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Research on current balance protection based on same directional component current phase selection
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electric Engineering, Xi’an University of Technology, Xi’an 710048, China; 3. XJ Group Corporation, Beijing 100085, China)

Abstract: Traditional current balance protection on double-circuit transmission line can not react to the interline fault,
thus a current balance protection based on the same directional component current phase selection is proposed. First, the
fault phase selection is realized by using the incremental quantity of the same directional component current. The
discriminant method of two-phase short circuit and three-phase short circuit is provided. Then, the ratio of the opposite
direction component current to same directional component current is used to judge whether the fault phase is interline
fault. For the interline fault phase, the fault location is determined by distance protection of singe-circuit transmission line.
For singe-circuit transmission line fault phase, the fault line selection is determined by the magnitude of the
same-name-phase. The six-sequence fault component is used to analyze the phase selection criterion and the protection
criterion under different fault types, and a specific protection process is proposed. The correctness and effectiveness of the
proposed scheme are verified by both theoretical analysis and ATP-EMTP simulation results. The scheme can react to the
interline fault and the protection performance is improved.
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Fig. 2 Line selection process flowchart for single-phase fault



Vi) = I
R, %

ST [ o S R D P R - 129 -

AN A PR SR AR TAG. TAIIAG,
WL 2 FioR.

Bl 2 AL oA PR SIS S ) e HL A A
s K, ATTHEREL BUE S %90 i i VA R ar A0 ]

(2) Wi b

P AH T A BN ] 3 BT o A i e 5
WOE I AT IE AL » {H I TA7(E IBCIIB
SRR, LA AN AN . S U b
PUREAEL, WA B AR 1 N 7 7 ) 44 AR 38 e 1)
A ) o 2 A S A [ v e LA S o

A L () A0 T 5 R ) ) A 15 A () 44 AR s .
|MM<4MQ,M%%ﬁm%%ﬁﬁ&ﬁ%%ﬁ
e (H e dr , Rox W R 4 M ¥ MR
|MM24MM,M%%ﬁm%%ﬁﬁ&ﬁ%%ﬁ
WA ZE RN, Ronm R AR A — A,
TH AT T ) 4 A T A FRL IR S A R e R . R
M o (MR MR 26 14 2 B e U™,

(3) —AH M

—AH R AR S P A AR AR AL, PR RS R
AR .

WA R
(B, CHH)

0 <[ALy < |7,

9
Fmin23|*

\ 4

BB

EZ3 \ BkIB. 1B

| BEIC. TICHH | |‘7ﬂ@ﬂ;;$rl#‘|

[ 3 tHEHFERT IR LR TE

Fig. 3 Line selection process flowchart for interphase failure
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Table 1 Sudden-change of two-phase current difference

for phase A grounding fault on line I

[ DA

1% 25% 50% 75% 99%
Altap/kA 2.264 1.253 0.904 0.784 0.881
Altgc/kA 0.000 3 0.000 3 0.000 3 0.000 3 0.000 3
Altca/kKA 2.264 1.253 0.904 0.784 0.881
T2 IAIA-GHBERERTSE

Table 2 Sudden-change of two-phase current difference for

phase A on line I and phase A on line II grounding fault

(ALY 1% 25% 50% 75% 99%

Alrap/kA 2.294 1.502 1.133 0.95 0.898

Alpc/kA 0.0003  0.0003 0.0003 0.0003  0.0003

Alrea/kA 2.294 1.502 1.133 0.95 0.898
% 3 IBIC tHERERTE

Table 3 Sudden-change of two-phase current difference for

phase B on line I and phase C on line II grounding fault

[ A 1% 25% 50% 75% 99%
Altag/kA 3.557 1.973 1.434 1.228 1318
Altpc/kA 7.114 3.945 2868 2456  2.636
Alrea/kA 3.557 1.973 1.434 1.228 1318
|A Irmaxl/|ALTmin| 2 2 2 2 2

Table 4 Sudden-change of two-phase current difference for phase

% 4 IBCIIB tHERERTE

B and C on line I and phase B on line II grounding fault
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Table 6 Simulation results for phase A grounding fault on line I

