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Abstract- This paper presents a PLC-based hardware
implementation for transmission line fault analysis,
transformer protection, and overload sharing in power
stations. The proposed system integrates programmable
logic controller technology with protective relays, sensing
devices, and embedded controllers to detect abnormal
operating conditions and enhance system stability.
Several fault conditions, including single line-to-ground,
line-to-line, double line-to-ground, and three-phase
faults, are analyzed. In addition, an intelligent load-
sharing scheme for parallel transformers is developed to
mitigate overload conditions, improve reliability, and
reduce thermal stress. Experimental validation of the
hardware prototype demonstrates accurate fault detection,
selective tripping, fast relay response, and effective load
redistribution. The results confirm that the proposed
architecture offers a practical and cost-effective solution

for power system automation and protection applications.
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L. INTRODUCTION

Electrical power systems form the backbone of
modern  infrastructure,  supporting  industrial,
commercial, and residential demand through the
reliable delivery of electrical energy. However,
transmission lines, transformers, and associated
substation equipment are frequently subjected to

abnormal operating conditions such as short circuits,

overloads, insulation failures, and equipment
malfunctions. These disturbances can result in severe
consequences, including  system  instability,
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equipment damage, economic loss, and interruption
of supply.

Transmission lines are particularly susceptible to
faults caused by lightning, insulation breakdown,
conductor damage, environmental effects, and human
interference. The most common fault types include
single line-to-ground, line-to-line, double line-to-
ground, and three-phase symmetrical faults. Rapid
identification and isolation of these faults are
essential to preserve system stability and minimize
damage to electrical equipment.

Transformers are equally critical components in
power networks, performing voltage transformation
and enabling efficient power transfer across
generation, transmission, and distribution systems.
Prolonged overloading of transformers increases
thermal stress, accelerates insulation deterioration,
and reduces operational life. Therefore, effective
transformer protection schemes such as overcurrent
protection, differential protection,
monitoring, and intelligent overload management are
necessary to ensure reliable and safe operation.

thermal

Conventional  protection methods based on
electromechanical relays and traditional control
techniques often suffer from limited flexibility,
and inadequate monitoring
capability. With the advancement of industrial
automation, Programmable Logic Controllers (PLCs)
have emerged as a dependable solution for power
system protection due to their fast processing, high
reliability, ease of programming, and ability to
integrate multiple control and protection functions
within a single platform.

slower response,
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This paper presents a PLC-based hardware
implementation for transmission line fault analysis,
transformer protection, and overload sharing in
power stations. The proposed system integrates PLC
control with protective relays, sensing devices, flame
detection mechanisms, and intelligent load-sharing
algorithms to improve system reliability and
operational safety. Various fault conditions, including
single line-to-ground, line-to-line, double line-to-
ground, and three-phase faults, are analysed to
evaluate detection accuracy and protection
performance. In addition, an automatic overload-
sharing mechanism is developed to distribute load
between parallel transformers, thereby preventing
excessive loading and improving equipment
utilization.

The proposed hardware prototype was designed and
tested under different fault and overload conditions to
validate the effectiveness of the protection strategy.
Experimental results demonstrate accurate fault
detection, selective tripping, efficient relay
coordination, and stable load redistribution. The
developed system offers a practical, economical, and
scalable solution for modern power system protection
and automation applications.

II. PROBLEM STATEMENT

Conventional power system protection methods often
suffer from delayed fault detection, poor
coordination, and limited capability to manage
transformer overloads effectively. This creates risks
of equipment damage, system instability, and power
interruption during transmission line faults and
excessive loading conditions. Hence, a PLC-based
protection system is required to provide accurate fault
detection, selective tripping, and intelligent load
sharing for reliable power station operation.

Power systems experience various types of faults
including:

e Single Line to Ground (S-L-G) faults

e Line to Line (L-L) faults

e Double Line to Ground (L-L-G) faults

e Three-Phase (3-Phase) faults
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III. PROJECT OBJCETIVES

The primary objectives of this project are to analyze
and identify various transmission line faults,
including single line-to-ground, line-to-line, double
line-to-ground, and three-phase faults; to develop a
PLC-based hardware platform for fault detection and
protection; to implement transformer protection
schemes against overcurrent and overload conditions;
and to design an intelligent load-sharing mechanism
for parallel transformers. The project also aims to
demonstrate  selective  tripping, rapid relay
coordination, and stable fault isolation under
abnormal operating conditions. In addition, the
system is intended to improve reliability, reduce
thermal stress on transformers, and provide a
practical and economical solution for modern power
system automation.

Iv. LITERATURE REVIEW

Power system protection is essential for maintaining
system reliability and preventing equipment damage
caused by faults and overloads. Transmission line
faults are generally classified into symmetrical and
asymmetrical faults, including Single Line-to-Ground
(SLG), Line-to-Line (LL), Double Line-to-Ground
(DLG), and three-phase faults. Accurate fault
detection and isolation are necessary to ensure stable
power system operation.

Conventional  protection systems based on
electromechanical relays have limitations such as
slower response time, reduced flexibility, and limited
monitoring capability. With advancements in
industrial  automation, = Programmable  Logic
Controllers (PLCs) have become an effective solution
for power system protection due to their reliability,
fast operation, and ease of implementation.

Transformer protection techniques commonly include
overcurrent  protection, differential  protection,
thermal monitoring, and overload management.
Intelligent load-sharing schemes between parallel
transformers help reduce thermal stress, improve
equipment utilization, and increase system reliability.

ICONIC RESEARCH AND ENGINEERING JOURNALS 570



© JUL 2026 | IRE Journals | Volume 10 Issue 1 | ISSN: 2456-8880
DOI: https://doi.org/10.64388/IREV1011-1719592

Recent research focuses on integrating PLCs,
embedded systems, IoT technologies, and smart
monitoring techniques to achieve real-time fault
detection, automatic relay coordination, and
predictive maintenance. These approaches enhance
operational efficiency and support the development
of modern smart power systems.

