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Abstract—Transformer is a stationary device, which can be used to transfer a power from one circuit to another circuit, without
changing in its frequency. Step-down Distribution transformers are predominantly employed in power system to reduce high
distribution line voltages to be made suitable for the end users. As a critical component of the electrical network, the transformer is
often referred to as the “heart” of the power system, and its failure can lead to the significant power outages, production
interruptions, and revenue losses. Hence, continuous monitoring and fault detection are very important to ensure reliable operation
and extended service life. This paper presents a real-time health Index monitoring system (HIMS) for distribution transformers using
an Arduino Uno microcontroller. Sensors are used in transformer to measure the key parameters like moisture, voltage, and
temperature. These parameters are continuously monitored under both normal and faulty conditions to assess the transformer
health. The proposed system provides real-time condition monitoring, thereby enhancing the reliability of power transmission and
improving transformer long life.
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management model. Health index-based condition monitoring
technique, used for enhancement of the system has been
discussed in [3]. By systematically evaluating transformer

Health Index Monitoring System (HIMS) for Distribution  heath, utilities can improve the system reliability, optimize
Transformer has very much significance in the area of power  maintenance costs, and extends asset life, thereby ensuring

System. It makes the variation in voltage levels, suitable for ontinuous and efficient power delivery in the transmission
the consumer use. Their reliable performances directly

influence the stability, efficiency, and safety of the entire
power distribution network. Over time, transformers are
subjected to various electrical, thermal, mechanical, and
environmental stresses that can deteriorate their insulation

system and mechanical components, leading to performance technique can be used to measure the winding resistance and

degradation or failure. To ensure continued rellablllty and furan current of the distribution transformer. Quantitative
prevent unexpected outages, assessment of the condition of a Health index has been discussed in [4] & [5]

Distribution Transformer is required. One effective approach
of this assessment is the (HIMS) determination, which
provides a complete measure of a transformer’s overall
condition by combining results from multiple diagnostic tests.
And observed parameters are often used to develop the assets

I. INTRODUCTION

and distribution network. Current information of the
Distribution transformer has been incorporated by using the
Health Index Technique. This health index technique can be
used to determine the long-standing degradation level of the
transformer as well as to detect the aging problem & also this

Health condition of a Distribution Transformer can be
determined by using the health index monitoring technique,
by allowing the interaction between all the attributes of the
transformer, whereas the interaction between the attributes is
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not considered in case of traditional health monitoring
technique. Health index determination 2022 test of a
distribution transformer has been discussed in [6].

Incipient faults occurred in the transformer are very much
severe type, due to which, transformer may get damaged.
Simulation in power system for a Power transformer having
the rating of 1100 MVA, 138/13.8 using MATLAB /Simulink
software has been discussed in [7]. Inter-turn fault detection
of a transformer, at its initial stage, has been discussed in [11].
Study of current harmonic of a transformer at the incipient
fault has been discussed in [12], which is used for detecting
the inter-turn fault.

Power System health Index has been studied in [13]. The
most important goal of this research paper is to determine the
Faulty & Healthy state of a distribution transformer, HIMS
constantly monitoring the different parameters like voltage,
temperature, moisture of a transformer by using the Arduino
Uno technique.

II. PROBLEM STATEMENT

Distribution Transformers are always on load for the 24
hours in a day. As such continuous monitoring & determining
of the significant parameters like oil temperature & moisture
content, load current, voltages of the distribution transformer
is essential. If these described parameters are not monitored
frequently then un-monitored stresses can lead to the
unexpected failures, resulting in power interruptions,
equipment damage, and significant revenue loss [1], [2].

During peak load conditions, field engineers traditionally
rely on manual inspections to check the transformer health,
which is time-consuming, labour-intensive, and prone to the
human error. Moreover, sudden transformer failures can have
cascading effects on the power distribution network,
impacting industrial, commercial, and residential consumers
[3], [4]. A reliable, real-time monitoring system is, therefore
essential for early detection of abnormal operating conditions.
Microcontroller-based monitoring systems provide several
advantages over conventional methods as under:

e Continuous real-time data acquisition for critical
transformer parameters.
e Automated fault detection and protection, reducing

dependency on manual inspection.

e Cost-effective and flexible implementation, with low
maintenance requirements.

e Improved operational reliability, minimizing downtime and
extending transformer lifespan.

The proposed system uses an Arduino Uno-microcontroller
interfaced with voltage, temperature, and moisture sensors to
calculate a Health Index (HI). This HI provides a quantitative
measure of transformer condition, enabling proactive
maintenance and fault prevention.

III. SYSTEM ARCHITECTURE
A. Hardware Components
1. Arduino Uno: The Arduino Uno (ATmega328) is a widely
used microcontroller board, suitable for interfacing with
sensors, displays, and relay modules. Its robust performance,

ease of programming, and cost-effectiveness make it ideal for
real-time transformer monitoring.

Figure: 2. Ardiuno Uno Kit

2. Voltage Sensor

This sensor measure AC or DC voltage levels and provide
analog or digital signals to the microcontroller. They are
critical for detecting abnormal voltage conditions in the
transformer.

