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Abstract: The cowcatchers were an important safety guarantee device for metro vehicles. The
causes of the cowcatcher failure were investigated by field test and theoretical research. The results in-
dicate that the resonance of the cowcatcher contributes to the premature fatigue failure due to the
first-order eigenmode frequency (95.7 Hz) which is close to the passing frequency(95 Hz) of the rail
corrugation in small-radius curves. Topology optimization design of the cowcatchers was carried out
according to the causes of failure based on the mistuning modal design method. The first-order eigen-
mode frequency was raised to 160 Hz, and the resonance problems of the cowcatchers were solved. A
sub-structure analysis technique was proposed based on the virtual excitation method. A random vi-
bration model was established to reproduce the vibration environment of the cowcatchers under real
conditions. And the dynamic stresses at key positions was calculated and the results show that the
maximum dynamic stress error between simulation and measurement as 1.8%. Finally, the excitation
loading method was optimized, and the fatigue life of the cowcatchers was verified based on field test
data. The fatigue life of the optimized cowcatchers was calculated by using the Dirlik and the Zhao-
Baker method, and the results show that the optimized structure meets the design life requirements of
30 years and 3.6 million kilometers at both of the weld and base material locations.

Key words: cowcatcher; rail corrugation; dynamic stress; virtual excitation; fatigue life
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