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Abstract: This paper presents an accurate fault
location algorithm for compensated transmission line.
The distributed time domain model is used for modelling
of the transmission line. This algorithm does not utilize
the compensated device model and does not need any
knowledge about the operation mode of the
compensated device to compute the voltage drop during
the fault period. Samples of voltage and current at both
ends of the line are taken synchronously and used to
calculate the location of fault. Besides the location of
fault, the proposed algorithm estimates the fault
resistance accurately. The proposed algorithm is not
sensitive to fault resistance and does not require any
knowledge of source impedances. The proposed method
has been tested using EMTP/ATP model of a 400kV,
300km transmission line, which is compensated by a
compensator device. The results of computer simulation
confirm the accuracy of the proposed method.

Keywords: Fault location algorithm, Distributed
time domain line model, Compensated
transmission line.

1 Introduction

The electric generators in power system are used to
supply energy to the consumers. The transmission
lines that are the interface between generators and
consumers transmit electrical power to the
consumers. Therefore it is necessary that
transmission line against disturbances which occur
in power system being safe or when the fault occur
on transmission line, the fault point is
distinguished until the system could be recovered
and restored. For finding the location of fault,
accurate and quick devices are needed to specify
the location of fault accurately. These devices help
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to be distinguished the place of fault when
permanent or temporary fault occur on a system.
The location of permanent faults will facilitate
quickly repair and restoration. While accurate
location of transient (temporary) faults will aid in
preventive maintenance. Several fault location
algorithms have been proposed and applied for
determining the point of fault on transmission line.
Some of them are based on current and voltage
phasors [1-7]. The fault location algorithms that
use current and voltage phasors need the
fundamental component of voltage and current in
one end or two ends of the line. In the fault
location algorithm with using of current and
voltage phasors, the Ilumped or distributed
frequency domain line model can be used. The
fault location algorithms which used lumped model
have a good accuracy in short transmission line,
but when it used in long transmission line, it have a
significant error. Therefore in order to consider the
capacitive effect which ignored in lumped model,
some papers have been used zmodel of
transmission line [1,3]. Using more exact model
for transmission line, will result more exact results.
Therefore in some researches distributed frequency
domain model of transmission line are used [6-7].
Having flexible transmission line and controlling
the power flow is done by compensator device that
controls power flow of transmission line [8-9].
Some of fault location algorithms in compensated
transmission line use the model of compensator
device to find the location of fault but using this
approach errors are induced by the inaccuracy of
compensator device model or the uncertainty in
operation mode of compensator device [10-11].
Some of fault location algorithms in compensated



transmission line that use phasors of current and
voltage doesn’t need to model a compensator
device but need to filter the dc component and
harmonics that are in the waveforms [12]. Dc
component and harmonics create some problems in
filtering process. An alternative method for this
problem is using the partial differential equation of
transmission line that there is no need to filter
these components [13-16]. In this way the lumped
and distributed time domain model of transmission
line is used. To achieve high accuracy in fault
location for long transmission line the distributed
time domain of transmission line have been used
[15-16].

In this paper we introduce a new fault location
algorithm in compensated transmission line. This
algorithm does not need to filter the dc and other
harmonics components that present in the voltage
and current signals. Also the proposed fault
location algorithm does not use the model of
compensator device and there is no need to any
knowledge of the operation mode of the
compensator. If the line is compensated by any
type of compensator, the algorithm is independent
of its type and its model. The suggested technique
takes advantage of post-fault voltage and current
samples taken from both ends of line
synchronously. The proposed algorithm s
independent of location and parameters of
compensator device. The sampling rate affects the
accuracy of fault location algorithm. Higher
accuracy is achieved using lower sampling period.
In this paper the sampling period (At) is chosen to
be 0.lmsec. In this algorithm the samples of
voltages and currents are assumed to be
synchronous. Otherwise according to [17] the
samples could be synchronized. The algorithm has
been tested for a wide variety of simulated fault
conditions such as different fault inception angles,
different fault resistances, symmetrical and
unsymmetrical faults. The results are very good in
most of the cases and the error is kept below 0.5%.

