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A method of fast faulted phase detection suitable for UHV transmission lines
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Abstract: The basic characteristics of the current modular fault components are analyzed. According to energy differences of current
modular fault components under different fault types, this paper proposes a new fast faulted phase detection method. Taking energy of
each modular fault current as character quantity and utilizing their minimum, faulted phase detection is achieved. The principle of this
method is reliable, and easy to understand and implement. Simulation results based on PSCAD / EMTDC show that this method can
rapidly and accurately identify various fault types on UHV transmission lines. Moreover, this method is almost not affected by
sampling frequency, fault inception angle, fault resistance, fault location, etc. So it has a good adaptability.
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Tab.1 Characteristics of modular fault components using phase

A as reference
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Fig.1 Energy characteristics of modular fault components using

phase A as reference
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Fig.2 Flow chart of faulted phase selection
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Fig.3 1 000 kV simulation system model
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Tab.2 Simulation results under different sampling frequencies
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Tab.3 Simulation results under different fault inception angles

0/ 120 240
/s /kHz 100 400 1000 100 400 1000
EkO 00195 00202 00203 00676 00701 00705
Ekal 0.0563  0.058 0.0582 0.198 0205  0.206
Ekbl 0.767  0.766  0.766  0.61 0.61 0.61
Ekcl 0496 0497 0497 0314 0324 0325
Eka2 0.824  0.823 0822 055 0554 0554
Ekb2 0.112 0115 0.115 0138  0.149  0.151
Ekc2 0384 0384 0384 0433 0436 0436
Ekabd 0367 0369 0369 0279 0303 0305
Ekacd 1 1 1 1 1 1
Ekbed 00117 00125 00126 0.0444 00468  0.047
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Tab.4 Simulation results under different fault types
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Tab.5 Simulation results under different fault resistances

T LR © 0 60 300 600
EkO 5.66E-02 00557 00546  0.0538
Ekal 1.44E-01 0.145 0.147 0.149
Ekbl 5.87E-01 0.59 0.594 0.596
Ekcl 1.50E-01 0.1 0.15 0.15
FEka2 4.43E-01 0.445 0.447 0.448
Ekb2 4.72E-05  2.74E-05 7.54E-06 1.39E-06
Ekc2 4.37E-01 0.44 0.444 0.447
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Ekacd 1.00E+00 1 1 1
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Tab.6 Simulation results under different fault locations

L/km 1 50 100 200 290
EkO 0.0875 00706  0.0555 00267  0.00693
Ekal 0.129 0.143 0.156 0.187 0.232
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Ekb2  1.26E-05 1.81E-05 2.41E-05 4.14E-05 6.21E-05
Ekc2 0.384 0.424 0.464 0.554 0.688
Ekabd 00132 0.0265  0.0437  0.0879 0.188
Ekacd 1 1 1 1 1
Ekbed 0.014 2 0.028 4 0.046 1 0.092 9 0.196
HeAHg R BG BG BG BG BG
5 £

NS R A 3 8 1) A BB R R A T e ik
A, IS AR — R P — 1] 1000 KV AZIUEE S
FE/NTU R B AT S PP 0 B, B0AIE T ZIEAH T PE
MIRTEENE . KEMT B R, ZEM /AR
SRR 52 0L 9% P AE )1, FANSERFESIR . #hkEy)

Uy NI VA DY & St iD 2 RGN U

SR AE PR R RRN,  TER B R,

B0 5 ) PSR 1 P AR L s, (H G A AN S i)

H 2 A ) SR A R0 o 1A 7 2 R B

Wi, ShYERTEE. REE . BOERS, fetuds i

IERAIEARSE R e A 7 VR AT A B A7 e iy

SRRSO A, PLEBIRE IR i

H

S0k

(1] B, skfies, JZ. R BRAT AT & R
HLZE B SRS B U AE D). oh B OB R A4,
2005, 25 (7D : 58-63.
DUAN lJian-dong, ZHANG Bao-hui, ZHOU Yi. Study of
fault-type identification using current traveling-waves in
extra-high-voltage transmission lines[J]. Proceedings of
the CSEE, 2005, 25 (7) : 58-63.

(2] BUgZR, skfks, FZ, & ETHSEE M
FLER B B AT (0], FE L TR 244, 2006, 26 (3)
1-6.
DUAN Jian-dong, ZHANG Bao-hui, ZHOU Yi, et al.
Transient-based faulty phase selection in EHV
transmission line[J]. Proceedings of the CSEE, 2006, 26
(3) : 1-6.

(31 B, Hraugk i Ry B s Reill BE Js B 5 BOR M. 78
% WA R AL, 2007

(4] ZeTmbh, (TIEA, F53e, 55 TR RATERERE AN
AR A i R AR AT S T]. FR R, 2007,
31 (3) : 38-43.
MAI Rui-kun, HE Zheng-you, FU Ling, et al. Study on
faulty phase selection based on energy of current
traveling wave and wavelet transform[J]. Power System
Technology, 2007, 31 (3) : 38-43.

(5] MR, Xh, . BT R SRS
e L B 7 DR D], E UL CRE AR, 2005,
25 (4) : 13-18.
LIN Xiang-ning, LIU Pei, GAO Yan. Ultra-high-speed
line directional protection based on transient and
mathematical morphology[J]. Proceedings of the CSEE,
2005, 25 (4) : 13-18.

(6] skfrs, mefE)E, SER. FH S & &SI S
i g e e AR L B RGBT R BB T (=) Wbk
M M TEOEF R R R T]. HBOD H A 8%, 2001, 21
(4> : 1-4.
ZHANG Bao-hui, HA Heng-xu, L Zhi-lai. Study of
non-unit transient-based whole-line high speed protection
for EHV transmission line, part III: fault phase selection
and problems to be studied[J]. Electric Power
Automation Equipment, 2001, 21 (8) : 1-4.

