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Abstract

This research paper focuses on the design of a battery pack for
electric vehicles. A MATrix Laboratory (MATLAB) simulation of
a drive cycle was conducted to determine the -current
requirements of the vehicle at different speeds. The simulation
provided data on speed vs. time, allowing for the analysis of
different battery types such as nickel-cadmium, lithium-
polymer, and lithium-ion. The simulation also helped to derive
different battery parameter values such as voltage, current, and
state of charge. The objective of this research is to determine
the best battery configuration for optimum performance in
electric vehicles.

Keywords: Battery pack design; Lithium-ion battery; Battery
thermal management; Battery cycle life; State of charge

Introduction

The increasing demand for sustainable transportation has led to the
development of Electric Vehicles (EVs). One of the key components
in the design of EVs is the battery pack. The battery pack is
responsible for storing and providing energy to power the vehicle's
motor. As such, it is critical to design a battery pack that meets the
performance and safety requirements of EVs [1].

In this research paper, we focus on the design of a battery pack for
EVs. To determine the best battery configuration for optimum
performance, a MATLAB simulation of a drive cycle was conducted.
The simulation provided data on current vs. time, which was analyzed
for different battery types such as nickel-cadmium, lithium-polymer,
and lithium-ion. The simulation also helped to derive different battery
parameter values such as voltage, current, and state of charge.

The objective of this research is to determine the best battery
configuration for EVs, taking into consideration performance, safety,

and cost factors [1]. The findings of this research can provide insights
for the design of future battery packs for EVs, contributing to the
development of more sustainable and efficient transportation solutions.

Material and Methods

Battery pack

A battery pack is a collection of individual batteries arranged in a
specific configuration to provide a desired voltage, current, and energy
output. The battery pack is an essential component of an electric
vehicle as it provides the necessary energy to power the vehicle's
motor [2]. The configuration of the battery pack depends on the
specific requirements of the vehicle, such as the desired range, power
output, and weight. The most commonly used battery chemistries in
battery packs for electric vehicles are nickel-cadmium, lithium-
polymer, and lithium-ion.

Battery parameters

There are several parameters that are used to describe the
characteristics of batteries. Some of the most important battery
parameters include:

Voltage: Voltage is the electrical potential difference between two
points in a battery. It is measured in Volts (V) and determines the
amount of power that can be delivered to the motor.

Current: Current is the flow of electric charge through a battery. It
is measured in Amperes (A) and determines the rate at which the
battery can supply energy to the motor.

State of Charge (SOC): The state of charge is the percentage of
the total capacity of the battery that is currently available. It is
measured in percentage and indicates the amount of energy that is
available for use.

Cycle life: Cycle life refers to the number of charge and discharge
cycles that a battery can withstand before it reaches the end of its
useful life. It is an important parameter as it determines the lifespan of
the battery [3].

Battery Management System (BMS): The battery management
system is responsible for monitoring and controlling the performance
of the battery. It ensures that the battery operates within safe limits and
can also provide information on the state of charge and other
important parameters.

Battery thermal management: Battery thermal management is the
process of regulating the temperature of the battery to ensure that it
operates within safe limits. High temperatures can reduce the lifespan
of the battery and increase the risk of thermal runaway, which can lead
to fires or explosion [4].

Battery pack designing

Battery pack designing is a critical aspect of Electric Vehicle (EV)
design. A battery pack typically consists of multiple cells that are
interconnected to provide the required voltage and current to power
the EV's motor. The design of a battery pack involves selecting the
right type of cells, arranging them in a suitable configuration, and
incorporating safety features to prevent any potential hazards.
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The selection of cells is a crucial aspect of battery pack design.
Different types of cells, such as nickel-cadmium, lithium-polymer, and
lithium-ion, have their own unique characteristics in terms of energy
density, cycle life, and cost. The choice of cells is often driven by
factors such as performance, safety, and cost-effectiveness.

The arrangement of cells in a battery pack depends on the voltage
and current requirements of the EV. The cells can be connected in
series to increase the voltage or in parallel to increase the current. The
arrangement should be optimized to provide the required power output
while also ensuring that the cells are balanced and do not experience
any thermal runaway.

In addition to cell seclection and arrangement, battery pack
designing also involves incorporating safety features such as thermal
management, overcharge protection, and cell monitoring. These
features help to prevent any potential hazards such as fires or
explosions [5].

Overall, battery pack designing is a critical aspect of EV design that
requires careful consideration of various factors such as cell selection,
arrangement, and safety features. A well-designed battery pack can
ensure the performance, safety, and cost-effectiveness of EVs,
contributing to the development of sustainable and efficient
transportation solutions.