2 Proposed Fault Location Method

2.1 Transmission Line Modelling and Two-
End Fault Location Method

A single-phase model of a three-phase
transmission line with distributed parameters is
shown in Fig.1. In this figure s and r represent
the sending and receiving ends and F is taken as an
arbitrary point which occur a fault with resistance
Ry at distance x (x < Lyy.) from S along the line. The
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distributed model of the SF segment is shown in
Fig.2 [16].
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Fig. 1. Transmission line with distributed parameters
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Fig. 2. Distributed model of the SF segment
The voltage and current at fault point as

functions of sending end voltage and current are as
follows [16]:
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The fault point voltage and current as function of
receiving end voltage and current are as follows

[16]:
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Where:

7= Time elapsed for the wave propagation from s
to R
R’ = Line resistance from r to F
Z, =7 e 7 =7 _R
c 4 c 4

Because of continuity of the voltage along the
transmission line, (1) and (3) can be combined;
leading to:

F(Vyi, Vi, t7) =0 ®)

In the above equation the F function is defined as
follows:
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The distance to the fault point does not appear
explicitly in (5), and is hidden in the surge
travelling timez . Furthermore 7 does not appear
as a variable in (5), but as the value on which the
voltage and current depend. For finding the
location of fault at first the equation is discretized
and then the following optimization problem is
solved:

Min J(m) = Min Y F*(V,i,V,i.km) )
m m k

Where:

m At =1,

kAt =t

At = Sampling step,
m , k = arbitrary integers

2.2 Fault Location Algorithm for
Compensated Transmission Line

We assume that the compensator device is installed
in the midpoint of the transmission line. In our
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discussion the type of compensator is not
important. Without loss of generality and just for
simplicity, we supposed this compensator is a
series capacitor along with its over voltage
protection (MOV). The compensator divides the
line into two parts, i.e. from sending end to the
compensated position and from the compensator
position to the receiving end of transmission line.

In the following discussion we consider the
fault locator which installed in the sending end and
the fault positions are assumed to be in the second
part of the line. For the other fault locator and the
fault positions in the first part of the line, the
discussions are similar.

According to the above description the
proposed fault location algorithm considers three
distributed time domain models for transmission
line as follows: (figs. 3a-3c)

1- Distributed time domain model from sending
bus to left-hand side of compensator (linel).

2- Distributed time domain model from right-hand
side of compensator to fault location (line2).

3- Distributed time domain model from fault point
to receiving bus (line3)
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Fig. 3a. Distributed time domain model from sending
end to the left-hand side of compensator
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Fig. 3b. Distributed time domain model from right-hand
side of compensator to the fault location

V) % CD CD % Ay

Fig. 3c. Distributed time domain model from fault
location to receiving end



The proposed fault location method is a recursive
algorithm, which described as follows:

At first using the partial differential equations of
the long transmission line and the fault data at the
sending end as boundary conditions, the post fault
voltages and currents along the line from sending
end to the left-hand side of compensator are
obtained (i.e. we have v (), i (¢))-

Since the wvoltage of right-hand side of
compensator (prR(t)) is unknown, for the first

iteration we ignore the difference between voltage
of left- and right-hand side of compensator and the
current come into the compensator is assumed to
be equal to the current come out from
compensator, therefore we have:

Vet O =V, (1) i) =0, (0 ®)

Now these values (i.e. voltage and current of right-
hand side of compensator) along with the data of
the receiving end of the line (»,,;,), are applied to

solve the optimization problem described in (7).
After determining the fault point, the fault
resistance will be calculated [15]. Until now we
obtained feasible initial values and in the next
iterations we will try to correct them. Upon
determine the fault position, applying the partial
differential equations of the line and the fault data
at the receiving end as boundary conditions, the
post fault voltage and current of the fault point
(v, i) are calculated.

Having y, and R,, the fault current (igr) is

calculated. The current of the receiving end of the
line (2) can be obtained using equation (9):

Ip (t) = _(iF'(t)+iRF (t)) ©)

Again using the partial differential equations of the
line and the data calculated at the receiving end of
line (2) as boundary conditions, the voltage and
current of the right-hand side of compensator are
determined. The calculated voltage in this step is
replaced with the estimated right-hand side of
compensator and above procedure is repeated until
location of fault accurately determined. Utilizing
the proposed method in the different conditions
shows a few iterations is needed to obtain the
correct location of fault.

