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Abstract: The dynamic mechanical behavior of high-speed railway catenary positioning wire clips was investi-
gated by the nonlinear finite element analysis, and a 3D multi-body dynamic model comprising positioning dow-

els, main clips, auxiliary clips, and U-bolts was established. The hybrid meshing technique with the step load-

« WTRHE: 2025-03-24; 1&iTHEA: 2025-07-31
ESWH.: PEYERAIIIE RS (2024Y)288) ; Hh [ [ 5 2k B AR H A PR 2> 7 5 AERMIFE 1 ( 02024G019)
EEBN . KIEK(1980—) , B, IEm% TR, i+ ( E-mail ; zhbjew@ 126.com)
AT (1989— ), SR TR0, {1 (GEIE/EH . E-mail: yxzhaol5801042226@ 163.com).
IR, skigd, BT, RS, BUEE, A, NE. Rkl N e 2 e i B T [ T . R PR AR A
%%.2026, 47(10) ; 1254-1265.
1254



5510 W SR, A5 BRI A ok 0 5 (S 2k T 1) B T2 o B 1255

ing strategy was used to effectively simulate the cyclic vibration, the actual vibration, and the impact lift condi-
tions. The results demonstrate that, the horizontal tension-dynamic load coupling markedly affects stress distri-
butions and deformation characteristics, where low tension conditions induce significant U-bolt shear deforma-
tion accompanied by stress concentration from interface sliding and impact, while high tension conditions en-
hance frictional constraints between clips to suppress relative displacement yet cause sustained stress concen-
tration at the main clip side surface and the bolt root. Dynamic loads govern spatiotemporal stress evolution
through interfacial energy transfer, revealing limitations of conventional static design criteria. The geometric op-
timization of clamping surfaces was proposed to mitigate stress gradients, with elastic constraint mechanisms
recommended to improve dynamic response performance. This research establishes a theoretical foundation for
structural design and reliability evaluation of catenary positioning wire clips, providing practical solutions for

improving catenary system durability under high-speed operations.
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Fig. 1 The geometric modeling of contact wire clips
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Table 1  Material coefficients for contact wire clip components

material p/(kg/m®) v E /GPa
CuNi, Si 8 900 0.34 120
AlSi; Mg ¢ 2 600 0.33 70
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Fig. 2 The mesh convergence analysis Fig. 3 Meshing and boundary conditions for contact wire clip models
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Fig. 6 The evolution curve of the total iteration number Fig. 7 The time increment variation curve
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Fig. 8 Stress distributions of contact wire clips under 80 N tension during cyclic vibration
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Fig. 9  Stress distributions of contact wire clips under 3 000 N tension during cyclic vibration
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Fig. 10  Stress distributions of contact wire clips under 80 N tension during actual vibration
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Fig. 11 Stress distributions of contact wire clips under 3 000 N tension during actual vibration
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Fig. 12 Stress distributions of contact wire clips under 80 N tension during impact lifting
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Fig. 13 Stress distributions of contact wire clips under 3 000 N tension during impact lifting
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Fig. 14 The magnified view of stress concentration around the bolt hole
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