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Abstract—This paper deals with analysis on fault location of
TCSC(Thyristor Controlled Series Capacitance) at the existing
AC grid in Korea. The TCSC is firstly applied in Korea to
compensate real power in case of 765kV line faults. However, we
have some trouble detecting the exact fault location due to series
capacitance. If we can precisely know the fault location,
maintenance crews can reach there quickly and remove the fault
as soon as possible. Therefore, precisely locating of the fault point
on transmission lines is very important to improve the system
reliability and to decrease economic damage as inherent
consequence of long-term outages. In this paper, after making
some contrade files with PSCAD/EMTDC and expressing on the
XY graph, we will calculate the fault location using time difference
between two ends of line. After analyzing with this method, we will
adapt the contrade files into the real fault locator. After that, we
will analyze errors between calculated results and real data given
from the fault locator at fault locations. In conclusion, after
verifying with the fault locator using the travelling wave method
in TCSC lines, we will make an apeal to introduce into real
substations in Korea.
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I. INTRODUCTION

TCSC (Thyristor controlled Series Capacitance) has not been
applied in the Korean power system yet. Currently, four TCSC
systems as depicted in Fig.1 are being installed on two
substations at Shinjecheon and Shinyoungju. Korea Power
Electric Corporation (KEPCO) will start those operations in this
year. The TCSC has been proven to be an excellent solution
because they can increase power transfer, enhance system
stability, and mitigate the effects of sub-synchronous resonance
(SSR) [1], [2]. The main reason to adapt the TCSC system in
Korea is to maintain power system stability in conventional AC
transmission lines in case of 765kV line faults. Additionally,
this TCSC system is important in supporting continuous supply
of electric power into the metropolitan area in Korea.
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Fig.1.  Typical TCSC system

Fault locators can be used for identifying a fault location in
a power transmission line [3]. The conventional technique such
as impedance method and travelling wave technique are used
for finding a fault location in case of transmission line fault [4].
However, it is not easy to adapt impedance based method
because of physical problem using line PTs(Potential
Transformers) at electrical substations and other reason that
impedance may be changed from operations of series
capacitances. For this reason, it is suggested in this paper that
the travelling wave method is adapted to the fault locators for
the transmission lines with the TCSC system.

In this paper, it is verified whether the fault locators using
the travelling wave method can detect faults on the transmission
lines with the TCSC system. Firstly, we studied theoretical
background on the travelling wave method in case of AC faults
compared with faults detection scheme by the impedance
method. The AC transmission lines with the TCSC system are
modeled with PSCAD/EMTDC, and after that the practical data
from field tests is compared to the simulation results.

II. TYPICAL FAULT LOCATION METHODS

A. Impedance method for fault location

The impedance method has been usually considered as
economic and convenient way of detecting faults. The algorithm
of this method is simple and does not need communication
channel or remote data.This method needs to measure voltage
and current at one side and calculate apparent power. To succeed
in detection of fault location like Fig.2, phase-to-phase voltage
and phase current must be measured.
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Fig.2.  One-line Diagram of a Two-terminal Transmission Network



If zero sequence exists, we can calculate fault location in
case of phase to ground fault. The distance to fault is calculated
from the following equation (1) from [5]:
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where Va and I indicate measured voltage and current at the
sending line, and Ko=(Zor-Zi1)/3Zi.. Im indicates imaginary
part of some values. Zor. and Z,1. indicate zero sequence value
and positive sequence value of all of one line. Zy is positive
sequence value per unit length.

B. Travelling wave method for fault location

The travelling wave method uses not only fundamental
frequency, but also harmonic components for inlet signal in case
of faults. This method should study with single line by Vitin [6].
Fault distance can be calculated from time difference of forward
wave(S1) and backward travelling wave(S2). When calculating
fault distance, we need to check arrive time at the detection area
with the time delay of backward travelling wave after forward
wave arrives [7].

