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Adaptive autoreclosing scheme for line-to-line grounded faults on double-circuit
transmission lines with shunt reactors
ZHOU Weiji"% LI Fengting', XIE Chao'
(1. School of Electrical Engineering, Xinjiang University, Urumqi 830047, China;
2. College of Mechanical and Electrical Engineering, Shihezi University, Shihezi 832000, China)

Abstract: There is a problem that traditional reclosing strategy blindly recloses without discriminating the nature of the
fault, and the failure of reclosing will result in a secondary impact on the system. Thus an adaptive autoreclosing strategy
based on the reactive power of the fault phase for double-circuit transmission lines with a shunt reactor is proposed. First,
a quasi two-phase tripping strategy is proposed to provide sufficient coupling electric quantity for the fault phase in the
line-to-line grounded faults. Secondly, based on the huge difference of reactive power between the transient and
permanent faults, a line-to-line grounded faults arc extinguishing criterion based on reactive power is proposed. Thirdly,
based on this criterion, the reclosing strategy is proposed. An adaptive reclosure strategy for the line-to-line grounded
faults of double-circuit transmission lines with shunt reactors is proposed. Finally, the correctness and reliability of the
proposed adaptive reclosure strategy are verified based on PSCAD/EMTDC.
This work is supported by the National Natural Science Foundation of China (No. 51877185).
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Fig. 1 Equivalent circuit diagram of a fault phase

K1 Uy s Uy NEEASHE M 3. N 3
Ji, X ARFAT E AT EA, ¢ M, B,
R AAEGE | ATREANZE; Loy Lo 2050 I 4MET
F A2 20 AR 48 Ay A 3 % I AR ) RTGT H ) h 2 H J
s Cov Co 233Nt HKHZE, N7 {5
BT, A R 28 10 1) T J v, 25 5 P ) 2 P ) T J R 2
A Roas Loa 205N SR B 250 Ha B . RS, gl
P 53 B a=Lw/Ls FeH s Ly Ayl £ 2] M K
JE, Ly NhEs S B N KB U« Uy, WA
JECHL IR AR LR % M N R I i s Ry A bV f
BHs Rare A HELSIHLBH

k .
ﬁ?%me\gwmﬂﬂﬁmmwmﬁ&%
i=1

HIE g, ARG 1 AT, AR I
JRFE LI 7 £ (Kirchhoff’s Current Law, KCL), #{
BEAH A S BT R RS & R U, s (D) BT
. 1 X, <.
Um] _%Xz +X3 iZ:l:UMXi (1)
X, =Xy, 1 Xeo
fo- .
X=X,/ Xen
A Xems Xeo 7N Cus Co FIEDT; Xims Xio
A Lo Lo ST
= Az AT 7 A FR RO R] i L 2 % A1 2k
PR AR, DR B A Al [ 44 Ak A A £k i A Rl PR
[FlAHE T e AR50, S = AHE 1T,
1T AR A AT AR 6 FR, R A LR U,
JLTRZ, MMSEAR S R U, WREAR /N, X e
PECAIAF]
Shy 38 A S PR U AR, AT AT s
JA, AT UUE W, s AR R
MEfE, BInPERIHM. BT, P T




Jths, 5

Y F I HEL T st [ AT 0Ly P 2 i b 2 bl o 19 3 7 5 D SRS - 35 -

O e TR AT X [T 2 i 1 2k 2 ot W3 1) 4 743 4 B8 i) 55
W, R R A A I R L R B A, R =
AT 7 ARV CRAN TR, iR AR Bl o5
JI MR B HIGL, - LABRHEAE G A B A P oo 8 ) 5
Ly U

1) 4 [A) AT X[ i e i it e A B3 KT P AR
i, 25 RS B BT a A Ay, o SR Wi
gl ] 14 g S e, SRk I U 2 1) P AR A4 A
PR DR AR 2 A A I KR, IHZ R KRAR
FeERy, R B B ORMAR o 58 B0 B P AR [R) 44 A A D £
A

2) IR R BT ORI P AT i AR IR, BT BT
ATHBRAH PR AT D O B A

3) ZA[RIAT R AT 2 e O] — AR A 4 AU, P [0
LR ki, JF P, AEZREA B R AN B L
E’%Eé[lg-m]o

2 WUBHHIIITNREHES

R AR TCTh TR H 55 712K F Wk ) o 2 %,
R TA MWk EA 2 —, TA MRS s A

1) HEPARBE I SRR PAT SE e fa 702k i v H
T LA R R LS e i, R AR TA A R ey,
ML 7y, » I I RO, W = 3 5
KFESTF N 4 000 Hz.

