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Fig.1 Fault network and fault additional network
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Fig.2 Schematic diagram of simulation model
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Table 1 Simulative results under internal metallic faults

et A P/ MW P/ MW sign(Py) sign (P}) R F 5 45 2R

M i 1F 1) -311.7 -39.5 -1 -1 1 X PN e

[=100 km -103.5 -512 -1 -1 1 X PN e

ﬁ,TE 1=150 km -68.5 -68.7 -1 -1 1 X P e i
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N St 1E ) 1 -38.2 -314.0 -1 -1 1 X PN e
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ABC =100 km —446.8 -249.1 -1 -1 1 X Py e e

=¥l 1=150 km -326.3 -3285 -1 -1 1 X P e

Lt /=200 km ~248.6 ~453.9 -1 -1 1 X P9 e

N it 1E 18] H 1 -159.3 -913.9 -1 -1 1 X P e i

K2 IIBEBHEHMEHELR
Table 2 Simulative results under external metallic faults
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Table 3 Simulative results under different transition resistances
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Fig.3 Influence of switching reactive elements
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Fig.4 Influence of data asynchronization
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Table 4 Fault phase selection

[ Pin/MW  P/MW  Pio/MW  HEHISS

A M HL -69.30 0.033 0.033 AH

BC MM JEH  —0.00005  —90.40 -90.40 BC M

BC WA 42 4 0.025 ~58.46 —~117.48 BC #

ABC =AM  -10033  -10044  -100.39 =M
4 it

A SC R T e B A 0 285 v AT T By 5 0 A P
fil 4R T 5 T R 0o 1 A ) AR B U
HROR AP D5 S Il B 0 Bt A TR RE R, %5
AL FE I o3 T A D) 22 S AR AP AT 1) NI AR 3 4G | ik
MBIERE b SIS AT O AN B R 32
TRPIROL R W AT RSEIX A2 T R 5
Wi | R U F BHLRE 7 58 S D0 5 A6 M) P 50 B %
7 G I TG 2 0 A i A0 A [ AP R S i D
FLAN G Wi S V05 5 s 8IS S M &, A2
T 2 7 5 R AT QU AR 41 B A b 7T
Xk R RE R A S M H

SETH .

(1] RAE, EBER. 5w AL b i 22 gh A4 11 35 07 o 25 i il b
BEIE[)]. I R 51H,2010,38(8) : 1-5.
SANG Bingyu,WANG Xiaoru. Adaptive compensation scheme of
capacitance current to differential protection in UHV lines[]].
Power System Protection and Control,2010,38(8):1-5.
(2] VR SR AR SRAETR A, Al I I i BT A 10 I e 2 o U D
L[] mHTEEIAR ,2016,42(12):3964-3971.
ZANG Huaiquan,LIN Feifei, RONG Yajun,et al. Time-domain
capacitance current compensation algorithm with shunt reactors
[J]. High Voltage Engineering,2016,42(12):3964-3971.
RHIR IREE T 54, 4. TT BT I dal Hiy 25 o 00 22 10 fL 3AE 22
NPRIITF[)]. P EB LT R4 ,2006,26(5) : 12-18.
SUONAN Jiale ,ZHANG Yining,QI Jun,et al. Study of current

differential protection using time-domain capacitive current com-

(3

[



%18 X B T RS T 5 B LB S R D1 1]

pensating algorithm on Il-model[J]. Proceedings of the CSEE,
2006,26(5):12-18.
(4] mRE LT BERAE HT GPS s i 22 G it RO ae
[J]. B &% A ,2001,25(21) :61-65.
GAO Houlei,JIANG Shifang,HE Jiali. Design and testing of
GPS based current differential protection[J]. Automation of Electric
Power Systems,2001,25(21):61-65.
(5] sk, B0, vf Jy 4x 0 i fi) 7] 20 22 G2 R B 6T (7). TR
71,2015,28(1):31-35.
ZHANG Fan,LIANG Xin. Discussion on networking thinking of
time synchronization system of electric power whole network [J].
Guangdong Electric Power,2015,28(1):31-35.
W oC  BRER A<, 6 T Rt 31 8 25 b S 1pps 19 [ 25 AH it
R BRI (T]. 7 A S, 2011,31(9):111-114,
CHEN Mengyuan,CHEN Yuedong. Beidou Ipps corrected by
high precision crystal oscillator for PMU[J]. Electric Power Auto-
mation Equipment,2011,31(9):111-114.
[7] HEME BRAMR. NI )T I 1) (4 DR 3 SR IR 2 A B HExs SR [) ], v
J1 ABL B ,2007,27(7) :122-125.
WANG Ping,CHEN Jiulin. Analysis of longitudinal zero sequence

