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Abstract

In the modern era of industry, the effective monitoring and protection of 3 phase electrical motors is of major importance for continued
efficiency. This study discovers the beginning and completion of a specific system planned for the supervision and protection of three-
Pphase electrical motors, undertaking critical safety issues such as overvoltage, overcurrent, overheating of winding temperature leading to
tripping, and educating the workers of Variable Frequency Drives (V FDs), motor RPM, and phase sequence. The designed system protects
and controls a three-phase induction motor. A major focus is placed on identifying potential risks, such as overvoltage and overcurrent,
which have the potential to risk motorintegrity and operational reliability. The system can monitor motor performance data and implement
corrective and preventive actions to reduce the risk of motor faults, thereby ensuring the safety adherence and reliability of motor function
and operations. This study demonstrates the difficulties of variable-frequency drives (VFDs) and their interfacing with motor control
systems. The system monitors the motor RPM and phase sequence. This prototype effort aims to provide a complete understanding of the
details associated with the supervision and protection of three-phase electrical motors by combining theoretical knowledge with practical
implementations. Finally, the visions presented in this study will contribute to the advancement of protection methods for three-phase
motors, and the designed prototype can be used to perform experiments related to power sy stems and machines.

Index Terms: Protection, Control, Variable frequency drive, Induction motor, Phase sequence

I. INTRODUCTION and controlling the DC source for brushless motors using
proportional integral derivative controllers. The system utilizes a
particle swarm optimization algorithm to minimize errors. This
experimental setup improved the motor control to analyze the motor
under changes in load and speed parameters [5]. Interruptions in
industrial zones affect production efficiency and the economy of the
sector. To improve the industrial sector, this study provides machine
learning and IoT-based devices that offer real-time data analysis.
This study predicts the faults and maintenance alerts of the induction
motor and resolves these issues before damaging the motor system.
This study involved providing datasheets containing health
information and faults in a three-phase induction motor. Different
machine learning methods were analyzed to calculate the motor
performance. The random forest algorithm achieved the highest
accuracy of 91%, followed by the artificial neural network method.
The model was evaluated under different conditions for a three-phase

Three-phase induction motors are mainly utilized in commercial
applications. Phase faults are a major problem in induction motors
that cause short circuits. The main problem is overheating, which
causes burnt motor winding. The conventional system cannot detect
motor faults early. The neural network model predicts induction
motor faults using artificial intelligence-based technologies [1].
Industrial innovation and progress uses Supervisory Control and
Data Acquisition Systems to remotely operate and monitor the motor.
This study provides SCADA-based monitoring and motor control
via a human-machine interface system. Conventional systems
require improvements to the motor monitoring system. A PZEM
module was used to measure the voltage and current. [2]. This study
focused on the protection of three-phase asynchronous motors from
faults caused by rotor bar breakage and short circuits. There are
several faults, including broken rotors, short circuits, phase

. induction motor.

sequences, and air gaps [3]. Innovations worldwide have improved

the efficiency and sustainability of motor control. Unpredicted motor The future implementation of networks will further improve
failures harm people's lives and increase the cost of replacing industrial sectors [6]. Modern systems require artificial intelligence-
damaged motor parts. This study demonstrates an improvement in based implementation to decrease risk and address future risks [7].
the operating efficiency and reliability of three-phase synchronous The use of nonlinear loads in grids affects the power quality of the
motors integrated with artificial intelligence-based technology. power systems. The harmonics in the current and voltage affect the
Experimental results show that the Al-based method achieves early quality, and the variable-speed drive improves the motor
fault detection [4]. This study provides a methodology for regulating performance and operation. This system includes diodes, transistors,
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inductors, and capacitors to enhance power quality and decrease
harmonics. The sine pulse width modulation technology switches
the system with an optimum control signal to increase power
stability. The proposed system was analyzed and verified using
MATLAB to test the prototype [8]. The control system requires
automation and an artificial intelligence-based robotic system to
improve production and monitoring. Machine learning plays an
important role in improving conventional control systems for
reliable and efficient operation [9]. This study demonstrates the
design of a small project for motor-torque measurements. The
prototype includes a rotational component, transmitter, and receiver
to measure the parameters. The torque parameters were transmitted
via a cloud-based system to check the efficiency of the physical
components [10]. This study investigated the motor characteristics
and performance of the motor. The controller was utilized to
robotically adjust the power load level to determine the motor
characteristics under the same load conditions. In this study, a small
dynamometer was designed to investigate the motor characteristics.

