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wave in mediums
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Fig. 3 Linear scanning method of multilayer bonding structure
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Ultrasonic array testing and evaluation method of multilayer bonded structures
ZHOU Zhenggan" ", WANG Jun', LI Yang’, WANG Fei’, WEI Quan’

(1. School of Mechanical Engineering and Automation, Beihang University, Beijing 100191, China;
2. Ningbo Innovation Research Institute of Beihang University, Ningbo 315800, China;
3. Shanghai Spaceflight Precision Machinery Institute, Shanghai 201600, China)

Abstract: In the ultrasonic detection for multi-layer bonding structures of metal and non-metal materials such as
rubber, the signal to noise ratio of debonding defect is low, and the defect identification is difficult, due to the
significant difference in acoustic impedance between media and large ultrasonic attenuation. In order to improve the
detection ability of de-bonding defects in multilayer structures, a novel ultrasonic detection and evaluation method
based on linear array ultrasonic transducers is proposed. Firstly, the propagation characteristics of ultrasonic waves at
the bonding interface are analyzed, and the spectral relationship of the reflection coefficient in a multilayer system is
described. Further, a numerical simulation analysis model is built in accordance with the stiffness matrix transfer
model of multilayer medium, which is used to realize the design and calculation of the ultrasonic array focusing
scheme and detection process. These methods are based on the 3D CAD inspection model. Finally, by analyzing the
amplitude spectrum characteristics of interface echo signals under different bonding states, a C-scan imaging method
using amplitude spectrum characteristics is proposed. The experiment results show that the method proposed can
effectively improve the detection efficiency of multilayer bonded structures and improve the signal-to-noise ratio of
detection results, and reduce the complexity of C-scan imaging characterization of de-bonding defects.

Keywords: non-destructive testing; ultrasonic array; multi-layer structure; de-bonding; reflection coefficient
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