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Fig.1 Schematic diagram of action sequence of

breaker failure protection
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Fig.2 Protection action sequence of CT dead

zone fault in actual project
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Fig.3 Wave characteristics of CT tail current
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Fig.4 Spectrum characteristics of CT tail current
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window filters in different frequency ranges



g4 R L5 < ST R F L L T B 2 2 0 @
23 BEFRN_REN=ZSEHERSELLEH T || e 5k A
HIiR | e 4B

Rl = A 1 A% 9% L I 5% R L I D0 0 #2510 A4 g
JF, 7 PECHE T4 Jl el PR AR 1 0t o 2 LU R ) 3 D
B, AT DA B T o/ ek i — R B A R L
RN SR

B,;>K. . ;A,; ¢=A,B,C (12)

KA, R (10) T3S 2 0 B IR AE s B, N
FH (LD 8RS 3 89 B R ; K., 0 He 6 3
FHE R A AR SO I — M O 1.2,

BB FERC A, 25 (12) ST 10 ms, WA 5E =
B B H AR Sl A A

MIe[1,20] A.ze[1,200] ms Bt , V46 2 HL R
28 = BRI B DA L LA B U AR A5 B B BRI R A
FLULIRAE S 10 FEAE S P35 1 LUAEL AN BT 6 s o f
P AT A, - B R BV MR {5 1R L 5 B 1
LR AL Y FUABLAS 32 1 R/INSE I Bt = 1 3 fin
4N, 76 7> 2 ms I KT 1.359, Bl « B934 0 0 4 =
TR T 0 . TR /N Y = B
Fe B S AR S o A OC, 516 AR AT =
AT UE YRS W N 2.5 ms, FFHEE 10 ms ZERFAAIA,
Il o >2 ms B, Joi 1 22K, YIRETE 20 ms P H Wt
R S W R

S

R P
{ 40 +

S|

Bo6 A, /B, /B, /A, K
Fig.6 Change of A ,/I,B,,/I and B,,/A,; along with

RSO W i e % SRR A3l 4 F i U
PEARES &, Bk I ) Wi A O SRR AP 2 S AN 1K) 7
No PR L AR s 1,0 —RBUE LI s L, R R
FHEEL T E L5 T, 0 O R PR = B A W e 4 1 6]
{EL; Ty o 2% R AR BEAH S8 W e e I (o) 5 (L. Hor
AL P LA TS i R SR DR 2 A A 90 ) il
T BT FE F R RS PR i R B D)
B 5 = HH W7 S i O SRR 2 A S 0 1) it 4%
R 46 2 R U s R T U A bR 1) = R i e
e E IR .

W B o X R I, AR A R LR AR
D) 14 DR B e 2R 2R PR 3 22 R BE RIS 1 20 mis Y HEAR
U FE LI , DB 05 O SRR AP S A A AN A 5 A
SRR 2 UL L A R O 1 A T B 0
FARY Y 2 Je A A L 3L H 3R (1, > 0.06 1,) % [1] , H.
BT 35 foe R RARAP BV 26 A AN A2 5 Wi ) = A

PRI FA

RRE oLt
KRG T

i 0ms | 4 R b s
ms ) o A LT

() Pk A AR BT R R AR AP 2 A

|| i 2k R A
|
[A.B. C Bk JFA
A MBI A

T, /A Oulk d

%R
Ty ﬁ?f‘hj]ﬂf
0

R RARG Bk
A% A

KR
IR

B G LR

B G

(C s

C M
(b)) SR = ARISTE 28 AR

E7 ETERBRRAAIERE RSk R REE

Fig.7 Logic breaker failure protection improved by

tailing current identification criterion
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Fig.8 Results of simulation verification
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Criterion of breaker failure protection based on identification of tail current
DONG Xintao', LI Baowei'?>,ZHAO Jiansong',FANG Zheng',LI Xu',DENG Maojun'
(1. XJ Electric Co., Ltd., Xuchang 461000, China;
2. State Key Laboratory of Advanced Electromagnetic Engineering and Technology,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: The main reasons that affect the operation time of breaker failure protection are analyzed. Aiming
at the problem that failure current criterion is affected by the CT(Current Transformer) tail current,the DC
(Direct Current) ratio restraint criterion is proposed,which calculates the fundamental wave amplitude and
DC amplitude by using three-point window algorithm based on least square method. The simulation verification
shows that when CT tail occurs,the criterion can block breaker failure protection within 20 ms, eliminating
the adverse effect of the tail current. In order to solve the problem of multiple intermediate links of breaker
failure protection and repeat relay of the failure outlet,some methods such as protection configuration opti-
mization, comprehensive integration of protection functions, using dedicated pilot channels, inter-tripping time
optimization, and adopting split-phase outlets are put forward to reduce the protection devices involved in
the whole process of breaker failure protection and dead zone protection, and improve the operation speed
of breaker failure protection and dead zone protection. The comprehensive integrated breaker failure protection
scheme is designed, which can quickly remove breaker failure and dead zone faults within 200 ms. The
comprehensive integrated breaker failure and dead zone protection is designed,in which,the difference logic
specifically for the dead zone protection is added,and the dead zone fault could be removed quickly within
110 ms by using the differential protection. Both of the two schemes have passed the third-party testing,
which verifies the feasibility of the scheme.