The designed system worked properly with different motors to
analyze the operation characteristics [11]. Symmetrical faults in
three-phase circuits interrupt the current flow. This interruption
affects the stability and efficiency of a system. There is a need for
improvements in transmission systems to reduce power system loss
[12]. This study focuses on an artificial intelligence-based system.
The Al model You only look once the model is utilized in this study to
control and monitor the system. Android was designed to monitor
parameters via cloud-based technologies [13]. Synchronous drives
generate mechanical and reactive powers. There is a need to
implement a power factor system to reduce the reactive power of the
inductive load. This study demonstrates synchronous drive control
via digital optimization to improve starting capacity. The prototype
was analyzed and tested, and the operation of a motor with different
characteristics was demonstrated [14]. A phase sequence fault is one
of the major system failures that cause overheating. Different
switchgears are utilized to detect faults at an early stage. This study
thoroughly discussed the different faults, including the relays and
modes of the motors. The proposed system model was tested using
MATLAB Simulink under various conditions and fault analyses. The
simulation results show that the proposed model is highly efficient
for phase-fault detection[15].

Three-phase induction drives the fault condition and reduces the
reliability and stability of power systems. The voltage fluctuations
and faults cause grid stability and load imbalances and reduce the life
of the drive. The knowledge of induction motors and their faults is
thoroughly discussed in this study. The 7.5Kw rated power motor
utilized in this study was modeled using MATLAB simulation
software. This investigation analyzed the torque and stator current to
evaluate the faults [16]. The Pakistani power system is deficient
owing to an increase in population. Mismanagement in power
distribution causes load shedding and interruption in domestic and
industrial sectors. The system requires loT-and artificial
intelligence-based technologies to improve the energy sector. This
study provides a small prototype for power monitoring via a cloud-
based system. Schematic diagrams were designed using the Proteus
software to analyze the system [17].

The global three-phase induction motor fault detection system
requires improvements owing to phase angle differences, which
cause heating and overloading faults. Overvoltage, imbalanced
phases, and voltage fluctuations decrease the life of the motors. This
study focused on three-phase motor switchgears [18]. Three-phase
induction motors are used in industrial applications. This study
focuses on the efficiency and reliability of induction motor operation.
Unbalanced voltages, currents, and phase angles decrease the
lifespan of the motor. The main cause of faults is their early detection
and precise estimation. Voltage symmetrical components were
analyzed in this study to validate the motor's different operating
characteristics [19]. This study evaluates an algorithm for detecting
three-phase induction motor faults that occur widely in stator
windings. Stator winding breakdown mainly causes overheating and
various major faults. The phase short circuit is one of the major
problems that decrease the life span of the motor winding. This study
measured different characteristics of the motor [20]. A three-phase
induction motor is one of the main components of the industrial
sector. Unforeseen breakdowns and safety issues delay production in
the industrial sector. The short circuit in these three phases is a major
problem for motor winding burnout. This study focuses on the early
fault detection of unbalanced angles between the current and
voltages. The outcome shows that the analytic tools require
improvement to protect the motor windings [21].

This study demonstrates a fault analysis technique for an induction
motor using artificial neural network technology. The operational
conditions with varying speeds and loads were analyzed, and the
phase-imbalance fault was found to be more severe than the other
faults. The current and vibration signals detect faults in a three-phase
induction motor. A simulation-based ANN model was designed, and
three levels were detected: phase angles, signals, and vibrations [22].
The early detection of faults and motor control are major global
challenges. This study utilized a resonance controller to control the
phase and amplitude of the voltage-current harmonics [23].
Induction motors are the main support for the industrial and
commercial sectors. Machine failures result in a loss of economic
support. Stator faults damage the motor windings. Early fault
detection is required for induction motor [24]. A technique for
deliberately evaluating the ability of voltage-based transfer to
distinguish conveyed generators associated with circulation
frameworks when they are distributed. A set of location time versus
receptive power irregularity bends shapes the standard of the
procedure. Over-voltages[25].

II. METHODOLOGY

The prototype includes the construction and operation of a three-
phase induction motor, current transformer, variable frequency
drive, temperature controller, revolution per minute(RPM) meter,
overvoltage relay, digital multi-meter, magnetic contactor, Relays
and Circuit breakers. The main motive of the design system is motor
safety, which operates in a 3- phase framework. In particular, one of
the key parts utilized in this study is under-voltage control, which
plays an important role in the protection of the motor framework. The
overvoltage detection capability is a protection against unnecessary
voltage flows. In such cases, the system quickly switches off the
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breaker for motor closure to prevent overheating of the motor. The
main component integrated in our framework is the monitoring of the
phase balance across three-phase connections. The contactors were
utilized to analyze the three-phase faults. The speed characteristics
varied with the variable frequency drive, which plays an important
role in controlling the speed of the 3-phase electrical motors and the
forward and reverse parameters.

