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Study of faults location utilizing algorithm on power transmission lines
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(1. School of Electrical Engineering, Southwest Jiaotong University, Chengdu 610031, China;
2. Sichuan Electric Power Dispatching and Control Center, Chengdu 610041, China)

Abstract: A novel accurate location of faults on power transmission line with two-end phasor measurement used in differential
protection device is proposed. The new algorithm may solve the shortages such as complex calculations of calculating the hyperbolic
functions, large amount of calculation with the Newton-Raphson iteration and binary search and needing accurate line parameters.
The algorithm is simple in principle, it can calculate the accurate parameters of the transmission line, coefficient of asynchronous
sampling and fault distance through simple complex operation. The algorithm uses the positive sequence fault component to calculate
the fault distance, is able to adapt to all type of fault, and the calculation results have fast convergence and do not influenced by the
transition resistance.
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Fig. 1 Double terminal i type equivalent circuit of
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Fig. 2 Double terminal i type equivalent circuit of fault in

transmission line
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Fig. 3 Calculation flow chart of the software modules for

fault location
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Table 1 Line parameters of 500 kV transmission line

A AEAH S A8 HL S
¥ R /Q 3.4741 0.0193
IE P BT /Q 50.585 4 0.2810
IE J7 HLBH/Q 3.5815 0.0199
IE 7 L /Q 50.453 8 0.280 3
17 B 28 /uF 24321 0.0135
Z P BLHT/Q 185.267 6 1.029 3
%y B BH/Q 352441 0.1958
Z P HBH/Q 181.881 6 1.0105
Z Y B2 /uF 1.586 5 0.008 8
2 % K8 /km 240

2 500 kV &AM ARFESH
Table 2 Equivalent system parameters of 500 kV transmission

line terminal grid
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Table 3 Calculating results of line parameters on line

Ak

n S FLSE A AR ZE
Fe i

Ro 0.0199 Q 1.9603x102Q  —1.4942%

Xo 0.2803 Q 2.8044x10"Q  0.049 0%

0

Go 0S 1.5776x10% S —

Bo 2.1206%x10° S 2.1607x10° S 1.893 7%

Ro 0.0179Q 1.7713x10%Q  -1.099 3%

Xo 0.2523Q 2.5240x101'Q  0.0525%
-10%
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Bo 1.9085%10° S 1.9414x10° S 1.723 2%
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Table 4 Calculating results of line parameters on line in different unsynchronized sampling angle

AEFL R A ML TR Ro Xo Gy Bo
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AHX iR 22 -1.455 5% 0.055 3% — 1.876 9%
= WA 1.0980x10 Q 1.4777x10" Q 8.6491x10° S 1.0898x10° S
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Fig. 5 Results of fault location over time
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Table 5 Calculating results of fault distance at different position

for different fault
B B 5 km =St MRS R /km AR R ZE/%
BLAT 39.9796 -0.0509
200 PR 40.022 8 0.057 1
PUAHARE] 39.944 3 -0.1392
SAHAL S 40.054 6 0.136 4
BLAT 70.110 0 0.157 1
0.0 PR 69.889 4 -0.158 0
PAAHARE] 70.124 9 0.178 4
SAHAL S 69.905 1 -0.1356
BLAT 100.163 0 0.163 0
1000 PR 100.1819 0.1819
PUAHARE] 99.846 1 -0.1539
SAHAL S 99.892 7 -0.107 3
BLAT 150.092 9 0.062 0
1500 PR 150.065 7 0.043 8
PUAHARE] 150.071 5 0.047 7
SAHAL S 150.232 8 0.1552
BLAT 189.796 6 -0.107 1
PR 190.342 3 0.180 2
190.0
PUAHARE] 190.219 7 0.1157
SAHAL S 189.730 1 -0.142 0
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Table 6 Calculating results of fault distance in different

unsynchronized sampling angle for single-phase-to-ground

faults
P KIFDHME AT [F) DM
KA IH] 28
s/ (o MEELE R, MXRZE, MIEEZE R MIxFRZE/
km % km %
3.6 153.3250 22167 149.833 6 -0.1109
7.2 162.460 3 8.306 9 150.121'1 0.0807
9.0 171.865 3 14.576 9 149.856 3 -0.0958

