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ARTICLE INFO ABSTRACT

This work presents a novel and precise method for detecting faulty phases in
transmission lines equipped with a Static Series Synchronous Compensator (SSSC).
The DC source for supplying active power of the SSSC is connected to a solar farm,
serving as a reliable energy supplier inside the system. The dynamic operational
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Received 20 July 2024 mode of SSSC presents a significant problem in accurately detecting fault phases.
Revised 20 August 2024 This study utilizes three-phase current signals of a single terminal. The suggested
Accepted 21 October 2024 method employs a novel and robust transform known as the Fast Fourier-Walsh-

Published Online 04 January 2025 Hadamard Transform to extract the properties of the faulty phase. The coefficients
derived from applying this transform to three-phase current serve as the primary
criterion for comparison and assessment. The algorithm outlined in this article is as

Keywords: follows: The estimated coefficients for each phase and the established threshold
fault classification, values for phase and ground faults, along with a flowchart depicting serial
fast walsh- hadamard fourier transform, ~ processing, will facilitate the identification of the faulty phase(s). The suggested
solar farms, approach can detect all short-circuit and non-ground faults with exceptional
SSSC, precision. The software simulation model of the primary network is executed in
three-phase current. MATLAB/Simulink environment, and the proposed algorithm is developed in an m-

file in MATLAB. The suggested solution has undergone testing and evaluation in
software over 2600 distinct cases. The statistical database for various fault scenarios
across several locations, resistances, phases, and durations indicates that the
approach demonstrates a 96% accuracy, which is very advantageous compared to
other benchmarks.
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Introduction

The implementation of next-generation reactive power compensators has been strongly advocated as
an effective and cost-efficient remedy for power control issues in recent decades. Research indicates
that the utilization of this equipment will address issues including active and reactive power control,
optimal operation, and stability. However, in addition to the advantages provided by the presence of
this device, other challenges arise within the network. A significant concern is protection of the
transmission lines where this equipment is situated. The protection of these lines is somewhat more
complex than that of standard lines without compensators due to the presence of such equipment.
Developing adaptive protection systems for these topologies has consistently presented numerous


https://ses.ut.ac.ir/
https://doi.org/10.22059/ses.2024.385674.1106
https://doi.org/10.22059/ses.2024.385674.1106
http://orcid.org/0000-0001-5228-6803
http://orcid.org/0009-0007-6590-4405

44 Journal of Sustainable Energy Systems, Volume 4, Issue 1, 2025

hurdles. Experts and academics in the power sector have presented multiple methods to address this
dilemma, each with distinct advantages and downsides. The introduction of these compensators into
the network virtually alters the impedance of the transmission line, resulting in inaccuracies for
distance relays and detection, classification, and location algorithms. On the other hand, because these
devices interconnect the power phases of the lines via a control and power electronic system,
accurately and swiftly identifying the faulty phase during a short circuit in the transmission lines
becomes significantly more challenging and intricate. Furthermore, when these devices are situated
within the fault loop, their rapid dynamic response may hinder the relays at the line's near end from
accurately detecting the problem in real-time, hence exacerbating the challenges associated with this
design. A highly sophisticated and notable variant of these compensators is the series synchronous
static compensator (SSSC), which facilitates the control of reactive power and voltage profile, in
addition to enabling active power exchange between the supply source and the transmission line. This
compensator functions as a voltage source within the transmission line, with the current flowing
through it being 90 degrees lagging or leading its voltage, so enabling the absorption or generation of
reactive power for the equipment in the line. In this topology, the occurrence of a short circuit fault
significantly influences the dynamics of the fault current and impairs the efficacy of line protection
algorithms due to the presence of SSSC equipment, which functions as a series dynamic voltage
source utilizing a voltage source converter. Given the non-linear and unexpected behavior of this
device throughout the fault period, prompt detection of the fault inception is crucial. If the fault is not
promptly identified, this equipment may induce instability during the fault duration. The issue arises
from the divergence of the control system during the fault period, which is challenging to control at
this crucial period. Consequently, the challenge presented in this paper constitutes a significant topic
that requires more investigation. The Ministry of Energy's recent proposals for practical projects in
regional power companies and network management indicate that the extensive utilization of such
equipment in the future power industry network will be unavoidable. This paper addresses the issue of
fault detection and classification in compensated transmission lines with an SSSC.
Challenges of prior references:
o Certain proposed approaches necessitate information from both sides of the line for execution.
e Some methods have addressed solely the issues of detection and/or classification, and/or a
combination of both with location.
e Owing to the intricate dynamics of SSSC, the majority of references concentrate on series
capacitor compensators and TCSC.
e The primary emphasis of the offered methodologies is on teaching and learning-based
approaches, such as neural networks or support vector machines.
e Most publications emphasize solutions derived from wavelet transform, highlighting the
difficulties in selecting the appropriate mother wavelet and establishing the resolution level.

