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Abstract: This paper presents the Design and Simulation of a Smart Battery Management System (BMS) for an Electric

Vehicle (EV).The proposed system ensures safe, efficient, and reliable charging using renewable energy sources such as

solar power. The ESP 32 microcontroller monitors key battery parameters like voltage, current, and temperature, while

the switching and balancing unit maintains equal charge among cells. An loT-based platform enables real-time monitoring

through a mobile application, enhancing system control and safety. Simulation tools are used to analyze the performance

and efficiency of the BMS under various operating conditions. The system aims to reduce grid dependency, improve

battery life, and promote sustainable energy use. Overall, this project demonstrates an intelligent, eco-friendly solution

for next-generation EV charging infrastructure.

Keywords: Battery Management System (BMS), Off-Grid EV Charging, ESP32 Microcontroller, Temperature Monitoring,

Cell Balancing, Smart Charging System.

INTRODUCTION
The global shift towards sustainable energy solutions has spurred the growth of electric vehicles (EVs) and renewable
energy technologies. One of the critical challenges in this transition is the effective integration of off-grid energy systems
that can independently power EV charging stations without relying on the conventional electricity grid. In such systems, a
Battery Management System (BMS) plays a pivotal role in ensuring the efficient and safe operation of the energy storage
solutions, which typically involve batteries sourced from solar or wind power. This paper focuses on the design and
simulation of a Battery Management System (BMS) specifically tailored for use in an off-grid EV charging station. The
primary objective is to create a robust system that optimizes the charge and discharge cycles of the battery bank,
maintains the health of the battery, and enhances the overall efficiency of the energy system. The paper involves
integrating several components, including solar power generation, energy storage, DC-DC converters, and a
communication protocol between the system’s components, all controlled by a sophisticated BMS. In addition to
ensuring battery safety (temperature, voltage, and current monitoring), the BMS will be designed to manage the overall
energy flow, ensuring the EV charging station operates efficiently even in remote, off-grid locations where traditional
power infrastructure is unavailable. Simulations of this system will help validate its performance under various operating
conditions and assess.
EXISTING SYSTEM

Existing Systems for an intelligent battery monitoring and management system based on the ESP32. In this system, Pack-1
(battery pack) acts as the main energy storage unit that provides DC power to the entire system and the connected load.
To ensure safe and efficient operation of the battery, several sensors are used. The temperature sensor continuously
measures the battery temperature to prevent overheating, which can damage the battery or reduce its life. The voltage
sensor monitors the battery voltage level to detect conditions such as over-voltage or under-voltage. The current sensor
measures the charging or discharging current flowing from the battery to the load. All these sensor signals are sent to
the ESP32 microcontroller, which acts as the central processing unit of the system. The controller reads the sensor data,
analyzes the battery condition, and decides whether the battery is operating within safe limits.
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Based on this analysis, the ESP32 controls the switching/balancing unit, which performs two important tasks: switching
the battery connection to the load and balancing the voltage of individual battery cells to maintain uniform charge
distribution. Proper balancing improves battery efficiency, safety, and lifespan. The processed information, such as
voltage, current, temperature, and system status, is displayed on the LCD display, allowing users to easily monitor the
battery's condition in real time. A power supply unit is used to provide the required regulated voltage to operate the
ESP32 controller and other electronic components in the circuit. Finally, the managed and protected power from the
battery pack is delivered to the load, ensuring reliable and safe energy utilization. This overall system improves battery
performance, enhances safety, and enables smart monitoring and control of power distribution.
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Figurel - Block diagram for Existing system
PROBLEM IDENTIFICATION
Battery Overcharging and Over-discharging
In EV battery systems, improper charging or deep discharging can damage battery cells and significantly reduce their
lifespan. Without an intelligent monitoring system, maintaining safe voltage limits for each cell becomes difficult.
Temperature Rise in Battery Pack
During charging and discharging, batteries generate heat. Excessive temperature can lead to performance degradation,
safety hazards, or even thermal runaway. Hence, continuous temperature monitoring is required to ensure safe
operation.
Uneven Cell Voltage in Battery Packs
An EV battery pack consists of many cells connected in series or parallel. Over time, these cells may develop different
voltage levels due to internal resistance variations. Without a balancing mechanism, some cells may overcharge or
discharge faster than others.
PROPOSED SYSTEM
The proposed system the battery pack supplies power to the load. To ensure safe operation, three sensors are used: a
voltage sensor, current sensor, and temperature sensor. These sensors continuously measure the battery’s condition and
send the data to the ESP32 microcontroller.
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Figure 2- Block diagram for proposed system
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The ESP32 processes this information and decides whether the battery is in a safe state. If any cell has higher voltage than
others, the switching/balancing unit balances the cells by discharging the extra energy, keeping all cells equal. This helps
increase battery life and performance. If the battery reaches unsafe levels (overcharge, over-discharge, or overheating),
the ESP32 can disconnect the battery from the load to prevent damage. The system also has an LCD screen to display
real-time battery status like voltage, current, temperature, and state of charge. A Bluetooth module is connected to the
ESP32, allowing the data to be viewed wirelessly on a smart phone app. This forms the Smart BMS (Battery Management
System). The power supply ensures ESP32 and sensors receive stable low-voltage power.

