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Protection methods of single-phase broken-line fault for distribution line
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Intelligent Dispatch and Control, Ministry of Education, Shandong University, Jinan 250061, China;
3. State Grid Yantai Power Supply Company, Yantai 264000, China)

Abstract: In order to reduce the adverse effect caused by single-phase broken-line fault to the power supply quality, a
systematic protection method is proposed for the single-phase broken-line fault of the distribution line. Using circuit
principle and neutral point voltage shift theory, this paper analyses and summarizes the features of the voltages at both
ends of the fault line and the current flowing through the fault line when single-phase broken-line fault with or without a
grounding fault occurs. The judgement and protection method that consists of the current criterion and the voltage
criterions for single-phase broken-line fault is proposed. The methods for judging the fault type and the fault location are
studied based on the voltage criterions. The influences of abnormal operating status like asymmetry operation and
transformer disconnection on the criterion and the corresponding protection methods are analyzed. Simulation is carried
out in PSCAD/EMTDC, which ensures the correctness of the theoretical analysis and the effectiveness of the protection
methods.
This work is supported by National Natural Science Foundation of China (No. 51877126).
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Fig. 1 Simplified diagram of distribution network
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Fig. 3 Voltage phasor diagrams on M side
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Fig. 5 Voltage phasor diagrams at both ends of the fault line
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Fig. 6 Voltage phasor diagrams at both ends of the fault line

¥ G A 0 S A 3 S S AR AE g YR
e R A U IR AR R, — AN/ T LS50, . PR
A e A H s A /D — AH R B AR, HLARAY 2236 K 2
180°, HHILE P Fufar il ifaAH R 52 0,
P9 AE B R[] E YO s 5 TR b A A AE
ST AN T ) P PR Ao

FAAH W EL B A 0 26 3o 3 e BEL B b i, Sk
[31 P HI S5 T 4, ey ep B S A% f s P s 7 RN AH
R ZERNIARA,, AHAN SO i P e AR AR AL, B
P 050000 A s A P PR R T vy, P AR AH L R 2 b
— AR RE, HAR =3, tHIE P 7
fo (I B A HE P ARG o

K 3—K 6 TR, Toig kAR
PR b, RN H I REEANAR AN
e L i b A nr IR E A, H2 IR (AN
RSP HE, XRGLGAARFEN; a2k i
FRANTRRIRR, AL s 1 2 R IRAE & PRI, HL
PR AL ZZ B A 0, NS AT 1) 28 i
BB ANAS, A IR TAE, 5 Eb b 2 e

2 BIRETZMS I BT S RIF IR

% FEFINC L I LR IR B IR, FE TR
ORGP FIEAAE R TR, O T 3R i W e bt
A PRI P, T A P S B A R



-130 - ® LRGP B R

RSV T ST A H S RTA FHE JE F P DRI 2k il s 74
P SR T
2.1 BHEMT R M ERIPRIE BN
— P IT 5 TR WA N AR A AR A A, T
KA R B AE, W@,
Ai, =i (n)—i (n—N)<0

ipuz@&

A AL SRR E A& Q) (n) A
i,(n—=N) T2 K 1A TSI LA 21

FORREAL: AL Xt HELE kA |ad) ok AL

1<k <N/2; I NEBBUERHL k, WHGET I
HARE, "THL 0.5,

SN CO L Sh S O S ey FVALE AL P PR S
PEESR AL PR R R 2R B R, Rl AL
XA GAEA TR B Ordr o [N ) BAE L |2 CH)

A | Sk A A

ED
XTI RS A e A A e s, UL
BRI R, (A T HE S 5 —AH
IF HE M K AW G, — RO Embg, A
SEARE T XN LS SR R
XTI B B (A FE N T 20 A), SRHTHL
TR SRR AT REAFAE ] FEPEA I ). R Ry I
R IR EshE, BalAEN
3U, 2U,., (5)
L, U, WERFS IR, nTS RS F
7 AR e AR
I BNF K 2R 48 v i e A — B0 — A W o ok
ZAH.
2.2 EAFEWT SR A A
Wi R JR Bl T, X i A A W e e i DA
U & 5 7 "B Ak S BT, AR SRR 5 SRR A FRLAL
A Fh s A R bR e i e 4 oGm0 Ok 320
P, FRFIW R A A& AR W b, iR A g Bh
AR, FER R S AR R . RS
A TR, EEER A i H A 1 4 W
2 R 11 0
DL A AHWTEE 1, e h
Al, <0
Az, |21,