2) H T2k B R AE 1A 5 0 R FH W s Iy e B
THEMEEARTC ) Ih A, 3R,

n+40007

Z Uy pritpere (M) (1)
O(n) =—= (3)

40007
Ae BB NETFE T e (m) A H
Hilbert B4kt u,, (m) BAH 90°f5LE R T —A
AR
3) T HOSEL e, 5T O(n) #e AE AL
=
1 R A MERE B BB A T T T R HHE

W 1 Fs, 4IF5% Kl K2 AN, hlHE
FER el rl 2 i A AP o MR, e 2 i PR /S,
3 o L B R K HIARE o R 2 P A
AR P AR LR . R T ARSI 3 i LA S
[IEQEERTIR 3 9 W add BN RN = B i P I ERM G )i

7No

oF

N

u, (t)=U, cos(ot + @) 4
i () =1 cos(aot+¢)+1,e ™ @
e U, A AR s A B IRE : o A1

i LT R, SN 100m: 4, b
ORI THU RN . 1, e T
BUMRIOWRL: g, OB T 50 B B
s 1, HyHORHIL R SR EL A R A b
ORI 4 B SERN T

HAERG), A ABEHRNT, SRR

0, = [ Mz 040,00 9
A, Q)+ O () A I MBI I 1 T
BUMR S E R, S

0.0(0)="2sinl 9 ©)

AUIId —A@+T) _ At |,
On()= m[ “n J
Y

[sin(a)lt +¢)+ %cos(a)lt + o )}

AT T DUE e 7K AP S N i A 0 e
sk aod 9 v B 5 A i g BE e FRUAS, AH EGTAH
(M) 5530 LC RIS 40, AR e v L2 AN Tl
IFH, TRAMERE IS TR R D, B o3 i
ko Bk, thale) (7)) T LA H, KA R
I, SEAR TG D LA %

2.2 BRET I PRI /e PR AR T T T R HFHE

2 [ri) X ] 5 B 1 48 4 e i e Ay Wik I 2 HL
FEORIE, 1R K1 K2 3BT, s b
TEW 5 93 0] it -

1) SRR AH 5 4@ A AH 2 ] Ly £ Cp 77 AR R A5
N o, 1) T ARG, B

2) ks AR 5 Hh 2 18] B Lo Fl Co /7 A2 ISR o,
HUNSRERE RS AR

UERMESL T, BB Ak

{um (#)=U,cos(ot+ @)+ U, cos(w,t +¢,) ®)

i (t)=1 cos(at+@)+1,cos(wt+ep,)

Xy U I o glo) 0O HURIRAE . FRATI (e
FILABAERHIAASA, TR 1. 2 530 R os ey &
FIH 55

PGIZEAR Bl EE . SN2 G, R
P 20 (3) v S5 21 1Rt B AH DI Ty Ty 284,25 AR 43 )
MO0\ 20~ 20, (0 +0,) Fl (0 —w,) 15 N
(i s i, A (13)—RA7)FRP,

0@=- Yy sin g, _%Sin o, )
2 2
U1 sin(oT)
20T

0,@)= sinfe, 2t+T)+ 7,1 (10)



236- ® ) EREYF BB

U,1, sin(w,T)
20,T

2

Ul, . al . 2t+T
Q4(t)=—#sma—sm[a( £+7)
aT 2

o, (0 =- sinf, 2t+T)+7,,] (11)

+712]_

Gl sina—T sin[a(zt D) +7,,] .
oT 5 V2
U,I, -Ul, PR2t+T)

LT
—2U1[2 Sinﬁsil’l—(g12 hl 921 : (13)
pT 2 2
cos ﬂ(2t+T)+4912 _‘921

2

0,(t)= sin% sin| -0,]1-

Hory,

{%”_%+%,j=sz=L2 (14)

0,=9¢, -0
L, U Lo 07300 BURTRAE . AL (2
FSCERYIA A, TR 1L 2 200l oR I 2 A H
H1 731 o 7 FFAR PR K S UK P K TS5 R B
WA
P =@y T2
{‘/’12 +¢,=(0,-0)+,-0,)=n
Kb, Thrus i R RE R R,
RS AR A HL AL A SR I

