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Arc Suppression and Protection Method for Single-Phase Grounding Fault
Based on Combined Regulation of Line Voltage in Distribution Network
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Changsha 410114, China)

Abstract: Aiming at the problem of arc suppression and protection of single-phase grounding fault in non effectively grounded
distribution network, a single-phase grounding fault arc suppression method based on line voltage combination regulation of distribu-
tion network is proposed. Using the characteristics of single-phase grounding fault and line voltage constant in the regulation process,
the three-phase line voltage is obtained from the adjustable injection transformer from the system, the injection transformer ratio and
the secondary side switch are adjusted to flexibly regulate the zero sequence voltage, and the fault phase voltage is actively suppressed
to 0, which realizes reliable arc suppression of grounding fault. Furthermore, a single-phase grounding fault type and feeder identifica-
tion method based on the combined regulation of line voltage in distribution network is proposed. The change characteristics of injec-
tion current, zero sequence voltage and zero sequence current of each feeder before and after the change of injection transformation
ratio are analyzed. The double identification criteria of ground fault type and feeder based on phase angle difference and admittance
ratio are constructed to realize the sensitive identification of ground fault type and fault feeder. The proposed method is verified in
PSCAD/EMTDC simulation environment. The simulation results show that the method can effectively suppress the grounding fault
arc, realize the active, sensitive and accurate identification of grounding fault types and feeders, and improve the safe and reliable
operation ability of distribution network.
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Fig. 1 Principle diagram of combined regulation of line voltages
in non-effective grounding distribution network
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Fig. 3 Phasor diagram of line voltage combination regulation

step-down arc suppression principle
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Fig. 7 Realization process of single-phase grounding fault arc
suppression and protection method for combined regulation of
line voltage in distribution network
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Fig. 14 Arc grounding fault phase currents waveform in
ungrounded mode
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Tab. 4 Arc suppression effect of line voltages combined control
device under different grounding fault conditions

e ﬁfﬁg O E&K%TEEEE/V [ I%%?ﬁ/A
Ji BT AT BT BAJR

10 205.64 0.62 20.54 0.06

200 3287.49 0.62 16.44 0.00

A 800 5378.10 0.62 6.72 0.00

2000 5684.70 0.62 2.84 0.00

5000 5750.90 0.62 1.15 0.00

10 13.43  0.11 1.34 0.0l

o 200 260.81  0.11 1.30  0.00

%“sﬂiéfégim 800 952.13  0.11 1.19  0.00

2000 1993.46 0.11 1.00 0.00

5000 3421.26  0.11  0.68 0.00
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Fig. 15 Three-phase line voltage waveform

4.2 ETZHREEAGEENEMBEREHEIRG

HER

oL TR A G PR AT R AL B
SR IRRAE TR PR E Uy, AT,
5 s P AR N Al IR AR IR AR AL, SRR L,
[ S ZI 2 TR R Uy AR

I O P P AN TR T OB . 289 O
2R Vel Fe b ) | SRR SIS TR ek Y R BT B i
PEATOF I, A SRR T 20 RS R S
I P, L o P 28 Fi, T 2 5 PR B B P TS R
U, ARG, ARG B 03 5 R, A
e R U O LA R AN 6 TR

126 5—6 FTAL, 1A [ 4 4t 07 2Rl e 26 1
R5 FEEMHE TR TRERHR0(U,)50(1,)

Tab. 5 6(U,)and 6(1,,) of the device before and after shifting

under different ground fault conditions

P GUE R 8(u, ) o(1,))

g RO R iRy B BRI

BEmtPE  -150.01 —120.00 -62.40 -32.37
JKAME -150.01 -120.08 -62.40 —1.08
BERE  -150.01 —120.00 -62.38 —32.37

AN 500
KAME -150.01 -120.00 -62.38 —20.86
5 000 BEEFPE —150.01 -120.00 -62.38 —32.37
KAME -150.01 -120.00 -62.38 —28.53
0 BER#E -150.00 -120.00 159.78 —170. 17
AKAME -150.00 -120.08 159.78 -0.03
ZWINZ BRI —150.00 —120.00 159.67 —170.34
B JKAME 15000 —120.00 159.67 ~—1.25
> 000 WEEF P —150.00 —120.00 159.67 —170.34

JKAME —150.00 =120.00 159.67 —8.12
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Tab. 6 Identification results of single-phase ground fault type
under different ground fault conditions

jifrll% R/ iz A0(0, ) a6(E, () H, ?;g

0 WER 29.99 30. 03 1.00  IF#f

KA 29.93 61.32  0.03 IFAf

g 00 Wk 29.99 30.01 1.00  1Eff

i AAME 29.99 41.52  0.66 IEHf

> 000 [73ihges 29. 99 30.01 1.00  1Eff

K ANE 29.99 33.85  0.89 IEHfi

0 [7inE e 30. 00 30. 05 1.00  IEff

23 K AME 29.92 -159. 81 0 LA

Nk BEETE 30.00 29.99  1.00 IEff

Pl 42 200 AN 30. 00 -160.92 0.13 IEff

B R 1 30. 00 29.99 1.00  IEf
2000

AN 30. 00 -167.79 0.84 IFf
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Tab. 7 6(U,)and (31, ) before and after shifting under

different ground fault conditions

P, 00O 0(31,,)(*)
A W BRin  HPUE P s
1 -61.98  —0.09
10 2 -150.01 -120.08 -62.90 —32.97
3 -61.72  -31.79
1 -61.73  -3.57
AN 500 2 —150.01 —120.00 —62.90 —32.90
3 -61.72  -31.72
1 -61.72  -10.84
2000 2 -150.01 -120.00 -62.90 —32.90
3 -61.72  -31.72
1 -61.52  —0.09
10 2 -150.00 -120.08 —62.89 —32.97
3 -61.71  -31.79
2N 1 -61.71  -3.57
& 500 2 -150.00 -120.00 —-62.89 —32.89
i 3 -61.71  -31.71
1 -61.71  -10. 84
2000 2 -150.00 -120.00 -62.89 —32.89
3 -61.71  -31.71
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Tab. 8 Identification results of single-phase grounding fault
feeder under different grounding fault conditions

1 61.89 0. 00
10 2 29.93 29.93 1.00  1EH
3 29.93 1.00
1 58. 16 0.12
Zif‘ 500 2 29.99 30. 00 1.00  iEf#f
3 30. 00 1. 00
1 50. 88 0.35
2000 2 29.99 30. 00 1.00  IEff
3 30. 00 1. 00
1 61.43 0. 00
10 2 29.92 29.92 1.00  IEHf
3 29.92 1. 00
24 1 58.14 0.12
%fi 500 2 30. 00 30. 00 1.00  IEfH
" 3 30. 00 1. 00
1 50. 87 0.35
2 000 2 30. 00 30. 00 1.00  iEHf
3 30. 00 1. 00
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