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ABSTRACT

In modern AC induction motors, operational faults have become increasingly common. The primary objective of
this project is to identify and control faults in three-phase induction motors. Such machines are susceptible to
several incipient faults arising from multiple factors, making their protection essential. Common faults include
over-voltage/current, under-voltage/current, overload, single phasing, and excessive temperature. Among these,
voltage, current, and temperature are the most critical parameters for monitoring. To address these issues, a
cost-effective and reliable protection system has been developed. Typical faults observed in induction motors—
such as overheating, overloading, voltage/current fluctuations, and insulation failure—can significantly shorten
motor lifespan. The proposed protection scheme, implemented using the PIC16F866 microcontroller, enables
real-time monitoring of motor parameters under both normal and faulty conditions. Experimental results
demonstrate that this microcontroller-based approach enhances fault detection accuracy, ensures operational
safety, and reduces the risk of induction motor failures.
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INTRODUCTION

Protection of three phase operating devices against over voltage, under voltage, overload, over temperature, open
circuit, short circuit, unbalanced voltage, single phasing and earth fault, occurring in the course of its operation is very
important, because it is used intensively in industry for various purposes. Computer and microcontrollers-based
protection methods have eliminated most of the components required for protection [1-2]. We are introducing accurate
monitoring of the parameter and protecting the load from undesired values of the parameter. Moreover, the voltages,
currents and temperature values of the device and the problems occurred in the system, are monitored and warning
messages are shown on the computer screen. Microcontroller had developed less cost, provides higher accuracy as well
as safe and visual environment. The three phase devices experience several types of electrical faults like over/under
voltage, over load, open circuit, unbalanced voltage, single phasing and earth fault [3-6]. In our project we are going to
monitor and control the load using single controller with various faults measuring techniques related to the three-phase
power. We will also give a provision to auto reset the system after faults restores.

In industries, the transformation of power from electrical form to mechanical form is done by using the induction
motor. Induction motors are broadly used to incorporate transports, presses, pumps and bundling supplies, etc. In the
market there are various types of motors available, which are used for different applications. Induction motors are
reliable, but during working they are subjected to some faults and resulting in failure [7-8]. The motor faults are due to
over voltage/current, under voltage, and over temperature, etc. are typically concerned with the power supply [9-12].
The induction motor generally suffers from high temperature, which leads to insulation failure and also from overload
[13-15]. In this protection method, the speed of the motor is also sensed. When the induction motor is supplied with a
higher voltage than, its rated, the motor starts overheating. In this project Microcontroller is used. If supply voltage,
current, temperature and load are lower or higher, then the Microcontroller sends signal to relay and relay trip the
signal and stops the motor. In case of motor get overheated, to sense the temperature of winding, sensor is used which
sends signal to Microcontroller.

TYPES OF MOTOR FAILURE AND PROTECTIVE FEATURES

Any electrical system is affected by electrical & Mechanical faults occurring in the system. The faults can lead to
overloading, overheating and other effects. Every fault incident is indicated by the machine with various symptoms &
behaviors. Faults in induction motors can be categorized as follows:

Overload

Voltage unbalance

Voltage too high/low
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Bearing disappointment

Single staging

Restricted ventilation

Moisture and vibration

On the off chance that mechanical disappointments are wiped out, shielding the engine windings from over temperature
is the prime function of motor protection. But even bearing failures can result in motor winding failure if not detected
in time. There are a number of ways that motors can be protected with respect to the needs of plant management. Table
1 below classifies Causes, there effects and damage due to faults.

Tablel.Fault causes, effects and possible motor damage.

Causes

Effect

Possible damage

Thermal overload: Extreme starting
condition Locked rotor High overload
Under-voltage Intermittent operation

Over-current and thus unacceptable
heating-up of windings

soldered joint damage rotor cage
burnt windings stator windings

Cooling problems: Restricted cooling
Ambient temperature too high

Unacceptable heating-up

burnt windings stator windings

Electrical causes: Single phase
condition Unbalanced voltage Earth
fault Shorted turns Winding short

Unbalance over-current of windings
heating-up depending on motor size

Individual windings or parts burnt

circuit and bearing damage load

Mechanical causes: Imbalance Miss-
alignment Improperly installed drive
(e.g. bearing load of Belts too high)

Uneven wear of bearings Bearing damage

The approximate percentages of by these individual faults are:
Overload 30%

Insulation damage 20%

Phase failure 14%

Bearing damage 13%

Ageing 10%

Rotor damage 5%

Others

SYSTEM DESIGN
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Figure 1. System Design

A Overall System Structure:

The design aims are detecting the faults then monitoring and controlling the motor from these faults. First find out
tolerable limit values of voltage, current, speed, temperature. Then these parameters are measured and are compared to
these tolerable limit value. The three-phase inverter is used to convert DC voltage obtained from rectifier into AC. The
gating signals using microcontroller PIC16F886. When parameters are out of range by using microcontroller
programming, we protect the motor from faults. Here we use CT for current measurement. LM35 for temperature
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measurement. The whole system can be divided into three parts. The first part concerned with rectifier. The rectifier
can be three phases. The second part is concerned with the parameter’s measurement of the motor like voltage, current,
temperature. The third part concerned with the heart of the system i.e. PIC microcontroller. The analog parameter is
converted into digital using PIC microcontroller which consist of inbuilt 10-bit ADC of PIC16F886.

