frequency domain reconstruction[J]. Ultra-
sonic Imaging, 2015, 38(3): 175-193.

RS, HASEM]. JERt: B RAL, 1990: 88-106.

YING Chongfu. Ultrasonics[M]. Beijing: Science Press, 1990:
88-106.

AR, JARETT. SRR R SUR RS e e KB R T AL [D]. T
512, 2014, 31(6): 21-29.

ZHENG Yang, ZHOU Jinjie. Mode transformation and scattering
characteristics of lamb wave at crack[J]. Engineering mechanics,
2014, 31(6): 21-29.

SU Z, YE L. Selective generation of Lamb wave modes and their
propagation characteristics in defective composite laminates[J].
Journal of Materials Design and Applications, 2004, 218(2): 95-
110.

SU Z, ZHOU C, HONG M, et al. Acousto-ultrasonics-based fa-
tigue damage characterization: linear versus nonlinear signal fea-
tures[J]. Mechanical Systems and Signal Processing, 2014, 45(1):
225-239.

GIURGIUTIU V. Tuned lamb wave excitation and detection with
piezoelectric wafer active sensors for structural health monitor-
ing[J]. Journal of Intelligent Material Systems and Structures,
2005, 16(4): 291-305.



