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Fluctuating wind field and wind-induced vibration response of
catenary based on AR model

LI Rui-ping, ZHOU Ning, ZHANG Wei-hua, MEI Gui-ming

(State Key Laboratory of Traction Power, Southwest Jiaotong University, Chengdu 610031, Sichuan, China)

Abstract: Based on AR model and the structural characteristics of catenary, the fluctuating wind
field of catenary related with time and space was established. The fluctuating wind loads acting
on the catenary were calculated by the simulated wind speed time series. A three-dimensional
finite element model of catenary was established to calculate the modes, static wind deviations
and wind-induced vibration responses of catenary, and the spectrums of the displacement
responses were analyzed in details. Analysis result indicates that the fluctuating wind field of
catenary can be established by using Davenport wind speed spectrum because the vertical wind
speed is lower than the along-wind speed. While the lateral average wind and natural wind with
the speed of 30 m ¢ s ! acting on the catenary, the maximum lateral displacements of mid-span
node of contact wire are 109. 11 mm and 312. 49 mm, respectively. The lateral displacement of
catenary calculated by the average wind load acting on the catenary decreases by 186.40%
compared with the value calculated by the fluctuating wind loads. The lateral displacement of
catenary is generated as well as the vertical displacement of catenary under natural wind, the first
order vertical and lateral frequencies are 0.973 Hz and 1. 384 Hz, respectively, and the wind-

induced responses of catenary exhibit peak resonant vibration in the zone of the two {requencies.
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~', the stresses of contact wire and support wire

Under natural wind with a speed of 30 m * s
caused by the wind loads are about 10.77% and 27.40% of their total stresses, respectively.
Therefore, the fluctuating wind loads should be applied to conduct the wind deviation and
strength design of catenary. 3 tabs, 11 figs, 15 refs.
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Fig.1 Simulation points of catenary wind field
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Tab.1 Calculation parameters of wind speed
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Fig. 2 Wind speed time series and power spectrums at point 10
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Fig.4 Wind speed time series at point 20

3 MRS SRR R 5 1

3.1 EMMES

ARSCHE ST AL 3G AR R VB ZR T il 2k i 5%
A ASFBAF A 4 ik P ASE 7R, SR A R G 125 % 45 4 i A7
B, Hop R IR B 2R RN il 4R R AR T E
FEASEAEL o 13 5% R P 95 ot et PR T AL L AR R A 5 Y
RG34 05 B A5 20 7 58 uE AR R L 4 fih
MOBHRIZE ¥ 2805 I L3R 2.3,

H T 42 fioh 9 1) I ) A e E X XUy 8% 7 e )3
15 B0 o R I o AR A 0 S50 45 fih DO R A7 B2 T 5 LT

K2 BEUMEMHSH

Tab. 2 Material parameters of catenary
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Tab. 3 Structure parameters of catenary
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Fig.5 Modes of catenary
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