Volume 2, Issue 4, April 2024
www.ijris.com | E-ISSN: 2584-1017

International Journal of Research in Interdisciplinary Studies 36

Battery Management System of an Electric Vehicle

K. Rajani'", R. Appala Naidu', P. Siva Leela Prasad®, Y. Tarun Kumar®, Ch. Venkatesh?

! Assistant Professor, Department of Electrical and Electronics Engineering, Avanthi Institute of Engineering & Technology, Makavarapalem, India
2UG Student, Department of Electrical and Electronics Engineering, Avanthi Institute of Engineering & Technology, Makavarapalem, India

Abstract—With the increasing demand for electric vehicles and
renewable energy systems, Battery Management Systems (BMS)
have become crucial for the efficient and safe operation of
rechargeable batteries. This paper presents an overview of the
BMS of an electric vehicle, covering battery fundamentals,
lithium-ion batteries, BMS functions, wireless communication, cell
balancing, thermal management, safety features and
communication protocols. The BMS protects the battery from
operation outside its safe operating area, monitors voltage, current
and temperature, estimates State of Charge (SoC), State of Health
(SoH) and State of Power (SoP), and manages cell balancing and
thermal conditions. The paper also discusses distributed and
wireless BMS architectures and future developments including
wireless battery management and solid-state batteries.

Index Terms—Battery Management System, electric vehicle,
lithium-ion battery, State of Charge, State of Health, cell
balancing, thermal management, safety, wireless BMS.

1. Introduction

An electric vehicle (EV) is a vehicle powered by an electric
motor that draws electricity from a battery and can be charged
from an external source. Electric motorcycles and scooters are
plug-in electric vehicles with two or three wheels, powered by
rechargeable batteries. The source report identifies battery
range, charging infrastructure, performance and cost-
effectiveness as important considerations in two-wheeler EV
design and adoption.

The transition to electric two-wheelers is associated with
concerns about air pollution, greenhouse-gas emissions and
fossil-fuel dependency. Improvements in battery technology,
fast-charging networks, battery swapping and smart
connectivity are described as factors supporting EV adoption.
The BMS is a key electronic subsystem because it supervises
the battery during charging and discharging and maintains safe
operating conditions.
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Fig. 1. General block diagram of two-wheeler electrical scooter
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2. Battery Fundamentals

A. Introduction to Battery

A battery converts chemical energy directly into electrical
energy. A cell contains a cathode or positive plate and an anode
or negative plate, separated by an electrolyte that permits ion
movement. The electrode materials and electrolyte determine
the electromotive force and current capability. Battery capacity
determines how long a device can be operated before the stored
energy is exhausted.
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Fig. 3. Battery construction

B. Battery Development and Types

The report reviews the development of batteries from the
voltaic pile and Daniell cell to lead-acid, nickel-metal hydride,
solid-state and lithium-ion batteries. Electric scooters may use
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different battery types depending on cost, weight, energy
density and application. Lithium-ion batteries are highlighted
for their high energy density, light weight and relatively long
life.

C. Battery Cell Form Factors

Li-ion cells are available in small cylindrical, large
cylindrical, flat or pouch and rigid plastic forms. Cylindrical
cells provide established construction and good energy density;
pouch cells provide high packing efficiency and design
flexibility; rigid formats provide mechanical stability. The
choice depends on vehicle packaging, thermal requirements and
performance.

Fig. 4. Lithium-ion battery

3. Lithium-ion Batteries

A. Characteristics

Lithium-ion batteries use lithium ions as a key part of their
electrochemistry. During discharge, lithium atoms in the anode
are ionized and the electrolyte carries positively charged
lithium ions between the anode and cathode. The report
identifies high specific energy, high energy density, high
energy efficiency, longer cycle life and longer calendar life as
important characteristics.

B. Safety Considerations

The report emphasizes that lithium-ion batteries can be
stressed by voltage outside safe ranges. Excessive charging,
low-temperature charging, damage, crushing and overloading
can create safety risks. Protection circuitry is therefore
important. The report describes current interrupt and positive
temperature coefficient devices as safety measures used in
many lithium-ion cells.