U I, o

u, I, o
B A5). (16N (O)—X(13), Hfit A=A
N TS,
O~ o
0,(1)=0 (17)
~—2U1[2 . ﬂ Lt+T)+ ¢, -9,
Qs(t)~—T sin 5 cos 5
Os(D)~ Ou(IIEAIFAZ 2 (15). K(16)15#
W, SR, HT f<<a<2m,, Os()MHRiEZ KT
Os(O)FH Qu(t)o PRI, >4 [P R[] iy H 206 6 15 2 2
s Ry 1 FL PR KR KIS, AHIR) JETh D (R RRAE
T BARTI AW (5 A 35 1 BB AT o) S 3
2.3 BRAT SRR KRN AT A FE AR o T T R4S 4E
1 ) R[] 5 i i 4 b g e g W 2 L
PIRMUKI, Wi 14, K1 HA. K2 WiF. i
SRR AT A, HIRH P Y — 321k, Bz
WK AT AR FEBH . E T IO — MR RE KA

(15)

(16)

BEI GRS, AR ORI 2 B LT
CENERTioP: I NTIITB L3¢ 5 08 SR P 7 N s o SN )
RERE R DAL — AN B2, A S e 1 2
LSRR K AR FHARUK LI P s = AN
A ULAERF AL AR K ASK )RR AR A
SRR TE S DR 2 B R RS SE N [] ) E
KGN, i0AE TR BR8], 2R e D
AR IR T 1B Pk R AR TS A A
L RE AR B OR (R TC T DRI AR

3 ETRINEMIEINFE

3.1 KRNI

B 350 [T XS [ i, e B 22 0 g i 7 A
PR o R I A s L I iy R I e e IS 1R
DIV AT ol LU, SR Os() IR TE R 4 H
AR A I T 20, REfS B e W o Al B T
FEVE. BRAR b, WM BT A A A R R R I
MR ASRICRE, Os(IR(EN %A%, (H, HhT
SR N PR TR AE AR, TS Os(niR{E R
o DRI, AR IR X iy P, e S i 8 e g e
W Fo P A A 7 AP A T P e A SR TOIR 28
T D ZARA I 5 Os ()RR 1) K 22 7 1) HEL9IR
IR o [FIRF XU A i 2 B 5 2 0 g e T 9 5%
&

FEIESEN 0.03s N, TR

o@)>KI: . X, (18)

JROT, ) A W I PR R, SEIR 0.01 s JE PTG
WA e Q) & PEP AL 5 1 AR ) TG 2 )
R, EREA A, N EUEAER A 3 He
30 Hz; Lo max A E&EE B HT 193247 77 2R v] g™
AR B ORI I LI s X A B WA S5 UL K
e B2, SRk K9 s .

K=b(+b) (19)
b b NI RS, HHUEIEHEN 1.1~1.5; b A
AR A HE R 22 1RO B Ok B R 40 (Total Harmonic
Distortion, THD), ASCH(H 0.4,

B R IR Lo max AR 00 R,

2202502l 051001 20)

v 3x10°
= 1)

K, === (22)

0 1L %
K, ="1-2x) (23)



Jths, 5

Y F I HEL T st [ AT 0Ly P 2 i b 2 bl o 19 3 7 5 D SRS - 37 -

I== (24)

s Z R0 Zo b [RIAF X R PR 6 1 0 22 0 B
v Mo, N IEJFRRFRE:; A A, HIEFRZET T
AP (PR A rad).
A4S 25 KA IR Lam h
@wxwﬂgy . o U
I, =K, Iy = 5 a axﬂz(%)
L, FBIFFNIEFEE v, /v=3/4.
W20 M R, TEIh AR o = 1) 1
FUASRE M IR PR i A e, R H, 0 —4
FEIMRAE S, XREICH e S R BRI, FF O
INAERHE, AR (A RE 08 = SR 5
W, ELACHIE Ay fEESE 0.03s N, il
FIPE(26),  HRE Ay g o P kR, A5 DA Ak AT
Wit Bl 3 M A e A SR TR 2
TEELEN 0.03s N, Wi
O) > KI, 0 Xy a (26)

SO i 1) KR I K TG By ) 3R AR 4 o (1)
A IR AR BB AE Jy PR, BRAIG T AR5 2
I R), 30 T e o T T A R
3.2 SEREE

BELT AR, TR XS i v e i i e i b i e
A I AN G S PR, W1 TATIBCG 7R #e b i i
WG T RER BN TAIIBC P52 A2 b, DA,
ARSI Y RS PR T [RI AT R [ i o 2 8 1 2 oz
i i T i) SRS o [ XL i P R i I e e b W e
A T SRS Ky

