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Fig. 1 Parameterized model of secondary suspension system
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Fig. 2 Schematic diagram of QZS secondary suspension system
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Dynamic characteristic analysis of QZS secondary suspension
for high-speed NC-EMS vehicles

WU Yongzhu', ZHAO Chunfa', FENG Yang', HE Feng', FU Shanqiang’, LIANG Xin’

(1. State Key Laboratory of Rail Transit Vehicle System, Southwest Jiaotong University, Chengdu, Sichuan 610031, China;
2. State Key Laboratory of High-speed Maglev Transportation Technology, Qingdao, Shandong 266111, China)

Abstract: As the target operating speed of high-speed Normal-Conducting Electromagnetic Suspension (NC-EMS) vehicles in-
creases to 600 km/h, external excitations significantly intensify and their frequency band broadens. Conventional secondary suspension
systems designed for operating speeds up to 500 km/h struggle to balance load-bearing stability with broadband vibration isolation, hin-
dering further improvements in running stability. Based on Quasi-Zero-Stiftness (QZS) theory, this paper proposes a nonlinear QZS sec-
ondary suspension solution tailored to the structural features and external load characteristics of 600 km/h NC-EMS vehicles. Firstly, the
operating principle of the conventional secondary suspension system was analyzed. A force element model was then constructed for the
QZS system by connecting positive- and negative-stiffness elastic elements in parallel, and parameter matching conditions for achieving
near-zero dynamic stiffness were derived. Subsequently, a refined dynamical model for complete vehicles was established and validated.
Finally, the vibration damping performance of the QZS suspension was compared with that of the conventional linear suspension through
SIMPACK and MATLAB/Simulink co-simulations over the 450-660 km/h speed range. Results demonstrate that, under typical straight-
line operating conditions at 600 km/h, the QZS suspension reduces vertical carbody vibration acceleration by approximately 57% and ele-
vates the Sperling index to the "excellent" level. Frequency domain analysis reveals that the QZS system significantly attenuates low-fre-
quency vibration components within the 1-5 Hz range. Further analysis identifies an optimal stiffness-ratio interval of 0.17-0.86 for the
main load-bearing spring. These findings provide a theoretical basis and engineering reference for the design optimization and perfor-
mance enhancement of secondary suspension systems in high-speed maglev vehicles.

Keywords: NC-EMS transportation; dynamics of vehicle system; secondary suspension system; QZS; dynamics simulation; track

irregularity
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