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High Resistance Grounding Protection Method Based on Relationship Between Neutral Point Damping and

Phase Variation of Zero Sequence Current

SONG Zhaozhao, QIN Xiaojun, WEN Yong

(State Grid Henan Electric Power Company Jiaozuo Power Supply Company ,
Jiaozuo 454000, Henan , China)

Abstract: Photovoltaic (PV) is a typical inverter type distributed power supply with increasing grid-connected
scale, which has a profound impact on the ground fault characteristics of small resistance ground distribution
network. Because the signal is weak and difficult to identify when the high resistance ground fault occurs, the
traditional zero sequence overcurrent protection is easy to reject in the case of high resistance ground fault, and only
reducing the setting value will cause the sound feeder protection to misoperate when the metal ground fault occurs.
In order to solve the problem of traditional zero sequence overcurrent protection for high resistance ground fault, a
method of high resistance ground fault protection by changing the small neutral resistance was proposed by using
the difference in phase difference between the zero-sequence current of the faulty line and the zero-sequence
current at the neutral point before and after the parallel small resistor is put into operation. This method has a strong
ability to withstand transition resistance. Firstly, the zero sequence current characteristics of single-phase grounding
fault in distribution network with inverter interfaced distributed generators (IIDG) small resistance were analyzed,
and then the high resistance grounding fault was identified based on the fault characteristics of faulty line, healthy
line and zero sequence current at neutral point. Finally, a small resistance ground distribution network model with
IIDG was built in PSCAD for simulation,and the effectiveness of the proposed method was verified.
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Fig.9 Waveforms of fault zero sequence current at [, midpoint
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Tab.2  Simulation data of each fault current at /, midpoint

g FIFHH/A 0 R =200 R =10Q AG
z 31, 1437/-6.02°  14.67/-5.58°
: 30, 14.37/-173.98° 14.67/-176.98°
1 31, 14.38/-530°  14.66/-5.20°
’ 3L,  14.38/-173.26° 14.66/-176.60°
1 31, 0.502258.03°  0262261.78°
’ 3L 0.50£90.07°  0.26,90.38°
31, 0.34£258.14°  0.17£261.90°
l -0.32°
3L 0.34,90.18°  0.17,90.50°
31 0.34,258.14°  0.17£261.90°
I -0.32°
3L 0.34,90.18°  0.17290.50°
1 31, 0342258.14°  0.17226190°
° 3y 0.34/90.18°  0.17290.50°
LREETY Ion 14.29/167.96° 14.65/171.40° —

rh: R I 2 1D 2 AR 60, A0 R TR s /I B BELBH.
H SRS 0 AR fe i o ol L, 26 % 1R 1~L 1)
A0 53 ) -0.31°F11-0.32°, {37 T X 8] (-1.2°,1.2°)
N, e g A Tt 4 5 2RI 1 RN 1, 1% A6 53 31 O 3°
F13.34° (7 F X 0] (2.4°, 18°) N, H & ik i £k
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B, BRI 1 S ERT R LR Y 2 2 Ae, T DA
2¥5 shAVE T BEIW] , AG E PR b T R v B2 b e
YUk T TR R O A R
3.2 1IDG &gk

J9 T AR TIDG 432 AN BT 37 5 22 (5
TELR B 1, 00 B U HLBH R 500 Q 9 2 ik
B, 43 5 R TIDG (A Dl 07 e sF 7 LR Y
P BBE N2 3 iR, AR S e R 3.0 1. 3
WL L LR BE AR S I (e 4 i 2, 5 L A
LG EERMEPEIFE—E . TLEH,IDG 1
NEXEFFRA — B ER, 5821
MAEEIe—8 . B— i, 1IDC Wl Zs TR P
T AL, fH A 22 i 5 v A2 T L U 22 )R X
BRI 56 RN S R A AR, e AQ FEARAAR 1]
PAE BB 1IDG 7 B AW K, ik /N B
FHAE AR R b R P sl ALt 0.04°, 1T LIA K T
T ERZ DG e AR5, 5 B 43 BT 1) 245
—3.

