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Fig.l1 Distribution of dead zones in 3TA configuration
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Table 1 Reclosing elements of different dead zone faults
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Fig.2 Logic diagram of dead zone fault isolation
optimization strategy
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Fig.3 Logic diagram of adaptive reclosing strategy of

middle breaker
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Fig.4 Schematic diagram of protection subelement

software module
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Fig.5 Schematic diagram of central protection unit

software module
4 FHLZIMAE

A ) B Ll il kAR 4 7 4 il 91 BBl 7 oy ik
P15 BORE M IL S ORI oRAE BEIR AT 2 2%
PRA R ST PERFEAR T RIS, B AU R H 738 44 B L
AR B b ik e e Oy =Nk A T R R AR AL e B
IKET A B 4B KB MERE K. BEXT AR m] i, [ AR
LAk AR TR ] SR AL /N AR
Ik LR TR SR i AR AT Ak — k]
1% | BEEAR 22 A droe 1 ahe B 4 P 2y ke 174 P I L JRR
IR | 22 S b A A 2 R A R R B v R
ETRI T 8
4.1 BT AEINEE S

o7 FH e A S S B T AR R B BB
W K 25 O AP, ZEORUE T 2 R 3P P AR A Ak ) SE T 1
Al AE BT AR T RS Rl 22 5RO RS
B A ECREL BT K BT AL B R0 SOt
Hin Ak SR i v AN 15 A O BRT A X R A
eAE 1T AL IR E DI RE AN T 2 uh (5 B4
rR S S SO 1 ER RS B A, 5 A SR
BeG, SEBL AL

P 248 O 2 SC 18 JE B2 R DL 158 A, )
FHAMEFE AR | REA U M AR TR A4S RARAE Y [R5 PR, ik
P43k Ak S B Ty vk vh 24l IR A AL F (S
AN TR) T 328 355 T 5 25 DR 3 S B 1 el A B B £
PG WA ECE 1 &ML AR L, 7R A R
W 2 B 3 B R ALK B — 283 M, 45 RE 2R
22 05471 5 AR S 10 T 28 PR 30 T AL 1 ) — 2838
W, e AR ECE 1IN EHL, npf s C R A Cl
Fiimm o 2R MBI R I A A B, 4l
B2 L ST I CETF A, B TR -

42 FRMALSEIMTTIETHRE S BR

XFF 1A L3 B WS AR TR T3
W19 TC 32 0 AR SR 7 58 BRI DI RE 0 AT B 45 AL
M ST 58 K, 45 TR HE AR W7 B 45 AH C 19 5 5 == ALk
A, JF B ERRG, [] A AR R0 512 A 3R BCH At 7 HL
(B , H G 58 ST B 2 PR 25 TR AR T R, A G 2R
RERYT =AY TR FEX AR H
S A, o e R s B A T A 3 BRI ] 5
S FLF IR AR AR T AL

H T bR AT DX B W % 25 0 5 AL SR s R 3 iz
1507 S FE L HEIR A il SR M A v T 22 ER B it 4, L
T B SR 2P MBS, BOK B SRR AR 22 R
e AR 20 300 T %4 PR WL 322, A 2R X ep Bk
B FCAN T [ AT — [F0] B 1) 2 A Sl B 2 4L, 7 B £
PR AN S 5 G, R W SR R T
ML B 22084 HUA0 SRR BT BHLEYFE 4 .
IR AL g 2 AR B 0 R 451 5 s AR ZS g B AT
SEEFYLTH BR AL DX B i o A DL AR SR B, IERE BE AL
BN e ok IR S R s Rea W | o
Herp R B A I A IS DU R P 3 T T AR o4k
TUAY(HSR) F 5045 sCFR 0 10 22 J2 ) o0 BRAE
i £ 20T LA bl 208 W 2 WLFG & 28 v T B A DR 3 T AL
0] B 2R S 0 S S i B (H 2 Ry vk Yy
R B RS EE

TEQCFEA b, P00 F2 AL o A4 & X 5 45 B
JCMIE A G GG . Wi AL BE S HLEE fE
TT S A 0 1 2 15 A%, o R B S L AR &
P, B 25 22 3 ML R 25 A 4 % 9 SV .GOOSE #2 3¢,
i A FATR BN E R . BIAE7EE PR e a8
SEH IR OUR BRI EHUKIEfE_ B2t BdE

