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Abstract—The increasing adoption of electric vehicles
(EVs) has created a growing need for efficient and
reliable charging infrastructure. This paper presents
the design and development of an electric vehicle
charging station that provides safe and effective energy
transfer to EV batteries. The proposed system focuses
on improving charging performance while maintaining
system stability under varying operating conditions.
The charging station consists of key components such as
a power conversion unit, control system, and protection
circuits. These components work together to regulate
voltage and current during the charging process.
Continuous monitoring of electrical parameters like
voltage, current, and power helps in ensuring safe
operation and enhances the overall efficiency of the
system.

In addition, the system includes basic smart features for
fault detection and energy management. These features
help in identifying abnormal conditions such as
overvoltage, overcurrent, and short circuits, thereby
protecting both the vehicle and the charging equipment.
The design is simple, cost-effective, and suitable for
real-time applications.

The proposed charging station supports the transition
toward sustainable transportation by reducing
dependence on conventional fuels and lowering
environmental pollution. It can be effectively used in
residential, commercial, and public charging setups,
making it a practical solution for the growing EV
ecosystem.

I. INTRODUCTION

The rapid increase in the use of electric vehicles
(EVs) has become a key solution to reduce
environmental pollution and dependence on fossil
fuels. Conventional vehicles powered by internal
combustion engines contribute significantly to air
pollution and greenhouse gas emissions. To
overcome these challenges, electric vehicles are
gaining popularity due to their eco-friendly nature
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and energy efficiency. However, the widespread
adoption of EVs depends greatly on the availability
of efficient and reliable charging infrastructure.

An electric vehicle charging station plays an
important role in supporting the EV ecosystem by
providing a safe and efficient way to charge vehicle
batteries. The charging process requires proper
control of voltage and current to ensure battery safety
and long life. In addition, modern charging stations
are expected to deliver faster charging while
maintaining system stability. Therefore, the design of
an efficient charging station is essential for
improving user convenience and reducing charging
time.

This paper focuses on the design and implementation
of an electric vehicle charging station with basic
monitoring and protection features. The system is
capable of measuring important electrical parameters
such as voltage, current, and power during the
charging process. These parameters help in analyzing
the performance and efficiency of the system.
Protection mechanisms are also included to prevent
faults such as overvoltage, overcurrent, and short
circuits.

Furthermore, the proposed system aims to provide a
simple, cost-effective, and reliable solution suitable
for residential, commercial, and public applications.
By integrating monitoring and control features, the
charging station ensures safe operation and improved
performance. The development of such systems
supports the growth of sustainable transportation and
contributes to a cleaner and greener environment.

II. LITERATURE REVIEW
The rapid development of electric vehicle (EV)

technology has led to significant research in the area
of charging infrastructure and battery management
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systems. Several researchers have proposed different
methods to improve charging efficiency, safety, and
system reliability. These studies focus on intelligent
monitoring, fast charging techniques, and integration
of renewable energy sources to enhance overall
system performance.

Prabakaran et al. (2023) developed an IoT-based
smart EV charging system that enables real-time
monitoring of parameters such as voltage, current,
and battery status. Their work demonstrated
improved control and remote accessibility, making
the system more efficient and user-friendly.
Similarly, Zhang et al. (2022) proposed a fast-
charging technique using advanced power electronic
converters, which significantly reduced charging time
while maintaining battery health.

Singh and Patel (2021) presented a charging station
integrated with solar energy to promote sustainable
power usage. Their system reduced dependency on
grid power and improved energy efficiency. Another
study by Kumar et al. (2020) focused on protection
mechanisms in EV charging systems, highlighting the
importance of safeguards against overvoltage,
overcurrent, and thermal issues to ensure safe
operation.

From the reviewed literature, it is observed that most
of the existing systems emphasize smart monitoring,
fast charging, and safety features. However, there is
still a need for a simple, cost-effective, and reliable
charging station suitable for small-scale and practical
applications. This paper aims to address this gap by
developing an efficient EV charging station with
essential monitoring and protection features, ensuring
safe and stable operation.

II1. PROPOSED SYSTEM

The proposed system presents the design and
implementation of an electric vehicle (EV) charging
station that ensures efficient, safe, and reliable
charging of EV batteries. The system is designed
using a combination of power electronics, control
circuits, and monitoring units to regulate the charging
process. It provides controlled power delivery from
the supply source to the vehicle battery while
maintaining stable voltage and current levels.

The charging station consists of key components such
as a power supply unit, rectifier, voltage regulator,
sensing circuits, and a control unit. The AC supply is

IJIRT 196141

first converted into DC using a rectifier, and then
regulated to the required level suitable for battery
charging. Sensors are used to continuously measure
important electrical parameters like voltage, current,
and power. These values are processed by the control
unit to ensure proper charging conditions.

To enhance safety and reliability, the system includes
protection mechanisms against common electrical
faults such as overvoltage, overcurrent, and short
circuits. When any abnormal condition is detected,
the system automatically disconnects the supply to
prevent damage to the battery and charging
equipment. This ensures safe operation and increases
the lifespan of the system.

