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Abstract

With the continuous development of urban rail transit systems, the rigid catenary, as a critical com-
ponent of the power transmission system, has a direct impact on the train’s propulsion system and
operational safety. The phenomenon of contact wire corrugation significantly influences the cur-
rent collection quality of the pantograph-catenary system and the stability of train operation. To
address this issue, this study investigates the effects of key structural parameters of the rigid cate-
nary (span length, bending stiffness, and linear density) on the dynamic performance of the panto-
graph-catenary system, based on a coupled dynamics model that accounts for corrugation. The find-
ings reveal that variations in span length, bending stiffness, and linear density have a notable im-
pact on current collection quality. When the contact wire span length is 8 m, the current collection
quality between the pantograph and catenary is optimal. As the span length increases, the influence
of corrugation on current collection quality becomes more pronounced. At a contact wire linear
density of 7 kg/m, the dynamic current collection performance is favorable. However, as linear den-
sity increases, the adverse effects of corrugation intensify. An increase in the contact wire’s bending
stiffness mitigates the negative impact of corrugation on current collection quality. This study pro-
vides a theoretical foundation for optimizing rigid catenary design and enhancing the operational
performance of pantograph-catenary systems.
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Figure 1. Schematic diagram of rigid catenary
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Figure 2. Dynamic model of pantograph-catenary system
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Figure 3. Contact force time history curves under different spans
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Figure 4. Contact force statistic under different spans
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Figure 5. Contact force time history curves under different linear density
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Figure 6. Contact force statistic under different linear density
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Figure 7. Contact force time history curves under different flexural rigidity
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Figure 8. Contact force statistic under different flexural rigidity
8. TEILEE THEMNSEIHE
426 M RGE |

DOI: 10.12677/dsc.2025.144042


https://doi.org/10.12677/dsc.2025.144042

EHA, Pk

MBS KT DL M RS 2R AN T, 33O A R (075 M e 2 s 5 MBS %
TPk . BAARIN: BEETUENIBRINR, 5 MM s R EZEER, moMEZEE R, —&3t
[/ AL A e f g i e sy N 7 s RIS, RAEB SR RUB B Ry in e = th B E PR, XRW, &
R IS NI BEA 2l T BB MR 5 R iR, R AR EE TRE .

4, gig

I AT R PP S RS B 1 AR, S T RIS R ) SRR S A S RO 5 I AR S8 Bh
BERIRCIR, 152000 T 4518

1) FEMRZES RS 5 W R A R, MBSOy 8 m I, S MRl A 2T R AR A BEE B ER
FEOR, IR 5 S5 R R S MBI R

2) ML N T kglm I, 5 R EhA SRR AT FEAE L IR, BN 5 R S R Y
SN SN 5 5

3) HEAh TS B I R 2 55 2 DR /INB R X 5 N S R s, RS e L WA BT s S
RES - palked et

4) DACRIPE LR R R SR A5 R S B (B R L P25 W BE AN 3 ) A 3 1o 5 X 2R 4 2 U o B 2 AT A
PERA gt

SE

[1] Koyama, T. and Aboshi, M. (2012) Mechanism of Undulating Wear Formation of Overhead Rigid Conductor Line Re-
lated to Dynamic Characteristics of Pantographs. Journal of System Design and Dynamics, 6, 641-654.
https://doi.org/10.1299/jsdd.6.641

[21 HR, JKOCH, T, 55 WIVES R BRI SR i [0]. Hh EBkEK, 2017, 11(10): 21-27.

[3] Yamashita, K., Nakayama, T., Sugiura, T. and Yabuno, H. (2012) Numerical Bifurcation Analysis of Multimode Impact
Oscillations between a Pantograph and a Rigid Conductor Line. ASME 2012 International Design Engineering Technical
Conferences and Computers and Information in Engineering Conference, Illinois, 12-15 August 2012, 955-962.
https://doi.org/10.1115/detc2012-70360

[4]  ARAKHE. ZEWIVERE S R0 55 00 P FE ST B IR IR S ok M 0], SR 5113, 2015, 22(12): 102+104.

[5] Aboshi, M., Nakaya, H. and Shoji, H. (2006) Undulating Wear Mechanism of Overhead Rigid Conductor Line. IEEJ
Transactions on Industry Applications, 126, 109-115. https://doi.org/10.1541/ieejias.126.109

[6] XU B NIVES AR AR R BV []. AR BR B AR 2 B 24, 2020, 32(1): 32-34
[71 XN, JE 5. M fi D S 2 B R i O B B N e [J]. BHZR0F 511, 2017, 14(15): 66-67
[8] MgERA, sk DA Ntk BEEEAR M B, 70 0] 2kl %R, 2003, 25(2): 24-29

[91 B, EM-PIEMES)IEM] dbat B R, 2007.

DOI: 10.12677/dsc.2025.144042 427 I E St


https://doi.org/10.12677/dsc.2025.144042
https://doi.org/10.1299/jsdd.6.641
https://doi.org/10.1115/detc2012-70360
https://doi.org/10.1541/ieejias.126.109

	接触线波磨损伤下刚性接触网结构参数对弓网动力学性能影响研究
	摘  要
	关键词
	Study on the Influence of Rigid Catenary Structural Parameters on Pantograph-Catenary Dynamics Performance under Contact Wire Corrugation Wear
	Abstract
	Keywords
	1. 引言
	2. 弓网耦合动力学模型
	2.1. 弓网系统模型及参数
	2.2. 接触线波磨的数学描述

	3. 仿真结果及分析
	3.1. 不同跨距的影响
	3.2. 不同线密度的影响
	3.3. 不同抗弯刚度的影响

	4. 结论
	参考文献