SIMULATION AND RESULT
In the simulation environment, a model of a battery pack was developed, comprising multiple cells connected in series to
simulate an electric vehicle (EV) battery system. Voltage sensors were utilized to monitor the battery pack's voltage
levels, while a current sensor tracked both the charging and discharging currents. Additionally, a temperature sensor was
incorporated to measure the heat generated during the battery's operation. The simulation verifies that the proposed
Smart BMS system effectively monitors battery parameters, safeguards against unsafe operating conditions, and ensures
balanced cell voltages. This enhances battery safety, reliability, and efficiency in electric vehicle applications. Furthermore,
the system facilitates real-time monitoring and intelligent control, making it well-suited for contemporary EV battery
management systems.

MATLAB SIMULATION

The Smart Battery Management System (BMS) for electric vehicles was designed and simulated using MATLAB and
Simulink to analyze and monitor important battery parameters such as voltage, current, and temperature. In the
simulation model, a lithium-ion battery pack representing multiple cells connected in series was created to study the
charging and discharging behavior of the EV battery. Voltage and current measurement blocks were used to continuously
monitor the electrical parameters of the battery, while a temperature monitoring block was included to observe the
thermal condition of the battery pack during operation. The measured signals were sent to the controller unit, where
predefined limits were set to detect abnormal conditions such as over-voltage, under-voltage, over-current, and high
temperature. When any parameter exceeded the safe limit, the controller activated the switching and protection
mechanism to disconnect the load and protect the battery pack.
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Figure4 - Simulink model

RESULT

The simulation results of the Smart Battery Management System (BMS) designed using MATLAB and Simulink show that
the system effectively monitors and controls important battery parameters such as voltage, current, and temperature.
The BMS successfully detected abnormal conditions like over-voltage, under-voltage, over-current, and excessive
temperature during battery operation and activated the protection mechanism to disconnect the load when necessary.
The simulation also demonstrated proper cell balancing, ensuring that all battery cells maintained nearly equal voltage
levels, which helps improve battery efficiency and lifespan. Overall, the results confirm that the proposed Smart BMS
enhances battery.
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Figure 5 - Simulation result
CONCLUSION

The paper, “The Designh and Simulation of the Battery Management System (BMS) for an Off-Grid EV Charging Station,”
emphasizes the critical role of advanced monitoring and control strategies to ensure the safe, efficient, and reliable
operation of batteries in electric vehicle (EV) charging systems. By integrating key components like State of Charge (SoC)
estimation, State of Health (SoH) estimation, thermal management, and fault detection, the BMS effectively addresses the
most pressing challenges related to battery performance, lifespan, and safety. The SoC estimation method, utilizing
Coulomb Counting, provides a precise measure of the battery’s remaining capacity, enabling optimal energy management
and improving charging efficiency. Meanwhile, SoH estimation simulates the battery's degradation over multiple discharge
cycles, offering valuable insights into its long-term health, which helps users monitor wear and plan for timely
maintenance or replacements.
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