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Keywords: Abstract: The importance of studying transient single-
adaptive automatic reclosing, phased faults due to the high statistics of this phenomenon in
transient fault, the power transmission system requires that special attention
dead time, be paid to the operation of the automatic reclosing relay. If
secondary arc, an adaptive automatic reclosing relay is used instead of the
high voltage power network. conventional delay type, the reliability of the power system

will be improved. To achieve this goal, it is necessary to
determine the exact time of the secondary arc shutdown in

Original Research Article order to determine the dead time of the reclosing relay. There

are various indicators such as changes in the waveform of the
Paper History: faulty phase voltage, changes in the amplitude of odd
Received: 09/07/2024 harmonics of the voltage wave, THD% index, and changes in
Revise: 18/09/2024 the voltage angle of the faulty phase to determine the
Accepted: 17/11/2024 extinguishing time of the secondary arc. The proposed

algorithm in this article uses a hybrid method and a
simultaneous measurement of indicators in order to ensure
the shutdown of the secondary arc to issue the reclosing
command by the relay. To test and validate the proposed
method, one of 400 kV transmission lines is considered as a
power system under study and simulated through EMTP-RV
software. The obtained results imply that the secondary arc
extinguishing time, using the proposed method, is much less
than the constant dead time included in the conventional
delay type recloser protection settings.
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Introduction are transient and many of these transient faults are
Power transmission lines are exposed to various errors  single-phased to ground faults; transient faults are
because they are usually long and pass through  classified as faults, the cause of which disappears
different areas with different conditions. Statistics  after a short period of time. If the faulty phase is
have shown that a large percentage of airline faults  reconnected and the cause of fault is not resolved, a
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single-phased fault will occur again and the line will
be permanently disconnected by the protection
system. It should be noted that there are two ways to
operate the automatic reclosing relay in transmission
lines: first, in a conventional and delayed method, a
fixed time is considered for the transient error period,
and after reconnecting, if there are signs and effects of
the error, it will issue the command to permanently
disconnection, and second, in an adaptive method,
that means to adapt some parameters and
characteristics; it recognized the nature of the fault in
terms of transient or permanent, and after that, if the
fault is transient, it determines the exact time to
resolve the effects of the fault and, accordingly, the
moment of reconnection. In other words, in the
conventional delayed single-phased reclosing method,
first the switches on the sides of the faulty phase are
opened, and, after the defined dead time, the switch is
closed again. The considered fixed time delay gives
the air a opportunity to de-ionize and return to its
normal state. However, the disadvantage of this
method is that if the error is permanent, reclosing
after the fixed time may damage the breaker and other
network equipment. Also, if the fault is transient, in
case of not removing completely the effects of the
fault and not recovering completely the insulation
properties of the air after the defined fixed time, the
reclosing of the faulty phase causes an arc and
reconnection at the fault point, which results in a loss
of the opportunity to resolve the transient error. Thus,
for choosing the dead time, two important points
should be considered: first, the minimum amount for
adjusting the dead time, which depends on the
required time that the air insulation of the fault point
is completely deionized; second, the maximum
possible amount to adjust the dead time depends on
the transient stability of the network, so that the
increase in the dead time makes possible line
instability and provides load imbalance.

In the adaptive reclosing method, the dead time is not
constant and depends on the moment of secondary arc
shutdown.

Materials and Methods

In this article, the duration of the secondary arc active
in a certain line of 400 kV Mazandaran center to
Firoozkoh substations, as a sample system, has been
investigated. Therefore, at first, the model presented
A.T. Johns has been considered for transient fault
modeling, and, then, the methods obtained in previous
studies and researches have been used to consider
simultaneously several indicators and measure the
moment of secondary arc extinction. The indicators
used from previous researches are: the voltage
waveform and related fluctuations, the analysis of the
odd harmonics of the voltage wave and its
fluctuations, the analysis of the voltage angle curve
fluctuations of the faulty phase, and the method of
calculating the total harmonic distortion factor (THD)
in the faulty phase voltage.

It is also noteworthy that considering the possible
shortcomings of each of the aforementioned methods,
used in different conditions, the proposed algorithm is
a hybrid one; that is, a simultaneous measurement of
the above indicators in order to ensure that the
secondary arc is extinguished; then, issuing the
reclosing command by the relay has been designed
and implemented so that the reclosing process can
have the maximum reliability and confidence factor
while these defects and shortcomings are overlapping
each other.

Results

In summary, as received from previous research and
experiences, the results of this simulation, due to the
existence of some defects and shortcomings in
detecting the moment of secondary arc is extinction
through the above indicators, if to cover these defects.
In the configuration and settings of smart relays,
several indicators and methods should be used at the
same time (the so-called "hybrid method"), a more
accurate criterion for automatic reconnection has been
obtained, and it helps to improve further the stability
of the power system.

Discussion and Conclusion

The requirement of the adaptive reclosing operation is
to determine the extinguishing time of the secondary
arc, caused by the induction of healthy phases on the
faulty phase so that the dead time for the protection
unit can be optimally determined.

In this article, by using a simulation tool, the duration
of the secondary arc activity after the opening of the
faulty phase, in a sample line, was investigated
through a single-phased fault modeling; according to
the maximum activity time of 284.5 ms of the
secondary arc, it was firstly found that in terms of the
accuracy of the operation settings, the fixed time
delay that set in the relay (equivalent to 800 ms)
provided enough time to turn off the secondary arc in
the faulty phase. Assuming the constant dead time set
in the relay, the reclosing function will never fail in
transient fault conditions; secondly, a decision was
made to use the adaptive automatic reclosing method
for transmission lines, from one side with the
simultaneous measurement and an analysis of
indicators, like the waveform of the fault phase
voltage, the odd harmonic components of the fault
phase voltage, the total harmonic distortion factor
(THD) in the fault phase voltage, and the changes in
the angle of the fault phase voltage. If the threshold
limit determined for these indicators is reached, it can
be assured of secondary arc extinction with a higher
accuracy factor. Thus, the relay issues the command
to reclose to the breaker only after receiving a positive
response from one of the above methods; if it does not
receive a positive response from any of them, it
switches to the delayed reclosing method with a fixed
dead time.
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