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Abstract: This paper presents the design and implementation of a solar-powered, digitally protected
single-phase induction motor control system using Pulse Width Modulation (PWM) technology. The
proposed system integrates renewable energy with intelligent monitoring and protection mechanisms to
enhance operational efficiency, safety, and reliability. A 12V, 10W solar panel is employed to charge a
12V, 5Ah rechargeable battery, providing a sustainable power source for motor operation. An Arduino
Nano-based microcontroller unit forms the core of the control architecture. Linear speed control of the
single-phase induction motor is achieved through PWM techniques, enabling efficient and precise
regulation of motor performance. The system incorporates real-time monitoring of critical parameters,
including motor body temperature and battery voltage. An LM35 temperature sensor continuously
measures the motor temperature, which is displayed on an LCD interface. Automatic shutdown is
triggered when the temperature exceeds 50°C to prevent thermal damage. Similarly, the battery voltage
is monitored, and the motor supply is disconnected if the voltage falls below 9V, thereby protecting the
system from deep discharge conditions. To enhance usability and operational awareness, the system
integrates Wi-Fi-based communication for remote monitoring and notification through a mobile device.
The proposed model demonstrates a comprehensive approach that combines renewable energy
utilization, digital protection, and remote supervisory control. The results indicate improved
sustainability, enhanced safety, and reliable motor operation, making the system suitable for industrial
and commercial applications. This work highlights the potential of intelligent, energy-efficient motor
control solutions for modern engineering systems.

Keywords: Digital Protection, Remote Monitoring, Pulse Width Modulation, Solar Powered Battery,
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L. INTRODUCTION
The growing demand for sustainable and reliable energy solutions has significantly increased the adoption of renewable
energy sources, particularly solar photovoltaic (PV) systems. Solar energy offers an environmentally friendly and
abundant source of power that can be effectively utilized for driving electrical loads such as induction motors in
agricultural, industrial, and remote applications. Induction motors are widely used due to their robust construction, low
maintenance requirements, and high reliability. However, when powered by solar energy, variations in solar irradiance
and environmental conditions can lead to fluctuations in voltage and current, which may affect motor performance and
safety. To ensure efficient operation and longevity of solar-powered induction motors, continuous monitoring and
effective protection mechanisms are essential. Traditional monitoring systems often require manual supervision and
lack real-time accessibility, making fault detection and system management more difficult. With the advancement of
Internet of Things (IoT) technologies, wireless communication platforms such as Wi Fi have become effective tools for
remote monitoring and intelligent control of electrical systems. A Wi Fi-enabled monitoring and control system allows
real-time observation of key motor parameters such as voltage, current, temperature, and operational status through
internet-connected devices. This enables operators to detect abnormal conditions, implement protective measures, and
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control the motor remotely when necessary. Additionally, integrated protection features such as overcurrent,
overvoltage, and overheating safeguards help prevent equipment damage and improve system reliability.

II. SYSTEM ARCHITECTURE

The proposed system architecture for WiFi Enabled Monitoring, Control and Protection of Solar Fed Induction Motor
integrates renewable energy generation, motor drive systems, sensing modules, embedded processing, and wireless
communication to ensure reliable operation and remote accessibility. The architecture is designed to enable real-time
monitoring of motor parameters, remote control, and automatic protection under abnormal operating conditions. During
normal operation, the solar PV panel generates DC power that is converted to AC by the inverter to drive the induction
motor. Sensors continuously measure system parameters and send the data to the ESP8266 module. The module
processes the information and transmits it via WiFi to the remote monitoring platform. If abnormal conditions occur,
the protection system automatically isolates the motor and sends an alert to the user. This architecture improves system
reliability, enables remote supervision, and enhances the safety of solar-powered motor systems.
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Fig.01 Block Diagram of Control and Protection of Wifi Enabled Monitoring, Solar Fed Induction Motor

IV. CIRCUIT LAYOUT
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Fig.03 Block Diagram of Wifi Enabled Monitoring, Control and Protection of Solar Fed Induction Motor-Part-02

V. PROPOSED SYSTEM

Fig05: Prototype turned off automatically due to low voltage
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Fig07: Output shown in the mobile via wifi showing temperature and voltage
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Fig08: Output shown in the mobile via wifi showing temperature and low voltage alert

Copyright to IJARSCT
www.ijarsct.co.in

206




¥

xx International Journal of Advanced Research in Science, Communication and Technology

IJARSCT

IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal FiEp 0O
ISSN: 2581-9429 Volume 6, Issue 9, March 2026 Impact Factor: 8.2

439 -

Controller
Device not connected

[ B =
Slider 1 Edit
-
Slider 2 FEdit
-
Shider 3 Edit
-

Bin 16 Btn 17 Bin 18 Bin 19 Btn 20

Received Data:
VOITAGE:-10.34V
TEMPERATURE:51C
ALERTIHIGH TEMPERATURE!NIN
VOLTAGE:10.27V
TEMPERATURE:51C
ALERTIHIGH TEMPERATURE!H!
VOLTAGE:10.37V

VOLTAGE:10.37V
TEMPERATURE:46C
VOLTAGE:10.37V
TEMPERATURE:47C
VOLTAGE:10.37V

VOLTAGE10.37V
TEMPFERATURF:45C

Fig09: Output shown in the mobile via wifi showing high temperature alert and voltage

VI. RESULTS AND DISCUSSION

The experimental results demonstrate that the proposed system provides an effective solution for intelligent monitoring
and protection of solar-fed induction motors. The integration of renewable energy with loT- based monitoring enhances
operational efficiency and improves system reliability. The ESP8266 module provides a low-cost and efficient
communication platform for implementing real-time monitoring and remote control functions. The proposed
architecture is particularly suitable for rural and off-grid applications where solar-powered motor systems are widely
used. By enabling remote supervision and automatic protection, the system reduces maintenance effort and improves
the overall safety of motor operations.

VII. FUTURE SCOPE
The proposed system can be further enhanced by integrating cloud-based IoT platforms for data storage, analysis, and
predictive maintenance. The use of Maximum Power Point Tracking (MPPT) techniques can improve solar energy
utilization and system efficiency. Additional sensors such as vibration and speed sensors can be incorporated for
advanced motor health monitoring. A mobile application interface can also be developed for easier user interaction and
real-time alerts. Furthermore, the system can be expanded for large-scale smart agriculture and industrial motor control
applications.

VIII. CONCLUSION
The developed system demonstrates an effective approach for monitoring, controlling, and protecting an induction
motor powered by solar energy using a WiFi-based communication platform. The architecture integrates solar power
generation, sensing circuits, embedded control, and wireless communication to enable real-time observation of key
operational parameters. The monitoring system allows users to access motor status and electrical measurements
remotely, improving system visibility and operational convenience.
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