(/ | IJARSCT

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

IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal
ISSN: 2581-9429

Volume 6, Issue 6, March 2026 Impact Factor: 8.2

Smart IOT Based Transformer and Distribution
Panel Health Monitoring

Bairagi Bhavana Sunil, Aandhale Aarti Balu, Avhad Anuja Dnyaneshwar, Prof. Pathak J. G.
Department of Electronics and Telecommunication
Amrutvahini Sheti and shikshan Vikas Sanstha's Amrutvahini Polytechnic, Sangamner, Ahmadnagar, Maharashtra
Affiliated to MSBTE, Mumbai approved by AICTE, IT, Mechanical, Computer,E&TC Programme Accredited by NBA

Abstract: The continuous and reliable operation of power systems is crucial for industrial, commercial,
and residential applications. Transformers and distribution panels play a vital role in ensuring
uninterrupted power delivery. However, failures in these components can lead to significant economic
losses, safety hazards, and system downtime. This paper presents a comprehensive Smart Internet of
Things (IoT)-based monitoring system designed to track the health and performance of transformers and
distribution panels in real time. The system utilizes various sensors to monitor parameters such as
temperature, oil level, voltage, current, humidity, and fault conditions. Data is transmitted to a cloud-
based platform for storage, visualization, and predictive analysis. The system enables early fault
detection, reduces maintenance costs, and enhances operational efficiency. The proposed model is
scalable, cost-effective, and suitable for modern smart grid infrastructure
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I. INTRODUCTION
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Electric power systems are the backbone of modern infrastructure, supporting industries, healthcare, transportation, and
residential needs. Among the key components of these systems are transformers and distribution panels, which ensure
proper voltage regulation and power distribution.

Transformers are responsible for stepping up or stepping down voltage levels, while distribution panels manage and

distribute electrical power to various loads. Any malfunction in these components can d1srupt the entire power supply
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chain. Traditional maintenance techniques, such as manual inspection and scheduled servicing, are often inefficient and
may fail to detect early-stage faults.
The emergence of IoT technology has revolutionized the monitoring and management of electrical systems. IoT
enables real-time data acquisition, remote monitoring, and predictive maintenance. By integrating sensors,
communication technologies, and cloud computing, it is possible to continuously track the health of transformers and
distribution panels.
This paper proposes a Smart IoT-based monitoring system that provides real-time insights, automated alerts, and
predictive analytics to ensure efficient and reliable operation of electrical infrastructure.

II. PROBLEM STATEMENT

Despite advancements in electrical engineering, several challenges persist in maintaining transformer and distribution
panel health:

Lack of real-time monitoring systems

Delayed fault detection

High maintenance costs due to manual inspections
Unexpected failures leading to downtime

Safety risks such as overheating and fire hazards

Working of the System
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III. OBJECTIVES

The main objectives of this research are:

To design a real-time monitoring system for transformers and distribution panels
To measure critical parameters such as temperature, voltage, current, and oil level
To implement IoT-based communication for remote monitoring

To develop a cloud-based data storage and visualization platform

To enable predictive maintenance using data analytics

To reduce operational and maintenance costs
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IV. LITERATURE REVIEW
Various researchers have explored IoT-based monitoring systems in power engineering:
Transformer monitoring systems using temperature and oil sensors
Smart grid systems integrating IoT and cloud computing
Fault detection systems using machine learning algorithms
Remote monitoring solutions using GSM and wireless networks
However, most existing solutions focus on a single component rather than integrating both transformers and
distribution panels. This paper addresses this gap by providing a unified monitoring system.

V.SYSTEM ARCHITECTURE

A. Sensing Layer

e  Temperature sensors (LM35, DHT22)

e  Voltage sensors

e  Current sensors (CT sensors)

e Oil level sensors

e  Humidity sensors

e  Smoke and fire detection sensors

B. Processing Layer

A microcontroller such as ESP32 processes the collected data. It performs:
e Data filtering
e  Threshold comparison
e Initial fault detection

C. Communication Layer
e  Wi-Fi module (ESP32 built-in)
e  GSM module (for remote areas)
e Communication protocols (MQTT, HTTP)

D. Application Layer
e Cloud storage (AWS IoT, Firebase)
e Data analytics
e  User interface (mobile/web dashboard)
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VI. HARDWARE COMPONENTS

The system hardware includes:

e ESP32 Microcontroller

e  Current Transformer (CT) Sensors

e Voltage Sensor Module

e  Temperature Sensors

e Oil Level Sensor

e Relay Module

e  GSM/Wi-Fi Module

e  Power Supply Unit
Each component plays a critical role in ensuring accurate data collection and system reliability.

VII. SOFTWARE DESIGN

A. Embedded System Programming
e  The microcontroller is programmed to:
e Read sensor data
e  Compare values with predefined thresholds
e Trigger alerts when anomalies are detected
e Send data to the cloud

B. Cloud Platform
e  The cloud system performs:
e Data storage
e Real-time visualization
e  Alert generation
e  Predictive analysis
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C. User Interface
The system provides a dashboard where users can:

Monitor real-time data

View historical trends
Receive notifications
Analyze system performance

VIII. WORKING METHODOLOGY

The working process of the system is as follows:

Sensors continuously measure transformer and panel parameters
Data is sent to the microcontroller

The microcontroller processes and transmits data to the cloud
The cloud platform stores and analyzes the data

Alerts are generated if abnormal conditions are detected

Users access the data through a web or mobile interface

X. RESULTS AND PERFORMANCE ANALYSIS

The proposed system demonstrates:

Accurate real-time monitoring

Fast response to abnormal conditions

Reliable data transmission

Reduced downtime through early fault detection

Experimental testing shows that the system can detect overheating, overload, and oil level reduction
efficiently, preventing major failures.

XI. ADVANTAGES
Real-time monitoring and control
Early fault detection
Reduced maintenance cost
Improved equipment lifespan
Remote accessibility
Scalable and flexible system

XII. LIMITATIONS
Dependence on network connectivity
Initial installation cost
Sensor calibration and maintenance required

XIII. FUTURE SCOPE

Future improvements may include:
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Integration of Artificial Intelligence and Machine Learning
Edge computing for faster processing

Automated fault isolation systems

Integration with smart grid infrastructure

Advanced analytics and digital twin technology
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XIV. APPLICATIONS
The system can be used in:
e Power distribution stations
e Industrial plants
e  Smart cities
e Renewable energy systems
e  Commercial buildings

XV. CONCLUSION
This paper presents a Smart loT-based Transformer and Distribution Panel Health Monitoring System that ensures
reliable and efficient operation of power systems. By leveraging IoT technology, the system enables real-time
monitoring, predictive maintenance, and early fault detection. The proposed solution reduces downtime, enhances
safety, and improves operational efficiency. It is a promising approach for modern electrical infrastructure and smart
grid systems.
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