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Active Rail Potential Hardware Dynamic Emulator System

WANG Zhenshuai, YANG Xiaofeng, SUN Xiangxuan
(School of Electrical Engineering, Beijing Jiaotong University, Beijing 100044)

Abstract: To address the difficulty of on-site verification for urban rail transit rail potential and stray current prevention measures,
the rail potential hardware dynamic emulator system of rail potential has attracted widespread attention. Existing passive hardware
emulator schemes usually achieve dynamic adjustment of the equivalent output resistance by modulating the average insertion
time of a fixed power resistor. However, due to the heating and power limitations of fixed power resistors, it is difficult to
increase the power rating. Therefore, this paper proposes an active rail potential hardware dynamic emulator (ARPHDE) system.
Based on the analysis of the operating principle of the ARPHDE, a coordinated control strategy for the virtual resistance converter
unit (VRCU), large resistance converter unit (LRCU), and section switching switches is developed, enabling precise regulation of
the equivalent virtual resistance value. Simulation results demonstrate that the ARPHDE can accurately reproduce the spatiotemporal
dynamic distribution patterns of rail potential. Compared to traditional passive hardware emulator schemes, the ARPHDE system
replaces fixed power resistor regulation with virtual resistance regulation, avoiding issues of the fixed power resistor heating
and showing promising application prospects.
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Figure 1 Configuration of DC traction power supply system
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Figure 2  Circuit model of DC traction power supply system
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Figure 4 Equivalent circuit of infinitesimal resistance network
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Table 1 Relative error of equivalent resistance
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Figure 5 Lumped parameter model of DC traction system
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Figure 6 Calculation result of rail potential and stray current
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