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Intelligent ultrasonic testing technology for bonding status of
aerial honeycomb sandwich composite plate
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(1. Key Laboratory of Nondestructive Testing of Ministry of Education, Nanchang Hangkong University,
Nanchang 330063, China; 2. Jiangxi Hongdu Aviation Industry Group, Nanchang 330000, China)

Abstract: The aircraft flat-tail honeycomb sandwich composite plate has complex structure, large area and many types of defects. The
bonding state between honeycomb and skin can be intuitively analyzed by ultrasonic C-scan imaging. As a result, a large number of
detection images need to be evaluated by the rich work experience of technicians, there are problems such as low evaluation efficiency
and strong subjectivity. Therefore, an intelligent classification technology of ultrasonic C-scan image of honeycomb sandwich composite
plate bonding layer based on deep learning is proposed. Firstly, an ultrasonic C-scan testing image of the interface between the adhesive
layer and the honeycomb is acquired by an interface reflected wave tracking method, and the image quality is further improved by
combining an image processing technology. Secondly, in order to construct the training database, C-scan image samples are intercepted
by sliding window, and the samples are divided into three bonding states (target areas) according to the amplitude distribution of C-
scan, and a small sample image data set expansion method is proposed. Finally, the 50-layer residual network ( ResNet50) is
constructed and trained, and the classification ability of the deep learning network for honeycomb bonding states is evaluated. The results
show that the interface reflection wave tracking can overcome the shape change of the skin surface and form the C-scan image of the
honeycomb bonding layer, and the ResNet50 network can identify the three types of target areas of the honeycomb sandwich composite
panel structure with good stability and accuracy, and reflect the characteristics of “intelligence” .
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(a) Three views of the test sample and the schematic diagram of
the ultrasonic C-scan trajectory
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(b) Schematic diagram of water-jet ultrasonic focusing testing
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Fig. 1 Inspection samples and test methods

T SR R A 0 B = A R
Ak

B(X,Y) = 20 Zoaiij(i) x W(j) (2)
W(t) =
(a+2) 1 x1°=-(a+3) 1 xl>+1, 0<lxl <1

al x1°=5al x1* +8al x| - 4a,

0,

I<lxl <2

| x1 =2

(3)

(a) AR Bk BR R
(a) No pulse tracking

K2 BkehERERHTS C 30 ST L

Fig.2  C-scan imaging with or without pulse tracking
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Fig.3  Ultrasonic detection of C-scan images
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Fig.4 Metallographic and ultrasonic testing image
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Fig. 6 Detection image enhancement example diagram
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