4)

Ai

i (6)
wh.set < argz

A AL KT RA SE AR 1, 8
AT IS @, oo A TR 22 35 1 TRRAEL
120°< ¢, ., <180°, A
RSO, AR 2C(6) At e % A T PR IR ki
B, (RAESELCRRERIE DL N AP0 R A B R U A 2
(I, AR
(1) VIR BAH A7 A B0 L B R I e (&
FEORA.
Q) MW T2 P T, BT IR
AN, RABEAS SRR FI AT BESIATAE o
2(6) HLREFI T 75 A L AH W 2 b, e vkt
— DX 5 B AR 2 W S SIS T A e R X B, At
ASCHEH TR T A R AR, 56
AH AR AR AL A TR
FH T BT R A A ) F R AR AN ], DRI LG
2 18 IR R 2R AN RIS 2 () i 4
A FHIKT 2 a7 L R B YN 3 2 2(T)
Uy 22Uy
min(UB,UC)S U,
) (7

<argZe
(Dh.set g UC

Kf: Uyy Ups U A=AHEEARIE; U, o~ Uy
S5 ek F R R FEU R T TR, PR B SE B R4
Rt DU T R HE, NI Aah B PE r HE )
A T AR HE R G v T KPR e, LIS SE SR
— TR, ] AR S AN [F] e 2 R R R 2 2%
A7 B SE
A FHIKT R a7 F S B A7y 0 R 99 2 2(8)
UA S Ul.set
min(U,,U. ) <U,,
) (3

<ar Uy
¢h.set g UC

A KT HL RSP ) A2 A% e, PR A F
s A2 A ] B e bR B W L s A — S
UA < ULset

min(U,,Uc)2U, )

arg 28 <
g UC q)l.set

X, o WIRARRLZE T THEE, 60°< g, <120°,
AR SR A DO, T

A T B A5 OB b 1) 52 i, A4 0 e
Hs i /2 2 (10).



e FEL 5 FPAT DT e s fR 7 ik - 131 -

FE#%Y, 45
min(UA 5 UB 5 UC ) 2 Uh.sct
U, (10)
al'gU_ < (ol.set

XFF A R Wk HL A gy O i 1) 52 A i, rEs
N Fl S % 7 A 00 FEL S (1728 A R 1) 5 A T 2k 4 P
s AR ], AT LA 20 @)k I o oI i
Fldbes A, e e s L o e P A TS )
ToId T HEX A S 7 , (H R S e & PR AR ok o

IR DL A AT A3 ), B AHER C
FHWT £ Wt (1 0 T 2 ABL, AN TREIAR

Bt L D T 2 I — SERp RIS AT I O, Wi A
XTRR BRSBTS, TWEELE L WISTRE
Xof LA AR A 90 R 5 i

1) HRES B2 H s T i — V) iy v <
VAT 5 2 1 W 2 S A7 AR Ak, (AR A7 AE ]
SR o TEL IS T 2 W A A I s, (H
TE MR AL ARy 22 ANAR SO0, ol () T Joe B T
ANEAFWrLEARY IR AN, b 2k i iy 2 s i)
2 FECE AN T IR F I R A AL AR AL,
HRASWTEE L SE AR B2 R AR,
REAE 0T AN T8 A U7 2 ) T T o DT 2 N 2 15 T 28
Bl — P X 4y

2) AEAMIEAT: FERCHE I, Bk gt bk
B EAEAAHIZ AT K 2 A2 R TF CERAE T80 . i L
(PITFIIEARAE AR, — A LI ()
JEAFEATIRAS o W I G M 25 i D] S 3 2k
A A EHEAARIZAT, AT g idbs . 0T i
[ AEAAHIZATIRES, AT BEE A M sl I i LR
I A AHIEAT 1T eI R BT 2 LR 1R 8 o

