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A flexible DC distribution network line unipolar grounding protection method
based on transient power direction

LI Weifeng!, WANG Chao?, XUE Yongduan?, LI Juan3, XU Bingyin?
(1. College of New Energy, China University of Petroleum (East China), Qingdao 266580, China; 2. Kehui Electric
Co., Ltd., Jinan 250101, China; 3. State Grid Jiangsu Electric Power Research Institute, Nanjing 211100, China)

Abstract: Unipolar grounding faults are the most common faults in flexible DC distribution networks. When a single-pole
grounding fault occurs in MMC-type flexible DC distribution networks using small current grounding methods, the
short-circuit current is small (mainly distributed capacitance current) and fault identification is difficult. The ground fault
detection of flexible DC distribution network is an urgent matter. Phase-to-mode conversion is used to establish a
multi-terminal ring-shaped flexible DC distribution network with a single-pole ground fault zero-mode network circuit
based on MMC, and the impedance characteristics of the zero-mode network converter and the DC line are analyzed. In
the characteristic frequency band of interest, the zero-mode network is simplified and made equivalent, and the
relationship between the transient zero-mode current and the zero-mode voltage of each line is obtained. Based on the
distribution characteristics of the transient zero-mode current and zero-mode voltage of each line, a directional
longitudinal protection method using transient power is designed. The transient power directions at both ends of the fault
line are all negative. At least one end of the power direction at both ends of the non-faulty line is positive. Finally, a
simulation verification is built on the PSCAD/EMTDC platform. The results show that the protection method is simple
and can be implemented reliably. It also has a good ability to withstand transition resistance.
This work is supported by the National Natural Science Foundation of China (No. 52077221).
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Fig. 2 MMC zero-mode equivalent model
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Fig. 3 Schematic diagram of zero-mode network
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Fig. 4 Schematic diagram of zero-mode network
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Table 3 DC line parameters
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Table 4 Zero-mode reactive power at both ends of each line under different fault conditions

e i L Ih I2 la la X BEsE L
eyt frE L FH/IQ Em/108 En/108 Em/108 En/108 Em/108 En/108 Em/108 En/108 &

0.01 -3.78 -3.16 3.17 -0.42 0.42 3.16 -3.16 3.77 I
5 -2.42 -1.83 1.84 -0.23 0.23 1.83 -1.83 2.47 I

f1 2 km
10 -1.86 -1.30 1.30 -0.16 0.16 1.30 -1.30 1.88 I
20 -1.29 -0.82 0.82 -0.09 0.09 0.82 -0.82 1.29 I
0.01 -3.74 -3.75 3.75 -1.65 1.65 2.38 -2.38 3.89 I
5 -2.36 -2.25 2.25 -0.93 0.93 1.34 -1.34 2.41 I

f1 5km
10 -1.76 -1.63 1.63 -0.64 0.64 0.94 -0.94 1.78 I
20 -1.17 -1.05 1.05 -0.39 0.39 0.58 -0.58 1.17 I
0.01 -3.58 -4.02 4.02 -2.78 2.78 1.30 -1.30 3.72 I
5 -2.17 -2.54 2.54 -158 1.58 0.72 -0.72 2.21 I

f1 8 km
10 -1.56 -1.89 1.89 -1.11 1.10 0.50 -0.50 1.58 I
20 -1.01 -1.26 1.26 -0.69 0.69 0.30 -0.31 1.01 I
0.01 -3.25 -3.97 3.97 -3.37 3.37 0.44 -0.44 3.37 I
5 -1.92 -2.63 2.63 -1.96 1.95 0.24 -0.25 1.96 I

fi 10 km
10 -1.37 -2 2 -1.38 1.38 0.17 -0.17 1.38 I
20 -0.87 -1.37 1.37 -0.87 0.87 0.10 -0.10 0.87 I
f 5km 5 -1.14 2.56 -255 -2.42 2.43 -0.75 0.75 1.22 I2
fa 5km 5 0.70 1.95 -1.97 2.56 -2.57 -2.24 2.24 -0.75 I3
fa 5km 5 231 -0.25 0.25 1.62 -1.62 2.55 -2.81 2.4 I
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