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Abstract: Induction motors are extensively used in industrial and domestic applications due to their simplicity, reliability, and 
efficiency. However, these motors are vulnerable to faults such as over-voltage, under-voltage, over-current, and overheating, 
which can lead to severe damage and reduced lifespan if not detected promptly. This project presents a smart system for fault 
detection and protection of an induction motor using an ESP32-based IoT platform. 
The proposed system continuously monitors important parameters such as voltage, current, and temperature using sensors like 
ZMPT101B, ACS712, and DS18B20. The ESP32 microcontroller processes these parameters and compares them with 
predefined threshold limits to identify abnormal conditions. When a fault is detected, the system automatically disconnects the 
motor through a relay, thereby ensuring protection. 
In addition, the system enables real-time monitoring and control using the Blynk IoT platform, allowing users to view data and 
receive alerts remotely. An LCD display is used for local monitoring of parameters and system status. The system is cost-effective, 
reliable, and enhances the safety and lifespan of the induction motor. 
Keywords: Induction Motor, Motor Protection, ESP32, Internet of Things (IoT), ACS712, ZMPT101B, DS18B20, Blynk, Relay 
Control. 
 

I. INTRODUCTION 
Induction motors are one of the most widely used electrical machines in industrial, commercial, and domestic applications due to 
their simple construction, ruggedness, high efficiency, and low maintenance requirements. They are commonly used in pumps, fans, 
compressors, and various automated systems. Despite their advantages, induction motors are highly susceptible to faults such as 
over-voltage, under-voltage, over-current, overheating, and phase imbalances. These faults can lead to reduced efficiency, 
unexpected shutdowns, and even permanent damage to the motor if not detected and addressed in a timely manner. 
Traditional motor protection methods rely on electromechanical relays and circuit breakers, which offer limited functionality and 
lack real-time monitoring capabilities. With the advancement of embedded systems and the Internet of Things (IoT), it has become 
possible to develop intelligent and automated protection systems that can monitor motor parameters continuously and respond 
instantly to abnormal conditions. 
This research focuses on the design and implementation of a smart fault detection and protection system for an induction motor 
using the ESP32 microcontroller. The system utilizes sensors such as ACS712 for current measurement, ZMPT101B for voltage 
sensing, and DS18B20 for temperature monitoring. These parameters are continuously analyzed and compared against predefined 
threshold values to detect fault conditions. 
Furthermore, the integration of IoT technology through the Blynk platform enables remote monitoring and control of the motor 
system. Users can view real-time data, receive alerts, and control the motor from anywhere. The proposed system enhances 
reliability, reduces maintenance costs, and ensures efficient and safe operation of induction motors. 
Thus, this work aims to provide a cost-effective, real-time, and intelligent solution for fault detection and protection of induction 
motors, suitable for modern industrial and smart applications. 
 
A. Motivation 
Induction motors are widely used in industrial and domestic applications such as manufacturing, pumping systems, and automation. 
Despite their reliability, they are prone to faults like over-voltage, under-voltage, over-current, and overheating, which can cause 
serious damage, downtime, and increased maintenance costs if not detected early. 
Traditional protection systems lack real-time monitoring and remote accessibility, often identifying faults only after significant 
damage. This project is motivated by the need to develop a smart, cost-effective system using ESP32 and IoT technology for real-
time fault detection and protection, improving safety, efficiency, and motor lifespan. 
 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 14 Issue VI June 2026- Available at www.ijraset.com 
     

 
1380 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

II. OBJECTIVES 
The primary objective of this project is to design and implement an efficient system for fault detection and protection of an 
induction motor using an ESP32-based IoT platform. The specific objectives are as follows: 
1) To continuously monitor key electrical parameters such as voltage, current, and temperature of the induction motor using 

appropriate sensors. 
2) To detect abnormal operating conditions such as over-voltage, under-voltage, over-current, and overheating by comparing 

measured values with predefined threshold limits. 
3) To develop an automatic protection mechanism that disconnects the motor using a relay when any fault condition is detected. 
4) To implement real-time monitoring of motor parameters using an IoT platform (Blynk), enabling remote access and control. 
5) To display real-time data locally using an LCD for easy visualization of system status. 
6) To design a cost-effective, reliable, and user-friendly system suitable for industrial and domestic applications. 
7) To enhance the safety, efficiency, and lifespan of the induction motor by preventing damage due to fault conditions. 
The overall objective is to provide a smart and automated solution for reliable motor protection and monitoring in modern electrical 
systems. 
 

