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Quantitative detection method of plate structure defects based
on ultrasonic local resonance

Jiao Jingpin,Li Li,Ma Baiyi,He Cunfu,Wu Bin

(College of Mechanical Engineering and Applied Electronics Technology, Beijing University of Technology, Beijing 100124, China)

Abstract:In order to improve the efficiency of plate structure defect detection, an ultrasonic local resonance detection method based on
wideband excitation is developed in this paper. The maximum between-class variance method is used to analyze and process the ultrasonic
field under broadband excitation, and the ultrasonic local resonance frequency of the defect is obtained. The acoustic field spatial
distribution under ultrasonic local resonance frequency is used in the detection and imaging of the plate structure damage. Aiming at the
isotropic plate structure with specific material and thickness, the relationship model of defect size and ultrasonic local resonance
frequency is established by means of the uniform design test. The experiment results show that the developed ultrasonic local resonance
detection method can effectively achieve the damage detection of isotropic and anisotropic plate structure. With the regression analysis
model, the inversion of the geometric parameters of the defects can be achieved, and the inversion precision is high ( the maximum
radius inversion error is 2 mm, and the maximum thickness inversion error is 0. 6 mm). This study provides a feasible technical scheme
for the defect detection and quantitative analysis of plate structure.
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Fig.1 Simplified ultrasonic local resonance model for

the defect of the flat bottom hole in a flat plate
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Fig.2 Flow chart of the defect ultrasonic local resonance

RSN T ]| R A
FETHi 43 B i

—

detection method based on broadband excitation
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Fig.3 The simulation model of the plate structure to be tested
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Table 1 The range and step size of the parameters

=
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P4 JERE h/mm 0.6~2.6 0.2
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Table 2 Uniform design test table for the geometric

parameters of the defect

1 6.0 0.8 7 2.6 2.6
2 5.5 2.4 8 2.0 2.0
3 7.0 1.6 9 1.0 1.0
4 9.0 1.8 10 2.2 2.2
5 8.5 0.6 11 1.4 1.4
6 10.0 1.2
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Table 3 The evaluation indexes of the uniform

design test table
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Fig.6  Ultrasonic local resonance detection system
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Table 4 Comparison of ultrasonic local resonance

test results under different test levels
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o/mm o h/mmo P fEAE SKfE
1 6.0 0.8 24.339 20. 877 19.43
2 5.5 2.4 86. 896 46. 627 41.01
3 7.0 1.6 35.763 26. 550 21. 64
4 9.0 1.8 24.339 19.414 18. 60
5 8.5 0.6 9. 096 8. 7364 7.49
6 10.0 1.2 13. 143 11.767 9.52
7 8.0 2.6 44.494 29. 822 29. 11
8 6.5 2.0 51. 846 33.282 27.90
9 7.5 1.0 19.471 17. 068 14.70
10 9.5 2.2 26. 699 20. 140 17. 61
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Table 5 Regression model test indexes
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Fig.8 Regression model comparison
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Table 6 The regression analysis prediction in the experiment

o Sz o 4 L LDR Jji %/ kHz LDR $i 51575/ kHz
e a/mm /mm it AU Sk 52 -l
1 5.0 L0 43.81 33.88 10. 87 0.94
2 7.0 1.0 22.35 15.73 4.75 1.87
3 7.0 2.0 44.70 26.39 16.72 1.59
4 9.0 2.0 27.04 18.52 8.52 111
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Fig.9 Inversion results of the geometric parameters

for typical defect
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Table 7 Parameter inversion result
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a/mm a/mm h/mm h/mm

1 5.0 5.05 1.0 0.98
2 7.0 7.75 1.0 1.50
3 7.0 6.39 2.0 1.83
4 9.0 7.01 2.0 1.39
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Fig.10  Ultrasonic local resonance detection result of CFRP plate
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