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ABSTRACT:

Induction motors account for more than 85% of all motors used in industry and domestic applications. We use Bluetooth technology to control the speed of induction
motor using Android phone remotely. Bluetooth model is interfaced with microcontroller to control speed of the motor. also temperature and vibration sensor is
used for protection of induction motor. An automatic induction motor control and protection system for industrial applications. Induction motors need efficient
control to handle industrial applications. Induction Motor Controller and Protection system controls the speed of the induction motor and protects it from high
vibration and temperature. System uses a Hall Effect sensor to measure the RPM of the motor and a temperature sensor to monitor motor temperature. The sensor
is used to monitor temperatures of heavy duty induction motors during operation. The sensor constantly monitors motor temperature and displays on LCD Display.
As soon as the temperature rises beyond certain limit, the system turns off the motor to avoid fires or coil burning. Similarly we use a vibration sensor to monitor
the motor vibrations during operation.. The vibration of motor is displayed on LCD display as it runs. If the motor vibrates beyond certain limit the system turns
off the motor to avoid any damage to machine or motor so that it can be fixed in time and avoid any accidents. Thus the system provides a complete induction
motor controlling as well as protection system for industrial applications. controll the induction motor through android app on our smartphone also we get live
reading of speed, temperature, and vibration.
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1. INTRODUCTION

Induction motors are the backbone of modern electrical and mechanical systems, especially in industrial, agricultural, and domestic sectors. Among them,
single phase induction motors are widely used due to their simple design, low cost, and robustness. Despite their advantages, these motors are vulnerable
to various operational risks such as overheating, voltage fluctuations, current overload, and mechanical vibrations, which can reduce motor life and
cause system failure. Ensuring their safe operation is crucial for avoiding production losses, equipment damage, and hazardous incidents.

To tackle these challenges, this project presents a Single Phase Induction Motor Protection System with integrated motor control and fault detection
capabilities. The system is built around an Arduino microcontroller that interacts with a set of sensors and modules to monitor key parameters including
motor speed (RPM), temperature, vibration, voltage, and current. A Hall Effect sensor is used for speed measurement, while temperature and
vibration sensors provide real-time feedback on motor health. If any of the parameters exceed the predefined safety limits, the system takes preventive
action by automatically switching off the motor, thus protecting it from damage.

Furthermore, the project incorporates Bluetooth-based wireless communication, allowing users to control the motor’s speed and monitor its status
remotely via an Android smartphone. All sensor data is displayed on a 16x2 LCD display, making the system user-friendly and highly accessible. This
not only reduces the need for constant manual supervision but also ensures efficient preventive maintenance. The integration of components like relays,
potentiometers, and voltage/current sensors further enhances the system’s reliability.

Overall, this system is a smart and cost-effective solution for monitoring and safeguarding single phase induction motors, especially in automated
industrial environments. It ensures operational stability, increases motor longevity, and minimizes the risk of unexpected breakdowns.
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2. LITERATURE SURVEY

The protection and monitoring of induction motors have been an important area of research and development in recent years, particularly due to their
widespread use in industrial and domestic applications. Various studies have focused on improving motor efficiency and implementing safety mechanisms
to prevent motor damage due to overheating, overloading, voltage imbalance, and mechanical faults.

In a study by R. Patel et al. (2017), the researchers developed a microcontroller-based motor protection system that could detect overvoltage and
overcurrent conditions, triggering a relay to disconnect the motor during abnormal operations. Their system was primarily hardware-based and lacked
wireless communication or remote monitoring capabilities.

Another research project by S. Kumar and P. Roy (2018) introduced a GSM-based motor protection system, where SMS alerts were sent to users in
case of faults such as temperature rise or overloads. While this improved fault awareness, it lacked real-time data visualization and manual control through
smartphones.

More recently, M. Singh et al. (2020) implemented a Wi-Fi-enabled smart motor monitoring system using NodeMCU and loT platforms, which
allowed for cloud-based data logging and analysis. However, the system required an active internet connection, which may not be suitable for all
environments, especially in rural or industrial areas with limited connectivity.

