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ABSTRACT: The soft open point (SOP) can achieve flexible
interconnection in the distribution network. However, the
bidirectional flow of fault current makes existing fault location
methods inapplicable. This paper proposes a SOP-based active
control method for fault location in the distribution network to
address this issue. The phase-to-phase fault type can be
determined by detecting the voltage drop at the SOP port. For
the two-phase short-circuit fault, the negative sequence current
suppression control strategy is implemented, and the feeder
terminal unit (FTU) collects the negative sequence current
information. The fault section can be identified in the master
station based on the differences in negative sequence current
measured by each FTU. For the three-phase short-circuit fault,
the control strategy of active injection of the characteristic
signal is implemented, and FTU collects the characteristic
current information. The fault section can be identified in the
master station based on differences in characteristic current
measured by each FTU. This proposed method does not require
additional configuration of directional elements. It is
compatible with existing feeder automation systems, thereby
improving the accuracy of fault section location in flexible
interconnected power distribution networks. Finally, based on
the PSCAD/EMTDC simulation platform, the correctness and

feasibility of the new method are verified.
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7~ FTU B8 ZH WK 2 iR,

SOP
S2
S1 DI |A D2 |B D3 |c D4 |D D5
© -a>ﬁ@)' B EG ﬁa>
si D6l(D) SL2
|E D7 |F D8
G ) l

SL3
&9 SOP N W E{REF)

Fig. 9 Specific calculation example of SOP connected to
distribution network

#1 SOPXESH
Table 1 Main parameters of SOP

ZH #E
WA E HLE/KV 10
RGUHUE S# Hz 50

E I H 2 /mF 1
BN E R /RV 20
iE 2 B/MVA 10

*2 FTUEESH
Table 2 FTU protection setting

(AN Lie/kA Lunb set Li/50,5et
A 0.511 0.05 0.0016
B 0.511 0.05 0.0016
C 0.511 0.05 0.0016
D 0.511 0.05 0.0016
E 0.18 = =
F 0.18 — —
x 2w I ORI R, TRIRAREOR

S R AE IR R BR BEAT BETE 5 1 o0 JYRIRAS AT B
M, HERQMAITHEE 1,50 NFHER T
EEH, B (6) TR T, RS RK,, Y
1.25, AEERBK, 125,

3.1 ETF SOP Ezhizhl FIERE E L 5 A M A IIE

T 2 LA 9 B S48 ot i T R ) g e 2 67 T R
3@ I PEREAT 0. SOP NG, & E T4 Em
SrBUIFR AL By C. D [P 1A 5K A6 B HLR A SOP
Fraede it s i, RBENAUE R 1.2 £,
Bl 0.693kA, KT A. B. C. D 4 FTU i s &
B, W RAMEERS BRI, AR 5 R
HL IO 5 55 7 67 7 8 o TR T3 S 2R BRIy BOF R E
F, 40 1.2 T8, EwAEfTAb R A s, 50k
R BOF R SR S m R, DR AT AT & A
R T L X i 5 S 7 %
3.1 HIRAS AT R A 1 R I IE

DL D3 2% A ity & AE W AH G SR MR B B, A
SOP #HilABIFEA S5, Wb e g Rk 3 Fiors.

3 D3 LRI FRERIEE R

Table 3 Positioning results of two phase short circuit fault
at the end of D3 line

fir HERAUKA AT b S
A 1.243 0.301 1
B 1.181 0.337 1
© 0.677 0.038 0
D 0.693 0.002 0
E 0.067 = 0
F 0.067 = 0

ET2 LM AL B. C. D T AAEIRZ A1k
B FEL, R 4 R TR Y o bR e A T B,
TRAS A7 B P HE AT P, T2 4k ) EL F i
TSGR ) e gL, A7 A FH D 5 FL D) e o o
M % NPT RAFEE S, A, B L
fERBE SR “17, C. D BRI 2 B AT 7 )
W, FAERMIEER “07, BE. F BRASH & ikfE e
WAYE, W EAERMEEE €07, AN E M
D3 2RI IX B, ST R e v e 6
3.1.2  RFAE LA 1 R AR R

DL D3 ZREE A ut R A = A & Jm MR A, £
BEE SR E G, @i FFT 158314 S = AR 4T
H-S TR A RUE, RS TE, W& e fr
ZERNER 4 Fim.

=4 D3 Z&EEKRum =G HPEE IR

Table 4 Positioning results of three phase short circuit
fault at the end of D3 line

(DAL /KA REAIE LI HEAE B
A 1.21 0 1
B 1.161 0 1
C 0.683 0.009 0
D 0.693 0.0094 0
E 0.058 — 0
F 0.058 — 0
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IMAF SRR A e, ETLER A, B
FARMEEEE 17, C. D RN 2R HL i 03,
FaRRHMEREEE €07, 3 B B F RIAN AL
R A, _EARCORMBEEE “07, HAMIEE
RLAE D3 ZRBRIX B, SEIL 1 MO I HER 2 L
3.2 XidiEERMEAYERN M

1E D3 1 D7 it A 735 e B AL HL DY 10Q
1 50€ FRY A HEL % R = AF L il e, g o 2 R 45 R
e 5—8 ffim.

