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Fig.1 Topology of non-isolated flexible
interconnected system
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Fig.2 Typical SOP topology and its single-phase circuit
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Fig.3 SOP zero-sequence equivalent circuit
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Table 1 The value of equivalent impedance under typical
grounding modes inside the converter
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Fig.4 Zero-sequence voltage real waveform on the fault
side and zero-sequence voltage calculated waveform
versus the real waveform on the healthy side
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Fig.5 Zero-sequence voltage waveforms on the healthy
side under two scenarios

MIELS 0] LA HER -4 il i, a2 0iAH Lo T4 4
HRAN B A A SR 2 L R ARG, (R0 A
AL, PO AT 1) 2 5 e 2 0 o I D00 2 v s
{ELIEAR N 0, oI 2 AN 752 2 2 e o34 1) R R

2 AE#EAXRFERKGHEBEER
W77 EE M E ST

21 INEREBRRZRPSWT

H AN IR R G0 % FH B A i v 4k 1k — i g
T E O AR Y LR S B O &R, WL
e, B 7 HL I AN T SO 2 IE AW, TN
TR P 2 S TR R R AR, BIE S m I S E R
HLIE dimo (£ FNZE P LR o (£) T 1] RECH

D, = % LT io ()i (1) (5)

Ao TR A BREFEERTE] . A D,>0, WK Wk
2R 15 D,.<0, W Wk di pe 2 36

FE L HRREEIRRRS, X4 n RS A
T 2k A PRORH B2 b B B G 2 4% anEl 6 B
No HA Coior Conos Caros Cazo 2350 m Al | n Al 4
LRI 1 OFIZR B 2 S5 RN o HL 2 5 i P R
im0~ T 23 AU m M), o A 9F SR B () 25 7 HE
s theron oo Z3INH £r fo BB A5 S50 2 P H R IR

o - - SOP I_lkn_JT .

C, ¥ .
leJELgm "Iy ﬁLZ ;@_uﬁ L, i; -
= . T o 1
Cio i * * ic"zo
(a) f; b 22 7 4%

B o T SOP J_<_ .
iL‘"JELgm 3 fﬁ} e Lan %‘ im0
) —= = ] Iy —» =
Cinzo i * *i + J;*

7;‘k20

(b fo BN 22 7 ) 5
6 NIRRT R P

Fig.6 Zero-sequence network during single-phase
grounding fault in low-current interconnected system
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Fig.7 Zero-sequence network during single-phase
grounding fault in low-resistance interconnected system
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Fig.8 Zero-sequence network during single-phase
grounding fault on the low current side in case of low-
resistance and low-current interconnection systems
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Fig.9 Phase relationship of zero-sequence
component at the fault outgoing line
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Table 2 Model parameters
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Table 3 Direction coefficients of each outgoing line
before and after zero-sequence suppression in case
of f, fault in low-current interconnected system
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Table 4 Direction coefficients of each outgoing line
before and after zero-sequence suppression in case
of f, fault in low-current interconnection system
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Table 5 Zero-sequence components of each outgoing

line before and after zero-sequence suppression in case
of f; fault in low-resistance interconnected system
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Table 6 Zero-sequence components of each outgoing
line before and after zero-sequence suppression in case
of f, fault in low-resistance interconnection system
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Table 7 Zero-sequence components of each outgoing

line on the faulty side (low-resistance side) before and
after zero-sequence suppression in case of f; fault
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P E¥ EI¥ E¥ EI¥
HE/KY  HEF/A O BEJEAV HER/A
I, 6.66 739.55 6.63 736.86
MMC
I, 6.66 3.36 6.63 3.67
L, 6.88 764.89 6.92 769.10
VSC
I, 6.88 3.79 6.92 3.81
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Table 8 Direction coefficients of each outgoing line
before and after zero-sequence suppression on the
healthy side (low-current side) in case of f; fault
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7k Y52 BEl o Y2
Iy 268  —080 385  —0.98
o 1.14 0.95 1.67 0.77
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Table 9 Zero-sequence components of each outgoing
line on the faulty side (low-resistance side) before and
after zero-sequence suppression in case of f, fault
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I 7.03 4.98 7.03 2.66
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VsC
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Table 10 Direction coefficients of each outgoing line
before and after zero-sequence suppression on the
healthy side (low-current side) in case of f, fault
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Table 11 Zero-sequence components of each outgoing

line on the healthy side (low-resistance side) before and
after zero-sequence suppression in case of f; fault
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VSC
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Table 12 Direction coefficients of each outgoing line
before and after zero-sequence suppression on the
faulty side (low-current side) in case of f; fault
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R 13 L HERZRINGEEESNCNEEM) B
EHEEFS

Table 13 Zero-sequence components of each outgoing
line on the healthy side (low-resistance side) before and
after zero-sequence suppression in case of f, fault
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Table 14  Direction coefficients of each outgoing line

before and after zero-sequence suppression on the
faulty side (low-current side) in case of f, fault
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Adaptability analysis of typical grounding fault detection methods in non-isolated
flexible interconnected distribution networks

ZHANG Heming', CHANG Zhongxue', CHEN Shi’, WANG Chenging’, YUAN Yubo’>, SONG Guobing'
(1. School of Electrical Engineering, Xi'an Jiaotong University, Xi'an 710049, China;
2. State Grid Jiangsu Electric Power Co., Ltd. Research Institute, Nanjing 211103, China)

Abstract: Non-isolated flexible interconnected distribution networks as the research object are explored, focusing on the
adaptability issue of typical grounding fault detection methods when single-phase grounding faults occur in AC systems due to
zero-sequence transfer characteristics. Firstly, The zero-sequence equivalent topology network for non-isolated soft open point
(SOP) is established, with transmission equations for zero-sequence components proposed to quantitatively analyzed their
magnitude when transmitted to the non-fault side. The suppression effects of zero-sequence components are evaluated in
various scenarios. Then, an adaptability analysis of typical protections is conducted for interconnected systems with low-
current, low-resistance connections and hybrid low-current/low-resistance grounding methods. Results show that in non-
isolated flexible interconnected systems, zero-sequence components transmission to the healthy side may cause protection
maloperation or false alarms. Finally, a typical non-isolated flexible interconnected distribution network model is established in
PSCAD to verify the adaptability analysis of protections in different interconnected systems, and the theoretical analysis is
confirmed to be correct. The findings provide a theoretical basis for protection configuration in non-isolated flexible
interconnected distribution networks.

Keywords: non-isolated flexible interconnected systems; soft open point (SOP); single-phase grounding fault; low-current

system; low-resistance system; zero-sequence transfer characteristic; zero-sequence suppression strategy
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