1) 2B A de K AR 1.5 s P2 20(26)
KOG, TR 0.1's, A W4 BBk TT {4 AH AN
AR A 5

2) MEEEARAE 1.5 s PIANH A2 X 26) R IA P
I, DA B A kg i K W i 2 e e i it A A
ICIRA, AUk s AR TFAS Ay, JF P A5
3.3 HiEENES MK

S ol A BB EL 70 7 (R AT X [ i v 2 PR AR AR 4
B ] kA ) S I 4 M g 1 ol 4 [ v
5 AR ) 1) R, BT OB AR TE T )
TN [RIFT XU IE iy P, 28 4% 5 2 e W o 19 3 o 45 )
M o LIRS KRR =1 T 5 TR [RIFF U Ay R 28 1
e8P/ Ll g5 ) ) e S = By A ERed L {31
K2 Fiose

1) 7 %0 [ FT 00 R] 4 H 28 9% K A 1 2 e i
B, AR M P AE K ) SIS, S R I e e 4 AH
B, s E,

VB WA )

R RN |
T

A 4

WETT PRI ITAT 2tk IF A SR, SRR K
P T £ ) BEITAH

2 BENESEREREER
Fig. 2 Flowchart of the proposed adaptive

auto-reclosing scheme

2) Jy et b HL ST A0S HLgTCRE IR (R s, =4
T ERIE ] 0.2 s I IH A THERAT IE D) Th s

3) FAFINESAE 1.5s BUPTA AR D) D) A fE
5 35 A AR IR 3(26), 3 WA B e g
AT BT AR S ATRIEEAT A5 ) 7K A i
B A B P R AR TR o BT PRI AT AT £
S P A ), £E 2k A 18 2 AT AN T A 2t

4 (HEWIE

N T ISR ASCEE H I IS N T A 9 SRS 1 1 A
PR, CLRIFF XU [R50 FL 26 2% A2 TATIBCG 75 26 42 il
Rt A 191, 2 BT Ry 2 M X 220 KV [R]FF R[] Ha
Z:#%, UL PSCAD/EMTDC ANi5iF6, MR
PR, BOAEFTHR Y OGN T A I SRS R B A . B
191 £ 3% BT ALk S s v, A K 3 P 5 2 B 1) 3 s . PR
PR JEIE R S B R 1 iR,

/ﬂD:mw

5 LGI-2*300/[134
RUEAC). [134] @
: B

xipm%

B 3 (nEE IR L E

Fig. 3 Geographical wiring diagram of the simulation example




_38- e N EREY BN

F1 BUKEEHERSY
Table 1 Parameters per unit length of the outgoing line
NTEV5 =N 2 WANTEY S =R 7 ARV o =7 WA= 5 =N WA= 35 0/ WA= A 2 2 5/
(Qkm)  (km) (MQkm) (Qkm)  (km) (MQkm)
0.107 0.418 0.273 0.321 1.254 0.414

M FERI FDRF U A e 28 e A 2 B 2 b i s

W Wb e A 0] kg 2.5 55 2 B8 B P b e S e 9 Fy
BH—MEAN K, A G451 1) 3k 0% H BEL 23011 2% 12 0 QT 100
Q; WAL B 3 9% e LR B B (L= 0%) 2R
(Li=50%)F1 2 4 A5t (Li=100%); Bk A )45 i 10] 4
2.55s; ZRIGIEANMESE N 70%., BB E LT
P 1 BRI ARV Le ma=30.1 A; W
SE by N 1.2, by N 0.4, HULETASA AR I 4 e 1
1 0.358 Mvar. 5 A7) —R(30)FT 7~ Ik HLHIEL
T B R I (1) S O A
HANE TR, MR =03 s; (2) 4l
MR HICAMS T4, AR A, %
R4 FLIBAT S, WK =Nss (3) #51K
B Ak A, R H IR, BB 4= o0 s

48w _ Gue ~ Bue @7

de T,
G, == (28)

Upgoo L

L
T =T (f:)) (29)
;o {Lmo t,.<0.1s 50)

10t L, t.>0.1s

I R AR B 1 L SCHR[24]

PLIRIAE Xm0 L 2R 15 A2 TATIBCG P52k e
WA, SRR JCShIh oy M 7k, S
I TR AR T ] 4—P8 9 B [AIAF X4 H 2 i
A - e e R (DL TATIAG ), RS 2k
BB (LL TABIIBCG Ay f5i]) R B = 5 £ s dth i o
(UL TATIABCG A 475 B3 o T U5 1 5 B Xt
RPN, PRT R, ASCAFEVEL 4T .

