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Abstract: Aiming at the existing problems such as low positioning accuracy and poor imaging res-
olution for damage detection of sparse array, a guided wave multi-mode fusion imaging method
was proposed for damage detection of thin-walled structures based on the dispersion and multi-
mode effects of guided wave. Firstly, the dispersion pre-compensation mechanism was adopted to
construct excitation signal with dispersion pre-compensation to eliminate dispersion effect of ul-
trasonic guided wave response signal and correct phase distortion. In this way, the synthesis
wavefront of guided wave signal achieved dynamic focusing. Secondly, the narrowband high fre-
quency guided wave response signal dominated by A0 mode and SO mode was extracted as detec-
tion waveforms by Chirp linear frequency modulated excitation signal. And the total focusing
method was employed to establish the single mode total focusing imaging of guided by those de-

tection waveforms, respectively. Finally, the significant difference in dispersion characteristics of
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guided wave for different modes were utilized to achieve guided wave multi-mode fusion imaging

by fusion of various total focusing imaging results from A0 mode and SO mode guided wave. The

results show that the proposed guided wave multi-mode fusion imaging method achieves high pre-

cision positioning and high resolution imaging for both single and multiple damage detection of a-

luminum plate without baseline signals. And the maximum positioning error is 7. 2 mm for multi-

ple damage detection. In conclusion, the proposed multi-mode fusion imaging method can effec-

tively improve the resolution and signal-to-noise ratio of damage imaging, suppress side lobe and

avoid artifacts compared with single-mode focusing imaging. The proposed method can provide an

effective way for multiple damage detection of thin-walled structures.

Keywords: thin-walled structures; damage detection; guided wave; dispersion compensation;

multi-mode fusion imaging
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Fig. 1 Schematic diagram of total focusing imaging
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Fig. 2 Frequency-wave number of 6061 aluminum plate
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Fig. 3 Time domain signals of dispersion pre-compensation

2.3 HEEBESKERE

AR R I R AR RN 4 R . R
PSR AR o 5 A A N R T U AE P
A SRR A 4 T IR B A £

WY =R

G (w) = Sy(w)D(L: ) = S, ()@l (8)
AF L=/ (=) + (=) NG RRERE S
P ByEEE

WS &

FHES &

\ iV &

Y Y

&

R V&N

e

P4 AR I 0 7 A 90 R AR i B

Fig. 4 Schematic diagram of phased array focusing
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Fig. 5 Dimension parameters of aluminum plate and linear

Sensor array arrangement
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Fig. 8 Single damage imaging results of aluminum plate
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Fig. 9 Lateral views of single damage
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Fig. 10 Multiple damage imaging results of aluminum plate
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Fig. 11 Lateral views of multiple damages
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Table 1 Damage identification results of aluminum plate
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