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Abstract -

This research presents the design and implementation of a 3-phase star delta starter equipped with a
thermal overload protection mechanism. The star delta starter is a widely used method for controlling
the starting current of induction motors in industrial applications. However, ensuring the protection
of the motor against thermal overload is crucial for its safe and efficient operation. The proposed
system integrates a thermal overload relay into the star delta starter circuit to detect and mitigate
instances of excessive motor heating. The design encompasses the selection of appropriate
components, circuit configuration, and testing procedures to validate the system's effectiveness.
Through simulation and experimental validation, the performance and reliability of the designed
protection system are evaluated. The outcomes of this research contribute to enhancing the safety and
longevity of induction motors in industrial settings.
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1.INTRODUCTION
Induction motors are extensively used in various industrial processes due to their robustness, reliability, and
cost-effectiveness. However, during motor startup, the initial high starting current can lead to mechanical
stress and overheating, which may result in motor damage or reduced lifespan. To mitigate these issues,
motor starting methods such as star delta starters are employed to control the starting current.
A star delta starter initially connects the motor windings in a star configuration during startup, reducing the
phase voltage and limiting the starting current. After a predetermined time, the windings are then switched
to a delta configuration to achieve full motor voltage and torque. While this method effectively reduces the
starting current, it does not inherently provide protection against thermal overload, which can occur during
prolonged operation under heavy loads.
To address this concern, this research focuses on the design and implementation of a 3-phase star delta
starter integrated with a thermal overload protection mechanism. The thermal overload relay serves as a
vital component in the protection system, continuously monitoring the motor's temperature and
disconnecting power in case of overheating.
The necessity of a starter lies in its ability to initiate the operation of a motor smoothly, particularly when
dealing with high-power applications. One such starter commonly used is the star delta starter, which serves
to reduce the motor’s starting current without relying on external devices or apparatus. Compared to other
starting methods like the Direct Online (DOL) starter, the star delta starting method boasts a notable
advantage by producing only about 1/3 of the inrush current.
Key features of the star delta starter include:

« The starting current for a star delta starter amounts to 33% of the total load current.

o The peak starting torque is set at 33% of the maximum load torque.
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o The maximum starting current ranges from 1.3 to 2.6 times the full load current.

o This starter is suitable for three-phase induction motors ranging from low to high power.

« It effectively reduces the starting current and torque demands.

« Six connection cables are necessary for the motor terminal box.

o The transition from star to delta configuration in the starter indicates changes in current peaks and

mechanical loads.

These features collectively contribute to the effectiveness and efficiency of the star delta starter, making it a
preferred choice for various industrial applications.
In modern industrial settings, the efficient and safe operation of electric motors is paramount. Electric
motors are ubiquitous in various applications, from manufacturing plants to commercial facilities, where
they drive machinery and equipment essential for operations. Ensuring the smooth starting of these motors
while safeguarding them against overloads is crucial for maintaining operational continuity and prolonging
equipment lifespan.
The integration of thermal overload protection systems in 3-phase induction motor starters has been a
subject of significant research and practical implementation. Patel and Patel (2020) proposed practical
implementations of 3-phase star delta starters with thermal overload protection, highlighting the challenges
and solutions encountered in real-world applications. Their work contributes valuable insights into the
practical aspects of implementing such systems[2].
Optimizing thermal overload relay configurations for 3-phase star delta starters has been investigated by Li
et al. (2019), shedding light on the technical considerations involved in enhancing the efficiency and
reliability of motor protection mechanisms [3].
Integration of thermal overload protection in 3-phase star delta starters has been discussed by Singh and
Bhattacharya (2017), emphasizing the importance of incorporating comprehensive protection mechanisms
into motor starting systems to mitigate risks effectively[4].

LITERATURE REVIEW

The implementation of 3-phase star delta starters with thermal overload protection is a topic that has
garnered considerable attention in the field of electrical engineering due to its significance in industrial
applications.

This literature review aims to provide a comprehensive overview of the existing research and developments
in this area, highlighting key findings and advancements.

Recent advancements in sensor technology and predictive maintenance techniques have enabled researchers
to develop more sophisticated thermal monitoring systems for 3-phase motor applications. For instance, the
work of Chen et al. (2021) explored the use of loT-based sensors and machine learning algorithms to
accurately predict and prevent thermal overload events in real-time [1]. By leveraging data-driven
approaches, Chen et al. demonstrated significant improvements in the reliability and efficiency of thermal
overload protection systems for industrial motors.

Furthermore, the study conducted by Patel and Patel (2020) focused on the practical implementation aspects
of 3-phase star delta starters with thermal overload protection in industrial settings [2]. They highlighted the
challenges associated with integrating complex protection mechanisms into existing motor control systems
and proposed practical solutions for overcoming these obstacles. Patel and Patel's research underscored the
importance of considering factors such as cost-effectiveness, scalability, and compatibility with existing
infrastructure during the design and implementation phases.

Another noteworthy contribution is the work of Li et al. (2019), who investigated the impact of different
thermal overload relay configurations on the overall effectiveness of star delta starters [3]. Their research
emphasized the importance of selecting appropriate relay settings and calibration parameters to ensure
timely and accurate detection of overheating conditions. By analyzing various relay models and testing
scenarios, Li et al. provided valuable insights into the optimization of thermal overload protection systems
for 3-phase motor applications.