3) A AKIFR: T A RRZ & T S
MR, RS AR T o R . =AM
faf ANKFFRIE B @ FEAERS, —AHA 2 I 5 ek
OB ATLLEG) FL R, (HIE HA84T RS 0 A2
R RIE P (9 B, — AN 20 Rl BT 2 R4 1 5%
JE8l, R R G AR SR IE AT FR, ALl
AT B, BT LA A BRISAT AN XS
b & A RS 7 A AN

4) B FIBAT: FE A RS FIETIR
A, AFRHAARGE sh ARy A, SeRH R G)E
SR, R T—RA0VWE N Wy .
AR P AL 11 RS 5 A 7 AT O, (LA R
BTN ) L 9 R RERE TR I B AN R, RERS
B LR T T 2 5 11 T 5 A 1T o

2.3 BIRMTEHPERY PR E

LN ey A= Ty (] VAR R Y e ol o
WATHEA, TR S, AR T EEAI B R R T
TR A L 58 125 SRS
2.3.1 5y SR A

R S R A IR e, 7y ST Ak
PRt P IS0 38 3 400 FR) D 2k g o e 0 H
ARy SCHY DTT O s e, Y. 0 S IR s s A
DIBRER o 1IN 2 R il R M52 7 S 7] ke |
0 S 2 A2 B R AR AL, AT RE SR AL
FEHWRAEM. AT IRIEEFEE, Tk Lz
TRA BRI PR ¢, I EE 73 S4B W 4 OR 47 B 1 5
RIS BR 7wt — AN TR A, B

t, =t TAt (11)

ARy SCRC A e DU T8, JE i BEAT SE N T
7, SEmE DR ERI SR L ME I D) BR 4%
Wik, RGBS RGUE I s S 1 %
DN AR PR R U A B i e A T S
2.3.2 LRk

WO R AR i b, BRER A R 2 A
AR RS B W A BRI, A A AR ST HE
it USRI U B W SR B
T ORI A 00 U2 30 i R AL AH [

Aoy BOTR W a4, Wik sett, R
SRR 68 P RIS 45 D O A 5 AN [F)57 AL BT e DR 1)
SIERTPR, AR YR, SIERTPREOC . # A
Lt I TT o b, Tt 7 BOT S B E IT %,
DS Y T 26 AT B de N B SE I, AR5 HK5E
B 2R SR s i s AR A B 5 WPt BT DX BT B B i
Be, AR PR S0 AR X R v
2.3.3 F T AT HL s FR BT e e X B ke

FEH T Y T 2 b2l i i, 75 0 W X Befit
BE— DRI o W A P ONAH R R (AR AU 1 TR

x1 HES AN EERETRTS
Table 1 Characteristics of voltage amplitude on

both sides of fault point

N M fil N il
R
N I I S
o wmh b
A T e
i*ﬁl_ﬁ )%|7$ 5(|3¥ Tt *EI%TL(; 5&1[& *HI%TE(:
B A FL LB N N N
P [ T T Tt
WIS S S p | EOM
PeHt M " VR

ASSCHI AR I2 48 23 ORI Wil e s AR s
IR, LA AHIIEE ko



-132- ® LRGP B R

L=L, ®(L,&L.) (12)
A L, A HRIREAZ R Wi, SCRUS T
H L, =1, HUKFEIR L, =05 LA =HIH B
W, L=1 YW, L=0k5sm.

