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Design of resonant ring microstrip array multi-crack detection sensor

Jiang Zhengfeng Gao Shang Jiang Jian

(School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: A sensor array for multi-crack detection, consisting of complementary open-ended waveguide resonator rings in a microstrip
configuration, has been designed to address, the challenges of simultaneous detection and low detection accuracy in the multi-form crack
distribution of large metal structures, such as aircraft wings. The sensor array comprises complementary open-ended waveguide resonator
rings of different sizes, which can detect characteristic parameters of straight cracks, pinholes, and star-shaped cracks. Experimental
results demonstrate that the maximum detection sensitivity of the sensor array to parameter variations in the three types of cracks reached
150 MHz/mm, and the smallest detectable size of a straight crack is 10 mmx1 mmx0. I mm. This sensor combines the advantages of
strong radiation capability of complementary open-ended resonator rings, ease of surface conformability and substrate-integrated
waveguide with low loss, high quality factor, and small size. It enables simultaneous detection of multi-form cracks on metallic
materials, and offers advantages such as high sensitivity and wide detection range.
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Fig. 1 Schematic diagram of CSRR-SIW-
ARRAY microstrip array sensor
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Fig.4 Structure diagram of CSRR-SIW-
ARRAY microstrip sensor
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Fig.5 Simulation structure diagram of CSRR-
SIW-ARRAY microstrip sensor
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Table 2 rack position table of specimen
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CH1 S1 S2 S3 S4
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1 CHI-CH3 i) 1, CH4-CH6 Ml 2, 2 80hric  S1~S13,
0 RFTILHLL,
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Table 4 Test results of multiple crack parameters

e PRI/ I E{E/ b1 T iz PRI/ MEE,  HEisfh/ T

GHz mm mm GHz mm mm
S1 3. 686 0.970 1. 000 3.0 S8 4.941 1.954 2. 000 2.3
S2 3.759 1. 950 2. 000 2.5 S9 3.211 9.59 10. 000 4.1
S3 3.488 4.188 4. 000 4.7 S10 3.341 7.274 7. 000 3.9
S4 3.391 0.956 1. 000 4.1 S11 3.381 2.098 2.000 4.9
S5 1. 601 0. 629 0. 600 4.8 S12 1. 676 1.020 1. 000 2.0
S6 1.614 0. 805 0. 800 0.7 S13 4.920 2.901 3. 000 3.3
S7 4.969 1. 015 1. 000 1.5
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Table 5 Comparison of metal crack detection methods
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