(TF#% 131 @ continued on page 131)



FEOEA, 4%

B e HL R U B AR B S ST

-131-

[ AR S D o B LR 24 R AR AL S DA
Ko OREERT A S AN ] (K R AT FE0E @i E 2L

DAL R e HL AN g EE PR UE L P (R BRI AT, 3B
FORBERT AL MU IS L. B H R A sl I
KIGHE MG, AEDRAIE M 22 E TR T, BER
PRUEXS A A P I FRF AL RO 2 (M 2 4
RUEARE R — st RoE brttE, WM N-1 i
B D)o PR 2500 FE 2 FIUH] P B A3t L RE D BEAT DR A
O R IR 5 2 HE A o ) R 3 (3 22 1A

5 %iE

AR SO X B 5 R g R S o A 2 ) A i HL I
BRI RS WMES H AR, 456 T HETM A
On e U R EETEA LSRR I AR s AT R AL, K
FANGEEr, PR TR N e HL T ST R R S
BAE R PSRRI AL S
J7ike e M e N TG 5 ZE AR AT S
BE—PRE, TR BE v Rt B B BOR (KT
L5 NI IR D AT o

B3 3k

(1] WIF, XUKFT, AR¥aHh, 5. T A AR Ge i R[],
[, 2008, 41 (6): 19-22.
XIE Kai, LIU Yong-qi, ZHU Zhi-zhong, et al. The vision
of future smart grid[J]. Electric Power, 2008, 41 (6):

19-22.
(2] RNGEE, 23008, BRERMD]. HM S e, 2009,
25 (1: 7-11.

YU Yi-xin, LUAN Wen-peng. Smart grid[J]. Power
System and Clean Energy, 2009, 25 (1): 7-11.

(3] ARWGZE. thim 21 HHLd (R RERC HLMI[T). P U7 R AR
T, 2006, 2 (6): 14-16.
YU Yixin. Intelli-D-grid for the 21st century[J].
Southern Power System Technology Research, 2006, 2
(6): 14-16.

(4] #lu. BRI —— AR R A RSB M
iR, 2009, 33 (14): 1-5.
HU Xue-hao. Smart grid—a development trend of

future power grid[J]. Power System Technology, 2009,
33 (14): 1-5.

(5] BRR 53, RADDT, 2250k, 45, RE MR ERA].
MEA, 2009, 33 (8): 1-8.

CHEN Shu-yong, SONG Shu-fang, LI Lan-xin, et al.
Survey on smart grid technology[J]. Power System
Technology, 2009, 33 (8): 1-8.

(6] EIEX, KD, Sul, & RS iR
ARG NI, EHRET, 2007, 35 (5):
44-48.

WANG Zheng-feng, HUANG Tai-gui, WU Di, et al.
Application of wide-area measurement system to power
systems[J]. East China Electric Power, 2007, 35 (5):
44-48.

(7] FEIEX, 8, FOKSt RN E BRI R G

I ORBER AR T ] AR dE LI $R, 2008, 28 (8):
1-3.
WANG Zheng-feng, HU Xiao-fei, HUANG Tai-gui. Key
technical matters existed in application of wide area
measurement system to power system[J]. Northeast
Electric Power Technology, 2008, 28 (8): 1-3.

(8] EIEM, $KDE, 5. PUAGR ALl & R g8 i
FA[I. AN, 2008, 27 (5): 66-67.

WANG Zheng-feng, HUANG Tai-gui, et al. Application
of PI database in wide-area measure system[J].
Electrotechnical Application, 2008, 27 (5): 66-67.

(9] EIER, B3, BKE. 2Rk P E b 8%
SEWFSRI]. WM, 2009, 28 (16): 12-15.
WANG Zheng-feng, GE Fei, DAI Chang-chun. Research
on Huai-bei power system network stability and
measurement of Anhui Province[J]. Electrotechnical
Application, 2009, 28 (16): 12-15.

kS EHEE: 2010-02-01;
EE BN

HEA (1965-), B, B4R, ZLIALF, MEY
7} B GiEATE B IR,

FER (1976-), B, AN, B, KEdLHZ
%R EiE 4T TAE. E-mail: wzhengf@163.com

&E HHR: 2010-05-24

(E4#% 99 W continued from page 99 )

[7] DUAN lJian-dong, ZHANG Bao-hui, HA Heng-xu. A
novel approach to faulted-phase selection using current
traveling waves and wavelet analysis[C].//IEEE Power
Conference. Kunming(China): 2002.

(8] VFIRuR, ReEghiss, RELE, S5 — Mg &
e R B R IE A TR W RS A BhE, 2003,
27 (7) : 50-54.

XU Qing-qiang, SUONAN Jia-le, SONG Guo-bing, et
al. A fault phase selector for transmission line protective
relaying using current fault components[J]. Automation

of Electric Power Systems, 2003, 27 (7) : 50-54.

Yk HHEA: 2009-09-03; & H#A: 2009-10-13
fEETE T

Zx (1984-), %, MEHAL, TEHAFTEAHE
7 %Gk B ARY; E-mail: liangjf0503@mail.sdu.edu.cn

&84 (1963-), ¥, @f3tE4, 3z, HE43)7,
ERARF @A CH RS VR, TREATNE, HFMN
% 4,555, E-mail: houleig@sdu.edu.cn

AXHE (1959-), F, &, L, TE2HAFTEAHE
B Gs wARY, K WA ME RS,