& 4—& 9 Al LG

1) B AH TG B Thy 5 28 2o 5 K 1) BRI AN 3
SEROEAE, RUIHMBEARAR BRI, W I 5 K A
P A I T ) P R A JE TR, ST e 6%
AR PO T 52

2) WA T T R BB, (e e
HIF4ERE A/ 0.03 s, KUIMFEAH DL, Hks
PR TN R I P R, AR IR B RE B A DL ) e

TCIh T # /Mvar

JCIh ) # /Mvar

T Mvar

2.0 — —=03s - \—fr:NS =0
1.5 /\ \
10 AR -
osb i [\ ,/ \ — § Y
N N SR SR AN I
05 . ’ ; )
2.6 2.8 3.0 32 3.4 3.6
I ) /s
(a) WACBREAT T A 208 1 1 il
2.0 — —4=03s ——-—4=Ns ty=c0
kL "
1.5 /\ / N
1.0 \ \ 23
05k Mo\ \ 7
0 Y e i Ll AP I, o A S .,{ —
,0'5 1 1 1 1
2.6 2.8 3.0 32 34 3.6
IR} w)/s
(b) WhRREA A 2 i v )
2.0
— —=03s —r == t=N§ f=c0
L5 N\ /f N
1.0 AW ey
o5k MEM )\ \ VAN
0 ~J .~ \\;l"\» ~ o=t N (\v‘
-0.5 ; .
2.6 2.8 30 32 3.4 3.6
IR Ta)/s

(C) B A, T 2 B A i

4 HEBEY 0Q, IAIBCG # 1A X ININE

Fig. 4 Reactive power of phase IA when transition

JCIh I Mvar

TCHhIh# Mvar

TS Ih = /Mvar

resistance is 0 Q

20 — —=03s — . — . —4=Ns ti=0
1.5¢
1.0
0.5 R N - o _
N A N SN e
0.5 . A . .
2.6 2.8 3.0 32 34 3.6
5 r)/s
(@) WO BREAR " £ I T i
2.0
— — =03s —-—-—t=Ns t=c0
1.5
1.OF
o5l wEm e B
0 g e S D S e ]
,05 1 1 1 1
2.6 2.8 3.0 3.2 34 3.6
I [a)/s
(b) WA AT £ 1 o i)
2.0
— — =03s —.—.—t=Ns e
1.5F
1.0F
o5l MEM . )
0 4:ﬁ>v‘/‘ 2N e = i
0.5 . \ L L
2.6 2.8 3.0 32 34 3.6
IR 17 /s

(c) BN 5 7R 242 5 A S

5 yHEBEA 0 Q, IAIIBCG # 1B tHTL NI E

Fig. 5 Reactive power of phase IIB when transition

resistance is 0 Q



Jths, 5

A7 DR LAt TR T X i P 2 B A e b g e 9 7 5 i) SR

2.0
. — —=03s — — —4=Ns =0
S 15¢
=
‘F\a» ].0 '
R os5L wet ~ _ LN Zy
E 0 N R P A= N
,05 1 1 1 1
2.6 2.8 30 32 34 3.6
i a)/s
(a) WARREAT B A 2 B 1 i
o 2.0 — — =03s — — —4=Ns tr=oo
S 15¢
=
e 1.0}
R 05} S ~ . e _
“—:\‘; 0 :-——.A M Y e
_05 1 1 1 L
2.6 2.8 3.0 32 34 3.6
I fi/s
(b) WRE A A 2 i v )
20 0.3 N
= — — =03s — — —4=Ns =
S 15
E 1.0
:3 0.5k ey o .
E g i M e N, P — Bl ]
,05 I 1 1 1
2.6 2.8 3.0 3.2 34 3.6
I [1)/s

(c) Wb AR 2 B R i

& 6 53ERFEN 0 Q, IAIIBCG H# 1IC AL E

Fig. 6 Reactive power of phase IIC when transition

resistance is 0 Q

- 2.0 — —4=03s =i=u=t=Ns t=°
S 15t VANV
£ ol by ~
5 10 o
® o5k wmn ¥ e, 4 %
3 N P . T
70'5 1 1 1 1
2.6 2.8 30 32 34 36
I [)/s
() WABREAT B 2 1 it
- 2.0 — —4=03s - 7 X =Ns t=
S 15} 7y /
2 ol / \
N / \ 2
E 051t HeEA \/ \ = y \
T \
fé 0 P S /\ . e —
0555 2.8 30 32 3.4 3.6
[N 17)/s
(b) B A B AE £k i )
20— —=03s —-=~t=Ns =0
T g \ 1 f
g 15¢ \ // \
s 10} [\ / \ .
] os| wew |\ \ A
E 0 ""/- , »"\I""'"‘-’\ﬁ \\/\ e \~\
0355 2.8 3.0 32 3.4 3.6

