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Abstract: The increasing reliance on Brushless DC (BLDC) motors in industrial automation, electric
vehicles, and home appliances necessitates reliable and real-time fault detection systems to prevent
operational failures and enhance performance. This project presents an advanced fault detection and
identification (FDI) system for BLDC motors utilizing Internet of Things (IoT) technology. The proposed
system integrates real-time data acquisition from various motor parameters such as current, voltage,
temperature, and vibration through embedded sensors. These data are transmitted to a cloud-based
platform via IoT modules for continuous monitoring and analysis.Using intelligent algorithms and machine
learning models, the system can identify and classify common faults including bearing faults, phase
imbalances, winding faults, and rotor misalignments. Alerts and diagnostic reports are generated instantly,
enabling predictive maintenance and reducing downtime. The system’s scalability and remote access
capabilities provide a cost-effective and efficient solution for modern motor management. Experimental
results demonstrate high accuracy in fault classification and early detection capabilities, making this
approach a robust solution for intelligent motor health monitoring. The growing adoption of Brushless DC
(BLDC) motors in a wide array of applications—including electric vehicles, robotics, HVAC systems, and
industrial automation—demands reliable fault detection mechanisms to ensure operational efficiency,
safety, and extended motor lifespan. Traditional fault detection methods often fall short due to limited real-
time data availability and delayed responses. This project introduces an Advanced Fault Detection and
Identification (FDI) system for BLDC motors using Internet of Things (IoT) technologies to overcome these
limitations.
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L. INTRODUCTION
Fault detection in DC brushless motors (BLDC) is a critical task that ensures the reliable and efficient operation of
various applications, including electric vehicles, drones, and industrial machinery. Anomalies in BLDC motors can lead
to performance degradation, energy loss, premature wear, and even catastrophic failures. These failures can have
significant consequences, ranging from inconvenience and downtime to safety hazards and financial losses. Therefore,
developing robust and effective fault detection systems is essential to maintain the integrity and reliability of BLDC
motor-driven systems.
BLDC motors are highly efficient and reliable, but they are not immune to faults. Common faults in BLDC motors
include short circuits, overloads, phase imbalance, overheating, bearing failures, and misalignment. These faults can be
caused by various factors, such as manufacturing defects, improper installation, excessive loads, environmental
conditions, or normal wear and tear.
Detecting faults in BLDC motors early can help to prevent more serious problems and reduce downtime. It can also
help to improve the overall efficiency and reliability of the system. There are a number of different methods that can be
used to detect faults in BLDC motors, including monitoring the motor's current, temperature, vibration, and noise.
Current monitoring is one of the most common methods of fault detection in BLDC motors. By monitoring the motor's
current draw, it is possible to detect short circuits, overloads, and phase imbalance. Temperature monitoring is another
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important method of fault detection. By monitoring the motor's temperature, it is possible to detect overheating, which
can be a sign of a mechanical problem or a short circuit. Vibration monitoring is also a useful method of fault detection.
By monitoring the motor's vibration, it is possible to detect bearing failures and misalignment. Noise monitoring is a
less common method of fault detection, but it can be used to detect bearing failures and other mechanical problems.

II. LITERATURE SURVEY
A Simple and Efficient Current-Based Method for Interturn Fault Detection in BLDC Motors:
This paper provides a tutorial on induction motors signature analysis as a tool for fault detection. It focuses on motor
current signature analysis, which uses spectral analysis of stator current. The paper is written without "state-of-the-art"
terminology, aiming to benefit practicing engineers who may not be familiar with signal processing. It aims to
introduce the fundamental theory, main results, and practical applications of motor signature analysis for detecting
abnormal electrical and mechanical conditions that may lead to induction motor failure.

