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Fig.1 Time-domain waveforms of loop current,
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arc voltage and space radiation field
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Fig.2 Time-domain waveforms of pulse current and

radiation field during pantograph-catenary arc

initiation stage
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Fig.6 Electrode separation discharge model of

pantograph-catenary discharge
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Experimental study of electromagnetic radiation characteristics of
pantograph-catenary off-line arcs in high-speed railway
JIN Mengzhe',LIU Shanghe'?,XING Tong’, YANG Caizhi’,LIU Weidong', FANG Qingyuan',HU Man'
(1. Hebei Key Laboratory for Electromagnetic Environmental Effects and Information Processing,
Shijiazhuang Tiedao University, Shijiazhuang 050043, China;
2. National Key Laboratory on Electromagnetic Environment Effects, Army Engineering University of PLA,
Shijiazhuang 050005, China;
3. Standards and Metrology Research Institute,China Academy of Railway Sciences Corporation Limited,
Beijing 100015, China)

Abstract: The electromagnetic environment of the high-speed railway system is very complicated, and the
electromagnetic radiation generated by the pantograph-catenary off-line arcs is one of the most important
sources of electromagnetic interference in the high-speed railway system. The high-speed pantograph-catenary
relationship experimental bench is used for the simulation experiment of pantograph-catenary off-line dis-
charge under the condition of high current and high speed. The time-domain waveforms of discharge radia-
tion field under different arc currents and vehicle speeds are both measured,and the characteristics of off-
line discharge electromagnetic radiation, including the main frequency band, distribution density and typical
frequency values, are obtained after applying FFT(Fast Fourier Transform). The variation laws and causes
of discharge radiation characteristics along with traction current and driving speed are carried out. The
study results show that, under the condition of high current and high speed, the electromagnetic radiation
energy of pantograph-catenary discharge is mainly distributed in the frequency range of 0~100 MHz, of
which the most densely distributed frequency band is 45~55 MHz,and the electromagnetic radiation intensity
of arc initiation is greater than that of arc extinction. In the traction current range of 100~700 A, the
amplitude of the discharge radiation field increases with the increase of the traction current. Under the
same traction current,the frequency value corresponding to the frequency-domain peak value gradually de-
creases with the increase of the driving speed. The study results provide experimental data and reference
basis for the mechanism research and protection of the electromagnetic radiation interference caused by the
pantograph-catenary arc.

Key words:electromagnetic radiation ; high-speed railway; electromagnetic interference ; electromagnetic environ-

ment effect; pantograph-catenary off-line arcs;experiment
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Fig.A1 Photo of high-speed pantograph-catenary relationship experimental bench and detail of

contact of pantograph and catenary
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Table A1 Properties of experimental materials
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Fig.A2 Schematic figure ofexperimental system
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Table A2 Main properties of measuring sensors

MR A 2 i UiRss A i
A H IR R A.H.systems BCP-619 100 Hz~100 MHz 800 A

ZE o HUERL Pintech N1008B DC~100 MHz 800 V
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Fig.A3 Simulation model and actual picture of single-arm Archimedean spiral antenna
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Fig.A4 VSWR curveof single-arm Archimedean spiral antenna
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Fig. A6 Test results of radiated noise under different conditions
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Table A3 Experimental conditions of pantograph-catenary off-linedischarge
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Fig.A7 Distribution of frequency points with radiation amplitude over 10 dB
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Fig.A8 Distribution of frequency points with amplitude over 10 dB during arc initiation stage

under different current conditions
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