C. Important Battery Parameters

e Cell voltage and cut-off voltage.

e  Capacity and State of Charge (SoC).

e Self-discharge rate.

o Cycle-related degradation and battery life.
e  Temperature and safe operating conditions.

4. Battery Management System

A. Definition and Purpose
A Battery Management System is an electronic system that
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manages a rechargeable battery or battery pack. According to
the project report, a BMS protects the battery from operation
outside its safe operating area, monitors battery state, calculates
secondary data, reports data, controls the battery environment,
authenticates the battery and balances cells. A battery pack
integrated with a BMS and external communication data bus is
described as a smart battery pack.
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Fig. 5. Battery Management System

B. Monitoring Functions

The BMS monitors total and individual cell voltages,
temperature, coolant flow where applicable, battery current,
individual cell health and cell balance. These measurements
provide the information required for safe charging and
discharging and for estimating battery condition.

e Voltage: total voltage and individual cell voltages.

e Temperature: individual cells and cooling-system
temperatures.

e Current entering or leaving the battery.

e Coolant flow for liquid-cooled battery systems.

e Individual cell health and state of balance.

C. Computation

In addition to direct measurements, a BMS can calculate
minimum and maximum cell voltage, SoC or depth of
discharge, SoH, SoP, maximum charge current, maximum
discharge current, energy delivered since the last charge,
internal cell impedance, accumulated charge, operating time
and cycle count.

D. Communication

The central BMS controller communicates internally with
cell-level hardware and externally with higher-level equipment
such as laptops or an HMI. The report identifies serial
communication and CAN bus communication for external
interfaces. Distributed or modular BMS architectures require
internal communication between cell controllers or modules.
Isolated serial and wireless serial communications are discussed
as approaches for voltage-shifted high-voltage battery systems.
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5. BMS Architectures and Cell Balancing
A. Main Controller

The main controller coordinates sensing, protection,
estimation, communication and control functions. It receives
battery measurements and makes decisions regarding charging,
discharging and safety actions.
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B. Distributed BMS

In a distributed architecture, cell-level controllers
communicate with a central controller. Such architectures can
be useful for larger battery packs, although high-voltage
systems introduce challenges associated with voltage shifts,
communication speed and node count.
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Fig. 7. Distributed battery management system

C. Cell Balancing
Cell balancing keeps the cells in a battery pack at similar
voltage or State of Charge so that the available capacity is
maximized and localized overcharging or undercharging is
prevented. The report describes passive balancing, where
energy from highly charged cells is dissipated through a load,
and active balancing, where energy is transferred from more
charged cells to less charged cells.
e Passive balancing through
dissipation.
e  Active balancing by transferring energy between cells.
e Reduction of charging current where appropriate to
protect fully charged cells.

controlled energy

6. Thermal Management in BMS
The Battery Thermal Management System (BTMS) manages

International Journal of Research in Interdisciplinary Studies, VOL. 2, NO. 4, APRIL 2024 38

and dissipates heat generated during electrochemical processes
so that the battery can operate safely and efficiently. The report
states that commercially available cells can operate over a broad
range, while manufacturers generally prefer a narrower range to
maximize performance. Maintaining small temperature
differences between cells is also important.

Thermal management may use passive or active air cooling,
liquid cooling or other heat-transfer arrangements. Air cooling
is simple but can be less efficient; liquid cooling has higher
natural cooling potential because liquid coolants generally have
higher thermal conductivity. The BMS can monitor
temperature, regulate charging and discharging rates, use heat
sinks or cooling systems, apply thermal models and initiate a
safety shutdown in extreme conditions.

7. Safety Features of BMS

The BMS incorporates protection functions to prevent the
battery from operating outside its safe operating area. The
project report identifies over-current, over-voltage, under-
voltage, over-temperature, under-temperature, over-pressure
where applicable, ground-fault or leakage-current detection and

other fault conditions.
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e Overvoltage protection during charging.

e Undervoltage protection during discharging.

e  Overcurrent protection during charge and discharge.
e  Short-circuit protection.

e  Temperature monitoring and protection.

e Cell balancing.

e SoC estimation.

e Isolation monitoring.

e  Fault detection and diagnostics.

e Emergency shutdown.

