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Single-pole ground selection method for DC distribution networks based on
zero-mode current correlation
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Abstract: The most common fault of a flexible DC distribution system is the single-pole grounding fault. After the
occurrence of such a fault, the system will have voltage imbalance between the fault and non-fault poles. This poses a
threat to the safe and stable operation of the system, and demonstrates the need for the speed and reliability of the
protection scheme. This paper first analyzes the fault current characteristics of a flexible DC distribution system after a
single-pole grounding fault, and then verifies the correlation of zero-mode current components at both ends of the line
when the fault occurs. Finally, a single-pole grounding line selection scheme based on the correlation of zero-mode
current at both ends of the line is proposed. This protection scheme makes full use of the inherent transient characteristics
of the system after failure and does not need to use boundary elements to construct boundary characteristics. A modular
multilevel converter (MMC)-based electromagnetic simulation model of a flexible DC distribution system is built on a
real time digital simulator (RTDS) to verify the effectiveness of the scheme. The results show that the proposed route
selection scheme can identify fault lines quickly and reliably, and has a strong capability to withstand transition resistance,
noise and transmission delay, and is not affected by AC side faults.
This work is supported by the Shanxi Province Science and Technology Major Project (No. 20181102028).
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Fig. 1 Topology structure of flexible DC distribution network

1.1 &RERRE TR

ARSI e R P 7 RO BRI R e 4
b PG R A A AR N, R A A
BEAT I ) W PR L B P M AT A% 4, 10 L R 2 it
R S AT AR S IE A, AR SRR 2 b
BV (s T R, S BUE SR B EARS
PRo TR ) 2t DRI RS 5 7= 2 ) R i (241,
ARG NI 30 i v 2 P W B AT )
filt, SCHR[25]v 4R T — il T Bk B R
FEREFERE, () A QR)FTR.
s

s=22
11

> ®

X1_ -1 XP_\/§1 1| X
K
e X v Xy 70 B0 N BB IE . SO R
Xy~ Xo 73 T% B —HERIF AR 5 S MR AR R s S
W) (2 U
BT (2) T 5
'ﬁ%(lpﬂN) (3)
HI@) AR, Ik Fk SR AN B A
AR, REWRE TR AR MR, SRS
BRI, BERAEREIE. SR
JIBTT 1R AR CE PR ZE B A R A TR
HEERA KM 2 R G AT IEH BT IR B B
PR P, 2 BT B, AR AR



-88- ® ) ERGEY DM

BRI TR o L,
1.2 s RERSEFIEN T
IEHIBATI, LB 2 Prs.

I n

mn

| |
| jll’mE Ien |
| - - |
| |
| |
| |
L he
| E |
- L
[ [

2 ERBITNEBERREE
Fig. 2 Diagram of network current in normal operation
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Table 3 System simulation parameters

RGSH Ul
P B RELR LR /KV +0
R BB RV 375

MMC1 i 22 i R /kV 10

MMC2 i 5E ThE/MW 4
MMC F R 2P 4800
2 ¢ S (mH km L) 0.72
25 5 L BH/(Q kmY) 0.125
2R 8% HL 2%/ (uF kmY) 0.618

L1 K /km 10

L2 K /km 10

L3 KE/km 10

L4 K /km 10

L5 KE/km 15

L6 K /km 8

LRI R A R, B Ak B
T[] — B RF 2 b A Wb 24 % 1 i 52 ) 20 4 4
SIAE, AR RIF R E SRR ORY T SRR AT
e EH T
4.1 IRARFIHEIEIE
4.1.1 L2 JR A TR ARz b s sy 328 B3 40 BeiE

7E 0.4 ms I, ¥ L2 KA IEN T, ok
HIPH Y 5 Q. A4 D HUNER 4 PR

R4 L2 IEREE Mt EPERT & 4 B8 DB
Table 4 Dk values of all lines in case of L2 positive ground fault

2k B% L1 L2 L3 L4 L5 L6

D fE 1 1 1 0 0 0
JEAR AL R IEAR IEMR EMR MR MR e

HI%E 4 P& 4% Dl P LIS, 2 L2 RAELE
W et b by, S L2 JLFE T R B
AUZRER L1, L2, L3 BHE M IER ki A AR i,
M L2 FiEZREs L4 L5, L6 # e ARk k.
4.1.2 L4 IR SRRz b s sy 336 AR 40 B6E
£ 0.4 ms If, ¥ L4 KA Gl b, G
HIFH Y 5 Q. 4% D HUNER 5 PR
R 5 L4 iRt pEaT & kg D&
Table 5 Dk values of all lines in case of L4 negative ground fault