—
=)}
—

direction protection misoperation and its countermeasures[J]. Elec-
tric Power Automation Equipment,2007,27(7):122-125.
(8] Bolase  ARAR R KEIE A 45, 250 A e B i 2% 49 i Sl 3R 8]
)R], M7 F 845 ,2010,30(5) :22-27.
YANG Guangliang, TAI Nengling,ZHENG Xiaodong,et al. Power
converse in multi-infeed HVDC system[]]. Electric Power Auto-
mation Equipment,2010,30(5) :22-27.
NAMDARI F,JAMALI S,CROSSLEY P A. Power differential

protection as primary protection of transmission lines and bus-

[9

[}

bars[C]//Iet, International Conference on Developments in Power
Systems Protection. Glasgow , UK:IET,2008 : 80-85.

[10] DARWISH H A,TAALAB A M I,AHMED E S. Investigation
of power differential concept for line protection[J]. IEEE Tran-
sactions on Power Delivery,2005,20(2):617-624.

[11] AZIZ M M A,ZOBAA A F,IBRAHIM D K,et al. Transmission
lines differential protection based on the energy conservation law

[J]. Electric Power Systems Research,2008,78(11):1865-1872.

of power differential relay with adaptive setting for line pro-
tection[J]. IEEE Transactions on Power Delivery,2007,22(1):
50-58.
[13] 2IERE, EHF sk 55, 570 9 o B AT 2 2 3 1 Al
B AR ()], E AL T AR 2% 40, 2013,33(13) : 187-193.
JIANG Xianguo,WANG Zengping,ZHANG Zhichao,et al. Sin-
gle-phase high-resistance fault protection based on active power
of transition resistance[J]. Proceedings of the CSEE,2013,33
(13):187-193.
PREEA P IURR sk AL MRy ik 22 Sl fR A 5 R AR Al 22
SHRJ]. B &R S A 316 ,2008,32(9):39-41.
CHEN Deshu, YIN Xianggen,ZHANG Zhe,et al. Fault compo-

nent differential protection and fault variation component dif-

=
~

ferential protection[J]. Automation of Electric Power Systems,
2008,32(9):39-41.
[15] BRI, @ RT 200, 5%, R ps  A Dh SR 25 8 (9 (]
71 &40 A 84k ,2017,41(14) : 190-196.
HUANG Jiakai,GAO Houlei ,PENG Fang,et al. Virtual active
power differential protection for transmission lines[J]. Auto-
mation of Electric Power Systems,2017,41(14):190-196.
EB . BRI R [M ], db st Bl R 2003 :102.
Mk o T O A AR LR NI O 1 DR AP Y
()] B RGARY S, 2011,39(3) ;24-28.
WU Linlin, HUANG Shaofeng. Effects of zero-sequence mutual

-
2 o
=

inductance on zero-sequence pilot protection of parallel lines

[J]. Power System Protection and Control,2011,39(3):24-28.

A Z(1972—), % L AFTA,BR
IR Mt ERMRATFTEAE N FRRE
# 5 42 4] (E-mail ; 13938918099@139.com) ;

FHERI(1992—), B LR A L+
HRE TR TEGA N ZREEY 5
#] (E-mail : hjk1026@sina.cn) ;

HEE1963—), B b A BEMA H
BHMEHRAESH LTE2HRTOACN Z

\/.\
X2

[12] TAALAB A M I,DARWISH H A,AHMED E S. Performance Gtk AP 5 a4 dF A K w55 (E-mail ; houleig@sdu.edu.cn) ,
Active power polarity comparison pilot protection based on fault components
LIU Xing',HUANG Jiakai’, GAO Houlei’,FAN Zhanfeng'
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2. School of Electrical Engineering,Shandong University,Ji’nan 250061, China)

Abstract: According to the polarity characteristic of active power in fault additional networks,an active
power polarity comparison pilot protection principle based on fault components is proposed. The main idea of
the proposed principle is that the active power at both ends of fault additional network has same polarities
under internal faults and opposite polarities under external faults,and there is no dead zone under forward
and backward outlet faults. With the help of PSCAD/EMTDC electromagnetic simulation software,a model of
500 kV transmission lines is built for the simulation and verification of operating performance of the proposed
scheme,based on which,the split-phase protection scheme and the three-phase protection scheme are
compared and analyzed,and a fault phase selection method based on the active power amplitude
characteristic of fault components is proposed. Theoretical analysis and simulative results show that the
proposed scheme can correctly identify internal and external faults,and immune to reactive power factor,it
has great capability against transition resistance with no dead zone under outlet fault and do not need strict
synchronization.

Key words: fault components; active power; polarity comparison; fault phase selection; power transmission

line; failure analysis