KT HIH T EEES A 90 km &b, AR
BELA 7B AR R S B IS R S B 5 R e AR 7
LA Y, AR Y A b R R0 L P AN 2 i
HLREL RIS, i I L REL AR 8 0 A o
F 7 TR R &S SR bR R pE N BE 45 R
Table 7 Calculating results of fault distance in different fault

resistances of single-to-ground faults

T B RH/Q DR 25 R /km HARTRZE /Y%
0 89.933 8 -0.073 6
10 90.087 8 0.097 6
30 90.017 2 0.019 1
50 90.077 4 0.086 0
100 89.965 9 -0.0379
150 89.722 6 -0.308 3
200 90.254 3 0.2826
300 90.093 2 0.103 5
400 90.178 8 0.198 6
500 90.584 1 0.6490
600 89.146 1 -0.948 8
5 #EiR

(1) ASCHR RS A B B R b 2k
) T R O3 A R B 2 R, X0 1] P2 B,
JR R A, AR AT R R R BOE 5, TR
THELEE RORCSR R, REIE N 2 T R PR ) 12 1) 22
Ko R LR 22 Bl DRy 2 B T e o (00 A% i v L
KAEAEL, o BE ) At ST BUA SR PR B 0

(2) REEAEIEFIBATIS, SERT{EZ T 5 e itk
ZHL, TR T kit 24N 5 ol DR 32 A A S g
BT

(3) HIE R P ORA 2 ERFEAR D, ASE
i T SR )P SR AR BOR MEAT [R5 R AMEE b
B, WSS RAZ AR RS R .

(4) ASPRHT IE R b 4y f ke v S b R
B, BEIE DA R R R A o SR SR A — I RO,
SN STP e MR L a7
B3k
(1] SRfE, BRARAE. Siid b in &k (—) [J]. W

F1 B4, 1995, 15(3): 30-34.

WU Bi-xin, CHEN Dong-ju. Summary of single-ended

fault location algorithm (one)[J]. Electric Power

Automation Equipment, 1995, 15(3): 30-34.

(2] GRS, BRoa st ST s O B ik i 2 stk il
BOTER] B AL TRE2ER, 1997, 17(6): 416-420.
LI Zhi-min, CHEN Xue-yun. A novel algorithm for
power transmission line fault location using the
one-terminal current data[J]. Proceedings of the CSEE,
1997, 17(6): 416-420.

(3] mafefl, skeRsy, BERK. i He i v 2 s o i 00 T
JRERERIST ], o L T FE 23R, 2003, 23(2): 42-46.
HA Heng-xu, ZHANG Bao-hui, Lii Zhi-lai. A novel
principle of single-ended line fault location technique for
EHV transmission systems[J]. Proceedings of the CSEE,
2003, 23(2): 42-46.

(4] AL, skpooc, M. ST EEES ) R-L AR
TG ARG N HWTFE[T]. H ) R GEORY S T, 2012,
40(15): 132-135.

NI Chuan-kun, ZHANG Ke-yuan, YANG Sheng-ping.

Applied research of R-L model distance protection based

on ECT[J]. Automation of Electric Power Systems, 2012,

40(15): 132-135.

(6] RENUR, 7%, Mt 55 5T R-L RS HHHN
f i Ok SR AE A B R SRR D], R R L R 2R,
2004, 24(12): 119-125.

SUONAN Jia-le, QI Jun, CHEN Fu-feng, et al. An

accurate fault location algorithm for transmission lines

based on R-L model parameter identification[J].

Proceedings of the CSEE, 2004, 24(12): 119-125.



