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Zero sequence current multi-criteria line selection method based on active

regulation of neutral voltage in distribution networks
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Abstract: In order to solve the low accuracy of high-resistance grounding fault selection in small-current grounding
systems, a multi-criteria grounding fault selection method based on the changing amount of zero-sequence current is
proposed from the perspective of active regulation of neutral point voltage. Multiple grounding levels are uniformly
set on the system side of the special grounding transformer. When a single-phase ground fault occurs in the system,
the grounding level size is flexibly adjusted to suppress the fault phase voltage until no higher than the fault arc reigni-
tion voltage. If the fault arc can not be extinguished, the line will be judgedas a permanent ground fault line. In that
case, the transformer grounding level will be decreased to amplify the fault feeder zero sequence currentand the non-

fault feeder zero sequence current. The difference between the zero sequence current increase and decrease of each
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feeder before and after the lowering gear level can then be incorporated for line selection. Next, in the case of large

transition resistance, the non-faulted feeder zero sequence current has a linear trend and the faulted feeder zero sequence cur-

rent has a non-linear trend, and the degree of this non-linear distortion of each feeder zero sequence current can be exploited in

line selection. Simulation results show that the method can achieve rapid extinguishing of the fault arc for transient grounding

faults, can accurately identify ten kilo-ohm grounding fault feeders for permanent grounding faults, and effectively improving

the accuracy of high resistance fault selection for small current grounding systems.

Key words: small current grounding system;neutral point voltage; gear level adjustment; fault line selection;zero se-

quence current change; fault identification
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Figure 1 Schematic diagram of step-by-step voltage

regulation of a new grounding transformer
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Figure 2 Positive, negative and zero sequence

equivalent fault circuit
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Figure 3 Equivalent sequence network

diagram of fault phase
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Figure 4 Simplified equivalent sequence

network diagram
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Figure 5 Phasor diagram of new type grounding

transformer step-by-step voltage regulation
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Figure 6 Equivalent zero sequence network diagram of

feeders in small current grounding system
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Figure 7 Flow chart of ground fault identification and

line selection in distribution network
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Figure 8 Single-phase ground fault simulation

= T4 1
> fi1fif 2
> ffifif 3
= ffifi 4

Es 110 kV/10 kV

8

model of 10 kV distribution network

x1 WEGALHK
Table 1 Feeder simulation parameters
B g LPEAEA !/km d/% Co/pF
L sk 15 4. 00 0.075
L, g2k 15 3. 00 0. 900
Ls RAEL 28 3.08 0.855
L, RAL 24 3.11 0.670

T2 b7 ZR G 45 FH SR AL 3 A0 A B 10 AN 434 il
S, i FRBRAE I AR 0 00 A 7 78 8 0 T B JE A 1~
10 HAT4 5 . R G0 R Mk s 28 00 9N 2k Bl 3 o
AIH IR Ly 0. 924 H.,

4.1 EEHECRE SRR

Sy S8 IR AR ST 5 B 24 TR 1R i I o 1 1
BEADL 28 B & A= B s 42 Bb s B ) )2 R =200.,1 000
Q 1 73 A 42 b i

CA 10 kV OB HL ™ il AL 904 s 0. 22
Uphm"* A S8 52 8 B IR S #A i U, = 1. 8 kV,
RSP ERAN X, =8, WELK L4
KA C AR MR R A R AL AT e L 5 s SR B
A RRAR o3 e Sk B e RS AL, 0 PR S R R R G



537 B 4 M F T, A THC P PR v i s T 84 0 e W R L O 2 I S R T T 111

SEEFHRI T, S mE 9 FroR, 4 R5LE
W S 4 i s g B R 22 e b A A R T T S
i R BICHEL K, 2 6 8 2 o L i 5 A 1O e IR S 2 1
NS M RG KA Ri=200 Q By K APz 15
BERS, T R B/ B 2 i Y B S S
37 R 0% S P L A A R R S Al e P
PM ARG R Ri=1 000 Q B 7K AP 32 5 e s
R BR, RGN A R o T L 2B
JP L UL R O e I 2 AR e R sl i # . PRt
I WL e A o R P R G R AR A B, R AT
) VB £ S g PR S 1

—x—R;=200 Q)
| —o—R;=1000 Q
—5— [ HRF g e

<
R
2>\§

8 6 4 2
53 i M Y

B9 Z/EZHTEFRESELRTEL
Figure 9 Changes of zero sequence current

during transformer downshift
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Figure 10 Change of zero sequence current proportional

coefficient of each feeder during transformer downshift
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Table 2 The measured value of feeders’ zero-sequence

currents under different winding taps

Ri/Q X Kix Kox Kisx Kux
8 1. 000 1. 000 1. 000 1. 000

200 6 0.752 0. 754 0.755 1. 834

4 0. 504 0.506 0. 506 2.746

8 1. 000 1. 000 1. 000 1. 000

1 000 6 0.752 0.753 0.754 1.047
it 0. 504 0. 504 0. 504 1. 284

8 1. 000 1. 000 1. 000 1. 000

2 000 6 0.752 0. 754 0. 754 0. 828
4 0. 504 0.504 0.504 0. 750
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Table 3 Variance of the zero sequence current slope of

each feeder in each gear level
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Figure 11 Changes of zero sequence current
during transformer downshift
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