/ | A]Tmin

(AN 1% 25% 50% 75% 99%
Alr/kA 2.881 1.417 0.866 0.508 0.03
Ka 11 30.1 11.9 3.93 1.07

% 7 IAIA-G (HELZR
Table 7 Simulation results for phase A on line one and

phase A on line two grounding fault

[ OAS 1% 25% 50% 75% 99%
Alsa/kA 0 0 0 0 0
Ka 1 1 1 1 1

T 66— 10 45 T AN A7 B R A5
IOAE TR IE L R IERTE. a1, FIHE 10 4L
P, PTUABAHRAS . A AV ESEHEE, B C PIAHA
Bk, HoaT A 1 A2k By C AW .

% 8 IBIIC{FE%

Table 8 Simulation results for phase B on line I and phase

AR B 1% 25% 50% 75% 99%

Alrap/kA 3.582 2.155 1.597 1.343 1.326

Alrpc/kA 7.165 431 3.194 2686  2.652

AlrcalkA 3.582 2.155 1.597 1.343 1.326
| AL tmax)/|ALTimin 2 2 2 2 2

C on line IT grounding fault

[ AL

1% 25% 50% 75% 99%

Alrp/kA 4.52 2.247 1.353 0.773 0.046
Alrc/kA 4.52 2.247 1.353 0.773 0.046
oB 1.271 1.139 0.944 0.63 0.035
oc 1.271 1.139 0.944 0.63 0.035
Kp 8.337 15.24 33.95 4.401 1.071
Kc 0.12 0.066 0.03 0.227 0.934

%5 IABCIA HHERERTE
Table 5 Sudden-change of two-phase current difference for phase
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Table 9 Simulation results for phase B and phase C on line

I and phase C on line II grounding fault

. . . Wk fr

A, B and C on line I and phase A on line II short-circuit fault i 1% 25% 50% 5% 99%
b E 1% 25, 0% ”, 997 Alrp/kA 0.926 0.512 0.306 0.182 0.008
et . o 0% 7% . Alr/kA 4553 2463 1512 0848  0.053
Alra/kA 7.127 4.246 3.11 2.545 2457 o 0259 0238 0.192 0.136 0.006
Alrtgc/kA 7.061 3.608 2.581 2.25 2.615 e 1271 1.143 0.947 0.631 0.04
Alea/kA 7187 4377 3226 2.687  2.604 Ka 0.679 0673 0725 0793 0988

A Frinax|/|A Frimil 1.018 1213 125 1.194 1.064 Kc 8.329 14.9 36.1 4418 1.084
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Table 10 Simulation results for phase A and phase B and phase

C on line I and phase A on line II short-circuit fault

AL 1% 25% 50% 75% 99%
AlpalkA 0.797 0.438 0.277 0.139 0.001
Alpp/kA 5.191 2.508 1.497 0.854 0.071
Alpc/kA 5.23 2.553 1.557 0.855 0.051

oA 0.192 0.168 0.143 0.088 0.001
o8 1273 1.148 0.952 0.643 0.049
oc 1272 1.125 0.945 0.603 0.033
Ka 0.701 0.72 0.768 0.843 0.999
Ks 8.286 14.13 35.56 4.605 1.1

Kc 8312 16.65 35.01 4.04 1.068
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Table 11 Simulation results for phase B and C on line I and phase

C on line II grounding fault when passing through resistance

I ERRE/Q 0.1 50 100
Alpmp/kA 0.306 0.113 0.055
Alpyc/kA 1512 1.32 0.959

B 0.192 0.082 0.054

oc 0.947 0.954 0.952

Kg 0.725 0.922 0.989

K 36.1 38.8 37.06
4 g

(1) ASCHE T3 A T R 4P AT X 2 %
() LR S AR AT 7. TR T At R —
AN, R A ) FRIE A, I LR SR ik
BEIN T PRAH W S A R T ik, AR
DA SE I AHBE ] o

Q) ASCHEH TP EE T [R] )  F IR A )
TCTPATORY IR 7 8, Je R H e e 1A 3 1 XU R] 2%
) PRI S AR B A VI HE AT, PSR BRI
e R[] 2 RO LK /) A R[] 4 A LR R i (1K
AN, IR 2Bk I% . ATP-EMTP {7 ELE W], Bt
PP AR BIA R 28 4 K1) 85%.

