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Abstract: Electric Vehicles (EVs) are rapidly replacing conventional fuel-based vehicles due to
environmental concerns and rising fuel costs. However, battery performance, charging time, and lifespan
remain major challenges. This research proposes a Smart Battery Management System (BMS) integrated
with a Hybrid Charging System, combining grid power, solar energy, and regenerative braking. The
system improves battery efficiency, enhances safety, and extends battery life through real-time
monitoring and intelligent control. The proposed model reduces dependency on conventional energy
sources and supports sustainable transportation.
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I. INTRODUCTION
The rapid growth of industrialization and urbanization has significantly increased the demand for energy and
transportation. Conventional internal combustion engine (ICE) vehicles, which rely on fossil fuels, contribute heavily to
environmental pollution, greenhouse gas emissions, and depletion of natural resources. These issues have led to a
global shift toward cleaner and more sustainable alternatives, among which Electric Vehicles (EVs) have emerged as a
promising solution.
Electric vehicles operate using electrical energy stored in rechargeable batteries, most commonly lithium-ion batteries
due to their high energy density, longer lifecycle, and efficiency. However, the performance, safety, and lifespan of
these batteries remain critical challenges. Improper charging, overheating, over-discharging, and uneven cell voltage
can lead to reduced efficiency, battery degradation, and even safety hazards such as thermal runaway.
To address these challenges, a Battery Management System (BMS) plays a crucial role in monitoring and controlling
battery operations. A smart BMS continuously tracks key parameters such as voltage, current, temperature, State of
Charge (SOC), and State of Health (SOH). It ensures safe operation by preventing overcharging, deep discharge, and
overheating, while also optimizing battery performance and extending its lifespan.
Despite these advancements, one of the major limitations of EV technology is the dependency on conventional grid-
based charging systems, which can be time-consuming and may not always be sustainable. To overcome this issue, the
concept of Hybrid Charging Systems has gained attention. Hybrid charging integrates multiple energy sources such as
solar power, regenerative braking, and grid electricity to provide a more efficient and flexible charging solution.
Solar energy, being renewable and environmentally friendly, can significantly reduce reliance on fossil fuels.
Regenerative braking, on the other hand, allows the vehicle to recover kinetic energy during braking and convert it into
electrical energy, which is then stored in the battery. By combining these sources, hybrid charging systems improve
overall energy utilization and reduce charging costs.
In this research, a Smart Battery Management System integrated with Hybrid Charging is proposed to enhance the
performance and efficiency of electric vehicles. The system uses intelligent algorithms to select the most suitable
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energy source based on availability and battery condition. It also incorporates real-time monitoring and control
mechanisms to ensure optimal charging and discharging cycles.

Furthermore, the integration of modern technologies such as Internet of Things (IoT) and data analytics enables remote
monitoring, predictive maintenance, and improved decision-making. This not only enhances user convenience but also
contributes to the reliability and safety of the system.

The proposed approach aims to provide a sustainable, efficient, and intelligent solution to current EV challenges. By
improving battery life, reducing energy consumption, and integrating renewable energy sources, this system supports
the development of next-generation smart transportation systems.
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OBJECTIVES

The primary aim of this research is to design and develop a Smart Battery Management System (BMS) integrated
with a Hybrid Charging System for Electric Vehicles (EVs). The system focuses on improving battery efficiency,
safety, and sustainability by utilizing advanced monitoring and multiple energy sources.

Main Objectives

1. To Design a Smart Battery Management System

The objective is to develop an intelligent BMS capable of continuously monitoring battery parameters such as voltage,
current, and temperature. The system should ensure safe operation by preventing overcharging, deep discharge, and
thermal issues while maintaining optimal battery performance.

WORKING PRINCIPLE
The proposed Smart Battery Management System (BMS) integrated with a Hybrid Charging System operates as an
intelligent control unit that continuously monitors, analyses, and regulates the performance of the battery in an electric
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vehicle. The system begins its operation by collecting real-time data from various sensors installed within the battery
pack. These sensors measure key parameters such as voltage, current, and temperature, which are essential for
determining the condition and performance of the battery. The collected data is then transmitted to a microcontroller,
which processes this information using embedded algorithms to estimate critical battery states such as State of Charge
(SOC) and State of Health (SOH).

Based on the analysed data, the controller makes intelligent decisions regarding charging and discharging operations.
One of the major features of this system is its hybrid charging capability, which allows the battery to be charged using
multiple energy sources. Solar energy acts as the primary source, where solar panels convert sunlight into electrical
energy. This energy is regulated through a charge controller before being supplied to the battery. During vehicle
operation, regenerative braking is used to capture kinetic energy that would otherwise be wasted and convert it into
electrical energy, which is stored back into the battery. When both solar and regenerative sources are insufficient, the
system automatically switches to grid power as a backup charging source.

