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Re-adhesion Performance of High-Power Permanent-Magnet Direct-Drive
Bogie-Suspended Locomotives

MA Qun? , Yl Xingli? , YAO Yuan! , QIAO Jinchuang® , ZHONG Wensheng*

(1. State Key Laboratory of Traction Power, Southwest Jiaotong University, Chengdu 610031, China; 2. State Key Laboratory
of Heavy-duty and Express High-power Electric Locomotive CRRC Zhuzhou Electric Locomotive Co. Ltd., Zhuzhou 412001,
China)

Abstract: This paper investigates the impact of suspension parameters of the wheelset drive system on the
re-adhesion performance of high-power bogie frame suspended permanent magnet direct drive systems. First, based
on average slip rate and dynamic slip rate, the stick-slip vibration mechanism of the locomotive is analyzed, and a
simplified torsional vibration model of the wheelset drive system is established, clarifying the principles of
suspension parameter matching. Subsequently, a multi-body dynamics simulation model of a specific locomotive is
constructed, focusing on the startup condition to explore the influence of wheelset drive system suspension
parameters on the locomotive's re-adhesion performance. Simulation results show that a lower suspension stiffness
of the wheelset drive system increases the risk of stick-slip vibration in the locomotive. Increasing the torsional
stiffness of the flexible plate coupling and the primary longitudinal stiffness can effectively enhance the locomotive's
re-adhesion performance. For example, increasing the coupling torsional stiffness from 1 MNm/rad to 5 MNm/rad
improves the locomotive's re-adhesion performance by approximately 12%. Additionally, unreasonable matching of
suspension parameters may lead to longitudinal-rotational vibration resonance of the wheelset, which not only
exacerbates the vibration of the wheelset drive system but also significantly weakens the locomotive's re-adhesion
performance. Therefore, proper matching of the wheelset drive system suspension parameters is crucial for
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improving the locomotive's re-adhesion performance.

Key words: Heavy-Haul Locomotive; Permanent Magnet Direct Drive; Bogie frame suspended; Re-adhesion

Performance; Stick-Slip Vibration
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Fig. 1 Analysis of stick-slip vibration stability mechanism
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