One seminal work in this domain is the study conducted by Singh and Bhattacharya (2017), where they
proposed a novel approach for integrating thermal overload protection mechanisms into 3-phase star delta
starters. Their research focused on enhancing the reliability and safety of induction motors by effectively
mitigating instances of excessive heating during operation [4]. Through extensive simulation and
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experimental validation, Singh and Bhattacharya demonstrated the efficacy of their designed protection
system in preventing motor damage and optimizing performance.

In summary, the literature reviewed highlights the growing importance of incorporating thermal overload
protection mechanisms into 3-phase star delta starters to ensure the safe and efficient operation of induction
motors in industrial environments. While significant progress has been made in this area, there remain
opportunities for further research and innovation to address emerging challenges and enhance the
performance of protection systems.

METHODOLOGY

The design process begins with a thorough analysis of the requirements and specifications of the star delta
starter system. Key parameters such as motor ratings, operating conditions, and safety standards are
considered during the design phase. The selection of components, including contactors, relays, and thermal
overload protection devices, is based on these requirements.

The circuit design involves the configuration of the star delta starter and the integration of the thermal
overload protection relay. Proper sizing of conductors and protective devices is ensured to comply with
safety regulations and prevent electrical faults. Simulation software is utilized to verify the functionality of
the designed circuit and optimize its performance.

Upon completing the design phase, the implementation process involves assembling the components
according to the schematic diagram. Careful attention is paid to wiring connections, insulation, and
grounding to ensure the reliability and safety of the system. Functional testing is conducted to validate the
operation of the star delta starter and the effectiveness of the thermal overload protection mechanism.
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Figure: Block Diagram of 3-phase star delta starter
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COMPONANTS
Components of a 3-Phase Star Delta Starter with Thermal Overload Protection:
1) Miniature Circuit Breaker (MCB):

. Protects the system from overload or short circuit by interrupting the electrical circuit.
2) Three Contactors:
. Electromagnetic switches that control power flow to the motor, switching between star and delta

configurations during startup.

3) Overload Relay:

. Monitors motor current and interrupts the circuit if an overload is detected, preventing motor
damage from overheating.

So, a total of three main components are used in this project. These components are crucial for ensuring the
safe and efficient operation of the motor while providing protection against overloads and electrical faults.

WORKING PRINCIPLE

The 3-phase star delta starter with thermal overload protection is designed to efficiently start and protect

induction motors in industrial applications. Its working principle involves two main stages:

1. Starting Stage:

« Initially, the motor windings are connected in a star configuration.

« This star connection reduces the voltage applied to the motor terminals, limiting the starting current to
about one-third of the full-load current.

e Minimizing the starting current helps prevent voltage drops and disturbances in the power supply
network.

2. Running Stage:

o After a brief delay, typically a few seconds, the motor windings are switched from the star configuration
to a delta configuration.

e This transition increases the voltage applied to the motor terminals, allowing the motor to achieve full
speed and torque.

e The switch from star to delta configuration is often controlled by a timer relay or a programmable logic
controller (PLC).

In parallel with the starting process, the thermal overload protection mechanism continuously monitors the

motor's temperature:

o A thermal overload relay, connected in series with the motor circuit, serves as the primary protection
device.
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« If the motor's temperature exceeds a predetermined threshold due to prolonged operation under heavy
loads, the thermal overload relay trips and disconnects power to the motor, preventing damage and
ensuring safety.

WORKING MODEL

MAJOR PROJECT
3 PHASE MANUAL STAR DELTA
STARTER PROTECTION SYSTEM
NAME . SHASHANK CHATURVEDI
= ANIKET VERMA

The implementation of the 3-phase star delta starter with thermal overload protection involves key
considerations:
« Careful selection of components, including contactors, relays, and thermal overload devices, to ensure
compatibility and reliability.
« Circuit configuration designed to facilitate smooth transitions between star and delta configurations

while providing robust protection against thermal overload conditions.

In summary, the working principle of the 3-phase star delta starter with thermal overload protection involves
controlled switching between star and delta configurations to limit starting current and maximize motor
performance, coupled with continuous monitoring of motor temperature to prevent overheating and ensure
safe operation.

RESULT

The project "Design and Implementation of 3-Phase Star Delta Starter with Thermal Overload Protection™
resulted in the successful creation of a motor starting system that effectively initiates 3-phase induction
motors while safeguarding them against overloads. The system demonstrated operational efficiency, reliable
thermal overload protection, compliance with industry standards, and practical usability. Feedback from
stakeholders provided insights for potential optimizations, ensuring the system's effectiveness and safety in
industrial applications.

CONCLUSION

The most common method for starting a three-phase induction motor is with a star delta starter. During the
starting period of star delta starting, the motor is initially connected via a star configuration. Once it reaches
the required speed, it is then switched to a delta connection.

A typical star delta starter comprises three contactors, a timer, and a thermal overload. Unlike the single
contactor used in a Direct on Line starter, these contactors are smaller since they only handle winding
currents. The currents passing through the winding are typically around 58% of the total current in the line.
Another device that can be used to reduce current demand during motor initiation is a star delta starter. It is
commonly employed for starting three-phase induction motors, particularly when the motor
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