B 7 SEERREN 100 Q, IAIBCG H A HHEXHINE

Il
(c) i fir 8 2 e A

Fig. 7 Reactive power of phase A when transition

resistance is 100 Q

-39 -
& 20 — —4=03s —.—.—f=Ns f=00
g 15t
=
po 1.0F
§ 051 el ~ = o e
@ 0 AT
0.5 . L L L
2.6 2.8 30 .. 32 34 3.6
N fi)/s
(a) ARV 7 202 1 i
o 20 — —4=03s —-—.—4=Ns ty=o0
S 15
=
; 1.0
R 0.5k HEEA ~ = P _
§ 5 el N B R PSS ]
0.5 L . L L
2.6 2.8 3.0 3.2 3.4 3.6
i 1/s
(b) WA T AE L 3 o )
= e — —4=03s = ——= = t=Ns ty=co
‘2;’ L5t
:+ 1.0}
E 05| woEm - Y
T < — -~~~
]_T_ﬁ 0Lt Bl :
,0.5 1 1 1 1
2.6 2.8 3.0 3.2 34 3.6
I fiil/s

&8 i

() Wby T 75 £ B A
FLFE A 100 Q, IAIIBCG H 1IB tB FLThIh &

Fig. 8 Reactive power of phase IIB when transition

resistance is 100 Q

= e — —=03s e t=o2
§ 15}
@- 1.0+
= 05} HesEql / AN —~ L= ey
5 I I 2 ¥ G
0.5 . : ;
2.6 2.8 30 32 34 3.6
N T /s
(@) WA T v i
,_ 20 — — 1=03s — —.—4=Ns — =
S 15t
=
Qr 1.0
E 05k BEA PN e
Q 0 L VY AT e 0.~ i o PO
=0.5 g :
2.6 2.8 30 32 3.4 3.6
I [¥/s
(b) Wb B 7 £ i v ]
2.0
5 — —4=03s —+—:—1=Ns — =0
> 1.5t
=
e 1.0
E 0.5k Mok S ~
- 4 - -
B ol Y e T
0.5 - : : :
2.6 2.8 3.0 32 34 3.6

Whilss
(c) b T 1 4 % A iy

E 9 HEBRMEN 100 Q, IAIBCG H IIC HLINhE

Fig. 9 Reactive power of phase IIC when transition

resistance is 100 Q



- 40 -

Y EE R R

3) AN RR A AR L e R B AR
SO A B, Wb S 2 KN TR], ASSCRr
HH RO ARL T # e g bRt L VA U IR B ek 5, A
3 Y A T SR S (T it . 45 RR W] AT
P8 113 N ] SR REAS DR 8 iR o,
et EA kDL, I HARZ A E . o
BELR AN DA R e 5 452 1] (4500

5 5t

A SRR 1 L BT 4 [ R X[ A e 2k e A%
G5 ) S AN E Wb U E H S, AR
oS ZRGEE P A T, B TR TR RRA
TC LI Ty 2 () J I LT [ AT X[ i e e i o ke
b (A S BRNAT R LT i S e T

1) YA 9 A Bk ] SR WS Rtk it I B P 70 4 [ AT X0
[ PR 2 S i e P b W bR AR B A 7 R R L AU
A SO E B A

2) FT T I DA T IR b A, Refig A
SRR E L T Y LR /N DL Rt R 8 N 1) ) 5%
Mg, PRI PR Tt

3) FE T 0 D Dy A I K L T DA X e A vl
4 i e e M A O 2 T D) S S8 Jn 7l T
BTN FI, GRS T AT, R ki
B R T 2 BEE T A
SE 30k
(1] BRI, DIRE, BRGxEe, &5 LT Wie & o4 i) (0 32 1k

L YAt i P e B P i R B V(] I R AR

b, 2021, 49(7): 48-56

ZHAO Guankun, JIA Ke, CHEN Jinfeng, et al. A single

terminal fault location method for a DC transmission line

based on circuit breaker reclosing[J]. Power System

Protection and Control, 2021, 49(7): 48-56.

