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Abstract—This paper introduces a new noniterative fault-loca-
tion algorithm for long transmission lines compensated by a series
flexible ac transmission systems (FACTS) device. In the proposed
algorithm, synchronous voltage and current samples from both
ends of the transmission line are used and the distributed param-
eter line model in the time domain is applied. Due to the difficulties
in the modeling of the series FACTS devices during a fault, the pre-
sented method does not use the model of the series devices. In this
paper, the fault-location problem is converted to an optimization
one in which the location and resistance of the fault are the decision
variables. The proposed method includes three stages. Two fault lo-
cations are obtained, corresponding to the first two stages. In stage
three, the obtained results from stages 1 and 2 are compared, and
the correct fault location is selected. The proposed algorithm is a
noniterative one and it is suitable for transmission lines compen-
sated by any series FACTS device which could have the overvoltage
protection and can be in any operating mode. The performance of
the proposed algorithm is evaluated under different structural and
fault conditions. The simulation results confirm the accuracy of the
proposed algorithm.

Index Terms—Distributed parameter line model, fault loca-
tion, series flexible ac transmission systems (FACTS) device,
synchronous sampling, time domain.

I. INTRODUCTION

T HE development of accurate fault-location techniques is
very important, especially for the long transmission lines

in arduous and rough terrain, to reduce the repair expense and
speed up the restoration of service for power utilities and, con-
sequently, to greatly improve the reliability of the system.

Series compensations have been successfully used to enhance
the system stability and Increase loadability of high-voltage
transmission lines. So far, different algorithms have been
proposed for locating the faults on the series-compensated
transmission lines [1]–[6] that use the data of one terminal [1],
[2] and the data of two terminals [3]–[6]. In some of the algo-
rithms, the phasor of measured voltages and currents are used
[1], [5] that need to filter to obtain the fundamental frequency of
voltages and currents. Generally, the frequency response of the
filter and dc component of the transient signals could produce
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errors in results. A solution for this difficulty is to utilize the
samples of the voltages and currents in the time domain [3],
[4], [6]. Some of the algorithms [3], [5], [6] use the partial
differential equations of the transmission-line model which
accurately model the line and are suitable for long transmission
lines. Thus, for more accuracy, the partial differential equations
in the time domain are applied for modeling the line, in the
presented method.

From the other point of view, fault-location algorithms for
transmission lines compensated by the series devices can be
classified into two groups. The first group utilizes the model of
the series compensation [1], [3], [4] and includes inherent er-
rors depending on the model of the series compensation, since
during faults:

• the series device could change its operating mode [7]
which is dependent on the protection, control strategies,
and steady-state operating condition before the fault oc-
currence; so it is difficult to specify the mode that the
series device transits to it;

• the series device does not change its mode instantly and it
is not possible to accurately estimate the instants that the
series device commences and finishes when changing its
mode of operation.

With the aim of overcoming such difficulties, in the second
group of algorithms [5], [6], the compensator model is not used.
Thus, the errors corresponding to the modeling of the series
compensator are removed. In [5], a phasor measurement unit
(PMU)-based scheme is proposed which is an iterative fault-lo-
cation method. The partial differential equations of the trans-
mission line in the time domain are used in [6] which is also
iterative. In the first iteration, the voltage drop across the se-
ries compensator is ignored and an initial solution for the lo-
cation of fault is calculated. In the other iterations, the voltage
of the series compensator is calculated, and updated using the
obtained location of the fault in the previous iteration. The pro-
cedure is repeated until the convergence is achieved. The calcu-
lations are executed iteratively, in [5] and [6]. To execute itera-
tive calculations, the initial values for the sought unknowns have
to be chosen on which the convergence of these algorithms de-
pends. The other difficulty with such calculations appears when
no unique solution for the unknowns is possible. Performing it-
erative calculations, the valid solution may not be the result [8].

The fault-location algorithm proposed in this paper differs
from the presented approaches in [5] and [6]. The difference
relies on that the presented algorithm here avoids iterative cal-
culations and does not need to calculate and use the voltage drop
across the series compensator iteratively.
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Fig. 1. Series-compensated transmission line with a fault on the right-hand side
of the compensator.

