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Performance verification on the Impedance Relay Method
using Failure Simulator of AT Feeding System
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Abstract - In this paper, we investigated the impedance method for searching fault detection point in case of an accident in
the AC electric railway AT feeding system. For this purpose, simulation circuit modeling and prototype hardware are made
based on the known numerical analysis. As a result of simulation modeling of the feeding system based on the numerical
analysis of the impedance method confirmed that the modeling was properly implemented with an average error rate of 0.07%.
Also, as a result of fault event by hardware simulator, it was confirmed that the breaker operation time is shortened and the
fault current is decreased while the voltage is close to the supply voltage in the transient state as the point of the fault

accident moves away from the substation(SS).
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Fig. 3 Impedance Characteristic Curve
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Table 1 Feeding system data

Contents Data
55[kV]

Secondary Voltage of Sccot Transformer

Secondary Voltage of Auto Transformer 275[kV]
Trolley 0.61
Impedance N
Rail .
[£2/km] ai 0.539
Feeder 0.682

¥ 12 YulEaglo] 091 oJdEQl TdHHAVIE ARSI
T
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Table 2 Value of numeric analysis

Length | Voltage | Current Current Impedance
[km] [V] [A] Lt L) [A] [Q]
1 27,500 12,774 25,548 1.08
2 27,500 6,953 13,906 1.98
3 27,500 5,067 10,134 2.11
4 27,500 4,187 8,374 3.28
5 27,500 3,727 7,454 3.69
6 27,500 3,499 6,998 3.93
7 27,500 3,434 6,868 4,00
8 27,500 3,513 7,026 391
9 27,500 3,759 7,518 3.66
10 27,500 4,248 8,496 3.24
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Fig. 4 Impedance Characteristic Curve(Numeric analysis)
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Table 3 Simulation Calculation Value

Length Voltage Current Current Impedance
[km] V_TRIV] i1 [Al | i2(T+F)[A] [2]
1 27,500 12,768 25,536 1.08
2 27,500 6,940 13,880 198
3 27,500 5,066 10,132 211
4 27,500 4,151 8,302 331
5 27,500 3,726 7452 369
6 27,500 3499 6,998 393
7 27,500 3433 6,866 401
8 27,500 3510 7,020 392
9 27,500 3,759 7518 3.66
10 27,500 4,247 8494 3.24
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Fig. 6 Fault locater of AT feeding system (hardware)
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Table 4 Measured value according to hardware operation

Length | Voltage | Current Current Impedance
[km] vl [A] (T+F) [A] [Q]
1 27,500 12,025 24,049 1.14
2 27,500 6,790 13,580 2.03
3 27,500 5,043 10,085 2.13
4 27,500 4,183 8,366 3.29
5 27,500 3,753 7,505 3.68
6 27,500 3,496 6,991 3.93
7 27,500 3,431 6,862 4.02
8 27,500 3,515 7,029 3.93
9 27,500 3,701 7,402 3.711
10 27,500 4,137 8,273 3.31
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Fig. 7 Voltage and current waveform in case of fault event
at 5[km]
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