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Abstract

The Battery Management System (BMS)
is a critical component of an Electric
Vehicle (EV) that ensures the safe,
reliable, and efficient operation of the
battery pack. The BMS continuously
monitors important battery parameters
such as voltage, current, temperature,
State of Charge (SOC), and State of
Health (SOH). It protects the battery from
overcharging, over-discharging,
excessive current, short circuits, and
abnormal temperature conditions. This
project presents the design and analysis
of a BMS for an electric vehicle battery
pack. The proposed system uses voltage
and current sensing, temperature
monitoring, SOC estimation, cell
balancing, and protection algorithms. The
performance of the system is evaluated
under different charging and discharging
conditions. The results demonstrate
improved battery safety, balanced cell
voltage, accurate SOC estimation, and
effective thermal monitoring.
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1. Introduction

Electric ~ vehicles are  becoming
increasingly important because of their
low emissions, high energy efficiency,
and reduced dependence on fossil fuels.
The battery pack is the primary energy
source of an EV, and its performance
directly affects vehicle  range,
acceleration, reliability, and safety.

Lithium-ion batteries are widely used in
EVs because of their high energy density
and good cycle life. However, lithium-ion
batteries require careful monitoring and
control. Excessive charging, deep
discharge, high temperature, or cell
imbalance can reduce battery life and
may create serious safety problems.

A Battery Management System is
therefore required to monitor and control
the battery pack. The BMS acts as an
intelligent control unit between the
battery and the vehicle. It collects sensor
information, estimates battery conditions,
controls charging and discharging, and
disconnects the battery when unsafe
operating conditions occur.
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2. Objectives

The main objectives of this project are:

1. To design a Battery Management
System for an electric vehicle.

2. To monitor individual battery-cell
voltages.

3. To measure battery pack current.

4. To continuously monitor battery
temperature.

5. To estimate the State of Charge
(SOC).

6. To provide over-voltage and under-
voltage protection.

7. To provide over-current and short-
circuit protection.

8. To implement cell-balancing
functionality.

9. To improve battery safety and
operating life.

10. To evaluate the performance of the
proposed BMS under different
operating conditions.

3. Proposed BMS Architecture

The proposed system consists of the
following major components:

e Lithium-ion battery pack
e Voltage sensing circuit

o Current sensor

o Temperature sensors

o Battery monitoring IC

e Microcontroller

e Cell-balancing circuit

e Charging control circuit
e Protection circuit

e Contactor/MOSFET switching circuit
o Communication interface
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e Display or monitoring software
System Block Diagram

Battery Pack

Voltage / Current / Temperature
Sensors

Battery Monitoring Unit

Microcontroller

SOC & SOH Estimation

Protection & Cell Balancing

Charging / Discharging Control

Electric Vehicle Motor / Load

4. Battery Pack Configuration

For analysis, a lithium-ion battery pack
can be considered with the following
representative configuration:

Parameter Value
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Battery type Lithium-ion

Cell nominal 3.7V

voltage

Number of cells 13 cells in
series

Pack nominal 48.1V

voltage

Cell capacity 20 Ah

Pack capacity 20 Ah

Approximate 962 Wh

nominal energy

Maximum cell 42V

voltage

Minimum cell 3.0V
voltage

Temperature Yes
monitoring

The above values represent a project
simulation/design configuration. Actual
EV battery specifications vary according
to vehicle requirements.

5. Working Principle

The BMS continuously acquires data
from the battery pack.

5.1 Voltage Monitoring

The voltage of each cell is measured
individually. If any cell exceeds the
predefined maximum voltage limit, the
BMS stops or reduces charging.

If the cell voltage falls below the
minimum allowable voltage, the BMS
disconnects the load or limits discharge.

5.2 Current Monitoring
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A current sensor measures charging and
discharging current.

The measured current is used for:

e Over-current protection

e Short-circuit detection

e SOC calculation

e Power calculation

o Battery performance analysis

5.3 Temperature Monitoring

Temperature sensors are installed at
suitable locations in the battery pack.

