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Fig.2 Frequency-dependent characteristics of Maxwell

viscoelastic model for dampers
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Fig.3 Simplified model of vehicle lateral dynamics
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Tab.1 Two types of high-speed train suspension
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Fig.4 Vehicle stability corresponding to different damping

and stiffness of yaw dampers
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Tab. 2 Calculating conditions for two optimization
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Fig. 5 Optimal linear stability indexes of two types of vehicle
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Fig. 6 Optimal parameters for yaw damper
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Mechanism analysis of yaw damper in high-speed train and frequency-
dependent stiffness application

YAO Yuan', CHENG Jun', ZHANG Ming-yang', SHEN Long-jiang’
(1.State Key Laboratory of Traction Power, Southwest Jiaotong University, Chengdu 610031, China;
2.Bogie R&.D Department, CRRC Zhuzhou Electric Locomotive Co. Ltd., Zhuzhou 412001, China)

Abstract: In order to investigate the action mechanism of the high-speed train yaw damper and provide theoretical guidance for se-
lecting the optimal damper parameters. The frequency-dependent characteristics of the damper and the optimal energy dissipation
conditions are analyzed. The yaw damper parameters are optimized with multi-objective based on two types of typical high-speed
train lateral dynamic models. The linear system stability and modal energy of the vehicle are comparatively analyzed to summarize
the action mechanism of yaw damper. The conclusions are as follows: Not only the damping of yaw damper dissipates the vehicle
hunting energy, but also the stiffness characteristic has a more significant impact on the vehicle lateral stability. The stiffness of the
yaw damper should be increased with the increasing of hunting frequency. The mechanism of yaw damper equivalent stiffness char-
acteristic is explained with the modal energy distribution and implicative effect between the car-body and the bogie. Besides, the
matching of the yaw damper series stiffness and damping is realized according to the optimal energy dissipation theory. The design
ideas and the structure scheme of frequency-dependent stiffness yaw damper are proposed, and the optimization of frequency-depen-
dent stiffness curves as well as the vehicle system stability analysis is carried out. It is shown that the frequency-dependent stiffness
yaw damper can significantly improve the vehicle lateral stability under different wheel-rail contact conditions, reducing the risk of
low-frequency lateral sway and high-frequency shaking of high-speed train, which plays a positive role in the realization of vehicle

adaptive stability in different wear stages of the wheel tread.
Key words: yaw damper; frequency-dependent stiffness;modal analysis; high-speed train;lateral stability
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