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Fast Protection and Fault Isolation Method for Load-Switch-Based
Medium-Voltage Ring Networks in Urban Regional Railways

ZHANG Chutian
(China Railway Siyuan Survey and Design Group Co., Ltd., Wuhan 430063)

Abstract: To address the problem of insufficient operating speed caused by step-by-step setting coordination in traditional
definite-time overcurrent protection for load-switch-based medium-voltage ring networks in urban regional railways, this paper
proposes a fast protection method based on differential current. The fault section is identified using the fault characteristics of
differential current, and the fault information is transmitted to the master station via the GOOSE network. The master station
then controls the tripping of the outgoing circuit breaker at the substation to achieve rapid fault clearance. At the same time, the
outgoing current of the substation is monitored. When the outgoing current drops below the preset threshold, a command is sent
via the GOOSE network to control the tripping of the load switches on both sides of the fault section, completing the fault isolation.
After fault isolation, the circuit breaker at the substation outgoing line and normally open point are closed to restore power
supply to the healthy area. Simulation results show that under different fault types, locations, and transition resistances, the
proposed method can achieve rapid protection operation and effective fault isolation, significantly improving protection speed
and providing a reliable guarantee for the safe and stable operation of the load-switch-based medium-voltage ring network in
urban regional railway systems based on load switches.
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Figure 1 Typical topology of a load-switch-based medium-voltage ring network in an urban regional railway
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Figure 2 Substation feeder outgoing current during a
single-phase-to-ground fault on the power transmission line
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Figure 3  Currents at both ends and differential current during
a single-phase-to-ground fault on the power transmission line
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Figure 4 Substation feeder outgoing current during a phase-
to-phase short circuit on the power transmission line
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Figure 5 Currents at both ends and differential current during
a phase-to-phase short circuit on the power transmission line
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Figure 6 Substation feeder outgoing current during a
single-phase-to-ground fault on a unit transformer busbar
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Figure 7 Incoming and outgoing currents and differential current
during a single-phase-to-ground fault on a unit transformer busbar
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Figure 8 Flowchart of the rapid protection and fault isolation method
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Figure 9 Substation feeder outgoing current during a
single-phase-to-ground fault on power transmission line 3
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ground fault on power transmission line 3
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Figure 12 Substation feeder outgoing current during a
phase-to-phase short circuit on power transmission line 3
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Figure 13  Differential current during a phase-to-phase short

circuit on power transmission line 3
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Figure 14 Switching status changes during a phase-to-phase
short circuit on power transmission line 3
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Figure 15 Substation feeder outgoing current during a single-
phase-to-ground fault on busbar 5 of the unit transformer
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Figure 16 Differential current during a single-phase-to-
ground fault on busbar 5 of the unit transformer
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Figure 17 Switching status changes during a single-phase-
to-ground fault on busbar 5 of the unit transformer
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Figure 18 Fault current of feeder 3 of the unit transformer
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Table 3 Fault protection actions and fault isolation
situations under different fault types
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Table 5 Quantitative comparative analysis of
typical protection schemes
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