The VFD identifies currents that inadvertently flow to the motor,
posing potential hazards, such as electric shocks. The prompt
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Fig. 2 Schematic diagram

Fig. 3 Three phase induction motor

detection and isolation of a Variable Frequency Drive (VFD)
decreases risks and enhances system safety. The RPM Meter
(Rotation Per Minute), which displays the Rotation Per Minute of the
motor. In cases where the motor experiences overspeed, the RPM
meter senses the rotation of the motor, where the VFD will shut down
the motor owing to excessive current flow to prevent any damage to
the motor and ensure operational safety. The basic capacity of an
electrical motor is to provide significant capability to work with
various types of electrical and mechanical burdens. During
overloading, the temperature controller senses the overheating of the
system. This overload condition overflows in the working streams
and higher temperatures damage the motor parts. The Protection
relay function is utilized for the protection of conventional current,
voltage, phase imbalance, and symmetrical faults during operational
circumstances.

A) System Flow
Figures 1 and 2 show the control flow and schematic of the designed
three-phase induction motor control system:

. HARDWARE IMPLEMENTATION

The components used in this study are as follows:
e  Three phase induction motor
e  Current transformer
e  Variable frequency drive
e  Temperature controller
e  Revolution per minute meter
e Over-Under voltage relay
e  Digital multi-meter
e  Magnetic contactor

Fig. 4 Current transformer
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Fig. 5 Variable frequency drive
DC relay
Miniature circuit breaker
Selector switch
Potentiometer
Phase indication lights
Power Supply

A) Three phase induction motor

A three-phase induction motor transforms electrical energy into
usable mechanical power. The designed system protects the motor
from phase-angle differences and harmonics.

B)  Current transformer

A current transformer (CT) was used for the quantification of
alternating current (AC) through the conversion of large currents into
a small current. It is typically composed of a primary coil, in which a
high current circulates, and a secondary coil linked to a protection
mechanism. This system installed a current transformer for
employing an ampere meter, sensing the ampere line, and reading the
ampere line.

C) Variable Frequency drive

Variable Frequency Drive (VFD) and control drive motor speed
characteristics. The use of the VFD along with the motor improves
the operating conditions of the system. It also improves soft starting
and stopping of the drive with overload protection.

D) Temperature Controller

The temperature controller is safety equipment that detects and
displays the heating parameters of the hardware with preset values. It
regularly senses the temperature required to cut off a motor.

Fig. 6 Temperature controller

Fig. 7 Current transformer

E) Revolution perminute meter

An RPM Meter is a device used to estimate the rotational speed of a
motor shaft. It regularly senses the shaft rotation and displays it on a
digital meter.

F) Over-Undervoltage relay

The point at which the voltage surpasses as far as possible
overvoltage or down as possible under-voltage, as per the preset
value. These electrical relays switch or separate contacts with
electrical devices to prevent motor windings.

G) Digital multi-meter

A digital multi-meter (DMM) is a flexible electronic gadget used to
display different electrical parameters in an attached circuit. It
regularly measures voltage, current, frequency, and power.

H) Magnetic contactor

A three-phase magnetic contactor is an electrically energizing device
that has been utilized in three-phase electrical motors. This relay
switches the system and protects the motor from overload.

1) DCrelay

The 24V DC relay is an electromechanical switch utilizing a control
voltage of 24 volts direct current (DC). These DC relays are generally
used in different electronic and electrical circuits to control machines
and different types of control panels.

J)  Miniature circuit breaker

A miniature circuit breaker is utilized to break the circuit
automatically during short-circuit or overloading conditions. The
electrical switch will trip based on the probability of fire or electrical
risks.
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Fig. 8 Over-under voltage relay
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Fig. 9 Digital multi-meter
K) Selector switch

A selector switch is an electrical instrument used for manual control
that normally has a revolving switch that changes the circuit
sequence. Selector switches are utilized to control loads and devices
to work in different reverse/forward directions for the development
ofelectrical machines and motors.