5 HERG

PABEIX A # B S 0 BRI A5 07 2, B A AL
R R S S IR VIBRTCOE G W A SE B A . ARG 4%
H C ) BT S e R 47 2 1 S S B fS s D HR 1 DT
BT ER B 4D e R R A LN SE R R O
s AN, BRI e A, o 3458 i o3
Tl R 7 T A H R T I T A 2R -



@ L/ AR {7 G-

®39%

o WO BEE AR R AISEIX A (B RS S5
W S o 22 TE) ), A S 760 Ay = R o b et 86, A s 1
H1s,30 ms J5 BEZEQRIPENIE, 2k AR BhVERT Z1 K
118 s, i s ri 37 o /0N 152 110 835 DB 866 4 140 5 I B 21 A
1.25 s, HA IR VI bR BT B 2% 10 A5 TR %108 1.35 s,

A EoR B9 B B B B 2 o E DL R R T
BV AW ES OF,, .QF,, .QF,, .QF,, F1QF,, , A& &
I TS QF , I 28 1 RS2 QF o =M &
B A QF, FITREEL T R4 a3t LS TA Z (8] )y
HAER IR 2R,

®2 FEAERMEES@ETH

Table 2 Reclosing elements of different dead zone faults

3 S G

Wit 2% 1s 1.03 s 1.18 s 1.25s 1.35s
QF,, & ¥ It JF ¥
QF,, a & It IF T
QF,, & & I Vis Vis
QF,, & It I & =
QF;, = vis vis vis vis
QF,, a 7 ¥ It =
QF, & pis It It G
FH 75 L2851 T BR B DX B i 25 o DAL 5

W 1) 251> 20 % -

(DR fE TR AR I & IER BT R 1 s, i)
Bk A, 1.03 s IRHREZR T B 22089 sh A, DIBR BT 2%
QF,,\QF,, \QF,, .QF, 1 QF,,, Jfic 5% T Bk Il 7y 45 4 U]
T % 45 114 L AL

(2) U TA AR SR BEAS I 1) 5 6 H 978, (] s 3 2k
Tl B ARG DR B s QF S BT AR 2, T L) i
AR B R A R, SR IEAT IR DB H T v b
B AS QF, FILHE 28 1 W 2% QF,,,, 118 s 5 5¢ 4 1%
P 5

(3) HR 4k 1 5% %) 45 4 U0 30 T B 6 %)l s L 9 K
/N TE 1.25 s B W] e s FR 3 o /N T B 2 QFF,,
DT 2 QF,, I HL L , /N T IR, 4k 2 H AR IR
b % 2% 09 A TRl T4 L 1.35 s I BT 8% 2% QF,, . QF,,
QF,, Aol sy, BELR T WK E IEH ke

TEIL L TR 1 BRAE X0 W I 28 206 10 1k 3R s
AL T B DX R 1) [ B S 45 e B T PR i
/N, B R SIS G, BaE T TR
SR

6 e

ARG 32 44 Tr AR A5 R a5 LA R AR B L
EERH AR F, $ 1 T AR B B 10 i £ TC T
an PRI LSBT ik, LAHS Ao i ) B B0, 55
PR UIARSC R QBB B, SE ORI A SR,
YR I %, B R AP XS AT ALY S R
JE R G R P e P S S R AT SEE

3Fp ORI ML AT -

(1) T8 BRAE DX 1R B s e 20 D A SR e, BRI
DX HICRR i e 3 2l 1 , oS et 1] P B e, 3
o PR A I SR IER T, R i 5

(2) Hh T B 2 5 ] ) 7 SR, Y3 i 4% e
A BAORIP B VER B, SR 48 rh W7 i AR
(] RIS, [ P4 L 24 S AR TS g 14 T3 T 20K

(3)HeFia 17 A AL AP M e, B 7E2K
Bl 4 Rz A7 07 2, I W g AL AR L L s
A7 3 AR H T3 T 3% £ T 4 o SR

D7 HIGUESE SRR IA 3 b it e DR 47 DG 1 SR s 4T
REASSETHR IR RE .

