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Research on the detection of metal/non-metallic
cracks by microwave microscope

Wang Xueer' Ye Ming' Liu Fei' Bai Yongjiang' Yang Fang' Xie Yongjun®
(1. College of Information and Control Engineering, Xi’an University of Architecture and Technology, Xi'an 710055, China;
2. School of Electronic and Information Engineering, Beihang University, Beijing 100191, China)

Abstract: Crack detection is of great practical significance for steel structures and concrete buildings, nuclear power, aviation and other
fields. In this paper, a resonant coaxial probe is used to construct a microwave microscope to carry out the study of non-destructive
testing methods for metal and non-metallic cracks. First of all, the influence of key parameters such as coupling gap, lifting height and
probe material on the detection performance is studied through electromagnetic simulation. Then, the experimental verification was
carried out with machined brass, aluminum alloy samples and 3D printed non-metallic samples. The results show that the S,, amplitude
of the coaxial probe at the resonant frequency can be used for non-destructive detection of cracks on the surface of the material. The
coupling gap and lifting height are the main design parameters that affect the detection sensitivity. Compared with the traditional
reflective coaxial probe, the detection sensitivity of the resonant probe (S,, at the observation frequency point when there is a crack or
not) The amplitude difference) has been increased by about 20~ 30 times; the simulation of the 3.9 mm crack in the width of the metal
sample is in good agreement with the measured results. The relative error of the crack width detection is < 7.7%, and for 3D printed
non-metallic crack samples with a crack width of 1. 7 mm, the measured relative error of the crack width is Within 6%. This research
has certain reference significance for the non-destructive detection of metal and non-metallic cracks.
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Fig. 1 Schematic diagram of crack detection system
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Fig.2 Microwave microscope equivalent circuit
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Fig. 3 Microwave microscope system model
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Table 1 Main parameters of microwave microscopy
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