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SIMULATION OF GUIDED WAVE PROPAGATION TO CRACKED RAIL USING
FEM MODELS

Yuki KONAYA, Mitsuru HOSODA and Ryuichi YAMAMOTO

It is difficult to detect rail head transverse cracks which will lead to rail breakage because the ultrasonic
input from top of rail heads would be blocked by horizontal cracks that exist near the surface. Therefore,
we have been investigating a system using guided waves as a new method for detecting transverse cracks.
We conducted FEM analysis to simulate ultrasonic wave propagation in which ultrasonic waves were input
to a cracked rail from the air and received in the air. Ultrasonic wave propagation simulations were carried
out for a rail model with a slit inserted in the transverse direction. The results showed that the depth from
the rail head at which guided waves propagate varies with input wave frequency, and that input frequencies
less than 150kHz are appropriate to detect cracks in the rail head by guided waves. Then, we carried out
simulations using rail models with horizontal and transverse cracks and 100, 120kHz input waves. The
results showed that the strength of the first few waves in the received signal waves decreased with the
degree of cracking, and decreased to 60~70% of that without cracking in the case of horizontal and trans-
verse cracks deeper than 20mm. At the 120kHz input wave, there was no difference in wave strength be-
tween the case of only a horizontal crack and the case of horizontal and transverse cracks. Therefore, the
result shows that transverse cracks more than 20mm that exist below horizontal cracks can be detected
using the input frequency of 100kHz. On the other hand, a comparison of the frequency distributions of
received signal waves showed that the peak of 130~150kHz decreased with the degree of cracks. This
indicates that those cracks may be detected by evaluating the frequency distributions.
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