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Abstract

Axle box bearing is one of the important parts of the train running parts to ensure its safety in the
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operation process. The fault characteristics of the bearing can be extracted from the axle box vibra-
tion signal to monitor the health state of the bearing. However, in the actual application process, it is
difficult for us to capture the axle box vibration signal when the bearing is in the fault state, and the
fault bearing is not allowed to participate in the driving test. In this paper, the bearing components
are introduced into the vehicle-track coupling model to construct a bearing dynamic model closer to
the real application conditions. Based on this model, the early bearing defect model is constructed,
the fault signal of axle box bearing under coupling is simulated, and the fault characteristics of bear-
ing are extracted by Hilbert and FFT transforms. The results show that the bearing fault signal con-
structed in this paper is extremely weak and difficult to detect in time domain signal analysis, which
is in line with the characteristics of early fault. The frequency corresponding to the maximum ampli-
tude of fault characteristics appears in the frequency band centered on the inner ring rotation frequency
multiplied by the number of double-row rollers, close to the center of the frequency band. When the
train speed changes, the envelope time-frequency diagram of the signal can still clearly reflect the fault
characteristics of the bearing, which has obvious advantages over the direct FFT transformation of
the signal. Angle domain resampling technology and bearing fault feature factor can make fault features
easy to observe. The signal processing method in this paper can detect the real-time fault of axle box
bearing.
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Figure 1. Vehicle-track coupling dynamic model
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Table 2. Geometric parameters of bearing
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Figure 2. Algorithm flowchart
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Figure 3. Time history of vertical acceleration of axle box bearing
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Figure 4. Frequency characteristics of vertical acceleration of axle box bearing
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Figure 5. Envelope time-frequency diagram of the axle box vibration signal
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Figure 6. Time history of vertical acceleration of axle box bearing during train deceleration
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Figure 7. Frequency characteristics of vertical acceleration of axle box bearing during train deceleration
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Figure 8. Envelope time-frequency diagram of the axle box vibration signal during train deceleration
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Figure 9. Envelope time-frequency diagram of the axle box vibration signal after angular domain resampling
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Figure 10. Time-fault characteristic factor diagram of axle box vibration signal
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