Nl S PR AP Al AR DR 2 4T 1 B PR P4
A ) ST %, WA AR D RE IS B A B A%
B 7 SR AT, P& AR IR K o X T
IS, B AR R AT + Bl B R 7 3 R
B Bl 5 S L T EOR FE A, O RS L B 2 I
PAR PRy Sl B B AR S 4 5 At A 52 BT 1 AN s
IR ORI 5 I T 4 A A PR
L o e R, AT Pl M A PR A 5wl sl A
A AN -

P 3% JL A B 2 18 (http : / www.epae.cn)
S 23k

(1] Ml R, AL, 45 25 A B R U e I e K P
AT TE ()], P E AL TSR, 2015,35(11) :2711-
2717.
XTAO Hao,ZHU Jia, LI Yinhong,et al. Study on rapid deter-
mination method of commutation failure immunity levels for
multi-infeed HVDC  transmission systems [J]. Proceedings of
the CSEE,2015,35(11):2711-2717.
ARG Sk, T EE AR 22 IR R T R B AR &
TR R AR AR AT ()], W) A S e i 4, 2016, 36
(8):157-164.
ZHAO Teng,ZHANG Yan,YE Guanhao,et al. Steady-state cha-
racteristics analysis for AC-DC hybrid system in hierarchical-
infeed mode of multi-loop UHVDC[J]. Electric Power Auto-
mation Equipment,2016, 36(8):157-164.
WS-, bR R, 45 Ak e ORI Pk S R () ).
W RGHSIME,2017,41(16) :1-11,26.
CHEN Guoping, WANG Delin, QIU Yutao, et al. Challenges
and development prospects of relay protection technology [J].
Automation of Electric Power Systems,2017,41(16):1-11,26.
(4] 22 A58, X5 . w BRI 5k R A o) ]. &

T RGP 5 ,2015,43(12) : 117-122.

JIANG Ziqiang, LIU Jianyong. Study on Nanyang substation

[2

[—

—
w
[i—

of UHV circuit breaker failure protection [J]. Power System
Protection and Control,2015,43(12):117-122.
[5] R&Tr. woh TR ABGHTIHML Jbat: dE i I h ik,
1989:56-57.
BRI, S, 2500, 55 . 500 KV AR SR AR O R
9B I, 2018(9) :40-45.
LU Donghai, ZONG Liu, LOU Yue, et al. Technical solution

and implementation of substation area breaker failure protec-

—
=)}
[—



F 128

WK IT , 5 - 22T SRR A UL Y 372 42k g £ I 25 W e i PR 9 5 38 S S B 1% 23

tion for 500 kV Zhongyang Substation[J]. Electric Power Sur-
vey & Design,2018(9):40-45.

[7 ] &UC, JHL0, BRing 25 v BOR GERa 2 7 oK A9 500 kV Wik

ek RS AL [T]. W RS A ik, 2015,39(2)
142-146.
YU Jiang, ZHOU Hongyang, CHEN Zhaohui, et al. Improve-
ment of 500 kV breaker failure and dead-zone prevention ba-
sed on requirement on stability of grid[J]. Automation of Elec-
tric Power Systems,2015,39(2):142-146.

[ 8] &oh. 323 RbriRiB AT I T RS | Sl A WL 207
[J]. WPy J1,2009,37(8) :59-62.

CAO Zhong. Analysis on coordination of automatic reclosing
in line-transformer strings with 3/2 connection[J]. Shaanxi Elec-
tric Power,2009,37(8):59-62.

[ 9] BO Zhigian, LIN Xiangning, WANG Qingping, et al. Develop-
ments of power system protection and control [J]. Protection
and Control of Modern Power Systems,2016,1(1):1-8.

[10] BREESE, hul BRI T, 45 . NG R  FUJ R0 35 rl A s )

S0 o Bl AR g [ ], o R L TR, 2018,38(2) ¢

484-496,679.

WEI Fanrong, MA Xiao, LIN Xiangning,et al. Strategy on the

active response substation integrated protection for dealing

with the unpredictable excessive short-circuit current[]]. Pro-
ceedings of the CSEE,2018,38(2):484-496,679.

EIGE A PREP R AF R AR AL FL SR P A A

(] I RGEMH A S, 2019,31(8) : 73-78.