Existing models

Chevrolet Volt battery pack design: The Chevrolet Volt is an
electric vehicle that also includes an onboard gasoline generator to
extend its range. The first-generation Volt battery pack design utilized
a T-shaped configuration that was difficult to manufacture and prone
to battery cooling issues. While the battery pack did provide sufficient
power, its manufacturing complexity and reliability issues led to a
redesign in the second-generation Volt [5].

Fisker Karma battery pack design: The Fisker Karma was a
luxury electric vehicle that utilized a unique battery pack design. The
pack consisted of two battery modules each with 15 kWh capacity,
mounted low in the vehicle’s centre for optimal weight distribution,
however the battery pack faced numerous issues including fire hazards
and module failure leading to recall of the vehicle.

Tesla model S battery pack design: The Tesla model S is a highly
popular and successful electric vehicle, but its battery pack design
faced challenges in the early stages of production [5]. The original
design used thousands of small lithium-ion cells, which led to
manufacturing complexity and quality control issues. Tesla eventually
switched to a simpler and more reliable design using larger battery
cells [5].

Results and Discussion

Simulation observations

Since these observations are recorded by simulation, it is important
to show the nature and parameters of battery. In MATLAB the
discharging graph and different parameters of the Li-ion battery and
Lead acid batteries is shown in the Figure 1. Also in Table 1 we can
observe parameter such as discharge time, energy density comparison
of lithium-ion battery with other batteries and notice that li-ion battery
outperforms other battery type in same segment, thus becoming best
choice for battery pack designing.
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Figure 1: Discharging graph and parameter of battery.

Note: (—) Discharge curve; (I ) Nominal area; ( )

Exponential area; ( ) 6.5A; ( ) 13A; ( ) 32.5A.
Battery Voltage (V) Energy Discharge Discharge
type density time for 5 time for 1

(Wh/kg) mm mm
thickness thickness
(hh:mm:ss) (hh:mm:ss)
Ni-Cd 1.2 40-100 11:15:00 00:05:24
Ni-MH 1.2 90-245 27:36:00 00:13:12
Li-ion 1.5 110-220 45:00:00 00:21:36
Li-polymer 3.6 180-380 42:45:00 00:20:24

Table 1: Comparision of different parameters.

The parameters help in determining or predicting the performance
of the battery. Based on this the simulation has done and the battery
pack had been designed. According to the model shown in Figure 2.

Figure 2: Simulink model of battery pack.

Since this simulation focus on the performance of Electric Vehicle,
hence to simulate the behaviour of the Electric Vehicle a drive cycle is

used.

A drive cycle is numerical data represented in the form of graph in

MATLAB which gives relationship between either Speed vs. Time or
Current vs. Time.
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The drive cycle used in this simulation is specially designed and
observed to simulate the behavior of an electric vehicle driving in the
cities where it needs to stop suddenly and frequently [6]. The drive
cycle graph is shown in this Figure 3.
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Figure 3: Drive cycle graph.

This drive cycle gives data to current generator based on the drive
cycle which is connected to the battery pack [6]. The parameters of
battery like State of Charge (SOC), current and Voltages are then
observed using a bus and plotted using Scope (Figure 4).
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Figure 4: Graph represents the variation in current and state of
charge of battery.

These are the result and observations of this model after using this
drive cycle, the model has undergone a specific testing procedure, and
the findings and analysis obtained from this testing procedure are
being presented. These findings and analysis can provide insights into
the performance of the system being tested, which can be used to
improve its efficiency, reliability, and overall performance [5,6]. The
current model is a solid foundation for further experimentation and
exploration. By conducting further research and testing using different
drive cycles and batteries, researchers can gain a deeper understanding
of the system being studied and potentially uncover new insights that
can be used to improve its performance [7-10].

Using different drive cycles can help researchers evaluate the
system's performance under a wider range of conditions, which can

provide a more comprehensive view of its capabilities. By testing the
system under different conditions, researchers can identify any
weaknesses or limitations that may not have been apparent during the
initial testing.

Conclusion

Battery is very critical part of any electric vehicle unit, and hence it
is very important to understand to choose the type and configuration
of the batteries for designing a battery pack which can provide the
optimum performance of the unit. This paper looks into this and
provides a very basic model for simulating and investigating the
performance of different battery packs and observes their
performances. It also helps researchers to find the minor faults or
flaws in performance based on the analysis of the observations.
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