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Abstract

In order to research the live operation of 10-kV bus bypass and load transfer in substation and
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consider the transient steady state process before and after ring closing and ring unwinding, this
paper first proposes a unit current method based on superposition principle to calculate the cir-
culating current in the loop closing operation process in real time. Then, it is proposed to improve
the success rate of bus turn-over by increasing the load symmetry of bus on both sides of the
turn-over switch and reducing the voltage phase difference between bus on both sides of the
turn-over switch and use MATLAB/Simulink simulation software to verify. Finally arc black box
model are adopted to simulate the transient characteristics of arc, and respectively from five an-
gles: the brake angle, cable conductor cross-sectional area, length of cable, closed loop switch on
both sides of the bus load switch with symmetry and closed loop on both sides of the bus voltage
phasor differential, the influence factors of the closed loop switch power network process on the
arc current are analyzed, and ATP-EMTP simulation software is used for analysis.
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Figure 1. Schematic diagram of unit current method
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Figure 2. Simulation circuit diagram of unit current method based on superposition principle
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Figure 3. Load control schematic
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Figure 4. Simulation circuit diagram of load control effect on circulating current
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Figure 5. Bus 1 load control: (a) Active control; (b) Reactive control
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Figure 6. Bus 2 load control: (a) Active control; (b) Reactive control
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Figure 7. Voltage phasor diagram for transformer tap adjustment
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Figure 8. The circulating current during tap adjustment
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Figure 10. Simulation diagram of arc current when the turn-over switch is opened in ATP-EMTP
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Figure 11. Arc current waveform at different opening angles (a) Opening angle is 0°; (b) Opening angle is 120°
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Table 3. Effect of different opening angles on arc current
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Figure 12. Arc current waveform under different conductor layer radius: (a) Radius is 12 mm; (b) Radius is 24 mm
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Table 4. Effect of different conductor layer radius on arc current
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Figure 13. Arc current waveform at different cable lengths: (a) Cable length is 1 km; (b) Cable length is 4 km
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Table 5. Effect of different cable lengths on arc current
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Figure 15. Effective value of arc current when adjusting busbar 2 load
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Figure 16. Effective value of arc current when adjusting transformer tap
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