In this paper, a noniterative fault-location algorithm for long
transmission lines compensated by a series flexible ac transmis-
sion systems (FACTS) device has been introduced. This tech-
nique does not use the model of the series device, because of
the difficulties in the modeling of the series FACTS devices
during the faults. In this algorithm, synchronized voltage and
current samples from both ends of the transmission line and
distributed parameter line model in the time domain are uti-
lized. The method includes three stages. In the first and second
stages, it is assumed that the fault is located on the right- and
left-hand side of the series compensator, respectively. Two loca-
tions of faults corresponding to each stage are calculated. How-
ever, one of them is correct. In stage 3, the results obtained
from stages 1 and 2 are compared, and the correct location of
the fault is selected. The proposed fault-location algorithm does
not need to calculate and use the voltage drop of the series com-
pensator iteratively and the algorithm avoids iterative calcula-
tions. A 300-km, 500-kV transmission line compensated by the
thyristor-controlled switched capacitor (TCSC) has been used to
evaluate the accuracy of the proposed algorithm. The accuracy
of the proposed method is very high and the average absolute
error is about 0.0625%, without considering measurement and
synchronization errors.

The rest of this paper is organized as follows. Section II ex-
plains the principal of the proposed fault-location algorithm for
the series-compensated long transmission lines. In Section III,
the results of the Matlab/Power System Blockset simulation-
based evaluation of the developed fault-location algorithm are
presented and discussed. The evaluation is followed by the con-
clusion in Section IV.

II. PRINCIPLE OF THE PROPOSED METHOD

Fig. 1 shows a series-compensated three-phase transmission
line in which a symmetrical three-phase fault has taken place
on the right-hand side of the compensator. In this figure, S and
R represent the sending and receiving ends of the line, respec-
tively. In the proposed algorithm, synchronous voltage and cur-
rent samples from both ends of the transmission line have been
used. The current at the left-hand side of the series FACTS de-
vice can be calculated using the sending-end recorded data
of the voltage and current . The current at the right-hand
side of the series FACTS device is equal to , so is
known.

On the other hand, the receiving-end voltage and current are
available. Therefore, for the section BR of the line, the current
of bus and the voltage and current of bus are
known and the voltage of bus is unknown. Having known
information, it is not possible to use the conventional two-ter-
minal fault-location algorithms, which are presented in the re-
lated literature. The same condition is considered when a fault
takes place on the left-hand side of the compensator. A solution

Fig. 2. Second part of the transmission line (section BR) with distributed pa-
rameters.

to overcome this difficulty is to estimate the voltage of bus B
and to use it for conventional two-terminal fault-location algo-
rithms. In this case, the model of the compensator and its op-
erating mode are needed, but in this paper, a new algorithm is
proposed in which the known data ( , , and ) are used and
are sufficient to find the location of the fault, and estimation of
the voltage of bus is not needed.

In the following text, at first, the basic principle of the pro-
posed algorithm is illustrated based on the known data for the
section BR of the line considering a symmetrical three-phase
fault and using the distributed parameter line model. Then, it is
extended to consider the case of unsymmetrical faults.

A. Symmetrical Three-Phase Fault Case in the Transmission
Line Without Series Compensation

A single-phase model of the part BR of the transmission line
is shown in Fig. 2. The line length is L. F is taken as an arbitrary
point at a distance from bus B along the line and a fault has
occurred at this point and the fault resistance is assumed to be

. As mentioned previously, it is assumed that , ,
and are known and available for a predetermined period
of time during the fault and is unknown.

Based on Fig. 2, the voltage and current at the right-hand side
of the fault point can be calculated using the
receiving-end voltage and current [3] as shown in (1) and (2), at
the bottom of the next page, where

elapsed time for the wave propagation from B
to F;

elapsed time for the wave propagation from B
to R;

characteristic impedance;

line resistance from R to F, and we define7

Also, (3), shown at the bottom of the next page, can be written
for [3], where

, voltage and current at the left hand-side
of the fault;

line resistance from B to F

Due to the continuity of the line and, therefore, the conti-
nuity of the voltage along the line, the following equation can
be written:

(4)
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At the fault point, using Circuit’s law, this relation can be
obtained

(5)

By substituting (4) and (5) into (3)

(6)

Also, by substituting (1) and (2) into (6), the current at bus
is obtained as a function of the voltage and current of

the receiving end , the elapsed time for the wave propa-
gation from B to F , and the fault resistance as follows:

(7)

As mentioned before, it is assumed that , , and
are available. So the following equation can be written

based on (7):

(8)

In this equation, there are two unknown quantities and .
is proportional to the fault distance from , so after calcu-

lating , the fault distance is determined. To obtain and ,
at first nonlinear (8) is discretized

(9)

where

sampling step;

arbitrary integers.