_58- CE R R R EEL
[6] LEECJ,PARKJB, SHINJ R, et al. A new two-terminal on the distribution of line voltage along HV transmission
numerical algorithm for fault location, distance line[J]. Proceedings of the CSEE, 2009, 29(19): 63-69.
protection, and arcing fault recognition[J]. IEEE Trans on (13] FKERH, #E, LHN, &5 —FhIkT-S 5080 i X i
Power Delivery, 2006, 21(3): 1460-1462. Rl PR D). W RGEORYT BRI, 2011, 39(12):
(7] ¥, ST, HT PMU I 2 il et i e 45 106-111.
TED]. WTRGRY 554, 2009, 37(12): 32-35. ZHANG Xiao-ming, XU Yan, WANG Yu, et al. A fault
WANG Bo, ZHOU Yu-yong. A novel PMU-based fault location algorithm for two-terminal transmission lines
location algorithm for multi-terminal transmission line[J]. based on parameter detection[J]. Power System
Automation of Electric Power Systems, 2009, 37(12): Protection and Control, 2011, 39(12): 106-111.
32-35. (14] REifs, SEAE, WHE. X R LA [R5k 1
(8] A&, E4E-F, e, S FTXUMIE L B SCHR[T]. 4k LR, 2008, 36(5): 7-9.
R e e W R AR M RV (0], W RGP H 1 WU Rui-chun, JIAO Yan-jun, ZHANG Xin-guo.
i, 2010, 28(14): 28-33. Realization of two-terminal fault location and
LIN Fu-hong, WANG Zeng-ping, LI Jin-long, et al. Fault synchronization algorithm[J]. Relay, 2008, 36(5): 7-9.
location algorithm for HV transmission line based on [15] TAh, 486, MR, 55 K5 i i gk B OR b ioss il e
phase characteristics of hyperbolic sine function[J]. F R FFFE[0]. B RG R S5#H], 2013, 41(19):
Automation of Electric Power Systems, 2010, 38(14): 40-46.
28-33. WANG Wei, YU Rui, CHEN Yu, et al. Application
[9] JAN I, RAFAL M, EUGENIUSZ R, et al. Accurate research of fault location of UHV transmission line
location of faults on power transmission lines with use of protection[J]. Power System Protection and Control,
two-end unsynchronized measurements[J]. IEEE Trans 2013, 41(19): 40-46.
on Power Delivery, 2006, 21(2): 627-633. (161 XUFRTP. 45w 5 d W M) JbxT: b B &5 AL,
[10] JAN I, EUGENIUSZ R, PRZEMYSLAW B, et al. 2005.
Accurate noniterative fault location algorithm utilizing LIU Zhen-ya. UHV power grid[M]. Beijing: Economic
two-end unsynchronized measurements[J]. IEEE Trans Press of China, 2005.
on Power Delivery, 2010, 25(1): 72-80.
[11] JAN 1, EUGENIUSZ R, PRZEMYSLAW B, et al.  LomE#: 2013-11-04
Accurate noniterative fault-location algorithm utilizing frisT e . R o
EAFA9720), F, @k, HEARE, AL
two-end unsynchronized measurements[J]. IEEE Trans A20R, RHINE Y 2 G s WIRY B AL . BT R A
on Power Delivery, 2011, 26(2): 547-555. 3 T4; E-mail: IpSwang@gmail.com
[12] HERh, USRI, S0, 4. FoT iR g Rk TR (19620, 4, ik, LA FIR, FEFEH

A R RS B S 0], o LT R R,
2009, 29(19): 63-69.
GUI Xun, LIU Zhi-gang, HAN Xu-dong, et al. An

accurate algorithm of two-terminal fault location based

7] ZGRY Ao R RRAEHAR T R 35§ AR,

i /H;J (1964_) %7 E)ﬁ:}:y ]T%g}}sl%f“—y?ﬁa H;‘Eﬁ@j@

W) AU AR