In the next section, the proposed algorithm is
evaluated under different conditions.
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3 Performance Evaluation

The proposed method has been tested for a
400kV, 300km, three phase compensated
transmission line. The compensator is installed in
the middle of line. A three phase short circuit
occurs at 94km in front of compensator. The
voltage and current at sending and receiving
terminals are shown in Figs. 4-7 for two cycles,
one cycle before and one cycle after the fault.
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Fig. 4. Sending end voltage for three phase short circuit
at 94 km in front of the compensator
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Fig. 5. Sending end current for three phase short circuit
at 94 km in front of the compensator
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Fig. 6. Receiving end voltage for three phase short
circuit at 94 km in front of the compensator
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Fig. 7. Receiving end current for three phase short
circuit at 94 km in front of the compensator



The fault inception angle has been assumed to be
zero degree and fault resistance is assumed 3Q.
According to the previous section, with solving the
optimization problem, the fault location and fault
resistance are obtained accurately.

Fault distance is: 94.0649

Fault resistance is: 3.012

The location error is: 0.0216%

The fault resistance error is: 0.004

As another example, we consider a single line to
ground at 94km after compensator. The fault
inception angle and fault resistance are the same as
the previous case (Figs. 8-11).

In this case the fault location and fault resistance
are obtained accurately too:

Fault distance is: 94.1729

Fault resistance is: 3.0883

The location error is: 0.0576%

The fault resistance error is: 0.0294
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Fig. 8. Sending end voltages for single phase short
circuit at 94 km in front of the compensator
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Fig. 9. Sending end currents for single phase short
circuit at 94 km in front of the compensator
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Fig. 10. Receiving end voltages for single phase short circuit
at 94 km in front of the compensator
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Fig. 11. Receiving end currents for single phase short
circuit at 94 km in front of the compensator

The proposed algorithm has been tested for a wide
variety of simulated fault conditions. Some of
results are summarized in Tables | and Il. In Table
| the results of fault location when faults occur in
front of compensator device and fault inception
angle is zero, are shown whereas in Table Il the
same results for 90 degree fault inception angle are
presented.

According to the presented results in the below
tables, it can be seen that the proposed algorithm
for symmetrical and unsymmetrical faults is
independent of fault inception angle and fault
resistance. The fault location algorithm estimates
the location of fault and fault resistance accurately
in almost all the cases and the error is kept below
0.5%.

Table 1: Estimation of Fault Location in Front of
Compensator Device, Zero Degree Fault Inception
Angle and Different Fault Resistances

Actual
Fault
QRN | gkm | 62km | 105km | 130km | o0
Error
percentage
Three phase
fault (R, = 0) -0.0403 -0.09 0.2743 | -0.2203 | 0.012
Single phase
fault (R, = 0) -0.1535 | -0.3549 | 0.084 0.0601 | 0.010
Three phase
fault (R, = 3) -0.0403 -0.09 0.2743 | -0.2203 | 0.012
Single phase
fault (R, = 3) -0.1535 | -0.3549 | 0.084 0.0601 | 0.010
Three phase
fault (R, = 10) -0.0403 -0.09 0.2743 | -0.2203 | 0.012
Single phase
fault (R, = 10) -0.1535 | -0.3549 | 0.084 0.0601 | 0.010




Table 2: Estimation of Fault Location in Front of
Compensator Device, 90 Degree Fault Inception
Angle and Different Fault Resistances

Actual
Fault
ocation 6 km 62 km 94 km 130 144
km km
Error
percentage
Three phase
fault (R, = 0) -0.0403 | -0.09 | 0.0216 | -0.220 | 0.012
Single phase | 1535 | 93549 | 0.0576 | 0.060 | 0.010
fault (R, = 0) ‘ : : : :
Three phase
fault (R, = 3) -0.0403 | -0.09 | 0.0216 | -0.220 | 0.012
Single phase | 1535 | _9.3549 | 0.0576 | 0.060 | 0.010
fault (R, = 3) ‘ : : : :
Three phase
fault (R, = 10) -0.0403 | -0.09 | 0.0216 | -0.220 | 0.012
Single phase | 1535 | .0.3549 | 0.0576 | -0.863 | 0.010
fault (R,= 10) ‘ ‘ : : :

4 Conclusion

In this paper a new and accurate fault location
algorithm is proposed for compensated transmission
line. The proposed fault location algorithm calculates
the exact location of fault using distributed time domain
model of transmission line. The suggested algorithm
does not utilize the compensator device model and
knowledge of the operation mode of compensator
device to compute the voltage drop during fault. The
presented results show that the proposed algorithm is
located fault accurately for wide variety of simulated
fault conditions such as symmetrical and unsymmetrical
faults, different fault inception angles and different fault
resistances.