The samples of the voltage and current of bus R and the cur-
rent samples of bus B should satisfy this discretized equation;
thus, the fault-location problem can be converted to an optimiza-
tion one as

(10)

where

The optimization problem should be solved considering two
constraints. Since the fault resistance is a positive value, the con-
straint is added to the optimization problem. Also, this
problem should be solved along the line, and L is proportional
to ; therefore, . Since is limited be-
tween 0 and , this optimization problem can be solved
by using the enumeration method. Thus, the objective function
values should be calculated for all between 0 and ,
then the problem can be solved by choosing the minimum of
the objective function values. So, set to 1, since (9) has one
unknown quantity (i.e., ), using the least-square estimation
method, is calculated, and is named after that the objec-
tive function value is obtained. Then, by increasing
to 2, is achieved from (9) and the objective function value

is also the result. This procedure is continued for all
. Therefore, the objective function values for all between

(1)

(2)

(3)



2302 IEEE TRANSACTIONS ON POWER DELIVERY, VOL. 26, NO. 4, OCTOBER 2011

0 and are determined, and the solution of the optimiza-
tion problem can be obtained by choosing the minimum of these
objective function values.

B. Symmetrical Three-Phase Fault Case in the
Series-Compensated Transmission Line

Since the fault location with respect to the series compen-
sator is unknown prior to fault-location estimation, at first, the
proposed algorithm calculates two locations of fault via stages
1 and 2. In stage one, it is assumed that the fault is located on
the right hand-side of the series compensator and in the second
stage, the fault is assumed to be located on the left-hand side of
the series compensator. The proposed method in two stages is
the same but with different data. Finally, a comparing procedure
is utilized to select the correct solution in stage 3.

1) Stage One: Consider Fig. 1 that shows a series-compen-
sated three-phase transmission line in which a symmetrical
three-phase fault has occurred on the right hand-side of the
compensator. As mentioned previously, the current at the
left-hand side of the series FACTS device can be
obtained as a function of the sending-end voltage and current

. The current at the right-hand side of the series FACTS
device is equal to , so

(11)

Considering the line BR, the current of bus B can be
calculated by using (11) and the voltage and current of R are
available; therefore, the optimization problem (10) can be uti-
lized. After discretizing (11) and by substituting it into (10), the
following optimization problem is obtained:

Subject to:

(12)
Solving (12) by using the enumeration method, the first stage

offers the solution assuming the fault on the
right-hand side of the series FACTS device. and are
the location and resistance of the fault, respectively, and is
the optimum value of the objective function according to and

.
2) Stage Two: In this stage, it is assumed that the fault has

occurred on the left-hand side of the series compensator and the
line BR is not defected. So the current at the right-hand side of
the series FACTS device can be derived as a function of
the receiving-end voltage and current . is equal
to ; thus, and the voltage and current of bus S are
known and available for the line SE, and the proposed proce-
dure presented in Section II-A. can be used. For this case, the
optimization problem will be

Subject to:

(13)

where

elapsed time for the wave propagation
from S to E.

Solving the above optimization problem, using the same al-
gorithm as the previous stage, and are calculated, which
are the location and resistance of the fault, respectively. So the
second stage results in the solution assuming the
fault on the left-hand side of the series compensator and is
the optimum value of the objective function , according to
and .

3) Stage Three; Selecting the Correct Solution: A simple
and straightforward algorithm to select the correct side of the
fault was presented in [1]. In this paper, a new algorithm is pro-
posed to select the correct fault side using the objective function
values. This algorithm selects one of the two solutions calcu-
lated from the first stage and the second stage

according to the following descriptions and then
the correct location of the fault is identified.

As mentioned previously, it is assumed that a symmetrical
three-phase fault has occurred at one point of the transmission
line, and this point is located on one of the two sides of the com-
pensator; thus, the fault point is unique. The objective function

is valid only for the right-hand side of the compensator and
is not valid for the left-hand side of it and this is converse for

. Therefore, one of the two optimization problems derived in
stages 1 and 2 is valid for the true fault point, and results in min-
imum value. So, one of the two values and with respect
to the true location of fault has the least value. Thus, the fault
side is identified after finding the minimum value of the two so-
lutions ( and )

(14)

Then, the location of fault with respect to the minimum of
and is the correct one.

