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Air coupled ultrasonic probabilistic damage imaging of composite laminates

based on wavelet packet energy relative variation deviation
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(1. Key Laboratory of Nondestructive Testing, Ministry of Education, Nanchang Hangkong University, Nanchang 330063,
China; 2. School of Physics and Electronics Information, Shangrao Normal University, Shangrao 334001, China)

Abstract: Traditional elliptical probabilistic damage imaging uses signal amplitude difference or energy difference
as characteristic parameters, which is not sensitive enough to damage identification and has poor noise resistance.
In order to improve the sensitivity of damage recognition, it was proposed to use the energy relative variation devi-
ation (ERVD) of wavelet packet as the damage factor. A single Lamb wave mode was excited by an air coupled ultra-
sonic probe in the composite laminate with an appropriate incidence angle of the probe. Wavelet packet decomposi-
tion was used to decompose the collected scanning signal. According to the change of signal characteristics before
and after structural damage, a specific frequency band was selected. The calculated damage index was used for el-
liptical probability damage imaging, and the imaging effects of different damage factors were compared by simulat-
ing different environmental noise environments. The experimental results show that the wavelet packet energy ra-
tio deviation as the damage factor has strong sensitivity to damage recognition sensitivity and noise resistance. Us-
ing this damage factor for air coupled ultrasound probabilistic damage imaging can improve the location and ima-
ging effect of composite material damage.
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Fig.1 Diagram of three level wavelet packet decomposition
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Table 2 Comparison of imaging localization results of different damage factors of CFRP composite laminate
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Actual position ERVDI position IEDI position
Noise level Absolute error/mm ———  Absolute error/mm
(xy) (xy) ()
No noise (32,32) (31.5,32) 0.5 (33,32) 1
6dB (32,32) (31.5,32) 0.5 (33,32) 1
3dB (32,32) (32,31.5) 0.5 (32.5,32) 0.5
1dB (32,32) (32,31.5) 0.5 (33.5,32) 1.5
0.1dB (32,32) (32.5,31.5) 0.7 (33,32)
&3 CFRP EWAERGEFEELERTLL
Table 3 Comparison of quantitative results of different damage factors of CFRP composite laminate
Actual size ERVDI size Error/mm IEDI position Error/mm
Noise level
X/mm y/mm X/mm y/mm X/mm y/mm X/mm y/mm X/mm y/mm
No noise 10 10 10.6 10.1 0.6 0.1 15 16 5 6
6dB 10 10 10.6 10.1 0.6 0.1 15 15.5 5 5.5
3dB 10 10 10.6 10.1 0.6 0.1 15.5 15.5 5.5 5.5
1dB 10 10 10.6 10.1 0.6 0.1 15 16.5 5 6.5
0.1dB 10 10 10.6 10.6 0.6 0.6 15.5 16.5 5.5 6.5
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