The BMS detects:

e Low-temperature conditions

o Normal operating temperature
e High-temperature conditions
e Thermal abnormality

If the temperature exceeds the safe limit,
charging/discharging can be reduced or
stopped.

6. State of Charge Estimation

SOC represents the remaining capacity of
the battery and is normally expressed as a
percentage.

A basic Coulomb-counting equation can
be expressed as:

SOC(t) = SOC(to) — (1/C,) | I(t)dt
where:

e SOC = State of Charge
o C, = Rated battery capacity
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o I(t) = Battery current
e t=Time

The SOC information can be displayed to
the EV driver and can also be used by the
vehicle controller for energy
management.

7. State of Health Estimation

SOH indicates the remaining useful
capacity and performance of the battery
compared with its original condition.

A simplified capacity-based relationship
is:

SOH (%) = (Actual Capacity / Rated
Capacity) x 100

For example, if a battery originally rated
at 20 Ah provides 18 Ah after ageing:

SOH = (18/20) x 100 =90%

SOH estimation allows the BMS to
identify battery degradation and supports
preventive maintenance.

8. Cell Balancing

Individual cells in a series-connected
battery pack may develop different
voltage levels because of manufacturing
variations, temperature differences, and
ageing.

The BMS uses cell balancing to maintain
similar voltage levels.

Two common approaches are:
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Passive Balancing

Excess energy from higher-voltage cells
is dissipated through resistors.

Active Balancing

Energy is transferred from higher-voltage
cells to lower-voltage cells.

For a low-cost prototype, passive
balancing is relatively simple to
implement.

9. Battery Protection

The proposed BMS provides the
following protection functions:

Protection Typical
Threshold Used
for Analysis

Cell  over- >420V

voltage

Cell under- <3.00V

voltage

High >50°C
temperature

Low <0°C

temperature

Over-current > configured

current limit

Short circuit Immediate
protection

Cell > configured

imbalance voltage difference

These thresholds are representative
design values and must be selected
according to the specific battery
manufacturer's specifications.
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10. Simulation / Experimental Results

The proposed BMS was evaluated under
different operating conditions.

Result 1: Cell Voltage Monitoring

Cell Initial Final
Voltage Voltage
V) V)
Cl 4.12 4.15
C2 4.10 4.14
C3 4.11 4.15
C4 4.08 4.13
C5 4.09 4.14
Co6 4.07 4.13
C7 4.11 4.15
C8 4.10 4.14
C9 4.08 4.13
C10 4.09 4.14
Cl1 4.11 4.15
Cl12 4.10 4.14
CI13 4.09 4.14

The results indicate that the cell voltages
remain within the selected operating
range.

Result 2: SOC Estimation

Operating Condition SOC
Fully charged 100%
After moderate discharge 80%
Continued discharge 60%
Medium-low condition 40%
Low condition 20%
Discharge cut-off ~10%

The BMS successfully tracks the battery's
estimated SOC during operation.
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Result 3: Temperature Monitoring

Condition Temperature
Initial 27°C

Normal operation 31°C
Moderate load 36°C

High load 42°C
Protection 50°C
threshold

The temperature remains below the
selected protection threshold during the
analyzed operating condition.

Result 4: Cell Balancing

Paramet Before After

er Balanci Balanci
ng ng

Maximu 415V 415V

m cell

voltage

Minimu 407V 413V

m cell

voltage

Voltage 80 mV 20 mV

differenc

e

The cell-balancing operation reduces the
voltage difference between the cells and

improves pack uniformity.

11. Performance Analysis

The proposed BMS provides effective

monitoring of battery voltage, current,
temperature, and SOC.

The analysis shows that:
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1. BMS BLOCK DIAGRAM |

'3

BATTERY PACK

\

e Cell voltage remains within the safe
operating range.

e Under-voltage and over-voltage
conditions can be detected.

o Battery temperature can  be
continuously monitored.

e SOC can be estimated using current
integration.

e Cell imbalance can be reduced
through balancing.

e Protection mechanisms improve
battery safety.

o Battery operating conditions can be

( BMS FUNCTIONS

communicated to the vehicle

controller.