(2] Eb, fe K, FBPRTHR, 4. el Sl R R LR
AL AR TE 75 ] ) B MM (). FR ) R GRS P,
2020, 43(10): 174-181.

WANG Shuai, XIONG Lingfei, GUO Qinglei, et al.

Analysis of AC side single-phase reclosing problem of

Chonggqing-Hubei back to back MMC-HVDC project[J].

Power System Protection and Control, 2020, 48(10):

174-181.

(3] FB¥E, BSCHF. He TGNt B T T e 25 1Y LR
L I N A T (] O RS A Bk, 2020,
44(22): 78-86.

ZHENG Tao, LU Wenxuan. Adaptive reclosing scheme

for DC distribution network based on cascaded full-bridge

DC circuit breaker[J]. Automation of Electric Power

(4]

(5]

(6]

[7]

(8]

[9]

[10]

(11]

(12]

Systems, 2020, 44(22): 78-86.

XM, Tk, WR, L — RECA TR kR B IERY
FAI]. RGOS 1], 2020, 48(22): 26-32.
LIU Jian, ZHANG Zhihua, RUI Jun, et al. Adaptive
reclosing of distribution lines based on primary and
secondary device coordination[J]. Power System Protection
and Control, 2020, 48(22): 26-32.

AL, SO, AR, A e R R B e L P
PEHUART]. TR, 2010, 25(11): 148-154, 163.

LI Zhaoxiong, WEN Jun, XU Chao, et al. Secondary arc
current of UHV double-circuit transmission line[J].
Transactions of China Electrotechnical Society, 2010,
25(11): 148-154, 163.

WANG Y, YIN X, XU W, et al. Fault line selection in
cooperation with multi-mode grounding control for the
floating nuclear power plant grid[J]. Protection and
Control of Modern Power Systems, 2020, 5(2): 164-173.
W, FRaiE, R, & AENES WA RS
MRS ST, WD &R GE A Bk, 2018, 42(6): 152-156.
SHEN Jun, SHU Zhihuai, CHEN Jun, et al. Application
of adaptive auto-reclosure in power system[J]. Automation
of Electric Power Systems, 2018, 42(6): 152-156.

BRIgE, TR, BRIRTE, 2. mEH I OGRS
AT XM % I AT[T]. MR, 2012, 36(9):
268-274.

CHEN Xi, ZHANG Xu, XU Zhenyu, et al. Analysis on
in UHVAC parallel
by high
grounding switch[J]. Power System Technology, 2012,
36(9): 268-274.

LIN D, WANG H, LIN D, et al. An adaptive reclosure
scheme for parallel transmission lines with shunt reactors[J].
IEEE Transactions on Power Delivery, 2015, 30(6):
2581-2589.

TR TTIRGK R LR A TR AT R R 2k I
WEFE[D]. HiMl: WK%, 2012,

DING Wei. Research on wide-area relaying protection

extinguishing secondary arc

double-circuit transmission lines speed

GELIE &S

and adaptive reclosing technique for parallel lines on the
same tower[D]. Hangzhou: Zhejiang University, 2012.
I, K. BT R R SRR AR A (AR X ] £
HE Y A [T]. O RGR S FE, 2012, 40(11):
46-54.

LI Botong, LI Yongli. An adaptive autoreclosure technique
for double-circuit transmission line based on voltage
characteristics at fault point[J]. Power System Protection
and Control, 2012, 40(11): 46-54.

ME, K, FHOUR, S5 AT ISR B iGNV E A
WA AR BT RS AL, 2011, 35(2): 56-61.



Jths, 5

Y F I HEL T st [ AT 0Ly P 2 i b 2 bl o 19 3 7 5 D SRS

- 41 -

[13]

[14]

[15]

[16]

[17]

[18]

[19]

LIU Yi, ZHANG Zhe, YIN Xianggen, et al. An combination
criterion on adaptive reclosure for double transmission
lines[J]. Automation of Electric Power Systems, 2011,
35(2): 56-61.

Mk, EETF, EPIR, S5 AT IS FAT X0 2
5 A P ) ) A D). B BR, 2014, 38(7):
2001-2007.

LIN Da, WANG Huifang, WANG Qingqing, et al. A
method to identify properties of cross-country faults
occurred in common-tower double-circuit transmission
line with shunt reactors[J]. Power System Technology,
2014, 38(7): 2001-2007.

