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Abstract: Transmission networks are always prone to
various short-circuit faults in their lines. Fast and accurate
fault location is required to improve system reliability by
reducing downtime and restoring service. This issue has
become more interesting since the advent of wide area
communication and measurement technologies. Dependence
on the parameter of the protected line, inaccuracy in
resistance faults and time-consuming detection of the fault
area, and faulty line are among the main disadvantages of the

existing methods. This article presents a new integrated fault
location algorithm based on differential-impedance
calculated from voltage and current phasors collected from
two transmission fault terminals. First, the suspected fault
line was identified using the differential of the phase angle of
the positive sequence current calculated at the two terminals
of each line. Then, the exact location of the fault was
obtained using the impedance-differential technique. This
technique was tested for different types of faults, various
locations of fault and fault resistance. The important output
of this article is the rapid detection of the fault area, the
faulty line, and fault location using a technique based on
differential impedance obtained from synchronous
measurements on both sides of the line.
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Introduction

Transmission lines are subject to faults resulted from
various causes such as short circuit, bird strike, and
storm. The existing methods in fault location are
generally divided into conventional methods based on
local information and new methods based on wide area
information, each of which uses specific algorithms for

measurements from one or more terminals of the faulty
line to be available. Besides, the nonlinearity of circuit
equations, related to the fault location, makes their
solution process repetitive and computationally
complicated. In this article, the focus is on the review
of the fault location methods based on synchronous



phasor measurements and wide area measurements.
This article through using the impedance-differential
protection theory presented in [19], which is a pilot
protection method for the transmission line, provides an
indicator for wide area fault location in transmission
networks using phasor-synchronous data.

Materialsand Methods
Using relations (39) to (42), a wide area location
scheme for the transmission network can be
implemented. The steps of the wide-area fault location
plan, based on phasor-synchronous measurements that
were obtained from transmission network buses
equipped with PMU equipment are as follows:

» First step is measuring the voltage and current
signals from all the buses of the transmission
network. At this stage, the analog voltage and
current signals should be measured by the voltage
and current measuring transformers by this
equipment in all the buses of the transmission
network.

* The second step is extracting the phasor
components of the voltage and current signals
through the PMUs in the transmission network
buses; in this step, the analog voltage and current
signals in all buses must first pass through an anti-
similarity low-pass filter to remove high-frequency
components from the signal; then, with a sampling
frequency of 20 samples per cycle, they are
sampled by the A/D converter and converted to the
phasor components of voltage and current
synchronized with the GPS time tag by the Fourier
algorithm of the full cycle coded in the PMU
microprocessor. These phasor components will be
available simultaneously and with a common time
reference in all buses of the transmission network
as the output of PMUs.

»  The third step is sending the phasor components of
the voltage and current measured simultaneously
in the network buses to the local PDC; in this step,
the phasor components of the voltage and current
are collected from all the PMUs of the
transmission network buses and sent to the local
PDC. At this stage, the damaged information is
deleted and, if needed, the information is obtained
from the PMUs again. If all the necessary
information is available for the implementation of
the fault location algorithm, this information will
be sent to the location center of the wide area of
the fault. This process is depicted in Figure (4).

* Fourth step is the detection of suspected fault
lines:; in this step, by using the current phasors
collected from the PMUs in the network buses, the
phase angle of all the currents is extracted. Then,
for each line using the phase angle of the current
phasor obtained from the PMUs in the two sides of
the line, an index, called the phase angle,
differential of the phasor component of the
currents on both sides of the line is calculated to
determine the suspect line. If the value of this
differential is greater than the defined threshold
value, that line will be considered as a suspected
fault line. Fault location should be implemented
for that line using differential impedance.

* In the fifth step, the location of the fault in the
suspected fault line are accurately determined. In
this step, using the relevant relationships, the
approximate value of the fault location is obtained
by calculating the performance impedance for each
faulty phase of the suspected fault line.

» The sixth step is concerned with fault location
accuracy; in this step, the accuracy can be obtained
by comparing the exact value of the fault location
with the estimated value of the fault location.

Results

Wide area fault location in transmission networks using
phasor synchronous data can be an effective method to
increase system reliability due to reducing recovery
time and power system shutdown. In this article, the
wide area fault location in the transmission network is
presented using the impedance-differential index, the
most important outputs of which are as follows:

1. Accurate identification of the fault location is
unfdertaken by analyzing the phasor synchronous data
and comparing it with the reference values. The exact
location of the fault can be detected with anacceptable
approximation. This method is able to accurately
determine the range and location of errors.

2. The proposed method is able to detect the
approximate location of the fault in the faulty phase for
all 11 types of short circuit currents.

3. The proposed wide area fault location method,
unlike other fault location methods, does not depend on
the time of the fault occurrence, and its accuracy is not
affected by the moment of the fault occurrence.

4. The proposed method is able to quickly detect the
approximate location of the fault in the faulty phase,
and, therefore, it can lead to reduction in the blackout
time and an increase in the reliability of the network.
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