S G LIRS, A BB RGN &I AR
) F S ARG IR AR AT LLAS,  IB AN R AR 2kt
B X B o
2.34 FE PT AN e AL & 1) W e s X BEH e

P P 1o PP AR 22 S 5 JGVEAS BT H R S8 R T
FAHRE, HL) PT ANe gy LA wift: (1) —
B RES VI B, RS — Bk
Ups QPIEHETER VIV L, rk4EM
AU FIU, . o BRABAR SO AR A1
GEHT, AT LUK & v Hoff e 0BT 4 i 67

P/ (e Y I e TS T S gl we
VSN 2 HL Hs AN A AR Ak, TR U 7 A () 0 2 P
SRAAR, AR P e PR R P 2 BRI,
A E R AT 2 F AN . Hte T A 2 T
PT AR BB T L A

U, <kU,, (13)
Ko U, FoRa B A R U, i

s AONRHR IR R BTN 0.8,

i B RO AREE N 0, AL b
I A 1o [RREIZ BR8] (0 9 0
B X B R REMR R U, WIER T
B HHMT S s s By mrad s b Ul e BL: AR
MERNU,, MU, AR H A W BE s ) 52 5 by
WX B AEJCTR I ITE t J 75 PRt

3 EBHmESHR

FIFH PSCAD/EMTDC i LR -5 d gh by n b 1
PRy 10kV RGP ELER, RA o B, R
RSHZ WSCHR[10], OB 2 AR I TR B B AE 1s A

AR SCERIANFIRL B AR T (R Wk i, []
25 18 T S M IEF B PIRESIHT T 2 M, W
Trale, B s R R T .

B 7 o o Bk A A FHIRTEL I 45 A FELIAL I
g . a7 A AHWTER S, —AHR TSN,
W AR AR A B R, AR RIR B IA 71.42%, PRI
i A FEL IR AT A ZE 38K 42 163.00°

Kl 8. Kl 9 oA Eidk L1 sl 4. 5 Z[A]
R AR T 5 P | T2 e B 2 W T
M ] A £55 N AU C AR IR 28 H A5 A Hh 28 1]

Kl 8 T g A AH TR T s b iy Js e AN
M =AE E ARA HZR I . #Rsi s M N A i

THa% 1.230,, , WEEMEEA G E 0910, ,
AL ZEHE R A 143.51°, 1 N A e Bes A s e B 42
0.28U,, »

KA A KAWL FL A A OB b A T S, W
PN AH L R AR FA AR ] 8 H T s R RA A AH [+
H AR B R, M B AR i s T2 1,520,
P AR AT L R PR R 0.86 U, » AHAL K &
179.91°, Helr/xnl. N MM o R BT 0.

20 180
BCAIfir 3

M)

FELIRAT #AIT kA

098 102 106 110
I [fl/s
B 7 iRk PEBTEEIERE A SLBRIR
Fig. 7 Current of A before and after single phase broken-line

fault occurred on the main feeder

8 160
G
] T
[ A
i ¢ 2 ¥ *
Z 7 i . 1140 _
= [ BCH{ B
= £ b %
] — ; 2
2 6k - — - - ey Bi" 1120
[ ESPT e
cHl
- . s - . . 100
0.98 1.02 1.06 110

I lelfs
(a) Adb e R (b i 2%

7 - ———— 145
I t o
kl“\{?\a.._ BCHIfir %
z | ) 5
= i1 Citi B 1135
= y 5
T i z
=<} i =
m 3 ol {125 ™~
| AH
,,,,,,,,,,,, oo
1
1 . . \ " . . 115
0.98 .02 1.06 1.10
I /s
(b) CAb F TR Ak, 1 2k

El 8 AtHETLEBHIERTE A, C MALRE
Fig. 8 Voltage of A and C before and after phase-A
broken-line fault



FREFTH, 5F VIO HLER I A WA R R - 133 -
12 . 120 8 : - 150
[ e L kbt s
: Biﬂi 1 ] i T_ t *
' I BCHIf :
= 9 1% lJ CHl {100 e ) i At 1140
= gl ST = ; e
] 1= i =
“:. [‘ : lso :E- Z pE— === a!I@ oo mae e = 4130 ;
= b e 5 t '
- | 4 BC 4-Ii{\.r 7 1 B Cifl
LR SO, 160 5 by meWier o {120
b Affi :
i b A + i i A d . i
o8 1.02 1.06 110 0.98 1.02 1.06 1.10
Fhls 1B (NS
(a) Adb iR AR (R 2k (a) M e A it 28
12 < 120 v - . -
t o _T L | 1150
9 I lJ': o e ~‘| = | BCHIfr %
5 |.-I_:I,’I B iy f 1100 2 Gpmsm=<== _;1_.“ - 1
= Jl_lf : AtH > = i {140 ~
= | B = Ii= H =
® oY ! 1 3 Fradi 1 T3 EEE _Cf'l_ R #
@ ! {80 = o | ¥ =
= o — = k Bl {130 =
1 7 i BCH| {22 4 : ‘ A
kg 1 el o= R, RS
[ Gl 2 1 5 i - 1120
0 T — T . . .
0.98 102 1.06 110 0.08 02 06 10

