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Abstract:

High-voltage transmission lines are very important in power systems. Since most of the faults occurring in these lines
are single-phase-to-ground and transient type, the operation speed of the single-pole automatic reclosing relays will
play very important role in the stability of the power system. In this article, a very fast protection algorithm based on
cumulative sum (CUSUM) is proposed to improve the performance of single-pole reclosing relays. The proposed
scheme operates by sampling the terminal voltage of one side of the high voltage transmission line. Then by applying
CUSUM on the sampled voltage and applying the corresponding settings, the reclosing moment of the faulty phase is
determined. The results of extensive simulations in the EMTP-RV software environment on a sample 400-kV power
system show that the proposed protection scheme has been very accurate in identifying the successful reclosing
moment. The very high speed of the proposed method, the lack of noise and the very low computational complexity of
the method provide its usage for practical applications.
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1. Introduction

Transmission lines are an inevitable part of power
systems, whose performance and efficiency have a
significant impact on the stability of the system. Due to
the fact that the transmission lines are directly exposed to
the surrounding environment without covering, the
occurrence of faults in these lines is one of the most
serious problems that greatly affects the quality of the
supplied electricity. Between 80% and 90% of these
faults are single-phase-to-ground. Single-phase-to-
ground faults are divided into two categories, transient
and permanent, where most of these faults are transient in
nature [1]. In permanent faults, due to an incident in the
power system, an electric arc is established, which causes
changes in the electrical characteristics of the
transmission network. In contrast to permanent faults, in
transient faults, the fault is automatically cleared and
does not affect the characteristics of the transmission
network and its equipment, and after disconnecting the
circuit breakers (CBs) of the transmission line and
completely extinguishing the arc, the fault location
regains its insulating properties and the transmission line
can be used again [2]. When a transient single-phase-to-
ground fault occurs in the transmission line, using a
single-pole automatic reclosure (SPAR) scheme, the line
can be re-energized after the transmission line is
disconnected and the cause of the fault is removed in a
short period of time. These relays are activated when the
CBs are opened due to an fault, and send the reclosing
command to the CBs in a short period of time. SPARs
themselves are classified into two groups: adaptive
SPARs (ASPAR) and non-adaptive SPARs. The non-
adaptive SPAR relay operates on a fixed time basis, i.e.,
it returns the detected faulty phase to the grid after a
fixed time delay. It should be noted that in these relays
the automatic reclosing operation can cause serious
damage to the power system if it is done for a permanent
fault. Unlike the non-adaptive SPARs, the ASPAR relay
sends the reclosing command to the push buttons after
the secondary arc is extinguished, otherwise it is blocked.
As a result, unsuccessful reclosing is avoided.

So far, different algorithms have been presented for
ASPAR. For example, in [3] an ASPAR algorithm have
been proposed based on Discrete Fourier Transform
(DFT) and THD index. In [4], an ASPAR technique is
proposed for high-voltage transmission lines using
artificial neural networks (ANN). Most of the proposed
methods, despite having suitable advantages, have
serious disadvantages, including the need to determine
the threshold limit, use only in lines equipped with
reactors, delay in identifying the reclosing moment, and
the need for telecommunication equipment. In addition to
the mentioned cases, these methods often have a
significant computational burden, which makes their
practical implementation difficult for real applications.

2. Proposed Protection Scheme

Failure to recognize the operating time in the reclosing
relay and the continued presence of a transient fault in the
transmission network can lead to irreparable economic
and social damage. Therefore, in order to increase the
level of safety, stability and reliability of the power
system, it is necessary to detect the reclosing time
reliably and quickly. In this paper, to overcome the
mentioned problems, a novel protection scheme based on
CUSUM is proposed. The very high speed of the
proposed method compared to other methods, no need for
a high sampling rate, robustness to noise, high accuracy
in detecting the time of successful reclosing, along with
the possibility of very simple practical implementation,
are among the great advantages of the proposed method.

3. Simulation Results
3.1. Statistical evaluation of the proposed
protection scheme in different network

modes

To evaluate the validity of the proposed method, 1200
different faults, including 800 single-phase-to-ground
transient fault data as well as 400 single-phase-to-ground
permanent fault data, are extracted from the network
under study with a sampling rate of 1.2 kHz. To generate
the required data, different network modes including:
different fault impedances, different fault locations and
phases, whether or not the transmission line is
transposed, different fault arc models, different fault
initiation angles, different power factors and the presence
of noise with signal-to-noise ratio (SNR) from 10 to 40
are considered. According to the obtained results, it can
be said:

1) In 793 cases out of 800 transient faults, the proposed
method has correctly identified the moment of secondary
arc shutdown, which shows that the accuracy of the
proposed method in identifying the moment of
reconnection is equal to 99.12%.

2) The proposed method has not correctly issued a
command in 395 out of 400 cases of permanent errors.
The obtained results indicate the effective performance of
the proposed protection algorithm.

3.2. Comparison of the proposed algorithm
with other designs

It should be noted that compared to the methods
presented in the literature, the method proposed in this
paper has the fastest speed to identify the moment of
secondary arc extinction. In addition, the computational
burden of the proposed method is very low due to the
very simple structure of CUSUM, which makes its
practical implementation very simple. In summary, the
advantages of the proposed scheme are:

e Very high speed of the proposed method.

e Very simple practical implementation,

e Not depending on the threshold value,
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e No need for a high sampling rate,

e No effect of noise on the performance of the
proposed scheme, and

e Correct operation in  different  network
configurations.

4. Conclusion

In this paper, a new protection algorithm lines is
presented for fast and reliable reclosing in high-voltage
transmission. The proposed method, which is based on
the CUSUM method, identifies the moment of successful
reclosing by sampling the transmission line voltage. In
order to investigation the performance of proposed
algorithm, a sample 400 kV network is studied in the
EMTP-RV software in different conditions including
different types of fault impedances, different locations
and phases of the fault, whether the transmission line is
transposed or not, different models of the fault arc,
different angles of the fault start, different power factor
and the presence of noise with SNR from 10 to 40. The
obtained results indicate the ability of the proposed
protection scheme to detect the moment of secondary arc
extinction. The very high speed of the proposed method
compared to other proposed methods, no need for a high
sampling rate, high accuracy in detecting the time of
successful reclosing, along with the possibility of very
simple implementation, make the proposed method very
suitable for practical applications.
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' Single-Phase Auto-Reclosing

# Adaptive Single-Phase Auto-Reclosing
* Discrete Fourier Transform

* Total Harmonic Distortion

° Artificial Neural Network

¢ Gabor Transform

" Adaptive Linear Neuron

# Cascaded Delayed Signal Cancellation
? Average Distortion Rate

'° Phasor Measurement Unit

"' Cumulative Sum





