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Fig.1 Fault equivalent circuit of DC distribution
network at injection frequency
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Fig.2 Additional control block diagram
with signal injection
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Fig.3 Fault zero-mode equivalent circuit
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Fig.4 Grounding fault line selection process of
DC distribution network
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Table 1 Simulation results of feeder fault

B B RARAPE R L
(A P1 P2 P3 P4 ]
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Fig.10 Simulation results of feeder terminal grounding
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Table 2 Simulation results of L, terminal grounding
fault with different transition resistances

L O PSRRI R Pz
Pi1 P2 P3 P4
100 -1.000  1.000  1.000  0.999 L,
150 -0.989  0.998  1.000  1.000 L,
200 -0.999  1.000  0.999  0.997 L,
250 -0.999  0.997  0.999  0.997 L,
300 -0.995 1.000 0.989  0.997 L,
1 000 -0.990 1.000  0.984  0.990 L,
2000 ~0.991 0.998  0.999  0.991 L,
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network based on waveform correlation
WANG Chenging, CHEN Shi, QI Beibei, KONG Xiangping, LI Peng, GAO Lei
(State Grid Jiangsu Electric Power Co.,Ltd. Research Institute,Nanjing 211103, China)

Abstract; The fault characteristics of direct current ( DC) distribution network with small current grounding mode are
inconspicuous when single-pole grounding fault occurs. In order to accurately and reliably select the fault line,a grounding fault
selection method based on the injected signal waveform correlation is proposed. Firstly,a predesigned additional control strategy
is applied to the modular multilevel converter (MMC) of the DC distribution network to achieve the detection signal injection.
Then,in combination with the zero-mode network, the fault characteristics are as follows. The specific frequency zero-mode
current flow at the beginning of each sound feeder are same, which are opposite to zero-mode current flow at the beginning of the
faulty feeder. Finally, based on this fault characteristic, the fault selection criterion is designed, and the Pearson correlation
coefficient is introduced to compare the correlation between the normalized zero-mode current of each feeder and the total
normalized zero-mode current. The fault selection is completed based on the characteristics that the correlation coefficient of the
sound feeder is close to 1 and the correlation coefficient of the faulty feeder is close to —1. The simulation results show that the
proposed method can reliably identify single-pole grounding fault occurring at any location on the bus or each feeder under high-
resistance grounding fault.

Keywords : direct current ( DC) distribution network ; modular multilevel converte ( MMC) ; line selection of small current

grounding fault;injected signal ;zero-mode network ; normalized current; Pearson correlation coefficient
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