Fault Detection and Diagnosis of Winding Short in BLDC Motors Based on Fuzzy Similarity:

The turn-to-turn short is a common fault in brushless DC motors (BLDC) and can occur frequently. To detect winding
faults, several methods have been applied, focusing on current signals. In this study, current sensors were installed to
measure signals for fault detection of BLDC motors. Park's vector method was used to extract features and isolate faults
from the current measured by sensors. This method considers three-phase current values, making it useful to detect
features from one-phase and three-phase faults.After extracting two-dimensional features, the final feature was
generated using the two-dimensional values using the distance equation. Fuzzy similarity was applied to isolate the
faults, which can be used without model generation and convert the fault into a percentage value that can be considered
as a possibility of the fault. Fuzzy similarity is an available tool to diagnose the fault without model.

A Simple and Efficient Current-Based Method for Interturn Fault Detection in BLDC Motors

This article introduces a simple and efficient method to detect interturn faults in Brushless Direct Current (BLDC)
motors based on one modal current and four different simple indices. The modal current is derived by proper linear
mixing of measured three-phase currents, leading to an asymmetrical condition. Three main indices, including moving
mean, variance, and signal energy, are obtained in parallel after the initial processing of the modal current. An auxiliary
correlation-based index is suggested to enhance the method for discrimination of faulty conditions from healthy ones.
The fault detection is made by passing at least two main indices (out of three indices), and also an auxiliary index from
a predefined threshold.

Multiple Sensor Fault Detection Algorithm for Fault Tolerant Control of BLDC Motor:

The paper proposes a direct redundancy-based fault tolerant control system (FTCS) for the operation of a brushless DC
(BLDC) motor in case of multiple sensor failures. The proposed method expands on previous work that dealt with the
failure of a single Hall-effect sensor. A novel algorithm and experimental scheme are developed, allowing the FTCS to
deal with the failure of up to two Hall-effect sensors.

Application of model-based fault detection to a brushless DC motor

This paper presents a parameter estimation technique for fault detection on brushless DC motors, focusing on square-
wave motors. The method uses input and output signals to estimate motor parameters, based on a mathematical model.
The method can be implemented on low-cost microcontroller-based control units by measuring power inverter supply
voltage, DC current, and motor angular velocity. The parameter estimation technique provides information about
electrical resistance, back-EMF constant, and mechanical parameters. Faults can be detected by comparing nominal
with computed parameters. The approach can be applied to both end-of-line and online fault detection. Results from
simulated data demonstrate the procedure's capabilities, and a real-world application is provided.
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II1. PROPOSED SYSTEM
3.1 Block Diagram
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Fig.1 Block Diagram

ADVANCED FAULT DETECTION AND IDENTIFICATION IN BRUSHLESS DC MOTOR USING IOT

The objective of this project is to develop a robust system capable of accurately detecting and diagnosing various faults
that can occur in a DC brushless DC (BLDC) motor. The system will leverage the capabilities of an ESP32
microcontroller, which will efficiently collect and process data from current, temperature, and vibration sensors. This
data will be analyzed using a sophisticated fault detection algorithm, enabling the system to identify potential issues in
the motor's operation with high precision.

3.2 Description of Each Component
3.2.1 BLDC Motor:
e Converts electrical energy into mechanical energy.
e The core component whose health is being monitored.
Current Sensor:
e  Measures the electrical current flowing through the motor.
e Provides information about the motor's load and potential overload conditions.

3.2.2 Temperature Sensor:

e  Measures the temperature of the motor or its surroundings.

e Helps detect overheating, which can lead to motor failure.
Vibration Sensor:

e  Measures vibrations generated by the motor.

e  Can detect mechanical issues like bearing wear or imbalance.

3.2.3 ESP32 Microcontroller:
e  The brain of the system.
e Reads sensor data, processes it, and makes decisions.

e Communicates with the Blynk cloud and the LCD display.
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e  Fault Detection Algorithm:
e Analyzes sensor data to identify potential faults.
e  Compares sensor readings to predefined thresholds or uses more advanced techniques like machine learning.

3.2.4 Relay:
e  Controls the power supply to the motor.
e (Can be activated to turn off the motor in case of critical faults.