Key words:breaker failure protection;least square method;DC ratio restraint criterion;comprehensive integra-

ted breaker failure and dead zone protection;relay protection



Misk A

I
8
2
8

CT5042

CT5043

5033

500kV |14
A

5

I AREE

A
\ 4

A A

GOOSERkS

F2
L1

¥
BriEd O
BERES

GOOSERk®

E Al BrERER Ak RIRIP LIREE R EE

500kV |5

5011

CT5011

CT5012

5012

500kV 1148

Zi

Fig.Al Engineering configuration of breaker failure protection in substation

500kV |15

CT50411

i

CT50412

] on

CT5042

CT5043

5033

500KV |18
A3

Fig.A2 Engineering configuration of breaker failure and dead zone protection in substation

RS

L1

220KV

35kV

KA
Bt O
RBERES

GOOSE Bk #1

B A2 BrBRERR RIEXGRIP LiZECEE

500kv |8

5011

CT5011

CT5012

5012

500kV 118

Zik



F1
I
500KV 188 fiz
[} o1t 5021 5031
5011 / F10 8 F3
L1
: F5

500KV 18

5011

5012

— FOH

F9 C)f o F6

5023 5033 cr

2201

FPe
1
:

5013

500KV 118 500KV 118 35kv 500KV 1158

Zi B
& A3 RTDS &8 R4 R
Fig.A3 Power system model based on RTDS simulation

& A1 500kV EIFFH RS H R
TableAl Parameters of 500kV parallel transmission lines

Iy 5% L 5%

FEH Cidih e HESH /0
Xl/ﬂ (pl/(c ) Cc 1/H F Xo/Q (00/(0 ) C 0/}L F

0.26 85.2 0.0132 1.45 81.8 0.0055 0.554

E: Xiv @1 Cop AN LR (1km) MIEFEST. EFRES. EFEA: Xov @ov Co B AINBA LK LTI 7 REUM.

TP A X AL A T LK.



[ 1UAL
M.

DL1 fR47ARE HLifE 1al

DL1 TAZE i 0

DL1 TAFL R i

187 2% 2% ARG RIS b
falf L R4 B4 A Ta
176 2% 1 5k R BEAH Ko 1
7 ¢4 2% 1 5k R A 18

1724 2% LAH % R 4055 12
16726 2% LARH I AR G
Ry &)

-60.0 -30.0 0

(o) HRBEELIEHy 207, LI B3 2 Ml

[AI 4 1UAL

DL1 fR4ARE LTIl —
DL1 TAZEIR R

DL1 TAELUHRA

17 2% 2% | ARG SR IR b
[]FE1 ERY B4R A Ta
7 2% 1 2k R BE AT Ko i
7 4 2% 1 5 R B 1

1734 2% LAH 5 R F40 3 12
7 66 28 LA R b

Re 8

-40.0 -20.0

(b)

[l LUAL

DL1 R4 Ak fLifi Tal

DL1 TAZE R (E

DL1 IARLifUHR ff

7 % 2% LAAE 46 RIS S B
[l 1 (R Bk 4 A\ Ta
7 2 2% 1 % RBEAHF K81
1974 2% 1 K R 8

73 2% LARH 2 R P05 12
7 24 2% ARG SR bR
A5 5

-60.0 -30.0 0.

(e)

[A] & LUAL

DL1 {R#"AME i Lal
DL1 IAJEIE IR
DL1 IAELIAUHR{E

67 2% 2% LAAEHE RIS b
[AIRGL (R 3" B4 A Ta
Wit 28 15k R B A H KB 1F:
It % 2% 1 Kk RN
15734 2% LAKH 2 R F 40 2
7% 25 LARHIGE R bR 5
Ry a8l

______ reeevavavave T
30A/4%

. 30A/F%

2 30A/4%

0 30.0 60.0 90.0 120.0 150.0 180.0 2100 240. 0(ms)

_____ 2NN asv/ke

250/k%

— 25A/K%

250/%%

.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160. 0(ms)

RN 207, , 90° YIBR, T =30ms

A e o A Nl 46V/4

250/8%

250/4%

] 250/ks

VIR R WL N 204, 90° YK, T =60ms

0 30.0 66.0 90.0 120.0 150.0 180.0 210.0 240. 0(ms)

O 67 S0 0 00 A0 0 . 40 B0 0 0 17 4. 9 o 1 0 I AL 14
v M AV A08.7 4 ¥ A VIV
3 250/
e o vy v et e e 250/ k%
I B P PP T STy P S 25A/F%

-80.0 -40.0 0.0 40.0 80.0 120.0 160.0 200.0 240.0 280.0320.‘0(ms)

(d) ¥IgsHeEHER 207, 90° YIBR, 1 =200ms

A4 RIPER B SRR

Fig.A4 Fault recording of protection device



