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Study on Chaotic Motion of High Temperature Superconducting
Improved Suspension System Under Dual-Frequency Excitation

Zhang Mingliang'"”®, Duan Jiaqi', Yang Xinmeng', Liu Pengfei', Zhang Lianpeng'

(1. School of Mechanical Engineering. Shijiazhuang Tiedao University, Shijiazhuang 050043, China;
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2. Hebei Key Laboratory of Power and Transmission Control of
Construction Machinery, Shijiazhuang Tiedao University, Shijiazhuang 050043, China;
3. State Key Laboratory of Rail Transit Vehicle System, Southwest Jiaotong University, Chengdu 610031, China)

Abstract:In order to study the nonlinear vibration behavior of the improved suspension frame sys-
tem of high temperature superconducting flux-pinned suspension train and explore the influence of sys-
tem parameters and operating parameters on its chaotic motion, a method of equivalent treatment of
high temperature superconductor was proposed based on the frozen image model. The correctness of the
method was verified by way of the experimental data, thus the suspension force data of the improved
suspension frame system was obtained with this method. The mathematical model of the suspension
force empirical formula was constructed using the cubic polynomial function fitting data. Based on this
model, the differential equation of motion of the system was established. The Melnikov method was
used to solve the chaotic threshold of the system, and the influence of system parameters and operating
parameters on the chaotic threshold was studied. The feasible region and method of parameters for the
system to avoid chaotic motion were given, and the relationship between the two excitation frequencies
when the joint resonance did not occur under dual frequency excitation was provided.

Key words: improved suspension frame; nonlinear vibration; chaos; Melnikov method; parameter

feasible region
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Evaluation of Two-Way Transportation Benefits of Heavy-Haul Railway
Zhang Yongheng''>, Zhang Jiankai', Qin Jin®

(1. China Shenhua Energy Company Limited, Beijing 100011, China;
2. School of Traffic & Transportation Engineering, Central South University, Changsha 410075, China)

Abstract: Most of China’s heavy-haul railways face the issue of unbalanced volumes, resulting in a
certain amount of wasted transportation capacity. The mode of two-way transportation of heavy-haul
railway is carried out. An evaluation method of heavy-haul railway’s two-way transportation benefits
was proposed so that the railway operation department can clarify this mode’s benefits. The index of
“comprehensive benefits of two-way transportation” including economic and environmental benefits, was
used to determine the transportation benefits. The numerical example was designed to examine the
effects of reverse transportation volumes and cargo type on two-way transportation benefits. The results
show that, when the proportion of reverse and forward transportation volumes increases from 2% to
20% , the comprehensive benefits of two-way transportation increase by 5. 25%. When the proportion of
reverse and forward transportation volumes is from 2% to 20%, the proportion of high-value-added
goods in reverse transportation increases from 5% to 30%, and the total benefits of two-way transporta-
tion reach 0. 43% and 4. 18%, respectively. On the whole, heavy-haul railway lines in China can
develop two-way transportation mode, and ensure a stable reverse supply of goods through strategies
such as cooperating with enterprises that have freight needs in the transit area, so as to promote compre-
hensive benefits and realization of two-way transportation.

Key words:railway transportation; heavy-haul railway; benefits evaluation; two-way transportation

mode of heavy-haul railway; environmental benefits