The existing systems largely focus on either motor protection or motor control, but few combine both in a cost-effective and accessible manner.
Additionally, many earlier solutions lacked user-friendly interfaces or mobile integration, making them less practical for operators without technical
expertise.

This project bridges the gap by proposing a Bluetooth-enabled motor protection system that combines speed control, fault detection (for temperature
and vibration), and real-time feedback via LCD display and Android app. The use of Arduino, along with affordable sensors and modules, ensures the
system is both reliable and economical, making it suitable for small-scale industries, workshops, and educational applications.

3. PROBLEM STATEMENT

Single phase induction motors are extensively used in domestic appliances, small-scale industries, and agricultural equipment due to their simplicity,
affordability, and ease of operation. However, these motors are often subjected to operational risks such as overheating, excessive vibration, voltage
and current fluctuations, and overloading. These issues, if not detected and managed promptly, can lead to motor failure, equipment damage,
increased maintenance costs, and production downtime.

Traditional motor protection methods are either manual or limited to basic overload protection, lacking real-time monitoring and automated control.
Moreover, existing systems rarely provide remote accessibility or user-friendly interfaces, making it difficult for non-technical users to operate and
monitor motor conditions effectively.

Therefore, there is a need for a cost-effective, automated, and reliable protection system that can not only monitor vital motor parameters like
temperature, vibration, and speed (RPM) in real-time but also provide remote control functionality using a smartphone application. The system
should be capable of taking preventive actions such as auto shut-off during abnormal conditions to prevent damage and enhance motor life.

4. METHODOLOGY

The development of the Single Phase Induction Motor Protection System follows a systematic approach combining both hardware and software
components to achieve efficient motor control and protection. At the core of the system is an Arduino microcontroller, which processes inputs from
multiple sensors and controls the output mechanisms. A Hall Effect sensor is used to measure the motor's speed (RPM), while a temperature sensor
and a vibration sensor continuously monitor the motor's physical condition during operation. To ensure electrical safety, voltage and current sensors
are also integrated to track real-time power conditions. All sensor data is displayed on a 16x2 LCD screen, giving the user a live view of motor status.
The system includes a Bluetooth module (HC-05), which connects to an Android smartphone app, enabling users to control motor speed and receive
updates wirelessly. The motor can be started or stopped remotely, and any abnormal condition—such as overheating or excessive vibration—triggers the
relay module to automatically shut off the motor, preventing damage. A 100k potentiometer is also used for manual speed control during initial testing
and calibration. Once assembled, the entire setup is tested under various stress conditions to fine-tune sensor thresholds and ensure accurate fault detection.
This methodology ensures the motor operates safely, efficiently, and can be controlled and monitored with ease in real-time.
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Fig. Single Phase Induction Motor Protection System

5. Advantages

e Remote control via Bluetooth

e Motor protection using sensors

e Automatic shutdown on fault detection
¢ Real-time monitoring of parameters

o Efficient motor management

o Cost-effective solution

6. Applications

Industrial motor control systems
Home automation involving induction motors

Motor testing labs

HVAC systems

Agricultural motor operations
Small-scale manufacturing units
Smart factory setups

Educational and training projects
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7. Conclusion

The Single Phase Induction Motor Protection System successfully integrates automation, safety, and real-time control into a compact and affordable
package. By employing sensors to continuously monitor critical parameters like temperature, vibration, and speed, the system ensures optimal operating
conditions for the motor. The inclusion of Bluetooth-based control through a smartphone app introduces convenience and flexibility, allowing users to
operate and monitor the motor remotely.

This system not only prevents motor damage due to overheating or excessive vibration but also enhances operational efficiency by minimizing unplanned
downtime. The automatic shutdown feature adds a critical layer of protection, making it especially valuable in industrial and agricultural environments
where motor failure can lead to significant losses.

Additionally, the use of low-cost and easily accessible components such as Arduino, LCD displays, and sensors makes this project both practical and
scalable for various applications. It also serves as an excellent educational tool for students and hobbyists to learn about motor control systems, sensor
integration, and embedded programming.

In summary, the system represents a reliable, user-friendly, and cost-efficient solution for the control and protection of single-phase induction motors,
with great potential for adaptation and expansion in future smart automation systems.
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