(3) AR SCHTHE H IR IR AR )y R T
Ui R EA AR, ANTRELE S, i H R Y

PEL . TR e 7O AR AR AR L, ATy

FHA TSR

S0k

[1] SUNDARAVARADAN N A, MEYUR R, RAJARAMAN P,
et al. A wavelet based novel technique for detection and
classification of parallel transmission line faults[C] //
2016 International Conference on Signal Processing,
2016: 1951-1955.

(2] RiZeE, #utEE, BOEFR. AXFRSHUR AT 0] 2k

FHTTERESEI]. W1 REGRY 40, 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.

(3] FASCH, MG, skbres, S5 [RIEE ORI L A 1a) d gl

AL M Je 213 7 1) G Ot (). WD A Bl A B
2016, 36(11): 133-139.
CHEN Wenzhe, HAO Zhiguo, ZHANG Baohui, et al.
Characteristic analysis on longitudinal fault of dual-circuit
transmission line and improvement of zero-sequence
directional protection[J]. Electric Power Automation
Equipment, 2016, 36(11): 133-139.

(4] IRUEFEE, PO, FhE, & RIBSURILE 7 A
SHT). I RGRY 5, 2017, 45(4): 86-92.
XU Haiyang, HUANG Xinghua, WANG Ting, et al.
Analysis of zero-sequence voltage compensation in double-
circuit transmission system[J]. Power System Protection
and Control, 2017, 45(4): 86-92.

[6] iR, 20, XZH, & LMPBETF T MRy i)

UM A B SRR G [I]. 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.

(6] gk, #RART, Mrardd, S R AT Rl 2 % e

R T RS AR L O[], -EMEER, 2015, 39(1):
182-189.
ZHANG Xu, XU Zhenyu, YANG Qixun, et al. A distance
protection algorithm for UHV parallel transmission line
with high-resistance short circuit fault (in English)[J].
Power System Technology, 2015, 39(1): 182-189.

(7] FARER, KM, BIE, 25 e R 0 nl 2 i 25 1
UM 2R 500 52 o e ML PR S E A AR S AT S [D]. R A
HiAR, 2012, 36(12): 106-110.

ZHOU Chunxia, YU Yue, ZHAO Han, et al. Influence of


http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Rounak%20Meyur.QT.&newsearch=true

-132-

® LRGP B R

(8]

(9]

[10]

[11]

[12]

[13]

[14]

zero-sequence current compensation coefficient setting
on earth-fault distance protection for double circuit
UHVAC transmission lines on the same tower[J]. Power
System Technology, 2012, 36(12): 106-110.

AR, BRI, MR, A RRF XN S b i 5
)R B DR AP SR AT S (0], b B RL R 2R 4R, 2013,
33(7): 131-138, 9.

LI Wei, BI Tianshu, XU Zhenyu, et al. First-zone distance
relaying algorithm of parallel transmission lines for
cross-country ground fault[J]. Proceedings of the CSEE,
2013, 33(7): 131-138, 9.

BER Ik, A, RS, A BT R nl L R
[ X ] 2 SR A e b o B DR (D). LD R A Bk,
2013, 37(7): 88-92.

BI Tianshu, LI Wei, XU Zhenyu, et al. Single-phase
grounding distance protection of parallel transmission
lines on same poles based on electric quantities data from
single terminal and single line[J]. Automation of Electric
Power Systems, 2013, 37(7): 88-92.

RELE, XER, BT, & PRI X0 Sk
MR OR BT R WO RG], 2010,
38(12): 102-106, 114.