W f)fs
(b) b L e A Ak il 2
9 A tHEiZk B BIRMIZEBIERIE A. C BLBE
Fig. 9 Voltage of A and C before and after phase-A broken-line
with source side on ground fault

Kl 9 By A ARk HH PRI b i f, M
N P (A H S AR A 2, M A e s PRI e
10, PRSI R 20 T 421,79 U, F11.69 U,
N S BEAR ST 2157 U, .

Kl 10v B 11 o S KRR 2 S8k A
A FHITZE 5 () ARk 2 AT AR f it 2 . 2R 1%
ERIBAT A HIR 2 794 0.28 kA/0.35 kKA/0.18 KA,
BC WAHAAT 254 130.00°, HL i HIFE A7 A0 14 i ]
e, (RTINSt P Ho R SEACRFE X BR, 1]
DLIBE G T 2 PR3

035 T 190
]
U ————
-------- I
0.25 i BC i #2 170
< I -
= | | e
4= ]
= N — #
= T WLE ‘ =
£ 015 vl BHI  cll {150 2
ES Y
Biio Y
L
i
oosp 1} AM 1130
A S A
0.98 1.02 1.06 1.10
I [A) /s

10 AIFRIEITH Lk A HHET LRI R IR
Fig. 10 Current of asymmetric branch before and after

phase A broken-line fault

i) /s
(b) Nt e 8 il 2%
11 RRFRIEITSH LT A BB MR R P im B E
Fig. 11 Voltage at both end of the asymmetric branch before and
after phase A broken-line fault

KA A MWL S, MEAHR LR R 0, AR
TRIR SR 100%, ARSI oK/ NS, AL
ZEWER A 179.86° « M MMHIFEAR L TH 42 1.25U
B M4 0.820U,, , C A FLEIR(EEEACREEAAE,
BC WAL H AR ZE 38 K48 147.41° 0 N UGS AH H
HEBEA 054U, AEMEARR S M EBEAAEA,
FFEHER T, BERE ] HEJI KT H W 2 b

AT SORAE A KR AR s w ), ki
i EL S AR A i 2R R R 10 28480, Mg v
R 0, PAEMEAR R T R R, AL
ZEAE/NA 59.91° 5 N ks AH i A2 A 10(b)
S, HIEETE171U, . %92k A M
W&k 5oy O Ry s, WA P A R
BAERAFE 11 R PR, 1A
Ko M G BEA L E T2 161U, , PiEBEA
JESr Ak 029U, F11.45U,, , HA 21K &
179.91°, N Ml#kEAH R T 0.

P e i L 060 2 L i R AR R B e T 1 6 A
RZS, TP L B A RR, Wil 12 s, &
AMWELIGU,, - U, ¥ KRR, EBigk
T 5 7 [ A A ) 50.05%, ANKTFR ) S 2k
IR B RE R 37.49%H1 62.31%. £7 ke



- 134 - LY EL R LR

R R L P M A RS RO P PR PRI

I
—_— e s
! T
> 9 l|
o 11 ..
= 1 il
= W ' r
= | u i,
s 7 \|_| )—.lu A
=m g 4
iy it |
# sl | oot :
(8]
L I
3 i i i i i
0.98 1.02 1.06 1.1
[ fiE)/s
(a) ek

2o AT ATk

0.;98 ' l_‘OE ’ I.bﬁ I 1.10
i filss
(b) ANHI R4 £k I ek

12 BIRMTEMBERTE N M RIE
Fig. 12 Line-line voltage at N side before and after

single phase broken-line fault

T R TE, SR FRIL S A FRIEAT
RAS, RARAHWT IR 5, WO R P R AR Ak
T DU RN SC o BT 45 AR & BIHIE T A ST b
AL S A AR 22 BT 18 v 1 rEL R AR 00 )90
AR, R AR SC B e vl 1) 7 32 n] BLA) E
L=1 [ s f AR AT H Y, L=0 [P & 5%%
REFAAar i, RIS L AN R TP AN FHAR ()

Z IR T Wik ke .

