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Fig.1 Pantograph-catenary coupling system
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Tab.1 Parameters of contact wire, messenger wire and elastic dropper for Beijing-Shanghai high-speed railway catenary

I H LWmE/(kgm)  HEFEEEREA/mm® MR R /GPa A L i /N KB /m
FefmZ 1.350 150 120 0.33 31 500 —
RIIR 1.065 120 120 0.33 20 000 —

HPE R &R 0.311 35 120 0.33 3500 18
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Tab.2 Parameters of the DSA380 pantograph
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5 K MIEE k,/(N/m) 9 430
RN &/ (N/m) 14 100
AR &/ (N/m) 0.1
53kLMSE ¢,/(N-s/m) 0
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Fig. 3  Uplift test at registration points of the Beijing-Shanghai high-
speed railway catenary
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Fig. 4 Comparison between simulation and measured data of

registration point uplift
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Fig.5 Contact force distribution of pantograph-catenary in the

middle four spans
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Fig. 6 Standard deviation distribution of moving pantograph-

catenary contact force in middle four spans
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Fig. 18 Stress distribution of contact wire at the clamp position at

the moment of pantograph passage when the wear rate is 14%
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Fig. 19 Stress distribution of contact wire at the clamp position at

the moment of pantograph passage when the wear rate is 19%
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Tab. 4 Maximum stress of contact wire at clamp position under

pantograph passage moment with different wear rates
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Fig. 21 Rainflow counting of the contact wire stress time history at

the first dropper of the sixth span
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Fig. 22 Schematic diagram of the competitive relation between the

wear failure and fatigue failure of the contact wire
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Influence of clamp and wear depth on stress distribution and fatigue life of high-
speed railway contact wires

HUANG Jie'! ZHANG Jiawei’ GUAN Jinfa’ ZHANG Jiwang' SU Kaixin' XU Kejia®
(1. State Key Laboratory of Rail Transit Vehicle System, Southwest Jiaotong University, Chengdu 610031, China)
(2. School of Electrical Engineering, Southwest Jiaotong University, Chengdu 611756, China)

Abstract: [Objective] High-speed railway contact wires are exposed to the risk of fatigue failure during service.
Deterioration of current quality at the clamp position causes severe wear of the contact wire, making this area a high-incidence
region for fatigue failure. It is of important engineering significance to investigate the effects of clamps and wear depth on the
stress distribution and fatigue life of contact wires. [Methods] Firstly, taking the contact wire at the clamp position as the
research object, a dynamic simulation model of the pantograph-catenary coupling system and a hybrid catenary model with
solid elements for clamps and contact wires were established. Secondly, stress analysis was carried out on the contact wire
without clamps and the clamped contact wires with different wear rates (0%, 14%, 19%). Finally, high-cycle fatigue tests of
contact wire materials within 107 cycles were conducted, and fatigue life prediction was performed based on the stress analysis
results. [Results] The results show that the proposed hybrid catenary model can accurately and intuitively present the stress
distribution of the contact wire at the clamp position. Compared with the beam-element catenary model, this model can capture
more detailed stress time history. Obvious stress concentration occurs on the contact wire at both ends of the clamp, and the
stress concentration becomes more significant with the increase of wear depth. The existence of clamps remarkably shortens
the fatigue life of the contact wires, and ignoring the influence of clamps will lead to an overestimated fatigue life. The fatigue
life of the contact wire shortens with the increase of wear depth, and the greater the wear depth, the faster the life shortening of
the contact wire.
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