L) Potentiometer

A potentiometer is a resistor that can vary its resistance by physically
moving a contact. Itis used to vary the voltage and current parameters
of'the circuit.

M) Indication lights

The indication light is used to indicate the phase operation and
system phase live indication.
N) Powersupply

The 24V DC Power Supply is an electrical instrument that converts
AC voltage to DC voltage and produces a result of 24 volts. DC
power is utilized in the system for relays, actuators, control
frameworks, and low-voltage lights.

Schnpeider

Fig. 10 Magnetic contactor

Fig. 11 Magnetic contactor

IV. MATHEMATICAL MODELLING

The mathematical model of a three-phase induction system consists
of amotor comprising voltage, current, and power factor parameters.
The three-phase induction power factor calculations were as follows:

V. RESULTS AND DISCUSSION

A smart three-phase induction motor control system was tested in a
laboratory. The results demonstrate that the smart system is operative
in controlling and protecting the motor. Digital meters display the
electrical parameters of each system. The variable frequency drive
(VFD) meter displays the three-phase Voltage, Current, and
frequency. A three-phase voltmeter, revolution per minute (RPM)
meter, potentiometer for variable frequency, and selector switch for
reverse/forward motor direction were installed at the middle front
door of the safety panel. The 24V DC 2.5A power supply, over-under
Voltage Relay, is utilized for switching and tripping the system.
These components are integrated to protect from overcurrent,
overvoltage, under-voltage, winding temperature, variable
frequency drive for precise control of three-phase motor speed, and
an RPM sensor to sense the revolution per minute. This methodology

Fig. 12 Circuit Breaker
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FORWARD

Fig. 13 Selector switch

can protect and monitor motors in different modern settings. The

protection relay's function is based on the principle of monitoring
electrical circuits through conventional current and voltage
techniques and subsequently initiates a response in the fault
condition. The specific classification of the protection relay analyzes
the faults in circuit conditions. The protection relays are capable of
activation when the over temperature, overcurrent, overvoltage,
under voltage, and unbalanced current.

This study discusses concerns with various industrial applications
and examines current solutions for the protection of medium-voltage
circuits against excess load current. A thorough assessment of the
safety system intended for the monitoring and protection of three-
phase electrical motors provides a significant understanding of the
present status of exploration, innovative progress, and systems used
inside this particular space. Power factor correction is a serious
characteristic of improving electrical energy practices in
industrialized situations, signifying an active approach to improve
power proficiency and decrease operation charges.

P=VICOS [/3 (1)

P is the power in watt.

V is the voltage across the system.

I current through the system.

\3 is the factor appears in three-phase power

COS1J is the power factor in AC system

The three-phase motor generates 400 volts with 50 A and an
efficiency of 0.85 to calculate the HP of the motor.

P=400 x50 x0.85 x 1 x V3 x 746

P=21 Kw watt
Now, solve for current
_2lkw

=0 @
1=52A
For three-phase induction, the horse power calculations are as
follows:

P(HP) = vzn7416)F\/3
P(HP) = 39.45 HP

POTENTIOMETER

Fig. 14 Potentiometer

Fig. 15 Indication

In industrialized settings, power systems regularly comprise several
motor-based inductive loads. The designed system analyzes the
reactive power and leading/lagging conditions in the power factor.
The system also works as a trainer for the protection and monitoring
of three-phase electrical motors, including power systems and
electrical machines-related subjects, to achieve successful
educational results. This involves a particular examination of key
features to ensure that all relevant topics are effectively addressed
and that learning outcomes are maximized. Figure 17 shows the
hardware of the proposed system.

VI. CONCLUSION

The design of a prototype smart three-phase induction motor control
and protection system plays an important role in industrial motor
protection and control. The proposed prototype can protect three-
phase electrical motors from overvoltage, overcurrent, and
overheating of the winding temperature. The motor RPM, and phase
sequence were analyzed by the variable Frequency Drives (VFDs).
The designed system protects and controls a three-phase induction
motor. The system monitored the motor performance data and
ensured the safety and reliability of the motor. The system controls
the parameters via variable frequency drive (VFDs) integration with
motor control systems. The system monitors key parameters via the
motor RPM and phase sequence to prevent overheating of the motor
windings.
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Fig. 16 Power supply
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Fig. 17 Hardware design

In summary, this research article indicates an evolutionary move in
the domain of motor control and protection. The development of this

system provides an experimental and practical setup for power

system- and electrical-machines-related subjects. The
implementation of this system increases students' learning outcomes
and practical exposure.
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