The fault calculation process starts when the detector senses
the forward fault signal. Failure judgment at the front can be
achieved when S1 signal exceeds the threshold value. Fig. 3
indicates the first incident wave as reflective wave at
discontinuous buses is going to the fault location after detecting
point. At this moment, signal S1 will have above a set reference
value, but S2 value will not be changed.

The time that the maximum value of the discrete correlation
function is displayed with indications of the time when the
forward wave is returned from the fault point, leaving the relay
point.

Therefore, the distance to fault point from the detected point
is expressed from the following function (2).

x=§><v 2)

where x indicates the distance from the measurement point to
the fault point, v is propagation velocity, and 7 indicates
time with maximum value of discrete correlation function.
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Fig.3.  Lattice diagram

1II. PSCAD/EMTDC MODELING

Fig4 is PSCAD/EMTDC modeling of Shinyongju-Hanul
345kVline with TCSC. This was made up to simulate fault situations
at 0%, 40%, 60%, 100% fault locations based on ABB TCSC model.
The most important thing is that sampling frequence should be set to
IMHz, because travelling wave can be detected at high frequency. Fig
5 is showing A phase fault at 0% location.
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Fig. 5.

Vrms and I waveform at 0% Shinjechen-Donghae line location
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Fig. 4. PSCAD modeling of Shinjecheon-Donghae line
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Fig. 6.  Equivalent AC line for simulation of Shinjecheon-Donghae line
TABLE 1. IMPEDANCE OF SHINJECHON-DONGHAE AC LINE

Parameter Vlue Unit

R1,R2 001755 \fkm

Pﬁ:;'a‘:vf 1, 302 030571 im

Xae 19074557 M om

w0 us o O

Zero i 0| 0k

X0 mam | M

Before simulation, we set this line like Fig.6 and Table 1. The
length of this line is 97.505km, and the line voltage is 345kV. The

equivalent impedance at both end sides was given from E-tran program.

Impedance of this line is like table I.

If fault happened at 0% location, the positon from Shinjecheon
substation is 0%, the positon from Donghea substation is 100% in this
line. We simulated as phase-to-ground fault at 0%, 40%, 60%, 100%
positions to earn contrade files for real fault locator. Each end has
current, voltage transformer to measure 3 phase currents and voltage.
After that, we verified current and voltage waveform at XY coordinate
program.

From Fig. 7 to Fig. 10 indicate voltage and current waveforms at
60% fault location in this line. These waveforms show us if contrade
files are appropriate or not. Like figures, these waveforms exactly
indicate one phase fault and similar fault time from both sides.
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Fig.7.  Measurement voltage from Shinjecheon at 60% location of line
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Fig.8.  Measurement current from Shinjecheon at 60% location of line
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Fig.9.  Measurement voltage from Donghae at 60% location of line
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Fig. 10. Measurement current from Donghae at 60% location of line

IV. EXPERIMENT AT FAULT LOCATOR

It is a transmission wave method that injects a pulse
generating circuit from a fault point detector to determine the
failure distance based on the arrival time from the point of fault
to reflect from the point of fault and return from the track
terminal [7].

When a free charge is generated on any part of the track by
a fault, the charge is divided into two groups, each of which is
directed toward the transmission and the receiving end, forming
a travelling wave [8].

The fault location can be simply calculated with equation
(3), (4) from [9]. Equation (3) is for two fault locators at both
bus, and equation (4) is for just one fault locator at one bus.

m = 1/2[1+ (t,, — tg)]/TWLPL 3)
m = 1/2[1+ (t,, — t,,)]/TWLPL (4)

[s] 0.10



Fig. 11.

Travelling wave characteristics at both ends

Where, m indicates distance from measurement point to fault
point, 1 is line distance from BUS L and TWLPL indicates
travelling wave velocity. The fault points can be easily
calculated With equation 2 and 3. All lines are overhead lines.