The flowchart of the proposed fault-location method is shown
in Fig. 3. At first, the voltages and currents of both ends of the
transmission line are measured synchronously and transmitted
to the fault locator point. As explained previously, the fault-loca-
tion algorithm contains three stages. In stage one, it is assumed
that the fault is located on the right-hand side of the compen-
sator, and the obtained optimization problem (12) is solved by
using the enumeration method, and the solution
is calculated. Stage two is the same as e stage one, but with dif-
ferent data, and the solution is obtained. In stage
three, the minimum of two solutions ( and ) is calculated

, and the location of fault corresponding to is selected
as the correct one.

As seen from stages 1 and 2, the derived optimization prob-
lems need only the sending- and receiving-end recorded data
to solve and find the location of fault, and there is not any re-
lation to the model of the series compensator. In addition, this
method does not need initial values and iterative calculations.
Therefore, the salient advantages of the proposed algorithm are
that the method is a noniterative one and it does not need to have
any knowledge from the series compensator model, its control
system parameters, and operating mode.
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Fig. 3. Flowchart of the proposed fault-location method.

C. Applying the Proposed Method for Locating Unsymmetrical
Faults

In a three-phase transmission line, the voltages and the cur-
rents of the line are related to self and mutual coupling dis-
tributed parameters of the phases that this relation is expressed
by partial differential equations [9]:

(15)

where , , and are 3 3 resistance, inductance and capac-
itance matrices (in per-unit length of the line), respectively; and

and are third-order column vectors representing voltages and
currents. A transformation determined from a solution of the
eigenvalue analysis can be used to decompose the partial differ-
ential equations into three modal components [9]. The following
set of equations is obtained for th mode

(16)

, , and are modal resistance, inductance, and ca-
pacitance, respectively, and and are modal voltage and
current, respectively. Equation (16) refers to a single mode and
is similar in all respects to the single-phase transmission-line
model. So the derivation procedure outlined previously for the
symmetrical three-phase fault is applicable to each of these
modal components and the solutions for other fault types can
be simply derived.

III. PERFORMANCE EVALUATION

Since the model of the series compensator is not used in the
proposed-fault location algorithm, the type and model of the se-
ries device do not affect the method, and the algorithm is appli-
cable for all transmission lines that contain any series device.
However, a 300-km, 500-kV transmission line compensated by
a TCSC (shown in Fig. 1) has been chosen to evaluate the accu-
racy of the proposed algorithm using the Matlab/Power System
Blockset simulator. The parameters of the study system are pre-
sented in Appendices A and B. The TCSC can operate in ca-
pacitive or inductive mode, although the latter is rarely used in
practice. The TCSC uses voltage and current feedback for cal-
culating its impedance. The reference impedance determines the
adjusted impedance of the TCSC and a separate proportional-in-
tegral (PI) controller is utilized in each operating mode. The
firing circuit uses three single-phase phase-locked loop (PLL)
units for synchronization with the line current. The protection
of the TCSC unit consists of an MOV in parallel with a cir-
cuit beaker, in series with a small inductor for each phase. The
MOV has VI characteristics represented by a nonlinear equa-
tion. During heavy fault currents, when the absorbed energy in
the MOV exceeds its limit, the TCSC transits to bypass mode.

In order to evaluate the accuracy of the presented algorithm
itself, without considering the effect of the instrument trans-
formers, the current and voltage transformers have been inten-
tionally modeled as ideal devices.

The error of the fault location is expressed in terms of per-
centage of total line length as follows:

Calulated Distance Actual Distance
Line Length

(17)

As an example, it is assumed that the TCSC is installed 140
km from the sending end and operates in capacitive mode before
the fault occurrence. A single-phase-to-ground fault occurs at
150 km from the sending end, and fault resistance is assumed
to be 10 . The current waveforms of the MOV, capacitor, and
bypass circuit breaker are presented in Fig. 4, before and after
the fault occurrence. The fault happens at t0, and during fault,
the overvoltage condition is sensed by the TCSC protection;
thus, the thyristor-controlled reactor (TCR) controller changes
its mode to the block mode and the MOV begins to conduct at t1.
This condition continues until the absorbed energy in the MOV
exceeds its limit at t2. So the TCR changes its mode to bypass,
and the TCSC controller sends a command to close the bypass
circuit breaker.

The proposed fault-location algorithm is performed for
this example. For the first stage, the values of should be
calculated for all between 0 and for the right-hand
side of the compensator. Also, in the second stage, the
values of should be obtained for .
Thus, the objective function values of and are deter-
mined for the right- and left-hand side of the compensator,
respectively, along the line and depicted in Fig. 5. The re-
sult of solving the optimization problem in stage one is

km ;
thus, the minimum of takes place at 149.97 1 km from
the sending end. The obtained result from stage two is

km . So, the
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Fig. 4. Current waveforms of the MOV, capacitor, and bypass circuit breaker.

