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Research on ultrasonic phased array testing of complex curved
surface damage on rail heads

Hong Xulong Li Wentao Yang Jiyuan Xie Zhidong
(School of Mechanical and Electrical Engineering, Lanzhou University of Technology,lLanzhou 730050, China)

Abstract: Aiming at the problem that traditional non-destructive testing methods are difficult to detect rail head damage
under different radii, a phased array ultrasonic testing method based on the complex curved surface damage of rail
heads is proposed. For the complex structural features of the rail head, a phased array ultrasonic static focusing
detection scheme is formulated; based on Fermat's principle, a calculation method for the delay time of the phased
array ultrasonic synthetic beam under different radii of the rail head is proposed; a finite element simulation model is
established to analyze the propagation characteristics of the phased array beam in the rail head; based on the
discontinuous Galerkintime-domain(DGTD) method, a phased array ultrasonic dynamic response simulation model of
the rail head is established and the A-type signal characteristics of different defect positions in the rail head are
analyzed. Finally, phased array ultrasonic experiments were conducted on defects pre-embedded at different positions of
the rail head and defects with a diameter of 1 mm can be accurately detected. The results show that the optimal average
signal-to-noise ratio for defect detection in the central area is 22. 97 dB and for the near-surface area with a larger rail
head curvature, it is 17.16 dB. Compared with the traditional single-probe ultrasonic testing method, this method
increases the testing speed by approximately 40%. Compared with the conventional phased array method that has not
been optimized for the rail head's curved surface, the average defect detection signal-to-noise ratio at the center of the
rail head and in the large curvature area near the surface has been increased by approximately 10 and 12 dB respectively.

Keywords: curved structures;rail damage;phased array ultrasound;non-destructive testing
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Fig. 1 The calculation principle of the delay time of the

rail head surface
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Fig. 2 The calculation principle of the delay time of the

inclined surface wedge coupling rail head
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Table 4 Signal-to-noise ratio results of n repeated

experiments (n=35) on defects V-VII with the linear array

transducer placed on the inclined plane of the wedge

dB
b 5 Yl fit
Lol 2 3 4 .
5y ZEET
\% 17.18 16.66 17.06 17.55 17.37 17. 16
VI  10.58 9.35 10.84 10.09 10.46 10. 26
VII 11.73 13.1 11.9 9.61 12.68 11. 80
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