B. Component Used in System Circuit:
Microcontroller PIC16F866

Bridge rectifier

Induction Motor

Temperature sensor LM35

Relay 12V ICO

LCD Display (16x2)

Three potential Transformer

Transformer

RF transceiver
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Figure 2. Circuit Diagram

COMPONENTS DESCRIPTION

A Microcontroller PIC16F866-

Microcontroller receives data from temperature sensor and CT then converts it from Analog to Digital LCD. Features:
5V DC, 10bit ADC

40pin IC

Flash Memory 32k

On-chip RAM - 1536 bytes

EEPROM - 256 bytes

4 Timers

B. Bridge rectifier

We use bridge rectifier to get pure DC signal. Bridge rectifier is highly efficient than others. It consist of 4 diodes D1,
D2, D3 and D4. When we gives AC supply to the circuit in positive half cycle D1 and D2 become forward biased and it
will start conduction at the same time D3 and D4 are reverse biased hence it doesnot conduct. In negative half cycle D3
and D4 become forward biased and start conduction and D1, D2 become reverse biased and stop conduction.
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Figure 3. Bridge rectifier

C. Induction Motor

An electrical motor is such an electromechanical device which converts electrical energy into mechanical energy.
Specification: 3phase squirrel cage induction motor, 415V, 0.5HP,50Hz, 4Pole, speed up to 1500rpm, Insulation class
E or B.

D. Temperature Sensor
The LM35 series are precision integrated-circuit temperature sensors, whose output voltage is linearly proportional to
the Celsius (Centigrade) temperature.

E. Relay:A relay is an electrically operated switch. Many relays use an electromagnet to mechanically operate a
switch, but other operating principles are also used, such as solid-state relays. Relays are used where it is necessary to
control a circuit by a separate low-power signal, or where several circuits must be controlled by one signal.

F. LCD display

Liquid Crystal Display is used for display the measured readings and if fault occur it also show on LCD. 16x2 LCD is
used in circuit. It having 16 character and 2 rows.

WORKING OF SYSTEM

A Fault Detection and Protection System:

This system consists of various sensors and measurement circuits which measure the parameters of the motor
continuously. These sensors have to be compatible with the Microcontroller i.e., their output voltage range should be
between 0-5V DC. So, some of the sensors needs signal conditioning equipment as we are measuring the AC.

Relay Temperature
Sensor
LCD Microcontroller |e Voltage
Measurement

Current
Measurement

Figure 4. Fault detection and protection
B. Current:
In our system, current is measured using which can measure the current between +5A to -5A. It requires a 5V supply
for its operation and its output voltage varies linearly with respect to the current

Page | 134



International Journal of Enhanced Research in Science, Technology & Engineering
ISSN: 2319-7463, Vol. 11, Issue 3, March-2022, Impact Factor: 7.957

Main Dy B Motor

N

Microcontroller

Figure 5. Current measurement

C. Voltage:
In our system, voltage is measured usingthe potential transformer whose ratings are 230V/9V AC which can handle a

current of about500 mA. But thisvoltage is AC therefore we require a rectifier circuit for the conversion of AC into DC.
This voltage still is greater than 5V. Hence, we need a potential divider circuit order to further reduce the voltage to
measurable range.

Main >  Motor
Precision Voltage T
PT A Microcontroller
| Rectifier || divider [ ]

Figure 6. VVoltage Measurement

D. Temperature:
In our system, temperature is measured using the LM 35 which also operates on a voltage of 5V. The range of the
sensor is -550C to 1500C. Its output voltage varies linearly with respect to current. This can be connected to one of the

analog pins of the microcontroller.

lemperature
Sensor

Motor Microcontroller

Figure 7. Temperature Control

230V 50Hz supply is given to the step-down transformer it converts 230 volts in 12-0-12V AC. 12V directly given to
relay because our relay work on 12V AC remaining 12V AC is given to bridge circuit. Bridge circuit converts that 12V
AC into 12V DC. As our all component like microcontroller, LCD display is work on 5V AC. The 5V Ac supply given
through IC to the other component. Once the circuit is energized tachometer continuously take the readings of speed,
CT gives reading of current and LM35 take the readings of temperature. All these data fed to microcontroller and
microcontroller continuously compare the measured value with predetermine values if the measured value cross the
specified limit, then microcontroller gives command to the relay to trip immediately and through GSM the message
send to the person who work on it. It will take fraction of second and motor will be completely isolate from faulty
section immediately.

PRACTICAL IMPLEMENTATION
The system described in this paper works on the following procedure:
»  First of all, both the system and the motor are started.

» Then the potentiometer is checked for the value of all parameters.
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Setting will remain same until and unless the user changes the setting from the microcontroller.
Then the current, voltage and temperature are measured.

Then it is checked whether the parameters are with in safe range.

If they are approaching the danger zone, warningsare displayed on the LCD.

If they are completely out of the safe range the motor is isolated from the supply.

Then parameters of the fault are sent to the data for data logging.

VVVVYVY

CONCLUSION

From the above system we can detect and control the faults (over-voltage/current, undervoltage/current, over-
temperature, single phasing) of Induction motor. To achieve above purpose, we use PIC16f886 which is hart of project.

The proposed microcontroller-based protection system for three-phase induction motors effectively addresses the
challenges posed by common operational faults such as over-voltage, under-voltage, overload, single phasing, and
excessive temperature. By integrating sensors for voltage, current, and temperature with the PIC16F866
microcontroller, the system ensures continuous real-time monitoring and provides rapid protective action whenever
abnormal conditions are detected. This approach not only enhances fault detection accuracy but also minimizes
downtime, improves motor lifespan, and ensures safe and reliable operation in industrial environments.

Practical implementation and experimental validation confirm that the system is cost-effective, accurate, and efficient
in preventing motor failures caused by electrical and mechanical issues. Furthermore, the provision for auto-reset
functionality and the ability to display fault information on an LCD make it user-friendly and adaptable to industrial
applications. Overall, this work demonstrates that microcontroller-based protection systems can significantly improve
the reliability and performance of induction motors, ensuring operational safety and reducing maintenance costs.
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