2 B% L1 L2 L3 L4 L5 L6
Dx 0 0 0 -1 -1 -1
EREER oM MR B Rk il il

K 5 &L D ERT LIS, 2 L4 RER
Wt sy, S54kEk L4 H[ERE TS BB
HIZRH L4, LS. L6 # 5 me N b 2k i A Ak W,

M L4 Firgkig L1, L2, L3 ke N k& A .
4.2 1RERFH RINE
4.2.1 L2 A IE R b i i iy 3 28 5 SR AGIE

7E 0.4 ms B, W L2 KA IEARFEH R, ok
HLPH N 5 Qo T #fsek i L2, A4 Wit G 5h
YR AE M R A R 20 2 ASKAE (0.1 ms) R B, R
P7E 0.25 ms 5 A zh, #E 3 ms 5, $FEEE] 265 4>
KA SRR, A G ME R BT B R 20N
0.13ms, fRY'7E 3.43 ms J5 501

HHE 9 TTUAEH, 24 L2 A IEMG 3 b it
ZRHE L2 O R BUE Y 0.996 7, ik 2 IX A i ik
LRFIHE, W DAVERAIR I 2R L2 RAEIX N R,
FLARER B AH O AR B I 2 X AN e 28 9,
Wit 2k 48 S R AR X M i

A
1.0 0.996 7
0.8
0.6
o 04
#F oo2f
Wi
£ 0
B oaf
=
04}
0.6
0.8
1.0 <
0.999 9 09606 -0.9560 -0.7808 —0.967 3
L1 L2 L3 L4 L5 L6

B9 L2 ERIEH AR & 4 BRIA XM R EE
Fig. 9 Phase relation values of all lines in case of L2
positive ground fault

4.2.2 L4 KA B b s e sk 28 45 SR IR

7E 0.4 ms I, W L4 KA, i
HLBHN 5 Q. oA R ity B i 2 ) i 340 7 e e A=
Ja#1 0.2 ms J53), {34 0.35 ms Ji5 jB 5, & 3 ms
Ji, PEHUE 265 AN RAE S R EdE, ST SR
(84 0.15 ms, {RI7E 3.55 ms 5301

f I 10 B CAE H, 24 L4 A oW 0 e fa it
LRI% LA FHOCTE R BUE N 0.977 5, i 2 X A ik
LRI, AT DATERAIR I 2R LA R AR DX N R,
At 28 B AH DG R HE N L XM R 2 1 4,
e e 2 45 R O R AR X AN e
4.3 EEHFRREE ST

ARATELAN 4 Pt BB oL R AT E, s iik
2T R RABUE

Bl 1. AR B Ez (DL L2 IEM et
A

Tl 2: B IE U FURFEE S A EA A AR



MK, 5F

BT AR AU OGN K BLIAUIC FL DY R P e 2 77V -93 -

1ol 09775

0.8
0.6
04
02

AN R

02}
04}
0.6
0.8F

1LOf

0.999 1 -0.999 9 —0.845 9 -1 1

LI L2 L3 L4 L5 L6
B 10 L4 SaiRiEthspEnT & 4B X M R A
Fig. 10 Phase relation values of all lines in case of L4
negative ground fault

AR E RS (B L2 AR IE b b o 451

fHoL 3: ZeBK IE TR UGS 5 & AR
JE R (LA L2 )

THOL 4: ACIMLR S R A He b i e
431150 1 277 2 R BUZE 3

6 NG 1 R R B9 A Bl 5 5 S A R
PERBUE, Zrh R RS R AL SR e i
KR BRI R T DC/IDC AL 4 di ik s 4
M, ARK ERZER B R R, I0E ELR 2k
AR E R R SR AN R B, I R A
R B AR EE LL. L2 A1 L3 (ARSI R e, % 1&
B A s LA F P e 9 e B e K — AR O+ T LEER
RS, PRT A S BRGR  FRL BH B KB 20 Qo R
6 FTLAE L, FEANFERRDE SN T, A0k
277 IR U PR A B

7 6 L2 IEMREA[E)T i f PR Bt A pE R £ 45 SR

Table 6 Line selection results under different transition

resistances of L2 positive ground fault
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Table 7 Fault line selection results show that the current
sampling signal has different transmission delays
of L2 positive ground fault
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Table 8 Sampling signal of L2 current is superimposed with the fault line selection results of different degrees of noise
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