K130 B 14 5l JEos TR A A A Ho i
AR A7y A0 225 3 908 P L2 A s iy s 482 % 19 o )
H AR A 2k, o by BE o 500 Q. fEIGIL
HE BT, St v ot 140 95 A FEL R B 25 | R AR AL
BEARITTSC T —2, HEEINAGE e E, H
JR B B Hm AR wT LA B AH W7 26 in 28 sk 3 v FH e b
B AR A RO SeBI T DAL, s F B
AT — 5 T 2% H B RE 7, E R A2 9 He
BH IR KPR R G AR K

B 15 JIT7 o 25 48000 S 2 s AR T 4 T B
Wi £ % W ity 2 H PR AR Al 2, P R L
Ay g e A RN R R B R K R A b i
B A —AH FU TR EEACCRFERIIR, A2 R A W 2 137 B g
B J, R R LT H R BEER, MR

LA R B kv

008 10, 06 LI0
il /s
(a) M v TR A £ i 26

U AT eV

0,98 2 106 LI
I/
(b) N L BB 4h 26

13 BAETE B M M2 3% e PR st B BE i f5 R i L
Fig. 13 Voltage before and after single-phase broken-line fault

with M side on ground via a transition resistor

9
PR
7 r_r’ _ __'.m T
s [l 7%
o 5 L“\I Uy M
= |
G s N
H 3 -
1 l!’:-l_‘.l
0.98 1.02 1.06 1.10
I [u)/s
() MW e A 4 il 25
9
Upy
2
Z - 3 T 4_ -
) 1_\“11 f_-fl,\
g ) —
i) 1 _
= |
st I
& 3 1\ ""r\\ “-l_\'
' CUE v ___
I -
0.98 1.02 1.06 1.10

I [m)/s
(b) N et s A 1kl 2
14 BrEETZ R N M2 53 i B R s 5 min R E
Fig. 14 Voltage before and after single-phase broken-line fault

with N side on ground via a transition resistor



Heny, %

Tic P, 2 B EPL A DT 2 s O 4 7 vk

- 135 -

3UykV

0 30 s 70 %
BB L /%
() M)

10 30 50 70 %
PR BRE o /%
(b) Nl
15 BHEETE MR R R ERESPE L BT il 2k
Fig. 15 Graph for zero sequence voltage changes with the fault

position after single phase broken-line fault

MRAEBROR, N U v g (R s R A P T 2k
H MR S, MU, 28 U, KN, NI
U, 2001505 KA H A7 gy ) 42 b il fi
Ja, MU, 2124 0.5U,, « D5 545 KRRV {E L pk i
BASATIRE T, Wrdkhlsos B R P, w)
A AR BRI 4 e i3 20 B A 1

4 EE

AL A BN TG HAL £ B B AH T 2 b R AR 2R AT
T oA, IR T WA AT SR T, SR
I

1) Bic FLZ 6 R AR SRR T b f A I 2 v
FEAFRFR, I PRIER 5, i
T AR, e SR 2l

2) Whr il i AE i AN e i AT SRR, AN
SO A —REE A AR R ek e W e, (H
HILEPHER, X RGELSAAAFIZEM o

3) Wi ANyl R B i 581, R4 P E0E
SR ()T, PRI ORGP PR PR 1 R TR

4) M W e i A AH H A PSR 7 ey 0 25
AHEE R AR R, BERE NS 7 A A W b . T
L WA A Y K TR p BT A DX BT ] ST

5) 5 R S W ORar AR AR L, FETAH

RIS A HL s AR AT 5, 1y HLRE RSB
R ILIEAR L . ARSHIEAT. REANIREE %
DL FEI, 142 L i W 2 e P B RE 0 1
FIWT o

6) A SCLAFRAR W b by 3647 T o0 b, Hoor

AT 77 AR AP I T R R 5 4 ] LU 3 22 AH

eyt HAHE 1.

