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Vehicle-tube coupled dynamical modeling method for ultra-high-speed
evacuated-tube maglev systems

XU Yan', ZHANG Weihua', MOU Hanlin?, LI Haitao'

(1. Research Center for Super-High-Speed Evacuated Tube Maglev Transport, Southwest Jiaotong University, Chengdu,
Sichuan 610031, China; 2. China Railway Siyuan Survey and Design Group Co., Ltd., Wuhan, Hubei 430063, China)

Abstract: To address the heavy computational burden and the complex vehicle-tube coupled vibration characteristics in modeling
ultra-long tube dynamics for ultra-high-speed evacuated-tube maglev systems, this paper proposes a vehicle-tube coupled dynamical
modeling method based on an Arbitrary Lagrangian-Eulerian (ALE) moving-region method (MRM). A three-dimensional tube dynamical
model was established using Donnell-Mushtari thin shell theory; and a maglev vehicle dynamical model was developed based on the
Newton-Euler method. A localized moving-region technique was introduced to efficiently compute dynamic responses of ultra-long evac-
uated tubes. Subsequent analyses investigated tube modal characteristics, localized vibration behavior under moving loads, and vehicle-
tube coupled dynamic responses. Analysis results indicate that the low-order modal frequencies of tubes are significantly affected by
their wall thickness, whereas the influence of internal pressure is relatively limited. Vibrations induced by moving loads are mainly con-
centrated near the load region. Moreover, the proposed moving-region method effectively reduces computational workloads for ultra-
long tube dynamical modeling while accurately capturing the vehicle-tube coupled dynamic characteristics of ultra-high-speed evacuated-
tube maglev systems.

Keywords: ultra-high-speed evacuated-tube maglev system; high-speed maglev system; vehicle-tube spatially coupled dynamics;

simulation; track irregularity

HAS B 2026-02-26
TAEG AR A