Additionally, the proposed system supports basic
monitoring and display features, allowing users to
observe real-time charging parameters. The design is
simple, cost-effective, and suitable for practical
implementation in residential, commercial, and
public charging stations. Overall, the system
improves charging efficiency and contributes to the
development of a reliable EV charging infrastructure.

IV. METHODOLOGY

1. Power Supply Unit

The power supply unit provides the initial AC input
from the electrical grid to the charging station. It
ensures a stable and continuous power source for
system operation. Proper insulation and regulation
are maintained to avoid fluctuations. This unit acts as
the main energy source for the entire system.

2. Step-down Transformer

The transformer reduces high-voltage AC from the
supply to a lower, safer voltage level. This is
necessary because EV charging circuits operate at
controlled voltage levels. It also provides electrical
isolation between input and output. This improves
safety and protects sensitive components.

3. Bridge Rectifier

The bridge rectifier converts AC voltage into DC
voltage required for charging the battery. It uses
diodes arranged in a bridge configuration for full-
wave rectification. This ensures better efficiency
compared to half-wave rectifiers. The output is
pulsating DC which is further filtered.
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4. Filter Circuit (Capacitor)

The filter circuit removes ripples from the rectified
DC output. Capacitors are used to smooth the voltage
and provide a steady DC supply. This improves the
quality of power delivered to the battery. A stable DC
supply is essential for safe and efficient charging.

5. Voltage Regulator

The voltage regulator maintains a constant output
voltage irrespective of input variations. It ensures that
the battery receives the correct voltage level during
charging. This prevents overvoltage conditions and
enhances battery life. It also improves overall system
stability.

6. Current Sensor

The current sensor measures the amount of current
flowing during charging. It provides real-time data to
the control unit for monitoring. This helps in
maintaining safe current limits. It is important for
preventing overcurrent conditions.

7. Voltage Sensor

The voltage sensor continuously measures the battery
voltage. It helps in determining the charging status
and battery condition. The data is used for control
and protection purposes. Accurate voltage sensing
ensures proper charging control.

8. Microcontroller / Control Unit
The microcontroller acts as the brain of the system. It
processes input signals from sensors and controls the

charging operation. It ensures proper voltage and
current regulation. It also activates protection
mechanisms during fault conditions.

9. Relay / Switching Unit

The relay is used to control the ON/OFF operation of
the charging circuit. It acts as a switch controlled by
the microcontroller. During fault conditions, it
disconnects the supply automatically. This ensures
safety and protects system components.

10. Display Unit (LCD/LED)

The display unit shows real-time values such as
voltage, current, and power. It helps users monitor
the charging process easily. It improves user
interaction with the system. This feature makes the
system more user-friendly.

11. Battery (EV Battery Model)

The battery stores electrical energy supplied by the
charging station. It acts as the load in the system.
Proper charging is required to maintain battery health
and performance. The system ensures safe and
efficient energy transfer to the battery.

12. Protection Circuit

The protection circuit safeguards the system from
faults like overvoltage, overcurrent, short
circuits. It continuously monitors system conditions.
In case of abnormal operation, it disconnects the

and

power supply. This increases system reliability and
safety.

V. BLOCK DIAGRAM
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The block diagram represents the working of the
proposed electric vehicle (EV) charging station
system. It shows how electrical power flows from the
input supply to the EV battery through different
stages of conversion, control, and protection. Each
block performs a specific function to ensure safe and
efficient charging.

Initially, the system receives AC power from the
supply source. This power is passed through a step-
down transformer, which reduces the high voltage to
a suitable level required for the charging circuit. The
reduced AC voltage is then converted into DC using
a bridge rectifier, as EV batteries require DC supply
for charging.

The rectified DC output contains ripples, which are
removed using a filter circuit. After filtering, the

voltage regulator maintains a constant and stable DC
output. This regulated voltage is then supplied to the
charging section through a relay or switching unit,
which controls the ON/OFF operation of the system.
A microcontroller unit is used as the main control
element of the system. It receives input from voltage
and current sensors, which continuously monitor the
charging parameters. Based on these inputs, the
microcontroller controls the relay and ensures that the
charging process operates within safe limits.

The system also includes a protection circuit that
detects faults such as overvoltage, overcurrent, and
short circuits. In case of any abnormal condition, the
system automatically disconnects the supply to
prevent damage. Finally, the display unit shows real-
time values of voltage, current, and power, allowing
the user to monitor the charging process effectively.

VI. HARDWARE IMPLEMENTATION

Circuit diagram
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The hardware implementation of the proposed system is shown in Fig. 2.

1. AC Power Supply

Provides the main input power to the system from the
electrical grid. It supplies standard AC voltage
required for operation. This acts as the primary
energy source for the charging station.

2. Step-down Transformer

Reduces the high AC voltage to a lower, safer level
suitable for the circuit. It also provides electrical
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isolation. This helps in protecting sensitive electronic
components.