#3 FREIDG 71T 1, o A A & B {5 B

Tab.3  Simulation data of fault currents at /, midpoint

under different [IDG outputs

FIYHL/A

% P IMW AB
R, =200 R =100
0 14.374-6.02°  14.674-558°  3.00°
2 14.75,-451°  15.064-4.12°  2.99°
h 4 15.132-3.05°  15.42/-2.70°  3.03°
8 15.774-023°  16.06£0.04°  3.01°
0 14.38£-530°  14.664-520°  3.34°
2 14.774-379°  15.064-3.74°  3.33°
L 4 15.132-2.34°  15.42/-2.43°  3.36°
8 15.7820.48°  16.06,0.44°  3.32°
0 0.50£258.03°  0.26,261.78°  -0.31°
2 0.51£/259.52°  0.26/263.22°  —0.32°
. 4 0.52/260.96°  0.27/264.64°  —0.30°
8 0.55/263.79°  0.29/267.39°  —0.32°
0 0.34,258.14°  0.17£261.90°  -0.32°
2 0.34,259.64°  0.18£263.33°  -0.31°
Lols 4 0.35£261.08°  0.182264.79°  —0.33°
8 0.37,26391°  0.194267.50° -0.31°
0 14.29/167.96° 14.65,171.40°  —
e 2 14.682169.64° 15.05,172.84°  —
4 15.042170.89° 15.41217427°  —
8 15.682173.73°  16.042177.01°  —

3.3 FENEE R PR E AL E B 15 B IR T

Sk T 38 UE AN [ sk 3 e JSEL L R e 37 %
FIRER ORI J7 FE WIS, 43 0 A 4R % 1, 2R B 1, R B
LR AN E I L BE R 50 ©,500 Q1,1 000 Q2,3 000 Q

(i B B2 M . TIDG H 8 6 MW, i
7 B R R B Ak B L B i 1 km A D SRR
A5 PRAP AR AR 2 T HL U A L AR 2 40k 4
Ji7s .
x4 LSRR PSR/ NR RN R BIRAEHE
Tab.4  Simulation data of each current before putting the

neutral parallel small resistance into [, fault

P R/
L 50 500 1 000 3000

3L, 107.11£-2.53° 15.354-2.68° 7.87/.-2.69° 2.67/-2.69°
31, 107.194-1.81° 15.36/-1.97° 7.87/-1.98° 2.67/-1.98°
31, 3.73£261.51° 0.54£261.36° 0.27£261.36° 0.54/261.36°

31, 2.47,261.62° 0.36£261.47° 0.18£261.47° 0
3l 2.47,261.62° 0.36£261.47° 0.18£261.47° 0
31 2.47/261.62° 0.36£261.47° 0.18£261.47° 0

Ly, 106.49£171.43°15.264171.29°7.82/171.28°2.654171.28°

Horp YR FEF/NT 1 AR, A EF B
/N ER TR R R 0, H IR T FER AR I
T RS L E R 1.5 AL BIE PRI/ T 1S
ABFCH R BT S, R AR )51, ek
30 A, BV L KT 30 A B R0 2 Ryl
PR s Ve F Bk ; HAF) 7 i Ab £ (1.5 A, 30
A) Z B, AP s I/ INFRL B A, A R 15 2k A
AT AG BT R RIS BT, R R
50 Q, L% 1L H0 8 S SR B, AR D7 2 (i TG
A SE T A T Bk IR, 78 e PRI b DI B T
LK 1,524 R2H 500 0,1 000 Q F13 000 QI 26
L~ B S 25 Y /N TR s R 3 3~6 4 7]
FEANSE, UL EBAES AR YOR R A AN T
AO TR

LAt 155 10 1 75 B 53 v R A5O3 /) fL BE 4%
NG R, R 5 PR o

F5 LM R SR N IR IR N JE  E O EAE

Tab.5 Simulation data of each current after the neutral

shunt resistance is put into the /, fault

- R, /Q
i 50 500 1000 3000
31, — 15.66/-232° 795/-223° 2.68/-2.15°

31, — 15.66/-1.94° 795/-1.84° 2.68/-1.77°

3, 2.16£263.70° —
30, 1.43/263.81° — — —
3, 1.43/263.81° —

3L, 1432263.81° — — —
Ly 12295/17331° 15.652174.65° 7.95/174.75° 2.68/174.82°
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Fig.11 Change of phase difference between line and neutral

zero sequence current when /, is faulty
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Tab.6  Experimental results

FHI/N A I/ BB B

APEHHQ AW = . .
a AP 75 B PR
300 =] —
50 =
900 75!: J—
300 =] R
100 =
90° = —
300 ~ =
2000 @ =
90° & =
30° w s
3000
90° wN =

6k MR A . ]
16740 167.46 167.52 167.58 167.64 167.70 167.76 167.82
i a)/s

(a)id P HLBH2 000 Q i 2 1 Hy I

— WL B
— ksl |

—4r . R INEIN ,
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Fig.13  Transition resistance 2 000 2,3 000 () zero sequence current
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