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Fig. 1 Schematic diagram of simulated voltage wave
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Fig.2 Lightning wave surge voltage detection circuit
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Fig. 3 Schematic diagram of port test circuit for commu-
nication transmission lines
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Fig. 10 Common mode forward shock characteristics
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Fig. 13 Differential mode reverse shock characteristics
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Experimental Study on Lightning Transient Overvoltage Damage of Interface Devices of
High-speed Railway Signal Equipment
WANG Zhoulong , XU Jmpeng , JIN Shaoyun , MAI Ruikun®*
(1.Signal & Communication Research Inst., China Academy of Railway Sciences Corp. Ltd., Beijing 100081, China; 2.The Center of National Railway Intelli-

gent Transportation System Eng. and Technol., China Academy of Railway Sciences Corp. Ltd., Beijing 100081, China; 3.Beijing Hua-tie Info. Technol. Co.,
Ltd., Beijing 100081, China; 4.School of Electrical Eng., Southwest Jiaotong Univ., Chengdu 611756, China)

Abstract: This article proposes a method for detecting and determining the lightning overvoltage damage in communication interfaces of high-
speed railway signal equipment, which is an optimization and improvement of the current lightning test and detection methods for communication
interfaces of high-speed railway signal equipment. Firstly, an analysis of the lightning wave spectrum is conducted to determine the lightning test
waveform and detection circuit of the communication interface. Subsequently, the CAN communication interface device PCA82C250 of the
ZPW-2000A track circuit system and the optocoupler TLP621—4 of the encoding reading circuit were selected as the test objects. The lightning
impulse tests were conducted on the test objects with gradually increasing voltage amplitudes. The test results showed that the transverse light-
ning impulse damage voltage of PCA82C250 is about 88 V, and the longitudinal lightning impulse damage voltage is about 48 V. In the opto-
coupler acquisition circuit, when the lightning impulse is directly applied to the optocoupler, the voltage damaged by lightning impulse is about
140 V. By connecting a 4.7 kQ resistor in series between the lightning impulse point and the optocoupler, the lightning impulse damage voltage is
about 800 V. Therefore, increasing the input impedance of the device can improve the lightning impulse resistance level. Finally, the lightning
overvoltage damage characteristics of signal equipment communication interface devices were discussed and analyzed. The analysis results
showed that these characteristics can be divided into three stages, which are the normal stage, the critical damage stage, and the damage stage.
There exists an accumulation effect of impact damage on these components. When the components are in the critical damage stage, data transmis-
sion can still be carried out, but the output signal is inconsistent with the normal stage. The detection of lightning overvoltage damage to commu-
nication interface devices of signal equipment should be carried out through lightning impulse testing with gradually increasing voltage amp-
litudes. The basic criteria for damage determination is the presence of the breakdown phenomenon during the impulse and the abnormal signal

level on the communication line. Furthermore, scientific and accurate judgments should be made in conjunction with corresponding testing standards.

Key words: high-speed railway; signal equipment; interface device; lightning overvoltage; damage
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