3. Bridge Rectifier

Converts AC voltage into DC voltage using a full-
wave rectification process. It ensures efficient
conversion compared to other methods. The output is
pulsating DC.

2241



© April 2026 | IJIRT | Volume 12 Issue 11 | ISSN: 2349-6002

4. Filter Capacitor

Smooths the pulsating DC output by removing
ripples. It provides a steady DC voltage. This
improves the quality of power supplied to the system.

5. Voltage Regulator (IC 7805 / LM317)

Maintains a constant output voltage regardless of
input variations. It ensures stable operation of the
circuit. It also protects components from voltage
fluctuations.

6. Microcontroller (Arduino / PIC)

Acts as the main control unit of the system. It
processes sensor data and controls the charging
operation. It also manages protection and display
functions.

7. Current Sensor (ACS712)

Measures the charging current flowing in the circuit.
It provides real-time data to the microcontroller. This
helps in monitoring and controlling current levels.

8. Voltage Sensor Module

Measures the voltage across the battery or circuit. It
helps in determining charging status. It ensures
proper voltage control during operation.

9. Relay Module

Works as an automatic switch controlled by the
microcontroller. It connects or disconnects the
charging circuit. It is used for protection and control
purposes.

10. LCD Display (16x2)

Displays real-time values like voltage, current, and
power. It provides user-friendly monitoring. It helps
in easy observation of system performance.

11. EV Battery / Battery Model

Acts as the load in the system. It stores electrical
energy supplied by the charger. Proper charging
ensures battery efficiency and long life.

12. Protection Circuit (Fuse / MCB)

Protects the system from faults like short circuit and
overload. It disconnects power during abnormal
conditions. This increases safety and reliability.
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VII. FUTURE SCOPE

The proposed electric vehicle (EV) charging station
can be further enhanced by integrating advanced
technologies to improve efficiency, automation, and
user convenience. In the future, the system can be
upgraded with Internet of Things (IoT) capabilities to
enable remote monitoring and control through mobile
applications. This will allow users to check charging
status, energy consumption, and system performance
in real time from any location.

Another  important  improvement  is the
implementation of fast charging techniques using
advanced power electronic converters. This can
significantly reduce charging time and improve user
experience. In addition, smart charging algorithms
can be introduced to optimize power usage based on
battery condition and grid demand, thereby
increasing overall system efficiency and reliability.
The integration of renewable energy sources such as
solar power can also be considered in future
developments. This will reduce dependency on
conventional grid power and promote clean energy
usage. Energy storage systems can be added to store
excess energy and use it during peak demand periods,
ensuring continuous operation of the charging station.
Furthermore, the system can be expanded to support
multiple vehicle charging and incorporate advanced
safety features such as thermal monitoring and
automatic fault diagnostics. The development of such
intelligent and scalable charging infrastructure will
play a key role in supporting the growth of electric
vehicles and promoting sustainable transportation.

VIII. RESULTS

The proposed electric vehicle (EV) charging station
was successfully designed and implemented using the
described hardware components. The system was
tested under different operating conditions to
evaluate its performance. The charging setup was
able to provide a stable DC output suitable for battery
charging, with proper regulation of voltage and
current throughout the process.

During testing, the system continuously monitored
key electrical parameters such as voltage, current,
and power. The measured values were displayed on
the LCD unit in real time, allowing easy observation
of the charging process. The output voltage remained
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stable within the desired range, and the current was
controlled effectively, ensuring safe charging of the
battery.

The protection mechanisms were also tested by
introducing fault conditions such as overvoltage and
overcurrent. The system responded quickly by
disconnecting the supply using the relay, thereby
preventing damage to the battery and circuit
components. This demonstrates the reliability and
safety of the proposed design.

Overall, the results show that the developed EV
charging station operates efficiently and meets the
required performance criteria. The system provides
stable output, effective monitoring, and reliable
protection, making it practical
applications in residential and small-scale charging
stations.

suitable  for

IX. CONCLUSION

This paper presented the design and implementation
of an electric vehicle (EV) charging station with
monitoring and protection features. The system was
developed using simple and cost-effective hardware
components to ensure efficient and safe battery
charging. The proposed design successfully converts
AC power into regulated DC supply suitable for EV
charging applications.

The system is capable of continuously monitoring
important electrical parameters such as voltage,
current, and power. The use of sensors and a
microcontroller ensures proper control of the
charging process. In addition, protection mechanisms
are implemented to safeguard the system against
faults like overvoltage, overcurrent, and short
circuits, thereby improving reliability and safety.

The experimental results demonstrate that the system
provides stable output and efficient performance
under different operating conditions. The real-time
display of parameters enhances user interaction and
monitoring capability. The overall design is simple,
reliable, and suitable for practical implementation.

In conclusion, the proposed EV charging station
supports the growing need for sustainable
transportation by providing an efficient and safe
charging solution. It can be effectively used in
residential and small-scale applications, contributing
to the development of a reliable and eco-friendly
charging infrastructure.
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