III. LITERATURE REVIEW 
The protection of induction motors is essential for improving reliability, efficiency, and lifespan of electrical systems. Various 
research works have been carried out on fault detection and protection of induction motors using conventional and modern 
techniques. 
[1] Makwana A. and Patel R. presented a system for monitoring induction motor parameters using microcontroller-based techniques. 
The study focused on detecting faults such as over-current and overheating, improving the safety and reliability of motor operation. 
[2] Vikas Gupta proposed a protection system using sensors for measuring voltage, current, and temperature of induction motors. 
The system compares real-time data with predefined limits to detect abnormal conditions and disconnect the motor during faults. 
[3] S. Ramesh and P. Nagarajan developed an embedded system for induction motor protection using microcontrollers. Their work 
emphasizes continuous monitoring and automatic tripping mechanisms to prevent motor damage. 
[4] Renu Sharma studied the performance of electrical systems under varying load conditions and highlighted the importance of 
load monitoring in preventing motor failures due to overloading and voltage fluctuations. 
[5] Getachew Bekele implemented a monitoring system using simulation tools to analyze electrical parameters and improve system 
reliability. The study shows that real-time monitoring plays a crucial role in fault detection. 
[6] Y.M. Irwan proposed advanced techniques integrating sensors and control systems to enhance system efficiency and protection. 
The research highlights the importance of modern technologies in improving fault detection accuracy. 
From the above studies, it is observed that most systems focus on parameter monitoring and basic protection mechanisms. However, 
many lack real-time remote monitoring and user-friendly interfaces. Therefore, there is a need for an advanced system that 
integrates IoT technology with sensor-based monitoring to provide real-time data, remote control, and automatic protection. The 
proposed system addresses these limitations by using ESP32, sensors, and the Blynk platform for efficient fault detection and 
protection of induction motors. 
 

IV. ANALYSIS AND DESIGN APPROACH 
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The proposed system for fault detection and protection of an induction motor is designed to continuously monitor key electrical 
parameters such as voltage, current, and temperature, and to take necessary protective actions under abnormal conditions. The 
system integrates sensors, a microcontroller, and an IoT platform to achieve real-time monitoring and control. 
 
A. System Analysis 
Induction motors are prone to various faults including over-voltage, under-voltage, over-current, and overheating. These faults can 
lead to insulation failure, reduced efficiency, and permanent damage if not detected in time. Therefore, it is essential to continuously 
monitor the operating parameters of the motor. In this system, voltage is measured using the ZMPT101B voltage sensor, current is 
measured using the ACS712 current sensor, and temperature is measured using the DS18B20 temperature sensor. The ESP32 
microcontroller reads the sensor data and compares it with predefined threshold values. If any parameter exceeds safe limits, it is 
considered a fault condition. 
 
B. System Design 
The system is designed using the ESP32 microcontroller as the central processing unit responsible for data acquisition, processing, 
and communication. Sensors such as ZMPT101B, ACS712, and DS18B20 are used to measure voltage, current, and temperature 
respectively. A relay module is used to disconnect the motor during fault conditions. An LCD display is used to show real-time 
values of voltage, current, and temperature. The IoT platform Blynk is used for remote monitoring and control of the system. 
 
C. Working Principle 
The system operates by continuously measuring voltage, current, and temperature of the motor using sensors. The ESP32 processes 
the sensor data and compares it with predefined threshold values. If any parameter exceeds its limit, a fault is detected and the relay 
is turned OFF to disconnect the motor. If all parameters are within safe limits, the relay remains ON and the motor operates 
normally. The measured data is displayed on the LCD and transmitted to the Blynk application for remote monitoring. Users can 
also manually control the relay using the Blynk app. 
 
D. Design Considerations 
Accurate calibration of sensors is necessary for reliable measurement. Proper isolation and protection circuits are required to ensure 
safety. Real-time data transmission is implemented for quick response. The system is designed to be cost-effective, reliable, and 
easy to implement. Thus, the proposed design provides an efficient, reliable, and intelligent solution for fault detection and 
protection of induction motor using modern IoT technology. 

V. PROPOSED CALCULATION 
The proposed system monitors induction motor operating parameters such as voltage, current, and temperature using dedicated 
sensors interfaced with the ESP32 microcontroller. The acquired sensor data are processed to detect abnormal operating conditions 
and activate the protection mechanism. 
 
