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Abstract: Ultrasonic testing is one of the primary technologies for detecting rail defects. However, the complex
sound field interference effects in the near-field zone significantly impact defect detection accuracy. Based on
the Huygens integral principle, a theoretical sound field model was constructed to analyze ultrasonic wave
propagation within rails, addressing the challenges of detecting defects of varying sizes and depths in rail heads.
Numerical calculations were conducted to investigate the influence of different probe frequencies and crystal
sizes on sound field distribution. Experimental validation was carried out for defects at varying depths (shallow
and deep) within the rail head, focusing on the impact of near-field and far-field zones on detection
accuracy.Results showed that as the crystal size increased from 10x10 mm to 20%20 mm, the near-field length
extended from 11.9 mm to 51.4 mm. Additionally, the near-field length exhibited a linear increase as probe
frequencies rose from 1 MHz to 4 MHz for various crystal sizes. In the near-field zone, defect echoes and
initial waves overlapped, making clear discrimination challenging, particularly for shallow defects, which were
significantly affected by near-field interference. In contrast, defect signals were distinctly separated in the
far-field zone, leading to enhanced detection accuracy and improved identification of deep defects. The probe
frequency and crystal size quantitatively influenced the boundary between near-field and far-field zones. For
rail head defect detection, selecting appropriate probe frequencies and crystal sizes effectively enhances
detection accuracy.
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Tab.1 The main parameters of the rail numerical calculation model
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Fig.6 Sound pressure and 3-D sound field distribution inside the rail with a 10 mm transducer elementl
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Fig.14 Defect echo signal at 12 mm below the top surface of the rail
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