V. VELIFICATION WITH T400 FAULT LOCATOR

A. Shinjecheon—Donghae [ine

From Fig.12 to Fig.15 show the current travelling waves
from terminals Shinjecheon and Donghae associated with Phase
A fault. The fault distances from Shinjechoen substation are at
0%, 40%, 60% ,100% location. Each distance is calculated from
equation (3), (4).

The line distance is 97.510km, which has a little error
compared with real distance because this relay considers TCSC
system at each substation. First left pulse means the time when
the travelling wave arrives at terminal Shinjecheon after fault.
Fractional fault location represents expression by decimal point
at the line fault point. Light propagation is the travelling-wave
line propagation time. As this line consists of only overhead line,
each cable propagation time is zero.

This relay can calculate both two fault locator at two
terminal and one fault locator at one terminal. The blue line is
the time when travelling wave arrives at terminal Shinjecheon,
the red line is the time when travelling wave arrived at terminal
Donghae at the Fig.12. And the green line and blue line are the
first and second time when travelling wave arrives at terminal
Shinjecheon, and the red line is the time when travelling wave
arrives at terminal Donghae from Fig.13 to Fig.15.
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Fig. 15. Travelling wave characteristics at 100% location with T400

The error between T400 fault locator and calculated
distance can be calculated from equation (5).

lactual location—calulated location|

E(%) = total cable length x100% (5)
TABLEIl.  RESULT OF FAULT LOCATION OF SHINJECHEON-
DONGHAE
. T400 Calculated
Fault point distance[km] distance[km] Error[%]

0% 0.156 0 0.15
40% 39.024 39.004 0.02
60% 58.472 58.505 0.03
100% 97.299 97.510 0.21
Average error[%] 0.10

B. Shinyoungju—-Hanul

From Fig.16 to to Fig.19 show the current travelling waves
from terminals Shinyongju and Hanul associated with Phase A
fault. The fault distances from Shinyongju substation are at 0%,
40%, 60% ,100% location. Each distance is calculated from
equation (3), (4).

The line distance is 89.7km. First left pulse means the time
when the travelling wave arrives at terminal Shinyongju after
fault. As this line also consists of only overhead line, each cable
propagation time is zero.

The green line is the time when travelling wave arrived at
terminal Shinyongju, the red line is the time when travelling
wave arrives at terminal Hanul at the Fig.16. And the green line
and blue line are the first and second time when travelling wave
arrives at terminal Shinyongju, and the red line is the time when
travelling wave arrives at terminal Hanul from Fig.16 to Fig.19.
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Fig. 17. Travelling wave characteristics at 40% location with T400
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Fig. 18. Travelling wave characteristics at 60% location with T400
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Fig. 19. Travelling wave characteristics at 100% location with T400
TABLE III. RESULT OF FAULT LOCATION OF SHINYONGJ-HANUL
. T400 Calculated o
Fault point distance[km] distance[km] Error[%]

0% 0.65 0 0.72
40% 35.99 35.88 0.12
60% 53.69 53.82 0.14
100% 88.97 87.70 0.30
Average error[%] 0.32

VI. CONCLUSION

TCSC systems have been installed at two substations in
Korea. These systems use capacitor to compensate active power
when 765kV line fails. However, as line impedance changes,
the conventional fault locator using impedance method has
possibility not to detect exact fault locations in case of fault of
TCSC line. And, it is not easy to establish line PT due to
physical situation at Shinjechon substation. Therefore, we need
another fault locators using travelling wave method to detect
fault locations.

We made contrade files at 0%, 40%, 60%, 100% locations
with modified PSCAD/EMTDC based on a model which
manufacture company supplied. And we studied how to
calculate the distance from each substation to fault locations.
After that, we tested with two real fault locators.

The test result showed that error of distance is almost within
0.1% at Shinjecheon-Donghae line and error of distance is
almost within 0.32 % at Shinyougju-Hanul line. The result
showed us that the fault locator using travelling wave is very
exact. We could understand that travelling wave method is very
useful at TCSC lines.
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