A. Voltage Calculation 
The AC supply voltage is measured using the ZMPT101B voltage sensor. The ESP32 acquires multiple analog samples from the 
sensor through its 12-bit ADC. Each ADC reading is converted into sensor voltage using: 
[ V_s=\frac{\text{ADC Value}\times 3.3}{4095} ] 
To determine the effective AC voltage, the Root Mean Square (RMS) value of the sampled sensor output is calculated as: 
[V_{RMS}=\sqrt{\frac{\sum_{i=1}^{N}V_{s_i}^{2}}{N}}] 
where (N) is the total number of samples (200 samples in this work). 
The actual line voltage is obtained using a calibration factor: 
[ V=V_{RMS}\times K_v ] 
where (K_v) is the voltage calibration factor (95 in the proposed system). Voltages below 50 V are treated as zero to eliminate noise. 

 
B. Current Calculation 
The motor current is measured using the ACS712 Hall-effect current sensor. Current measurement is performed only when the 
motor is in the ON state. 
First, the sensor offset is determined by averaging the ADC readings: 
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[ V_{offset}=\frac{\sum_{i=1}^{N}ADC_i}{N} ] 
where (N=500) samples. 
The sensor voltage corresponding to each sample is then obtained as: 
[ V_i=(ADC_i-V_{offset})\times\frac{3.3}{4095} ] 
The RMS sensor voltage is calculated using: 
[ V_{RMS}=\sqrt{\frac{\sum_{i=1}^{N}V_i^2}{N}} ] 
The motor current is finally obtained as: 
[ I=\frac{V_{RMS}}{S} ] 
where (S) is the sensitivity of the ACS712 sensor. For the ACS712-20A module, the sensitivity is 0.1 V/A (100 mV/A). Current 
values below 0.1 A are considered as noise and set to zero. 
 
C. Temperature Calculation 
The motor temperature is measured using the DS18B20 digital temperature sensor. The sensor directly provides the temperature 
value in degree Celsius through the One-Wire communication protocol: 
[ T=T_{sensor} ] 
where (T) represents the measured temperature in °C. Invalid temperature readings outside the range of 0–60 °C are discarded. 
 
D. Fault Detection Logic 
The measured parameters are continuously compared with predefined threshold limits. A fault condition is detected if any of the 
following conditions occur: 

 Over-voltage condition: 
[ V > 250,V ] 

 Under-voltage condition: 
[ V < 180,V ] 

 Over-current condition: 
[ I > 2,A ] 

 Over-temperature condition: 
[ T > 60,°C ] 

When any fault is detected, the ESP32 deactivates the relay to disconnect the induction motor and updates the monitoring interface. 
 
E. Averaging and Noise Reduction 
To improve measurement stability and reduce the effect of noise, multiple sensor samples are acquired and processed using 
averaging and RMS techniques. The averaging operation is expressed as: 
[ \text{Average}=\frac{\sum_{i=1}^{N}X_i}{N} ] 
where (X_i) represents individual samples. The use of RMS calculations and offset compensation ensures accurate and reliable 
monitoring of voltage, current, and temperature for effective induction motor protection. 
 

VI. RESULT 
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VII. ADVANTAGES 
1) Provides real-time monitoring of voltage, current, and temperature. 
2) Enables automatic fault detection and protection of the motor. 
3) Prevents damage and increases the lifespan of the induction motor. 
4) Supports remote monitoring and control using IoT (Blynk). 
5) Offers fast response to abnormal conditions. 
 

VIII. APPLICATIONS 
1) Industrial motor protection in manufacturing plants. 
2) Water pumping systems in agriculture and irrigation. 
3) HVAC (heating, ventilation, and air conditioning) systems. 
4) Automation and control systems in industries. 
5) Domestic appliances using induction motors. 

IX. CONCLUSION 
The proposed system provides an efficient and reliable solution for fault detection and protection of induction motor by 
continuously monitoring key parameters such as voltage, current, and temperature. By integrating sensors with the ESP32 
microcontroller and IoT technology, the system enables real-time monitoring, automatic fault detection, and remote control through 
the Blynk platform. The use of a relay ensures immediate disconnection of the motor during abnormal conditions, thereby 
preventing damage and enhancing safety. Overall, the system is cost-effective, easy to implement, and significantly improves the 
performance, reliability, and lifespan of induction motors. 
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