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Abstract

To address the severe low-frequency vibration problem of an airport baggage tractor under normal
operating conditions, this paper presents a systematic fault diagnosis and optimization study. By em-
ploying continuous multi-point acceleration acquisition and spectrum analysis, it was found that the
dominant vibration frequency of the cab (2~4 Hz) strictly coincides with the wheel rotation frequency,
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leading to the preliminary conclusion that the vibration excitation source lies in the wheel rotating
mechanism. Hub runout tests revealed a radial runout as high as 3.8 mm. Using a rigid-flexible coupling
ring model, the transmission relationship from hub radial runout to radial force fluctuation and then
to vehicle vertical response was established, uncovering a resonance amplification mechanism caused
by the coincidence between the wheel rotation frequency and the vehicle’s rigid-body modal fre-
quency. Corrective measures were implemented focusing on replacing the hub with a forged one and
strictly controlling runout tolerances. Results show that the hub radial runout was reduced to 0.4 mm,
and the weighted root-mean-square acceleration of the cab floor dropped from 0.65 m/s? to 0.29 m/s?
(a reduction of 55.4%), with the low-frequency resonance peak completely eliminated. A dimension-
less runout parameter A is proposed based on dimensional analysis, along with preliminary recom-
mendations for hub radial runout limits: 2.0 mm for in-service airport baggage tractors and 1.0 mm for
newly installed hubs. This study provides a quantifiable technical pathway for vibration fault diagnosis
and ride comfort improvement of airport special vehicles.
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Figure 1. Baggage tractor in operation
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Figure 2. Hub deformation diagram
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Figure 3. Hub wear detail diagram
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Figure 4. Comparison chart of vibration power spectrum before and after rectification
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