Methodology
This article introduces a novel method for identifying faulty phases in SSSC-compensated
transmission lines connected to a solar farm. The suggested approach employs Fast Walsh-Hadamard
Fourier transform coefficients of the current signal for assessment. This integrated transform employs
the attributes of Walsh and Fourier transforms for precise signal modeling, hence enhancing solution
accuracy. This article proposes a method that calculates the coefficient for the current of each phase to
identify phase faults, as well as for instantaneous zero-sequence current to detect ground faults. The
method is explained as a comprehensive flowchart, implemented for an SSSC-compensated
transmission line irrespective of the fault portion. The results indicate that the Fast Walsh-Hadamard
Fourier transform is significantly more accurate and efficient than alternative techniques for detecting
faulty phase. The salient features of the suggested methodology are as follows:
e Using a new transform to increase the accuracy and speed of the algorithm in detecting the
faulty phase,
e Using a three-phase current signal of only one terminal,
The algorithm does not depend on the faulty section (the left and right sides of the SSSC)
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e The independency of the algorithm from the operation mode of the SSSC as well as the
installation location of the SSSC,

e The presence of solar renewable source in supplying the DC link of the SSSC equipment and its
lack of influence on the performance of the proposed algorithm.

Results

This article employs five distinct scenarios for the testing and assessment of the proposed method.
Each scenario is evaluated based on the phase type under fault, fault resistance, fault location, and
fault inception time in SSSC-compensated transmission lines. The SSSC examined in this study is
connected to a solar farm to supply DC-link power. The three-phase currents at one terminal of the
line, FWHFTC;, the currents of all three phases and the zero-sequence current proportional to the
ground fault, along with the specified threshold values, the fault type regarding grounded/non-
grounded, and the faulty phase(s) will be specified. This work examines fault scenarios on both sides
of the SSSC, and the results indicate that the suggested approach is independent of fault location, fault
resistance, fault inception time, and SSSC operating mode. The method provided in this paper has
undergone testing and evaluation across about 2600 scenarios involving various short circuits under
diverse conditions. In this statistical population, the suggested algorithm has achieved a success rate of
approximately 96%.

Conclusion

This paper presents a novel method utilizing one-terminal signal analysis to identify the faulty phase
in transmission lines equipped with SSSC. Being arranged in series within the line, the SSSC
significantly impacts the healthy phases during a fault occurrence. The control system of this
equipment employs a three-phase combination to give control commands, resulting in divergence
upon fault occurrence, which impacts the healthy phases. This study proposes a method to detect the
faulty phase(s) during a short circuit by utilizing solely the three-phase current signal from one
terminal, employing the analysis of the Fast Fourier-Walsh-Hadamard transform coefficient as an
evaluative and comparative metric. This paper's theory is founded on the measurement and
computation of the requisite transformation coefficients through a sequential method for different
forms of short circuit faults. The approach is independent of the SSSC operating mode and
demonstrates excellent performance for diverse fault types on both sides of the compensator. The
technique has undergone testing and evaluation for 2,600 fault types. The statistical package has been
evaluated for several short circuit types throughout multiple phases, on both sides of the SSSC, and for
five resistance values: 1, 10, 50, 100, and 200 ohms, as well as for varying durations of SSSC
operational modes. The simulation and implementation of several fault scenarios yielded a 96%
accuracy for the suggested algorithm in comparison to the test cases. The proposed solution, designed
for all short circuit faults on both sides of the SSSC and using only current of one side of the line, is
deemed superior to the methods outlined in prior references.
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