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Fiber Grating Ultrasonic Sensor Based on Coupling Cone Structure and
Its Application in Nondestructive Detection

Shi Jingming, Zheng Di”, Pan Wei, Zou Xihua

School of Information Science and Technology, Southwest Jiaotong University, Chengdw, Sichuan 611756, China

Abstract A fiber grating ultrasonic sensor based on coupling cone structure is proposed. Numerical simulations and
optimization of the ultrasonic coupling cone structure are performed, and the influence of fiber-grating length on the
ultrasonic detection performance is analyzed. In conjunction with edge-filter-demodulation technology, the proposed
ultrasonic sensor is applied to the identification of defects in a 6061 aluminum alloy plate. The experimental results
show that the proposed ultrasonic sensor can effectively detect the Lamb wave transmitted in the aluminum alloy
plate. By analyzing the variations in amplitude of the temporal waveform and S, mode of the Lamb wave, hole-type
defects and defect size in the aluminum alloy plate can be readily determined. The proposed ultrasonic sensor has a
number of advantages, including high sensitivity, flexible and adjustable positioning, and reusability, all of which
are key factors for its potential application in the field of structural damage identification.
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Fig. 1 Fiber Bragg grating based ultrasonic sensor with

coupling cone structure. (a) Schematic diagram;
(b) physical map
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Fig. 2 Simulated dynamic response of coupling cone excited
by ultrasonic wave
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Fig. 4 Temporal responses of the proposed ultrasonic
sensor with different FBG lengths for 150-kHz
continuously sinusoidal ultrasonic wave. (a) FBG
length is 2 mm; (b) FBG length is 10 mm; (¢) FBG

length is 15 mm; (d) FBG length is 20 mm
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Fig. 5 Peak-to-peak values of the proposed ultrasonic
sensor with different FBG lengths at different

ultrasonic wave frequencies
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Fig. 6 Experimental setup of ultrasonic nondestructive detection system
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Fig. 7 Lamb wave signals under different hole-size defects detected by FBG sensing system.
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