Ll
END r! —S (Analog Pin)
r'lg,*_'J + (NC)
Vee (0-25V) x - (GND)

UCC (25U, =,

Fig 3. voltage sensor module

3. LCD Display

A Liquid Crystal Display (LCD) module shows real-time
sensor readings and transformer health status. LCDs are
inexpensive, programmable, and able to display the custom
characters and animation also.

Figure: 4. Liquid Crystal Display

4. Temperature and Humidity Sensor

This sensor provides digital temperature and humidity
readings. It is low-cost and reliable for monitoring the
transformer’s environmental and operational conditions.
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Figure: 5 Temperature & Humidity Sensor

5. Relay

A Relay is used to isolate or trip the transformer under fault
conditions. It is triggered by the microcontroller when sensor
readings exceed predefined thresholds.

Common
Contact

Ground

Figure: 6. Relay

IV.SYSTEM IMPLEMENTATION
A. Connection Diagram

The sensors (voltage, temperature, moisture) interfaces
with the Arduino Uno. The microcontroller continuously reads
these parameters and compares them with set limits. If any
parameter exceeds the threshold, the system triggers a relay
and displays the fault status on the LCD.

Fig 7.: Connection Diagram

B. Flowchart

1. Start system.

2. Read voltage, temperature, and moisture.

3. Compare values with set thresholds.

4. If all parameters are normal, display healthy status.

5. If any parameter exceeds limits, trip the relay and
display fault.

6. End.

Voltage =13

Relay Off
LCD
Error

Relay On
Print
Voltage
Temperature
Humidity
Moisture
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ieo Relay

Voltage Sensor module

Voitage Regulator

Bridge rectifier

Moisture Sensor

ARDIUNO UNO

Micro Controlier

Figure: 9 Working Model

V. METHODOLOGY

The methodology involves real-time acquisition,
processing, and analysis of transformer parameters to
determine its health condition. The following steps are
implemented:

e Data Acquisition — Voltage, temperature, and moisture
readings are captured continuously by the respective
sensors and sent to the Arduino Uno.

e Parameter Normalization — Sensor readings are normalized
to a standard range to allow aggregation into a single
health metric.

e Health Index Calculation — The HI is calculated using a
weighted summation method.

e Fault Detection and Relay Operation — If the HI falls
below a critical threshold, or any parameter exceeds safety
limits, the relay is triggered to disconnect the transformer,
preventing damage.

e Display and Logging — The system displays all measured
values and HI on the LCD. Optionally, data can be logged
for further analysis or remote monitoring.

This methodology ensures continuous, real-time
monitoring, enabling early detection of abnormal conditions
and proactive maintenance. It provides a cost-effective and
scalable solution for transformer asset management in modern
power distribution networks.

VI. EMBEDDED C CODE

Embedded C code was written for Arduino Uno to
interface sensors, monitor parameters, calculate the health
index, and display results on the LCD. The relay output is
controlled based on real-time readings.

VII. RESULTS

The Arduino-based monitoring system was tested under
both healthy and faulty conditions. Sensor readings were
continuously acquired, and the Health Index (HI) was
calculated in real-time. The system successfully detected
abnormal conditions and displayed the results on the LCD.

Fig 10. Monitoring Temperature

1. Healthy Condition
Under normal operating conditions, all parameters were
within predefined thresholds:

Figure: 11 Voltage, Temperature, Moisture & health Index observations
during healthy conditions.

Parameter Value | Status

Voltage 230 V | Normal
Temperature | 45 °C | Normal
Moisture 5% Normal
Health Index | 0.95 Healthy

The HI indicated that the transformer was in good condition,
and no relay action was triggered.

2. Fault Condition Simulated fault conditions
introduced to test system response:

were

Figure: 12. Voltage, Temperature, Moisture & health Index observations

during faulty Condition
Parameter Value | Status | Action
Voltage 292 V | High | Relay ON
Temperature 75°C | High | Relay ON
Moisture 12% | High | Relay ON
Health Index 0.42 Faulty | Relay Activated
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This system correctly identified abnormal parameters,
calculated a low HI, and tripped the relay to prevent
transformer damage.

Figure: 13. Faults have been occurred & corrective actions have been taken
by the microcontroller.

VIII. DISCUSSION

The results demonstrate that, the, proposed Arduino-based
monitoring system:
e Provides real-time acquisition and processing of critical
transformer parameters.
e Accurately calculates a quantitative Health Index,
allowing quick assessment of transformer condition.
e Enables automated protection via the relay module under
fault conditions.
e Offers a cost-effective, scalable solution for remote
monitoring and preventive maintenance.
This approach improves transformer reliability, reduces
maintenance costs, and extends equipment lifespan, making it
suitable for both urban and rural power distribution networks.

IX. CONCLUSION

This paper presented a real-time monitoring system for

distribution  transformers using an  Arduino Uno

microcontroller. By integrating voltage, temperature, and

moisture sensors, the system calculates a Health Index (HI)

that quantitatively represents transformer condition. The

proposed system successfully detected healthy and faulty

conditions, providing automated protection through relay

activation.

e The implementation of such a system offers several
advantages:

e  Early detection of incipient faults.

e Reduced maintenance costs and operational downtime.

e Improved reliability and safety of the power distribution
network.

e Feasible deployment for remote monitoring in rural or
hard-to-access areas.

Future work includes integrating IoT capabilities for remote

data logging, predictive analytics, and enhanced decision-

making for transformer asset management.
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