The results are very good in almost all the cases
and the error is kept below 0.5%

5 References

[1] D Novosel, D.G. Hart, E Udren and Jim Garitty,
"Unsynchronized Two-Terminal Fault Location
Estimation", |EEE Trans on Power Delivery ,Vol.
11, No. 1, pp.130-137, Jan. 1996.

[2] X Yibin,D Chan Tat Wai and W. W. L.Keerthipaia,
"A New Technique Using Wavelet Analysis for
Fault Location", Conference Publication No0.434,
pp.231-234, IEE, 1997

[3] T. Adu, "4 New Transmission Line Fault Locating
System", |EEE Trans on Power Delivery ,Vol. 16,
No. 4, pp.498-503, Oct. 2001.

[4] M.B.Djuric, Z.M.Radojevic and V.V.Terzija,
"Distance Protection and Fault Location Utilizing

Rraruian L onderenos on Eleorenl Ergimecring:

o

T

only Phase Current Phasors", |IEEE Trans on Power
Delivery ,Vol. 15, No. 4, pp.1020-1026, Oct. 1997.

[5] J. lzykowski,E. Rosolowski and M.M Saha,
"Locating Fault in Parallel Transmission Lines
Under Availability of Complete Measurments at one
end", |IEE Proc. Gener. Transm. Distrib, Vol. 151,
No. 2, pp. 268-273, March 2004.

[6] H. Ha,B. Zhangg and Z. Lv, "4 Novel Principle of
Single-Ended Fault Location Technique for EHV
Transmission Lines", |EEE Trans on Power Delivery
,Vol. 18, No. 4, pp.1147-1151, Oct. 2003.

[7] C. Pereira and C. Zanetta, "Fault Location in
Transmission Lines Using One-Terminal Post-fault
Voltage Data", IEEE Trans on Power Delivery ,Vol.
19, No. 2, pp.570-575, Apr. 2004.

[8] T.J.E. Miller, Reactive Power control, Publisher:
New York: Wiley, 1982.

[91 Y.H. Song, Flexible Ac Transmission System
(FACTS), Book, November 1999.

[10] M.M. Saha, J. lzykowski,E. Rosolowski and B.
Kasztenny,” A4 New accurate Fault Locating
Algorithm for Series Compensated Lines", |EEE
Trans on Power Delivery ,Vol. 14, No. 3, pp.789-
797, July 1999.

[11] S.K. Kapuduwage and M.Al-Dabbagh, "4 New
Simplified Fault Location Algorithm for Series
Compensated ~ Transmission — Lines", Electrical
Energy and Control Systems, 1999

[12] Chi-Shan Yu,Chih-Wen Liu, Sun-Li and Joe-Air
Jiang, "4 New PMU-Based Fault Location
Algorithm for Series Compensated Lines", |EEE
Transaction on Power Delivery, Vol. 17, No. 1,
pp.33-46, Jan.2002.

[13] A.O. Ibe and B.J. Cory, "Fault Location Algorithm for
Multiphase Power Lines", |IEE Proc., Vol. 134, Pt. C., No.
1, pp. 43-50, Jan. 1987.

[14] A.M. Ranjbar, A.R. Shirani and A.F. Fathi, "4 New
Approach for Fault Location Problem on Power Lines”,
IEEE Trans. on Power Delivery, Vol.7, No. 1, pp. 146-
151, Jan. 1992

[15] J. Sadeh, N. Hadjsaid ,A.M. Ranjbar and R. Feuillet,
"Accurate  Fault Location  Algorithm  for  Series
Compensated Transmission Lines", |EEE Transaction on
Power Delivery ,Vol. 15, No. 3, pp.1027-1033, July 2000.

[16] J. Sadeh, A.M. Ranjbar, N. Hajsaid and R. Feuillet,
"Accurate  Fault Location  Algorithm for Power
Transmission Lines", European Transactions on Electrical
Power (ETEP) Vol. 10, No. 5, pp. 313-318, Sept./ Oct.
2000.

[17] A. Girgis, D. Hart, and W. Peterson, "A New Fault
Location Technique for Two and Three Terminal lines,
"IEEE Trans. Power Delivery, Vol. 7, PP. 98-107, Jan.
1992.