This work presents a PLC-based hardware
implementation that integrates transmission line fault
analysis, transformer protection, flame detection, and
intelligent overload sharing to provide a reliable and
cost-effective protection framework for power
stations.

V. METHODOLOGY

The proposed work is implemented through a PLC-
based hardware architecture for transmission line
fault analysis, transformer protection, and overload
sharing in power stations. The overall methodology
consists of system modelling, fault simulation,
protection logic development, hardware integration,
and experimental validation. The PLC serves as the
central control unit for monitoring system conditions,
processing fault information, and initiating protection
and load-sharing actions in real time.

Initially, a transmission line model is developed to
simulate different abnormal operating conditions.
Various fault types, including single line-to-ground,
line-to-line, double line-to-ground, and three-phase
faults, are introduced at selected points in the system
to observe their effects on current, voltage, and relay
operation. The sensed electrical parameters are
continuously acquired and compared with predefined
threshold values in the PLC ladder logic for accurate
fault identification and selective isolation. For
transformer protection, current and operating
conditions are continuously monitored to detect
overload and abnormal conditions. When the
measured current exceeds the rated threshold, the
control logic activates the protection mechanism to
prevent excessive thermal stress and insulation
deterioration. This protection strategy enhances
transformer safety and ensures reliable operation
under varying load conditions.
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To address overload conditions effectively, an
intelligent load-sharing scheme is implemented for
parallel transformers. When one transformer is
subjected to excessive loading, the PLC
automatically transfers a portion of the load to the
auxiliary transformer through coordinated switching
and relay action. This method improves load
distribution,  reduces stress on  individual
transformers, and increases system reliability.

Finally, the complete hardware prototype is tested
under different fault and overload scenarios to
validate the performance of the proposed system. The
experimental evaluation focuses on fault detection
accuracy, relay response, selective tripping, and
stable load redistribution. The results confirm the
practical feasibility and effectiveness of the PLC-
based protection and automation framework.

VL HARDWARE AND SOFTWARE
REQUIREMENTS

The hardware requirements for the proposed system
include a PLC unit, current and voltage sensors,
protective relays, circuit breakers, switching devices,
parallel transformers, a fault simulation setup, a load
bank, a regulated power supply, indicator modules,
and required wiring accessories. Where fire detection
is incorporated, a flame sensor is also used to
enhance system safety. The software requirements
include PLC programming software for ladder logic
development, simulation tools for fault analysis and
protection testing, and, where applicable, an
embedded programming environment for auxiliary
control functions. These hardware and software
components together provide a complete platform for
implementing and validating the proposed protection
and load-sharing system.

VIL HARDWARE IMPLEMENTATION
ARCHITECTURE

The proposed architecture consists of a PLC-based
control unit, sensing modules, signal conditioning
circuits, protective relays, circuit breakers, and load-
sharing components. Voltage and current signals
from the transmission line and transformer are
monitored continuously and processed by the PLC
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using ladder logic. When abnormal conditions such
as transmission line faults or transformer overloads
are detected, the controller initiates selective tripping
and load redistribution to ensure safe and reliable
operation. The architecture also includes indicator
modules and optional communication or display
interfaces for system monitoring and status reporting.

VIIL TRANSFORMER OVERLOAD ANALYSIS

Transformer overloading occurs when the operating
current exceeds its rated capacity, causing excessive
heating, insulation deterioration, and reduced service
life. In the proposed system, transformer loading is
continuously monitored by the PLC. When the load
exceeds a predefined threshold, a secondary
transformer is automatically connected in parallel to
share the load. This intelligent load-sharing
mechanism minimizes thermal stress, improves
reliability, and ensures safe and efficient transformer
operation

IX. PRACTICAL BENEFITS

The proposed system provides rapid fault detection,
selective isolation, and improved protection for
transmission lines and transformers. It enhances load
management by enabling intelligent sharing between
parallel transformers, thereby reducing overload
stress and extending equipment life. The use of PLC-
based control improves operational reliability,
minimizes downtime, and offers a practical and
economical solution for power system automation.

X. CHALLENGES AND SOLUTIONS

The proposed system encountered challenges related
to electromagnetic interference, real-time processing,
load-sharing stability, and relay coordination. These
issues were addressed through proper grounding,
shielded wiring, optimized PLC programming, and
improved  protection  coordination  strategies.
Additionally, proportional control techniques were
employed to ensure stable load sharing between
transformers, thereby enhancing system reliability
and operational performance.
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Fig. 1. Hardware Prototype of the Developed
Protection System

Fig. 2. Generation Unit and Transformer Protection

Section

Fig. 3. Transmission Line and Load Side
Arrangement
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Fig.4. Load Side Arrangement

XL CONCLUSION

This paper presents a PLC-based protection system
for transmission line fault analysis, transformer
protection, and intelligent overload sharing. The
proposed system effectively detects faults, ensures
rapid relay operation, and manages transformer
loading under varying operating conditions.
Hardware implementation validates the reliability and
performance of the developed protection scheme,
demonstrating its suitability for modern power
system automation and industrial applications.

XII. FUTURE SCOPE

The project can be further enhanced by integrating
IoT-based monitoring for remote supervision of
faults and transformer health. Machine learning
techniques may be added for automatic fault
classification and predictive maintenance. The
system can be expanded to multi-feeder networks and
integrated with SCADA for centralized control.
Using numerical relays instead of microcontrollers
would improve protection speed and reliability.
Future upgrades may also include advanced thermal
modelling, automatic load shedding, accurate fault
location algorithms, and communication-based
protection using modern standards.
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