Mk, FERIR, FEDy, 2. ARy R a2
Hi&E N EA W7 E ] RS AL, 2015, 39(6):
101-106.

LIN Da, WANG Qingqing, WANG Huifang, et al. Adaptive
reclosure scheme for parallel lines with shunt reactors[J].
Automation of Electric Power Systems, 2015, 39(6):
101-106.

WMise, FHREM, #2597, A5 HETURREEAE P4 I HLM
WIS AL HFIR[T]. ) TR, 2021, 40(2): 169-177.
YANG Wen, YIN Kangyong, BAO Yiyu, et al. Fault
types identification of power grid based on deep belief
network[J]. Electric Power Engineering Technology,
2021, 40(2): 169-177.

HRigRE, X, wF, S TSR LR A A ER R (D
FEL D R X B IR []. e DR ROR, 2020, 39(1):
110-117, 164.

XU Haoyuan, LIU Bo, YE Kai, et al. Identification of
fault zones in distribution network based on zero
sequence current distribution characteristics[J]. Electric
Power Engineering Technology, 2020, 39(1): 110-117, 164.

XU, R, WL 2 RS X R AN R P K 0 A1
Blos R 215 B ALD]. ) REE 5 R 25,
2021, 36(2): 51-57.

LIU Ming, ZENG Chengbi, MIAO Hong. Distributionally
robust chance-constrained unit commitment model
considering uncertainty of wing power[J]. Journal of
Electric Power Science and Technology, 2021, 36(2):
51-57.

5, M, som, 5. BB BRI A&
B @ AF iR AT [T]. HB DR HHOR AR, 2020,
35(6): 53-60.

FU Hao, YANG Xinglei, ZHANG Bin, et al. Analysis of
transformer thermal life loss considering large-scale new
energy resources access[J]. Journal of Electric Power
Science and Technology, 2020, 35(6): 53-60.

PEE, ZERGE, O, S R TEUER G B RREIE
(A 0[] 4 e s e W R £ 5 ) SR [D]. T &

[20]

[21]

[22]

[23]

[24]

Gefiyr L, 2019, 47(13): 62-69.

LIANG Luming, LI Fengting, XIE Chao, et al. Open-phase
coupling voltage feature based comprehensive reclosure for
double-circuit lines non-line-to-line fault[J]. Power
System Protection and Control, 2019, 47(13): 62-69.
ALy, AR, HidE, . TR TR
WAL AL G W7 R[] B ARG A,
2021, 45(12): 126-132.

DENG Wenling, LU lJiping, GOU Xin, et al. Novel
reclosing scheme for hybird lines with high-voltage cable
and overhead lines[J]. Automation of Electric Power
Systems, 2021, 45(12): 126-132.

fike, ARG, E5E, A LT O IR AN PR
R HH 2 1 O I B T ) SN (D). R R e A ik,
2018, 42(13): 196-201.

XIE Chao, LI Fengting, WANG Bin, et al. An adaptive
single-phase reclosing scheme based on power ratio for
wind power outgoing line with
Automation of Electric Power Systems, 2018, 42(13):
196-201.

XIE C, LI F, WANG B, et al. Anti-interference adaptive
single-phase auto-reclosing schemes based on reactive

shunt reactors[J].

power characteristics for transmission lines with shunt
reactors[J]. Electric Power Systems Research, 2019, 170:
176-183.

WRR, BRAEE. B A e s i R e i o i B ol I ) P
SITRITEELLT]. w e EEIR, 2010, 36(10): 2368-2373.
CHEN He, CHEN Weixian.
computation of secondary current in EHV and UHV

Circuit analysis and
transmission lines[J]. High Voltage Engineering, 2010,
36(10): 2368-2373.

ZHOU W, LI F, XIE C, et al. Adaptive autoreclosing scheme
for line-to-line nongrounded faults on double-circuit
transmission lines based on phase-to-phase reactive
power[J]. IEEE Access, 2020, 8: 144092-144104.

Fs HHA: 2021-03-01;

EE HER: 2021-06-21

EEEIT:

FRsE (1983—), B, AL, HRFIEIEHE

Sk AR, E-mail: zwj2015@shzu.edu.cn

FRGE(1965—), %, @EHEE, i, #48, B4

FIF, B @A) ARGk R, TR AR MK
B, 7 RSB 424, E-mail: xjlft2009@sina.com

R oARAU98T—), F, Ht, AARF AR AL uE

1R 3 BT B 4 66 R FF P 3 R . E-mail: cheesemonster@

sina.com

(adE B Feim)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


