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Wheel Polygonal Wear On-board Quantitative Diagnostic Method
Based on Frequency Response Function
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Abstract;: Wheel polygonal wear posed a significant challenge to the safety of high-speed trains in
China, and the accuracy of current on-board wheel polygonal wear monitoring was inadequate. Tradi-
tional double integration methods for diagnosing wheel polygonal wears had limitations, primarily due
to their inability to effectively mitigate interference from rail surface roughness and lacked of consider-
ation for the impact of natural modal resonances in the wheel-rail system. Addressing these issues, a
frequency response function-based quantitative diagnostic method was proposed for the wheel polygo-
pure”
wheel polygon response components, then the frequency response function was employed to adjust for

“

nal wears. A comb filter was utilized to mitigate the impacts of rail roughness, isolating the

inherent modal influences, allowing for a quantitative assessment of polygonal order and roughness
level from axle box vibrations. It is verified by simulations and measured data, compared with the
double integration methods, the proposed method may achieve better diagnosis results across all po-
lygonal orders, the average estimated errors of wheel roughness grade are less than 3.5 dB, which is
significantly lower than the maximum estimated error of 14 dB for the quadratic integral methods. The
results show that the proposed method has broader adaptability and enhanced accuracy, and has cer-
tain scientific and engineering values.

Key words: wheel polygonal wear; axle box vibration acceleration; on-board diagnostic;
frequency response function; comb filter
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Fig.1 High-speed train wheel polygonal wear
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Fig.2 Simplified dynamic modelling of wheelsets
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Fig.3 Vertical vibration spectra of the high-speed train

axle-box with wheel polygonal wear
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Fig.4 Flowchart of wheel polygonal wear
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Fig.8 Wheel polygonal wear for simulation
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polygonal wear
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Tab.2 Quantitative results of simulation wheel polygonal

wear roughness level dB
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diagnostic verification
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Tab.3 Quantitative results of field test wheel polygonal

wear roughness level
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