The BMS ensures that charging is carried out safely using controlled charging techniques such as constant current and
constant voltage modes. It prevents harmful conditions like overcharging, deep discharge, overheating, and short
circuits by continuously monitoring system parameters. If any abnormal condition is detected, the system immediately
disconnects the battery or reduces the charging current to maintain safety. Additionally, the system performs cell
balancing to ensure that all battery cells maintain uniform voltage levels, which improves overall battery efficiency and
lifespan.

Thermal management is another critical aspect of the system, where cooling mechanisms are activated when the
temperature exceeds safe limits. The entire process operates in a continuous feedback loop, ensuring real-time
optimization and protection of the battery system. This intelligent integration of monitoring, control, and hybrid energy
utilization results in improved efficiency, enhanced battery life, and reduced environmental impact.

MATHEMATICAL CALCULATIONS
The performance of the Smart Battery Management System (BMS) with Hybrid Charging is analysed using basic
electrical equations. The power supplied to the battery is calculated using:

P=VxI
where P is power, V is voltage, and / is current. This helps determine how much energy is being transferred during
charging and discharging.
The State of Charge (SOC), which indicates the remaining battery capacity, is given by:

Qremaining

S0C = x 100

total
This allows the system to monitor battery level and avoid overcharging or deep discharge.
Battery efficiency is calculated as:
P
n=-2%x100
P in
This shows how effectively input energy is converted into useful output. In hybrid charging, efficiency improves due to

the use of renewable energy sources.
Overall, these calculations help the BMS ensure safe operation, better performance, and longer battery life.

ADVANTAGES
e Improves battery life by preventing overcharging and deep discharge
e Increases overall system efficiency through hybrid charging
e Reduces electricity cost by using solar energy and regenerative braking
e Provides real-time monitoring of battery parameters
e Enhances safety with protection against faults (over-voltage, overheating, etc.)
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e Reduces environmental pollution and supports green energy
e Optimizes energy usage by selecting the best available source
e Improves performance and reliability of electric vehicles

DISADVANTAGES
e High initial cost due to advanced components and technology
e  Complex system design and implementation
e Requires skilled maintenance and technical knowledge
e  Solar charging depends on weather conditions
e Regenerative braking efficiency is limited at low speeds
e Increased system complexity may lead to higher chances of faults
e Installation and setup can be time-consuming

APPLICATIONS
e Electric Cars (improves battery efficiency and driving range)
e Electric Bikes and Scooters (enhances battery life for daily use)
e  Electric Buses and Public Transport (reduces operational cost and improves efficiency)
e  Smart Grid Systems (supports efficient energy distribution and load management)
e Renewable Energy Storage Systems (stores solar and wind energy effectively)
e EV Charging Stations (optimizes charging using hybrid energy sources)
e Industrial Energy Backup Systems (provides reliable power storage solution)
e  Microgrid Systems (helps in managing localized energy generation and consumption)

FUTURE SCOPE

e Integration with AI and Machine Learning: Advanced algorithms can predict battery health, optimize
charging patterns, and improve system efficiency.

e  Wireless Charging Technology: Eliminates the need for physical connections and enables convenient and
automated charging of EVs.

e Solid-State Batteries: Future batteries with higher energy density, faster charging, and improved safety can
further enhance system performance.

e Smart Grid Connectivity: Enables two-way energy flow between EVs and the grid (Vehicle-to-Grid),
improving energy utilization.

e IoT-Based Monitoring Systems: Real-time tracking and remote control using mobile applications and cloud
platforms.

e Improved Renewable Integration: Better solar and wind integration for fully sustainable charging systems.

II. CONCLUSION
The Smart Battery Management System with Hybrid Charging presents an advanced and efficient solution for
improving the performance of electric vehicles. By intelligently monitoring battery parameters and integrating multiple
energy sources such as solar energy, regenerative braking, and grid power, the system ensures optimal energy
utilization and enhanced battery life. It not only improves charging efficiency but also reduces dependency on
conventional energy sources, making it an environmentally sustainable approach. Furthermore, the system enhances
safety, reliability, and cost-effectiveness, which are critical factors in the widespread adoption of electric vehicles.
Although there are challenges such as high initial cost and system complexity, continuous advancements in technology
are expected to overcome these limitations. In the future, integration with artificial intelligence, smart grids, and
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advanced battery technologies will further improve system capabilities. Overall, this approach plays a significant role in
the development of smart and green transportation systems and contributes to a cleaner and more sustainable
environment.
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