S0k

[1] SINGH M. Protection coordination in distribution systems
with and without distributed energy resources-a review[J].
Protection and Control of Modern Power Systems, 2017,
2(2):294-310. DOI: 10.1186/s41601- 017-0061-1.

(2] Wi, 25, XZH, & SWMPBETF T iRy ixs)

UM AT B SRR G [T]. W RS 5451, 2017,
45(4): 19-25.
XIE Jun, LI Yong, LIU Hongjun, et al. Mechanism
analysis and countermeasure research on the misoperation of
the zero sequence directional pilot protection of line[J].
Power System Protection and Control, 2017, 45(4):
19-25.

(3] BREIF, SRAE. B2 SR N 2l iy 52 b 3 T ],
FE ), 2013, 46(2): 65-71.

ZHANG Huifen, SANG Zaizhong. Analysis of single-phase
grounding fault with line-broken on overhead transmission
lines[J]. Electric Power, 2013, 46(2): 65-71.

(4] ZFfEE, UK, Ut & [RFFXUR] e T2k i b i
B HTE]. 1R % BB, 2010, 34(8): 76-80.
LI Botong, LI Yongli, LI Hongbo, et al. New method for
break-conductor fault analysis on double-circuit
transmission lines based on interconnection of sequence
networks[J]. Automation of Electric Power Systems,
2010, 34(8): 76-80.

(6] SKESF, WRulfr, SAET. /NI R S8 A 2k
I R 7 AT (D] dkHE 3%, 2004, 32(18): 6-9.
ZHANG Huifen, PAN Zhencun, SANG Zaizhong. Analysis
of complex line breaking and grounding fault in the
power system with neutral point indirectly grounded[J].
Relay, 2004, 32(18): 6-9.

(6] AR/KH, W25, /NI FR I AR G AR R B 20 BT[],
B REu Ry 51, 2009, 37(20): 74-78.

YU Shuizhong, PAN Lan. Analysis of not-short circuit
faults in neutral indirectly grounding system[J]. Power
System Protection and Control, 2009, 37(20): 74-78.

(7] RICFS, AR, sk, 5. O F 199 P i 2t e £
Fe LR AT S B2 (7], LD R GRS 4L, 2000,
37(9): 35-38, 43.

ZHU Lingling, LI Changkai, ZHANG Huazhong, et al.



- 136 -

® LRGP B R

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Negative sequence current distributing and single-phase
open-line fault protection in distribution network[J]. Power
System Protection and Control, 2009, 37(9): 35-38, 43.
Lyl 10 KVICHL 2k B T2 i e A I 55 52 AL E 5[ D).
A IACKEE, 2013.

MA Teng. Line-break fault detection and location of 10 kV
distribution line[D]. Jinan: Shandong University, 2013.
Je%k, AR, Z5e, A T AT IR0 kLS
2 PR INT 2 AN e DX BIOCRE [0]. s RGER S
P, 2012, 40(19): 144-149.

YOU Yi, LIU Dong, LI Liang, et al. Detection method
based on load monitoring for 10 kV overhead line single-
phase ungrounded open fault area[J].
Protection and Control, 2012, 40(19): 144-149.

RFG T, FET N A 5 i FL 1Y SR IR 4 W B e 2 5
BE[D]. AT Higk, 2009.

ZHU Lingling. Based on wave-let transform single-phase-

Power System

line-open fault selection and location of distribution
system[D]. Urumchi: Xinjiang University, 2009.

RICFE, sRAEH, TEIENI, 55, BT/ NBo 2 i 2% Fp
T 2 i e M 2 [T]. %ﬁ%ﬁ%ff“ﬁﬁﬂﬂ, 2011,
39(4): 12-17.

ZHU Lingling, ZHANG Huazhong, WANG Zhenggang,
et al. Single-phase open-line fault selection and location
based on wavelet neural networks[J].
Protection and Control, 2011, 39(4): 12-17.
JENI, AL C ) S8 L R R 2 R AL R
J1AFE A, 2005, 25(12): 35-38.

