W41% W6 2/ M Fx % W Vol. 47 No. 6
2026 4E 6 A Chinese Journal of Scientific Instrument Jun. 2026

DOLI: 10. 19650/]j. cnki. ¢jsi. J2615143

S 5 R A I B A5 T SR A T 5

FREE
(VHRA I R A TR R 610031)

T OE NI A RSN R, S R G IE AT i AR P G 1 IR A B 9 57 N Wi R A6 ) A 7 B S T b B 7 U oL
WHBELE, FXTRIES W RGEEMAT G 42 SR A A R DL O R AE 1 SCBR IR 42— g B TR I S 3
Tr T YR 43 0 7, B T 5 I g A5 432 ik o S B | %k 91 42 1k R B R AT MR 3h AT B S R AT O T R AT, i@
I {68 L S 0 4 B S ik ) A5 e At AU, TR D B ) SRIBURRAE TR KRB AR AR AR B R R [RE AT 0L R il
PR W3 43 A R B R R AR AR LA SR P I 97 T X 422 Mok o s i) 5 R 106 4 08 B4, 4 o 45 00 F 3k imr %, gt o i o
MEE(E A A, SR I B0 W 95 R E BRI R IES 8L, WFT 45 SRR, NIE 5 M sh B fh ) B ZE P F 0~ 6 Hz UM IX
B, 0~1 Hz 765 Bl A& 7 HU3 i 5 207 I A £ ZE4E P 78 120 N I, 0. 1~ 1 N Y N EMR IR & 8 o R s fr gy, A
S AT 00T 55 42 fih g ke Sl RpAE 774 B 0 22 5 A 2l 5 440 3 B B e 0 28 Ak B 0 TR 20 308 5 422 fil ) s L B0 il Rk 25
M7, T RIES RS IRSILEL, MR b Uk KIYE 5 W R G4, FE IR I% 55 7 an iEAlT , B 5 W R GRS W 5 42 4k 45 B
PEAEH ISR

KB : 2 WIERE AR ; 5 P2 il 7 D2l B s 3 Ay ik

FESES . TH873.7 U226.5 XEERRE: A BEREERSENG: 520. 2040

Research on the spectral characteristics of the dynamic contact
force between pantograph and rigid catenary

Li Jiaodian,Zhan Dong

(School of Electrical Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract : The rigid overhead contact system is characterized by low elasticity and high stress. During long-term operation, the pantograph-
catenary system is prone to issues such as component loosening, fatigue, and fracture, which severely affect the current collection quality
and operational safety of subways. To address the complex contact behavior of the rigid pantograph-catenary system and the difficulty of
accurately characterizing its dynamic interaction process, a combined analysis method integrating power spectral density and load spectrum
is proposed. Based on measured dynamic contact force data of the pantograph-catenary system, the contact behavior under train stationary,
starting, coasting, and braking conditions is investigated. By applying Fourier transform to convert the time-domain contact force signal into
the frequency domain, the power spectral density is calculated, and characteristic frequency and energy distribution indicators are extracted
to reveal the amplitude-frequency distribution characteristics and energy variation patterns of the contact force under different operating
conditions. The rainflow counting method is employed to perform cycle counting on the contact force time history, compile load spectra
under each operating condition, statistically analyze the distributions of load amplitudes and mean values, and extract the main vibration
characteristic parameters that lead to pantograph-catenary fatigue failure. The results show that the dynamic contact force of the rigid
pantograph-catenary system is primarily concentrated in the low-frequency range of 0~6 Hz, with a high energy proportion in the O~ 1 Hz
range. The load amplitude is mainly concentrated around 120 N, with low-amplitude, high-frequency periodic load components existing in
the range of 0. 1~1 N. Significant differences in contact force fluctuation characteristics are observed under different operating conditions,

with more intense variations occurring during the starting and braking phases. Through a comprehensive analysis of the contact force

S H 1. 2026-04- 14 Received Date; 2026-04-14
* BATH | EHK ARFIAEES (52372401) | I ZE S0 & TR 51 (2023 YFB4302002 ) 51 H %5 Bf



% 6 1

AR 2 32 5 T ) 8 2 kT A A 71

amplitude and spectral characteristics, the vibration mechanism of the rigid pantograph-catenary system is revealed, providing a theoretical

basis for optimizing the structural design of subway rigid pantograph-catenary systems, conducting fatigue life assessments, and enabling

condition monitoring and operational maintenance management of pantograph-catenary systems.

Keywords : pantograph ; rigid catenary; pantograph-catenary contact force; power spectral density; load spectrum
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Fig. 1 The detection principle of the contact force between

Bt

the pantograph and catenary system
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Fig.2 Sensor installation positions and physical

diagram of the pantograph
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Fig. 3 Schematic diagram of rainflow counting results
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