3.2.5 LCD Display:
e Displays sensor readings, fault alerts, and other information locally.

3.2.6 Blynk Cloud:
e Enables remote monitoring and control of the system.
e Receives sensor data and fault alerts from the ESP32.
e Provides a user-friendly interface for viewing and analyzing data

3.3 Pin Diagram
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Here's a breakdown of the pin connections in the provided diagram:
ESP32 Microcontroller:
e SCL and SDA: These pins are connected to the 12C interface of the 16x2 LCD display. 12C is a serial
communication protocol used to communicate with multiple devices on a single bus.
e D22: This pin is likely connected to the control pin of the 5V relay module. It can be used to switch the relay
on or off, thereby controlling the power supply to the BLDC motor.
e D21: This pin might be used for additional functionalities like indicating fault conditions or other system
states.
e D2, D5, D32, D35: These pins are likely connected to the analog or digital input pins of the ESP32. They
could be used to read sensor data from the current sensor, vibration sensor, and temperature sensor.

3.4 Sensors
3.4.1 Current Sensor:
e VCC and GND: These pins provide power to the current sensor.
e OUT: This pin outputs an analog voltage proportional to the current flowing through the motor.
e AO: This pin is likely connected to an analog input pin of the ESP32 to read the current sensor's output.
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3.4.2 Vibration Sensor:
e VCC and GND: These pins provide power to the vibration sensor.
e OUT: This pin outputs an analog voltage proportional to the vibration amplitude.
e AO: This pin is likely connected to an analog input pin of the ESP32 to read the vibration sensor's output.

3.4.3 DS18B20 Temperature Sensor:
e Data Pin: This pin is connected to a digital input pin of the ESP32. The DS18B20 communicates with the
microcontroller using a 1-Wire protocol.
e VCC and GND: These pins provide power to the temperature sensor.

3.4.4 16x2 LCD Display:
e SCL and SDA: These pins are connected to the 12C interface of the ESP32.
e VCC and GND: These pins provide power to the LCD display.

3.4.5 5V Relay Module:
e IN: This pin is connected to the D22 pin of the ESP32. When this pin is high, the relay is activated.
e  VCC and GND: These pins provide power to the relay module.
e NO and NC: These are the normally open and normally closed contacts of the relay, respectively. The NO
contact can be used to control the power supply to the BLDC motor.

IV. METHODOLOGY

4.1 Circuit Diagram

Fig. Circuit Diagram
The efficiency and reliability of Brushless Direct Current (BLDC) motors are paramount, especially in applications
demanding precise control and longevity. Identifying potential faults early is critical to maintaining optimal
performance and preventing premature failures. This methodology introduces sophisticated fault detection system
utilizing a combination of hardware components and software algorithms to monitor and adjust the operational
parameters of BLDC motors in real time.

Fault Detection Algorithm:
Implement a suitable algorithm to analyze the sensor data and detect potential faults.
e  Current-based faults: Monitor for excessive current draw, which might indicate short circuits, overloads, or
phase imbalance.
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e Temperature-based faults: Detect overheating, which could lead to insulation breakdown or motor damage.
e Vibration-based faults: Analyze vibration patterns to identify bearing wear, misalignment, or rotor imbalance.
e Combination of factors: Consider multiple parameters to improve fault detection accuracy.

V. CONCLUSION & FUTURE SCOPE
5.1 Conclusion
This system offers a comprehensive solution for monitoring the health of a DC BLDC motor. By combining the power
of the ESP32 microcontroller, various sensors, and a fault detection algorithm, it provides a reliable and efficient means
of preventing unexpected failures. The integration with Blynk enables real-time monitoring and remote access, making
it a valuable tool for maintenance and troubleshooting.

5.2 Future Scope:

Advanced fault detection algorithms: Explore more sophisticated machine learning algorithms for improved fault
detection accuracy. Predictive maintenance: Utilize data analytics to predict potential failures and schedule preventive
maintenance. Integration with other systems: Integrate the system with other IoT devices or control systems for
comprehensive monitoring and control. Wireless communication: Explore alternative wireless communication
technologies for improved connectivity and range. Energy efficiency: Optimize the system's power consumption to
reduce energy costs. Customization: Allow for customization of the system to meet specific motor types and operating
conditions.
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