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Time-domain distance protection method for new energy-integrated lines based on
impedance compensation

WANG Zhaoming, SUN Zhipan, HONG Feng, WU Tonghua, DAI Wei, JIANG Yuan
(State Grid Electric Power Research Institute (NARI Group Corporation), Nanjing 211106, China)

Abstract: When ground faults occur on new energy-integrated lines, the weak fault current injection and strong
controllability of new energy sources can degrade distance protection performance. To address the insufficient sensitivity
of conventional power-frequency distance protection during ground faults with transition resistance on new
energy-integrated lines and the low reliability of conventional time-domain distance protection, this paper proposes a
time-domain distance protection method based on impedance compensation for single-phase-to-ground faults. First, the
equivalent transition resistance at the fault point is solved in real time by establishing time-domain equations. Then, the
relationship between the additional impedance and the equivalent transition resistance is established to derive an accurate
impedance compensation model, forming the impedance-compensated time-domain distance protection criterion. Finally,
PSCAD/EMTDC simulations verify that the proposed scheme significantly enhances the sensitivity of distance protection
during transition resistance faults while ensuring reliability, demonstrating practical applicability for new energy
integration via AC lines.
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Fig. 1 Topology of a typical new energy access into system
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Fig. 2 Control block diagram of low-voltage ride-through strategy
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Fig. 3 Fault topology schematic diagram of wind

power integration system
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Fig. 4 Schematic diagram of single-phase grounding

composite sequence network
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Fig. 5 Phasor diagram of sending-end voltage during

single-phase fault at sending terminal
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Fig. 6 Phasor diagram of receiving-end voltage during

single-phase fault at sending terminal
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Fig. 7 Resistance-inductance model of transmission line
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Fig. 8 Schematic diagram of zero-sequence current

leading voltage phase
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Fig. 9 Schematic diagram of simulation system
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Fig. 10 Operating characteristic of traditional distance protection

30 T
WL
W
25} - L
o
20¢
~
= 15f
=
10}
5+
o
0 10 20 30 40 50 60

i i) /ms
B 1 K75 REBFRPESIEE
Fig. 11 Operating characteristic of distance

protection in this scheme
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