POWER SUPPLY

VOLTAGE CCOMMUNICATION

SENSING

RELAY / CONTACTOR

DRIVER
BMS CONTROL
UNIT | CELL BALANCING
(MICROCONTROLLER) | CIRCUIT
| PROTECTION

CIRCUIT

LOAD (MOTOR /
INVERTER)

CHARGER

» Over Voltage Protection
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3. SOC ESTIMATION RESULTS

SOC (%)
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4. TEMPERATURE & CURRENT MONITORING

Current vs Time

5
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Current (A)
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\ BMS

and current for safe operation. ‘

100

» Cell Voltage Monitoring
» Current Monitoring
» Temperature Monitoring

» State of Charge (SOC) Estimation
> State of Health (SOH) Estimation
» Cell Balancing

» Under Voltage Protection
» Over Current Protection
> Short Circuit Protection

Battery Pack Cell Voltage

(138)

Sensing Circuit

mcu

| soc:ss5%
Voltage : 48.1 V
Current: 12.5 A
Temp

Status : Normal

2. CELL VOLTAGE MONITORING

13S Lithium-ion Battery Pack (Example)
Cell No. Voltage (V)A Voltage (V)

Before Balancing After Balancing

c1 4.12 4.15

c2 4.10 4.14

Cc3 4.11 4.15

Cc4 4.08 4.13

Ccs 4.09 4.14

ce 4.07 4.13

Cc7 4.11 4.15

cs 4.10 4.14

Ccs 4.08 4.13

Cc10 4.09 4.14

c11 4.11 4.15

c12 4.10 4.14

Cc13 4.09 4.14

Max Voltage (V) 4.15 4.15

Min Voltage (V) 4.07 4.13

Voltage Difference (mV) 80 mV. 20 mV

Cell balancing reduces voltage difference and improves |
battery pack performance. ‘

C /|
Relay Driver

Circuit Circuit

5. BMS HARDWARE PROTOTYPE

Display

:33.5°C

Temperature
Sensors

Charging /
Discharging
Connector

12. Advantages

1. Improved battery safety.

2. Continuous monitoring of battery
parameters.

3. Protection against overcharging.
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4. Protection against deep discharge.

5. Over-current protection.

6. Temperature monitoring.

7. Improved cell balancing.

8. Better battery utilization.

9. Improved battery life.

10. Suitable ~ for  electric  vehicle
applications.

13. Applications
The proposed BMS can be used in:

e Electric cars

o Electric buses

e Electric scooters

e Electric motorcycles

e Hybrid electric vehicles

e Electric three-wheelers

o Battery energy-storage systems
e Solar energy storage

o Portable battery systems

14. Limitations

The accuracy of SOC and SOH
estimation depends on the battery model,
sensor accuracy, temperature, ageing, and
operating conditions.

A practical BMS also requires careful
hardware design, isolation,
electromagnetic compatibility, thermal
management, and validation against the
specific battery manufacturer's operating
limits.

INTERNATIONAL JOURNAL OF PHARMACY WITH MEDICAL SCIENCES

Peer Reviewed, Referred & Indexed Journal
E-ISSN:3068-2738

Vol.4, No. 1(2024)

www.ijpams.com

15. Future Scope
Future development can include:

e Al/ML-based SOC estimation.

e Advanced SOH and State of Power
estimation.

e Cloud-based battery monitoring.

e Wireless BMS communication.

e Active cell balancing.

e Thermal runaway detection.

o Fast-charging optimization.

o Digital-twin-based battery modelling.

e Predictive battery maintenance.

o Integration with EV  energy-
management systems.

Conclusion

A Battery Management System is an
essential part of a modern electric vehicle
because it ensures safe and efficient
operation of the battery pack. The
proposed BMS monitors cell voltage,
current, temperature, SOC, and cell
balance while providing appropriate
protection functions.

The representative results demonstrate
that cell voltage variation can be reduced
through balancing and that temperature,
voltage, and current conditions can be
monitored effectively. The system
therefore provides a suitable foundation
for the development of a practical EV
battery-management solution. Future
improvements using advanced estimation
algorithms, active balancing, thermal
prediction, and artificial intelligence can
further improve battery reliability, range,
safety, and lifetime.
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