®S5 D3 &KEARIRENEIDKEEEMERE

HIPEEILER
Table S Positioning results of two phase short circuit fault
at the end of D3 line with different transition resistors

PERS0Q)  HEEHERKA BT RS B

A 1.153 0.226 1

B 1.082 0.254 1

© 0.69 0.03 0

D 0.693 0.001 0

E 0.074 — 0

F 0.074 — 0
AR =500)  wbsiifvkA  HUEAT R s S

A 0.913 0.0755 1

B 0.838 0.0859 1

© 0.715 0.007 0

D 0.693 0.002 0

E 0.084 — 0

F 0.084 — 0

R 6 D3 LBEARIWENEDEERZBERGIEEMER
Table 6 Positioning results of three phase short circuit
fault at the end of D3 line with different transition resistors

PLER=10Q)  Hrbw /KA AL LI EGIEE)
A 1.024 0.0005 1
B 0.945 0.0006 1
© 0.7 0.0024 0
D 0.693 0.0029 0
E 0.08 — 0
F 0.08 — 0
P E(R=50Q)  WFEHi/KA FHAE HLIAE BCIEE)
A 0.866 0.0011 1
B 0.783 0.0014 1
@ 0.717 0.0018 0
D 0.693 0.0025 0
E 0.088 — 0
F 0.088 — 0

P R R 4% 7 = A R i 1 T i R S 7 AH L 1
B 2k e X B o M TR O U R PH — AN T
30", (FEAEREY, PR B RPN
HLBHT 32 HE T -
3.3 XtPRfIERYEN M

TP AAE D2 LR E 5 D8 LR A st B AR
L 5 = A A g R, PR E 45 R AN 9 AR 10
PR

RT DT &BARIREA[E)I B PE AAEE RS T L 45 R
Table 7 Positioning results of two phase short circuit fault
at the end of D7 line with different transition resistors

e HEERKA  RTHE MR
(R,~100)
A 1.247 0.246 1
B 0.719 0.014 0
C 0.719 0.014 0
D 0.693 0.002 0
E 0.54 — 1
F 0.091 — 0
E \ — N
HRRTAA  RRSTHE MRER
(R,=500)
A 0.945 0.074 1
B 0.73 0.004 0
C 0.73 0.004 0
D 0.693 0.001 0
E 0.219 — 1
F 0.091 — 0

R8 D7 LBARIRENEDEERZBERGIEEMESR
Table 8 Positioning results of three phase short circuit
fault at the end of D7 line with different transition resistors

firE

TR L IAT/KA RHAE FLI (S 5
(R=100Q)
A 1.099 0.0006 1
B 0.711 0.0017 0
C 0.711 0.0017 0
D 0.693 0.0022 0
E 0.424 — 1
F 0.07 — 0
(A . . -
P HL/KA RHAE I [HCEENSS
(R,=500)
A 0.886 0.0011 1
B 0.725 0.0018 0
C 0.725 0.0018 0
D 0.693 0.0025 0
E 0.181 — 1
F 0.093 — 0

&9 D2 HiniEE)RE BB E LI
Table 9 Positioning results of phase short circuit fault at
the beginning of D2 line

(W;i%) WERIRA AP He B

A 2.022 0.445 1

B 0.702 0.03 0

C 0.702 0.03 0

D 0.693 0.001 0

E 0.158 _ 0

F 0.158 _ 0
(E;‘Ei%) WEEIRA  RFIERL A B

A 3.233 0 ]

B 0.658 0.0029 0

C 0.658 0.0029 0

D 0.693 0.0032 0

E 0.005 _ 0

F 0.005 _ 0
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Table 10 Positioning results of phase short circuit fault at

the end of D8 line
. HIPEEIRA  HRIRASP T Mg
(P ELER)
A 1.227 0.275 1
B 0.702 0.014 0
C 0.702 0.014 0
D 0.693 0.001 0
E 0.58 _ ]

F 0.58 _ ]
(E;i%) BRI /KA RFAIE HLL M B
A 1.225 0.007 1
B 0.703 0.0018 0
C 0.703 0.0018 0
D 0.693 0.0022 0
E 0.706 _ 1
F 0.706 _ 1

HESONE S VR P Pri R N A
HEAT VR A S TR ST RS 3 FTU HE -
A R, R HIRGE RTE D2, D8 LRk X B,
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AL LA BRI i
4 £

ASCERXT SOP 42 N\ it L V)i A Al 37 00 17 9
25 5 JE I B DX B 5 A R Ak R, B
T —FhIET SOP =B il (1 e e WA 8] 45 146 e
SERL T, FRELLF R T A, g
Wrp:
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RS AL 1 Y i oL
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