QU Gang, LI Changkai. Fault locating of non-grounding

Power System

line break in distribution network[J]. Electric Power
Automation Equipment, 2005, 25(12): 35-38.

& KT 6~10 kv ok ity X i i
[7]. HLMEAR, 1998, 22(7): 27-30.

YI Dongfang. Research on neutral grounding in 6~10 kV
power networks[J]. Power System Technology, 1998,
22(7): 27-30.

FRNEAR, REK, TRAVIR,
IR SRR A TR TN
2340-2345.

GUO Liwei, XUE Yongduan, XU Bingyin, et al. Research

on effects of neutral grounding modes on power supply

L M A T A
B AR, 2015, 39(8):

reliability in distribution networks[J].
Technology, 2015, 39(8): 2340-2345.

KANG Qibao, CONG Wei, WANG Mengxia, et al.
Analyses and judgment methods of single-phase broken-line
fault for loaded distribution line[C] // 2016 IEEE PES

Asia-Pacific Power and Energy Engineering Conference

Power System

[16]

[17] Bk

[18]

[19]

[20]

[21]

(APPEEC), October 25-28, 2016, Xi'an, China: 482-486.
RS, Wi, M. AN R 7 2 r 43 r k)
FHEH bR I AT SEPE A (D). ) RGO S P,
2018, 46(13): 41-47.

HE Yugqin, YANG Hao, LI Peng. Reliability evaluation of
different grounding cable networks on single-phase
grounding fault[J]. Power System Protection and Control,
2018, 46(13): 41-47.

IR 3 OV EN IR SR e =N R AR (B i N =1
iR A, 2004, 30(9): 22-23.

CHEN He, CHEN Weixian. Graphic analysis of neutral
potential in distribution networks[J]. High Voltage
Engineering, 2004, 30(9): 22-23.

RAK, T, RN, . SRR P PTH 2R 11
I HTRISGE). ks, 2004, 32(3): 63-65.

WU Hongbin, DING Ming, SONG Jinchuan, et al. Analysis
and improvement of PT breaking criterion in line
protection[J]. Relay, 2004, 32(3): 63-65.

SO, LR 2R CT R BTk U A 0], 4k
4, 2006, 34(18): 1-3.

WEN Minghao. Analysis of second loop break criterion
of CT used in differential protection of transmission
line[J]. Relay, 2006, 34(18): 1-3.

KT, SREE, XU T IR = e AN R R
LRBIHTT]. dkHLEE, 2007, 35(7): 24-27.

ZHANG Wuyi, ZHANG Yanbin, LIU Huawei. Circuit
loss analysis of three-phase unbalanced circuit in distribution
network[J]. Relay, 2007, 35(7): 24-27.

RACHE, BRI, BER. AIRS LR R R ik
HITREDEIT]. ARG R 5 H, 2017, 45(15):
133-139.

ZHU Yiyang, DU Hongji, ZHAO Qingchun. Research on
phase selection for double-circuit lines on the same tower
with asymmetrical parameters[J]. Power System Protection
and Control, 2017, 45(15): 133-139.

Wi BHA: 2018-06-04;

&6 B HA: 2018-08-30

EEEN:

B4 (1992—), B, Mit, IR F@OAL D EGu%Y

& #7; E-mail: kangqibao@126.com

e A S R RYIRY

I 45(1978—), B, @@L, W, sl¥d%, MR

E-mail: weicong@sdu.edu.cn

BT 4e(1993—), %, MEHRTE, ART@HECHZ

%4k w4k Y. E-mail: yarushengsdu@163.com

(hH KEED)



	DOI: 10.7667/PSPC180674 
	配电线路单相断线故障保护方法 
	Protection methods of single-phase broken-line fault for distribution line 
	ZHU Yiyang, DU Hongji, ZHAO Qingchun. Research on phase selection for double-circuit lines on the same tower with asymmetrical parameters[J]. Power System Protection and Control, 2017, 45(15): 133-139. 



