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ABSTRACT: Fast and accurate fault location in transmission
lines is important for the security of power system. Nowadays,
different fault location algorithms are widely used in
substations of power system. As fault location results of these
algorithms are inconsistent, operators cannot analyze the
conflicting results quickly and precisely, which influences fast
restoration of fault. In this paper, based on multi-sources data
fusion technology, a novel method to improve the fault location
accuracy was proposed by using the fault location results from
distance relays installed in two ends of transmission line. The
method derived the fault location results and electrical signals
from distance relays and fault recorders. Data fusion of
weighting coefficient was used to fuse the two fault location
results via analytical derivation in order to get a higher
accuracy result. The proposed method was verified through
EMTDC simulation and field data. The results show that the
method can improve the fault location accuracy based on
available information in substations. The method does not
require extra equipment investment and is not affected by data
asynchronization, fault resistance, load current and fault [1]
inception angle. It is proved to be economical and practical.
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Fig. 1 Circuit diagram of fault in single-phase line
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2 5
Tab. 2 Simulation results of data fusion
»=90°
1Q m n 5 ( Ag)
0.3 10 0305 0231 03002  0.3000 Tab.5 Results of unsynchronized data (fault type: Ag)
200 0036 -9.123 03032 03010
10 0505 0452 05006  0.5003
Ag 0.5
200 0141 -23417 05039 05002 10
10 0710 0667 07012  0.7009 1% %
07 200 0236 45206 07041  0.6995 o2 10 0.1999 0.009759 0.1999  0.009756
10 0261 0195 03048 03011 200 0.2014 0.143075 0.2014  0.143090
03 0 0303 3170 03068 03027 o 10 05003 0033667 05003  0.033665
10 0450 0425 05080 05015 200 0.5002 0.022490 05002  0.022486
BC 05 200 -0200 4413 05077 05006 08 10 0.8011 0.112502 0.8011  0.112486
10 0660 0649 07210  0.7047 200 0.7994 0.062615 0.7994  0.062606
o7 200 -0.100 -6.120 07082  0.6990 6
10 0.261 0195 03039  0.3010
03 200 -0.303 -3172  0.3092  0.3047 10° -20° -30°
10 0459 0425 05065  0.5015
BCo 05 200 -0.199 -4415 05085 05008 6 ( Ag)
10 0.660 0.649 07167 07045 Tab. 6 Results of various source angle
o7 200 -0.100 -6.124 07080  0.6986 difference (fault type: Ag)
10 0.261 0195 03048  0.3011 &=-10° =-20° 6=-30°
03 200 0303 -3.172 03067  0.3026 Q
ABCG 05 10 0.459 0425 05080 05015 02 10 0.2023 0.1988 0.1999
200 -0.199 -4415 05075 05005 200 0.1996 0.2003 0.2014
o 10 0.660  0.649  0.7211  0.7047 05 10 0.4976 0.4998 0.5003
200 -0.100 -6.124 07080  0.6988 200 0.4999 0.5000 0.5002
3 08 10 0.7991 0.8000 0.8011
Tab. 3 Contrast of fusion location error 200 0.8008 08000 0.7994
IQ Ag/%  BC/% BCg/% ABCg/% 7
10 0.0000  0.1058  0.1034  0.1054 Inc
03 200 01006 02749 04693  0.2648 Inc 0° 36° 72° 108° 144°
10 00337 01506 01455  0.1501 180°
05 200 00225 00614 00782  0.0489 5 7
10 0.0870 04674  0.4454  0.4659
o7 200 0.0412 01045 01381  0.1175
4 ( AQ)

Tab. 4 Contrast of data fusion results (fault type: Ag)

1Q

1% 1%

10 0.0999 0.0079 0.0998 0.0171

ot 200 0.1024 0.2386 0.1020 0.1982
10 0.5006 0.0613 0.5003 0.0337

05 200 0.5039 0.3921 0.5002 0.0225
10 0.9014 0.1381 0.9012 0.1245

09 200 0.9035 0.3493 0.8993 0.0743

7

Tab. 7 Results of various fault inception angle

Q Inc=36°  Inc=108°  Inc=180°

015 Ag 73 0.1501 0.1501 0.1501
BCg 42 0.1509 0.1509 0.1509

055 Ag 73 0.5503 0.5503 0.5503
BCg 42 0.5506 0.5506 0.5506

Ag 73 0.8508 0.8508 0.8508

085 BCg 42 0.8512 0.8512 0.8512
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Accurate fault location is significant for the security
of power system. After fault occurs in transmission line,
operators can get fault location results and information
from multi sources. However, operators have to spend
lots of time and energy to analyze the information due to
the conflict of the fault location results, which influences
the location accuracy and quick restoration of fault.

In order to address the problem, a novel method
was proposed to improve the fault location accuracy in
transmission line based on data fusion technology. The
data fusion model was firstly established using fault
location results from two ends of line. Then the fault
current formula was developed based on the lumped and
distributed parameter model. The final fusion result was
obtained through the search method of the whole line.

The weighting coefficient data fusion technology
was used to establish the data fusion model as formula
(1). The variables of x; and x, were the fault location
results. The coefficients of « and S were used to fuse the
results. Based on analytical derivation, the coefficients
were expressed by current phasors in formula (2).

Xiusion = A% + %, 1)
B 1
1 Im( /15)
—Im(ly, /1,) @
- 1
ﬂ_l_—lm(l'm/[n)
Im(ig, /1)

The key to obtain the coefficients was to calculate
the current phasors. The current phasors of I, and I,
were known. The fault current phasors of I, and I,
were developed according to circuit relations in the
lumped and distributed parameter model respectively.
Finally, the search method of the whole line was
utilized to determine the fusion location result. The
fusion error was defined as formula (3).
E(X) =[Xgion (X) = X] )
The true fault location corresponded to the
minimum value of fusion error E(x). The curves in Fig. 1

S10

were the fusion error figures of three fault scenarios
respectively. The method was verified by EMTDC
simulation and field data. The results were shown in Tab.

1 and Tab. 2.
2.0
---------- Faultscenariol Ag x=0.1
Faultscenario2 BC x=0.5 ;
- Faultscenario3 ABCg x=0.9
15
2
= 10
g
o5t e
0.0 Lo . ) . T
0.0 0.2 0.4 0.6 0.8 1.0
mend Fault location/pu nend
Fig. 1 Figure of E(x) (R=200L)
Tab.1 Simulation results of data fusion
Distance relays Data fusion

Fault Fault Fault

i . mend nend Lumped Distributed
type  location  resistance/Q
results results ~ parameter parameter
Ag 0.5 200 0.141 —-23.417 0.5039 0.5002
BC 0.3 10 0.261 0.195 0.3048 0.3011
BCg 0.7 200 -0.100 -6.124 0.7080 0.6986
ABCg 0.3 10 0.261 0.195 0.3048 0.3011

Tab. 2 Results of field data from a 220 kV transmission line

True fault mend nend
Items Data fusion
location substation substation
Location results/lkm 8.4 8.300 8.766 8.413
Location error/% 0 0.29 1.07 0.0386

The simulation results show that, compared to the
original results from two ends, the accuracy of fusion
results is improved by data fusion technology. Abundant
simulations verify the new method is not affected by
fault resistances, fault types, load current, fault inception
angles and data asynchronization. The results of field data
prove the validity of the new method further in reality.

In conclusion, as fault location results from multi
sources are conflicting, a novel method is proposed to
improve the location accuracy based on data fusion. It
helps operators to determine the true fault location fast,
which promotes the efficiency of fault restoration.