Protection may be implemented through internal switches
such as relays or MOSFETs, by commanding connected
devices to reduce or stop battery use or charging, by actively
controlling the battery environment, or by reducing
processor/power demand to reduce heating.

8. Communication Protocols

Communication allows the BMS to exchange important
battery data such as SoC, SoH, current, temperature and
voltage. Communication supports performance and efficiency
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decisions, safety alerts, system integration and diagnostics. In
EV applications, the BMS may need to communicate with the
vehicle control system, energy-management system, charging
equipment and external monitoring interfaces.
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Fig. 9. Communication protocols

A. Communication Requirements

e Reliable acquisition of cell and pack data.

e Safe communication across voltage-shifted battery
modules.

e Interoperability with vehicle and charging systems.

e Diagnostic and prognostic data transfer.

e  Wireless communication options for reducing wiring
complexity.

9. Case Study and Applications

The project report describes BMS applications in electric
vehicles, including systems associated with Tesla Model S,
Nissan Leaf, BYD e6 and Chevrolet Bolt EV, and discusses
Bosch BMS solutions. These examples illustrate the role of
BMS in monitoring cell voltage and temperature, controlling
charging and discharging, balancing cells, managing thermal
conditions and optimizing battery health and performance.

In electric two-wheelers, the BMS is particularly important
because battery weight, compact packaging, temperature,
charging time and range directly influence vehicle usability.
The BMS acts as the supervisory layer between the battery cells
and the vehicle power and charging systems.

10. Future Trends and Development

A. Wireless Battery Management Systems

Fig. 10. Wireless battery management system
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The report identifies Wireless Battery Management Systems
(WBMS) as an emerging development. Instead of relying on
physical communication connections to every cell, sensor
modules attached to individual cells transmit voltage,
temperature and current data wirelessly to a central control unit.
The central unit uses the received information for charging,
discharging, balancing and safety decisions.

B. Solid-State Battery Technology

Solid-state batteries are presented as a promising energy-
storage technology using solid electrolytes instead of liquid or
gel electrolytes. The report highlights the potential safety
benefit of non-flammable solid electrolytes and the possibility
of a wider operating-temperature range. These characteristics
make solid-state batteries an important future direction for
electric mobility and energy storage.
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Fig. 11. Solid-state battery

11. Results and Discussion

The study shows that the BMS is not a single monitoring
circuit but an integrated supervisory system combining sensing,
computation, communication, balancing, thermal management
and protection. The battery parameters measured by the BMS
provide the information required to control charging and
discharging and to maintain the battery within safe operating
limits.

The distributed and wireless architectures discussed in the
project provide alternatives to conventional centralized wiring.
Distributed BMS can place sensing and control closer to
individual cells, while wireless BMS can reduce
communication wiring and improve installation flexibility.
Thermal and safety functions remain essential regardless of
architecture.
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12. Advantages and Limitations

A. Advantages

e Improves battery safety by enforcing operating limits.

e Monitors cell and pack voltage, and
temperature.

e  Supports SoC, SoH and SoP estimation.

e Maintains cell balance and improves usable battery
capacity.

e Provides thermal management and fault protection.

e Enables communication with vehicle and charging

current

systems.
e Supports future wireless and smart battery
architectures.

B. Limitations

e  BMS design becomes more complex as battery voltage
and cell count increase.

e High-voltage communication requires isolation and
careful architecture.

e Thermal-management hardware can add weight and
energy consumption.

e Accurate SoC/SoH estimation requires appropriate
measurement and algorithms.

e Wireless BMS introduces communication reliability
and system-integration considerations.

13. Conclusion

This paper presents an overview of the Battery Management
System of an electric vehicle based on the supplied project
report. The BMS performs monitoring, computation,
communication, cell balancing, thermal management and safety
protection. These functions are essential for maintaining battery
performance, extending battery life and protecting users and
equipment. Lithium-ion batteries are emphasized because of
their high energy density and suitability for electric vehicles,
while the associated safety requirements make effective BMS
protection essential.

The study also highlights distributed and wireless BMS
architectures and future solid-state battery technology.
Continued development in sensing, communication, thermal
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control and battery chemistry can improve the safety,
efficiency, reliability and practicality of electric vehicles.
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