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Time domain distance protection of new energy transmission line grounding fault considering the
phase difference of zero sequence current on both sides of the fault point
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Abstract: The fault current in new energy power supply presents weak feedback, strong controllability and a large
number of interharmonics. This leads to decline in the reliability of existing power frequency distance protection.
Time-domain distance protection mainly establishes the fault distance based on the equation, and is less affected by the
short-circuit current characteristics of new energy. This paper proposes an improved time domain distance protection
scheme for new energy transmission lines that takes into account the phase difference of zero sequence current on both
sides of the fault point. This is to address the issue of significant deviation in the calculation of fault distance caused by
the influence of distributed capacitance on the phase of zero sequence current when the new energy transmission line is
long. First, taking into account the influence of the phase difference of the zero sequence current on both sides of the fault
point, the transition resistance is equivalent to the transition impedance. Then, by writing the fault circuit equation and
finding the fault distance, a protection criterion is formed. Finally, based on a large number of simulation experiments
using PSCAD/EMTDC, it is verified that the time-domain distance protection scheme proposed in this paper has only a
small error in calculating the fault distance, and can be well applied to scenarios where new energy is transmitted through
medium to long distance AC lines.
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Fig. 1 Equivalent circuit diagram under single-phase ground fault
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Fig. 2 Equivalent zero sequence circuit diagram

considering distributed capacitance
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Fig. 3 Equivalent circuit diagram before and after

splitting the transition resistance
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Fig. 4 Flowchart of improved time domain distance protection
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Fig. 5 Simulation topology of photovoltaic connected system
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Fig. 6 Current and voltage waveform of photovoltaic

power supply side
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Table 1 Comparison of error in calculating fault distance between
existing and improved time domain distance protection
under different fault distances (Rg = 300 Q)
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5 -1.1949 6.195 5.8437 0.844
10 3.8726 6.127 10.9352 0.935
30 24.9706 5.029 30.8808 0.881
50 50.0271 0.027 50.4136 0.414
60 67.6384 7.638 59.8819 0.118
70 96.7414 26.741 69.0861 0.914
75 122.6095 47.610 73.3959 1.604
80 167.8142 87.814 77.3954 2.605
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Fig. 8 Error curve under different fault distances (Rr = 300 )
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resistance at a fault distance of 70 km
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HLERLO @AY km  OA)% FE F3/km (k)%
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250 92.2854 22285 69.1073 0.8927
300 96.7414 26.741 69.0861 0.9139
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