WANG Zengchao, XIE Jinying, CHEN Zhongzhong,et al. Cons-

truction model of substation station-area protection [J]. Pro-

ceedings of the CSU-EPSA,2019,31(8):73-78.

[12] L, 254, TP IR, 45 . — i 3/2 4 4R A6 IX e i i 2 5 1R D) e
PR J7 i [1]. B RGP S, 2016, 44 (20)
37-42.

YANG Fan, LI Wei, YIN Xianggen,et al. A method for dead

zone fault isolation and fast recovery of error cutting element

[11

[

under the existing 3/2 connection mode[J]. Power System Pro-

tection and Control,2016,44(20):37-42.

(137 ks, XUAEC. AT 500 kV FR 40 3/2 He 2k U2k ik 14 )
[J]. I RGRY S5HH,2009,37(23) 1 141-144.
LU Gaiqiang, LIU Min. Analysis of 3/2 connection mode line
reclosing in 500 kV system[J]. Power System Protection and
Control,2009,37(23) : 141-144.

[14] FEF, R, 5, 55 . R — Ui s i e R GEp 28 48
I, B RS A Bk, 2017,41(16) :20-26.
ZHENG Yuping, WU Tonghua, DAI Wei, et al. Discussion on
network architecture of outdoor installation protection system
in substation[J]. Automation of Electric Power Systems,2017,
41(16):20-26.

[15] Bitmee, andemk, skog, 55 A8 duub g iy QA gt b Al B 1A i ke
T[], F I A BB, 2017,37(10) :204-210.
CHEN Fufeng, YU Chunlin, ZHANG Yao, et al. Research on
integrated solution of on-site substation relay protection [J].
Electric Power Automation Equipment,2017,37(10):204—210.

[16] Mh2afr. B AE s il M AL fr b s SR 5E [T . B AT
51 ,2016(32) :48-49.
FENG Xuemin. Research on configuration scheme of local
protection for smart substation[J]. Technology Innovation and

Application, 201 6(32):48-49.

EE BT

AT (1995 —) , 4, w ) U ARA, AR
TR AE, ERRRTGARN ZGEKP S
=40 . B A & (E-mail : yongxinchen@hust.
edu.cn);

FRAR(1954—), F , HL KA, HAL,
WHEHRAEFIT, AT AN RE
4k &, £ 37 (E-mail: xgyin@mail.hust.edu.cn)

w H1962—), F,#d A, #K
B EHREFH,ZEHRTEAE D
R R 8RR &4 AT AL R A AR F 3 K (E-mail:
zz_mail2002@163.com) ,

R AT

(4RiE ERE)

String-based circuit breaker protection construction scheme based on neighborhood
information under existing 3/2 connection mode and its implementation method
CHEN Yongxin', YIN Xianggen',ZHANG Zhe',YANG Fan’,CAO Wenbin',XI Wei’

(1. State Key Laboratory of Advanced Electromagnetic Engineering and Technology , Huazhong University of Science and
Technology , Wuhan 430074, China;2. China Southern Power Grid Dispatching and Control Center,

Guangzhou 510000, China;3. CSG Electric Power Research Institute,Guangzhou 510080, China)

Abstract: According to the structural characteristics of 3/2 connection substation in UHV (Ultra High Vol-
tage) system,the string-based circuit breaker protection construction scheme based on neighborhood informa-
tion and its implementation scheme are proposed, which enhance the selectivity, rapidity and reliability of
short-range backup protection. The proposed scheme contains three optimized protection strategies,i.e. dead
zone fault isolation optimized strategy, adaptive reclosing strategy of middle breaker and control strategy
based on the running modes. Then the implementation method is put forward from two aspects of substa-
tion area protection and local protection,and the feasibility and validity are verified by simulation analysis.
Information sharing technology is utilized in the proposed scheme to overcome the shortcomings of traditio-
nal circuit breaker protection, which provides a new idea for guaranteeing the safety of AC/DC hybrid

power grid.
Key words:3/2 connection mode;circuit breaker protection;neighborhood information;substation area protec-

tion;local protection
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Fig.A1 Running state of 3/2 connection mode
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Fig.B1 Construction diagram of string-based circuit breaker protection with substation area device
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Fig.C1 Structural diagram of the string-based circuit breaker protection with local device
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Fig.D1 Structural diagram of simulation model
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