Fig. 5. Objective function values � and � along the line for a fault at 150 km
from the sending end.

minimum of occurs at 49.15 km from the sending end. Using
(14) to select the correct solution,
is achieved and the location of fault corresponding to is
the correct one. Therefore, the fault is located at 149.971 km
from the sending end and the error is 0.0096%. The proposed
selector has been tested in a wide variety cases considering
different fault conditions which has resulted in correct solutions
in all cases.

In order to evaluate the accuracy of the proposed algorithm,
several cases are considered. In the rest of this section, some of
the obtained results are presented and discussed:

Case 1: Faults have occurred near boundaries: Some of
the fault-location algorithms and protection methods re-
sult in errors when the fault is located near the bound-
aries. In this case, the proposed algorithm is tested when
the faults are located near the boundaries, considering dif-
ferent fault resistances. The TCSC is installed at 140 km
from the sending end and operates in capacitive mode. As
another example, a single-line-to-ground fault occurs at 3

km from the sending end, and its resistance is assumed to
be . The results of running stages one and two are

and

From (14)

So the fault is located 3.172 km from the sending end, and
the error is 0.0574%.
The results of running the proposed algorithm for different
locations of fault near the boundaries under different fault
conditions are presented in Table I. In all cases, the fault
inception angle is assumed to be 90 . The presented re-
sults in Table I show that the maximum absolute error is
0.0721%.
Case 2: Different fault inception angles: In order to an-
alyze the effect of the fault inception angle on the accu-
racy of the proposed method, a variety of simulations has
been carried out, considering different fault inception an-
gles. Some of the results are presented in Table II. The fault
resistance is assumed to be 10 . The TCSC operates in ca-
pacitive mode and is installed at 140 km from the sending
end. Based on the presented results in this table, it can be
concluded that the accuracy of the algorithm is not sensi-
tive to the fault inception angle. Also, it can be found that
the maximum of absolute errors is 0.0792% when the fault
occurs at 250 km from the sending end.
Case 3: Different locations of the TCSC: The TCSC op-
erates in capacitive mode and is installed at different dis-
tances (80, 150, and 210 km) from the sending end. The
fault resistance is assumed to be 10 and the fault incep-
tion angle is 90 . The obtained results under different fault
conditions are shown in Table III. It can be seen from this
table that the accuracy of the algorithm is high, regardless
of the location of the TCSC.
Case 4: Statistical evaluation: In this case, the proposed
fault-location algorithm is evaluated with more than r 640
test cases obtained from MATLAB/Simulink for accuracy
evaluation while the TCSC is installed as the same location
as the case one. All of the fault-location errors are calcu-
lated for eight random locations of fault between 0–300
km, five random fault resistances between ,
four random inception angles between 0 –180 , and for
different types of fault (a-g, a-b, a-b-g, and a-b-c-g). The
statistical results of the fault-location errors show that the
maximum of absolute errors is 0.1728% when an a-g fault
occurs at 268 km from the sending end, and the fault re-
sistance is large. The average of absolute errors is about
0.0625%.
According to the entries of Tables I–III and the statistical
evaluation, it can be seen that the proposed algorithm is
very precise and insensitive to the value of the fault resis-
tance, fault inception angle, location of fault, fault type,
and location of compensator.
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TABLE I
RESULTS OF RUNNING THE PROPOSED ALGORITHM CONSIDERING NEAR BOUNDARY FAULTS

TABLE II
RESULTS OF RUNNING THE PROPOSED ALGORITHM WITH RESPECT TO DIFFERENT FAULT INCEPTION ANGLES

Case 5: Effect of mis-synchronization of the gathered sig-
nals: This paper proposes a new approach, considering
synchronous measurement data gathered from both ends of
the transmission line. However, in order to study the effect
of synchronization error of the gathered data from two ends
of the line on the accuracy of the fault-location estimation,
simulation examples with respect to different fault resis-
tances and various fault locations have been performed. A
synchronization error of 15, 10, 10, and 15 has been
added to the measurements at terminal S and some of the
results are shown in Table IV. It can be concluded that the
accuracy of the algorithm is high for low fault resistances.
When the fault resistance is 30 and the synchronization
error is 15 , it will cause up to a 1.9258% error in the fault
location, while the fault occurs 250 km from the sending
end. For larger fault resistances, it has been found that the
fault-location errors increased.
Case 6: Effect of measurement errors: In practice, conven-
tional instrument transformers (i.e., current transformers