SONG Guobing, LIU Zhiliang, KANG Xiaoning, et al. A
scheme for ground distance protection of parallel
transmission lines[J]. Power System Protection and
Control, 2010, 38(12): 102-106, 114.

KA. m R g LR R S HORM]. 4 fiR. b
S PR L AL, 2014: 235-239.

i, BRI, ARKE, 5. [FIAT I S8 Hs B T LRIt
BRG] T HARER, 2016, 31(21): 21-29.

LI Shilong, CHEN Wei, ZOU Yao, et al. Transverse
differential protection based on the ratio of impedance for
double circuit lines on the same tower[J]. Transactions of
China Electrotechnical Society, 2016, 31(21): 21-29.
B, BT, KR, 5. AT X n 2 s by
BT ORI ST [T]. T E AL DR SRR, 2008,
28(19): 106-110.

LIANG Zhenfeng, KANG Xiaoning, SUONAN liale, et al.
Transverse differential protection based on fault
superimposed components for double-circuit transmission
lines[J]. Proceedings of the CSEE, 2008, 28(19): 106-110.
AR, RREE, RE/NT, A5 SPATXURIZ s A4 PR
PIPIEBTII]. HMER, 2007, 31(9): 81-83.

XIE Jianbao, LIANG Zhenfeng, KANG Xiaoning, et al.
Simulation research on current balance protection for

double-circuit transmission lines on the same tower[J].

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Power System Technology, 2007, 31(9): 81-83.

Wik, EETT, EIRIR IR BT FIATAURI 2 s 2l
R SCRISRITVALT]. FEER, 2014, 38(7): 2001-2007.
LIN Da, WANG Huifang, WANG Qingqing. 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.

g, RELE, BobhT, 55 BUr e sk RATF L
AT XIA] 2 B DR 5 O BIE ST, V4 2 B TR AR AR AR,
2012, 28(4): 444-4438.

LIANG Zhenfeng, SONG Guobing, KANG Xiaoning, et al.
Research on the protective relaying for double-circuit
lines on the same tower in digital substation[J]. Journal of
Xi’an University of Technology, 2012, 28(4): 444-448.
Wi, s PG R R FERRIM]. 4 fi. dEat
v T HL g HRCRE, 2013: 83-89.

SR, B/ T R P A I R VR A A [ A L] 2
B LR AH R 0], P AL D AR AR, 2013,
33(7): 139-148, 8.

ZHANG Hai, HUANG Shaofeng. A fault phase selection
scheme of currents with assistant voltages for common-
tower double-circuit transmission lines using one-terminal
electrical quantities[J]. Proceedings of the CSEE, 2013,
33(7): 139-148, 8.

B b B gk ORI R R M. 2
fi. PUEE: VU ASE KA H L, 2007: 146-149.
REGINR. [T XA s b B S 4k s R 7 [D]. 7Y
2 WEAE K, 1991

ZHANG Hai, SHENG Wanxing. A fault phase selection
scheme based on ratio of opposite-direction-current to
same-direction-current for parallel lines[C] // 2014
International Conference on Power System Tech, October
20-22, 2014, Chengdu, China: 512-517.

#s HHEA: 2018-06-11;

&6 HHA: 2018-08-06

EEEN:

RFHENIT4—), B, WL, B, AAFT@ARS)

A Guk wARY 5424, E-mail: 1zf@ xaut.edu.cn

28F(1993—), %, BAEHMRAE, BRF@OARHE

Gogk WARY L i 4hl;

REA (1988—), %, L, #HIF, MRTEALA A

Gugk wARI Bzl

(%%8 £H1m)


http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Zhang%20Hai.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Sheng%20Wanxing.QT.&newsearch=true

	DOI: 10.19783/j.cnki.pspc.180709 
	基于同向量电流选相的电流平衡保护研究 
	Research on current balance protection based on same directional component current phase selection 
	[21] ZHANG Hai, SHENG Wanxing. A fault phase selection scheme based on ratio of opposite-direction-current to same-direction-current for parallel lines[C] // 2014 International Conference on Power System Tech, October 20-22, 2014, Chengdu, China: 512-517. 



