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Research on the application of pulse compression in ultrasonic
guide wave rail fracture detection

Xu Yihang Wang Ping Yang Yuan Wang Yong

(School of Automation, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract: In order to improve the detection distance and section location accuracy of rail fracture with ultrasonic guided
wave and ensure the safety of rail during service. In this study. Barker code encoding and Kaiser window function were
used to modulate the excitation signal, expand the excitation signal time width, enhance the energy of the transmitted
signal, and improve the resolution of the defect signal through pulse compression processing of the detected signal. The
finite element simulation was carried out, the rail 3D simulation model was built, and the rail fracture damage was
simulated. When the rail fracture degree is 20 % , the peak-to-peak ratio of the main wave packet signal and the adjacent
wave packet signal of the direct wave signal is 1. 065 by using multi-period sine wave signal excitation, while the peak-
to-peak ratio of the main wave packet signal and the adjacent wave packet signal is increased to 2. 542 by using Barker13
coded signal excitation. The characteristics of defect echo signal under different fracture degrees are analyzed. and the
amplitude of the echo signal intensity changes above 40 dB by Barker13 coded excitation signal. The finite element
simulation shows that the encoded excitation and pulse compression technology can effectively improve the resolution
and signal amplitude of the detected signal. Combined with the offline long-distance rail detection experiment., the
detection signal obtained by using multi-period sine wave signal has complex components and difficult calculation of
time difference. However, pulse compression technology can effectively improve the signal-to-noise ratio of detection
signal and improve the signal resolution of the initial wave signal and the echo signal, and the accuracy rate of section
positioning is 99.3%. Coding excitation and pulse compression technology can improve the amplitude of detection
signal and the accuracy of detection and positioning effectively, and provide technical means for long-distance rail
section positioning.

Keywords: rail breakage;ultrasonic guided wave detection;Barker code;Kaiser window; pulse compression
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Fig.1 Pulse echo method
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Table 1 Barker code autocorrelation function sequence

wE N ERi:P L iG]l PSL/dB
2 ++,+— 6.02
3 ++— 9. 54
4 ++4+—,++—+ 12.04
5 +++—+ 13.98
7 +++——+— 16. 90
11 +4+4+———F——+-— 20. 83
13 F+++——++—+—+ 22.28
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Fig. 3 Rail simulation model
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Fig.5 Window function time domain diagram and frequency response
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