(CTs) and capacitor voltage transformers (CVTs)) may in-
sert errors in measurements. For comprehensive evalua-
tion, two approaches are considered to study the effect
of measurement errors on the accuracy of the proposed
method. In the first approach, to consider the effect of dis-
torted signals, the gathered samples from both ends of the
transmission line are subjected to random perturbations,
and then are fed into the presented method. In the second
approach, to study the effect of frequency responses of the
CTs and CVTs, these instruments are modeled and these
models are used in simulations. These two approaches are
explained as follows.
• Effect of noise in the measurements: The TCSC is in-

stalled at 140 km from the sending end, and the fault
resistance is considered to be 10 . To study the in-
fluence of the measurement errors on the accuracy of
the proposed algorithm for different locations of fault,
the voltage and current samples obtained from Matlab/
Simulink are subjected to perturbations. Thus, errors
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TABLE III
RESULTS OF RUNNING THE PROPOSED ALGORITHM WITH RESPECT TO DIFFERENT LOCATION OF TCSC

TABLE IV
EFFECT OF SYNCHRONIZATION ERRORS ON THE

ACCURACY OF THE PROPOSED METHOD

TABLE V
RESULTS OF RUNNING THE PROPOSED ALGORITHM IN THE

PRESENCE OF NOISE IN THE MEASUREMENTS

are generated randomly between 2.5% and 2.5% for
each measured voltage and current samples of buses S
and R and then are fed into the new fault-location al-
gorithm. The obtained results of the fault location are
depicted in Table V for different locations of the fault.
The maximum absolute error is 0.3214% while single-
phase-to-ground fault occurs at 190 km from the sending

TABLE VI
RESULTS OF RUNNING THE PROPOSED ALGORITHM CONSIDERING

FREQUENCY RESPONSES OF CTS AND CVTS

end. The executed tests have shown that the obtained
fault-location errors are small, and the accuracy of the
proposed method is high.

• Effect of frequency responses of CTs and CVTs: To con-
sider the effect of frequency responses of CTs and CVTs
on the accuracy of the proposed method, the chosen
model of instrument transformers employed for the sim-
ulations should include features that accurately repre-
sent their characteristics. Thus, simulations have been
performed using detailed models of saturable current
and voltage transformers to evaluate the impact of CTs
and CVTs on the accuracy of the fault-location algo-
rithm (details of the employed models and parameters
can be found in [10]). The obtained results are presented
in Table VI for different fault conditions. Based on the
shown results in this table, it can be seen that the max-
imum fault-location error is kept bellow 3.6%.
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The presented algorithm is also evaluated in the following
cases:

• when the prefault power-flow direction was reversed by
changing the voltage phase angle between the sending and
receiving ends;

• while the parameters of the controller system are changed;
the parameters contain: PI controller parameters, refer-
ences, MOV energy threshold, and MOV protection level;

• when Thevenins’ equivalents of the external networks are
varied;

• while the parameters of the transmission line (including
positive-, negative-, and zero-sequence parameters) are
changed.

To save space, a detailed evaluation of the proposed algorithm
is not presented for these four cases. However, the executed tests
have shown that the accuracy of the fault-location method is
high and similar to that presented previously.

IV. CONCLUSION

In this paper, a new and accurate noniterative fault-loca-
tion algorithm for long transmission lines compensated by
series FACTS devices is proposed. There are difficulties in the
modeling the series FACTS devices during fault. In order to
overcome this problem, the proposed technique does not use
the model of the series device and it can be easily applied to
any transmission line that contains any series device where
its input current is equal to the output current. In addition,
the proposed fault-location algorithm does not need iterative
calculations. Since the fault position with respect to the series
compensator is not known prior to fault-location estimation, the
proposed algorithm considers two fault points in stages 1 and
2, the fault on the right-hand side of the series compensator,
and the fault on the left-hand side of it. Applying these stages,
two solutions are obtained for the fault location. Then, in stage
3, a comparing selector has been proposed to select the correct
solution, and the objective function values obtained from the
first two stages are compared, and the correct fault location is
concluded. The simulation results show that the accuracy of the
proposed fault-location algorithm is high.

APPENDIX A
TRANSMISSION LINE

Zero sequence

Positive sequence

APPENDIX B
TCSC

TCR inductance: 43 (mH)
TCSC capacitance F).
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