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ABSTRACT

The lithium-ion battery became more popular to use due to its prominent
characteristics such as energy density, power density and high terminal voltage of a
single cell. However, if there is power regulation issue during the charging and
discharging processes, the performance of the battery will be affected. In this case, the
life of the battery will considerably reduce, which may result in undesirable outcomes
such as fire or explosion. In order to avoid these issues, Battery Management Systems
(BMS) is used to provide proper power regulation. BMS includes substantial
subsystems such as SOC estimation, thermal management and cell balancing. This
research concentrates on the cell balancing mechanism, which is an essential part of
the BMS for extending battery life. The two basic types of cell balancing are passive
cell balancing and active cell balancing. The active balancing topology utilized in this
research is a Single Switch Capacitor (SSC), capacitor base, in order to perform
module balancing and cell balancing inside internal modules. The BMS is based on
the pack modularization architecture, where a single capacitor is fitted to transfer the
energy from module to module to achieve balancing. While, the internal module
balancing is accomplished with the use of a Single Switch Capacitor (SSC), Auxiliary
Battery (AB) and Unidirectional DC-DC Cuk Converter (UCC) for boost charging.
Finally, the BMS simulation is modelled using MATLAB/SIMULINK to validate the
implementation system's results.



ABSTRAK

Bateri litium-ion menjadi lebih popular untuk digunakan kerana ciri-
cirinya yang menonjol seperti ketumpatan tenaga, ketumpatan kuasa dan voltan
terminal tinggi bagi satu sel. Walau bagaimanapun, jika terdapat isu peraturan kuasa
semasa proses pengecasan dan nyahcas, prestasi bateri akan terjejas. Dalam kes
ini, hayat bateri akan berkurangan dengan ketara, yang boleh mengakibatkan
hasil yang tidak diingini seperti kebakaran atau letupan. Untuk mengelakkan isu
ini, Sistem Pengurusan Bateri (BMS) digunakan untuk menyediakan peraturan
kuasa yang betul. BMS merangkumi subsistem yang besar seperti anggaran
SOC, pengurusan haba dan  pengimbangan sel. Penyelidikan ini
menumpukan pada mekanisme pengimbangan sel, yang merupakan bahagian
penting BMS untuk memanjangkan hayat bateri. Dua jenis asas pengimbangan sel
ialah pengimbangan sel pasif dan pengimbangan sel aktif. Topologi pengimbangan
aktif yang digunakan dalam penyelidikan ini ialah Kapasitor Suis Tunggal
(SSC), asas kapasitor, untuk melaksanakan pengimbangan modul dan
pengimbangan sel di dalam modul dalaman. BMS adalah berdasarkan seni bina
modularisasi pek, di mana satu kapasitor dipasang untuk memindahkan tenaga
dari  modul ke modul untuk mencapai keseimbangan. Manakala,
pengimbangan modul dalaman dicapai dengan penggunaan Kapasitor Suis
Tunggal (SSC), Bateri Bantu (AB) dan Unidirectional DC-DC Cuk
Converter (UCC) untuk pengecasan rangsangan. Akhir sekali, simulasi BMS
dimodelkan menggunakan MATLAB/SIMULINK untuk mengesahkan keputusan

sistem pelaksanaan.
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CHAPTER 1

INTRODUCTION

1.1  Research Background

Extensive research and development on green energy has been accomplished
over the last three decades, resulting in a plethora of possible new technologies, such
as electric vehicles (EVs), solar, and wind power systems. These technologies have
the potential to reduce reliance on fossil fuels while also addressing energy,
environmental, and economic challenges [1]. As one of the most commonly used and
secure energy storage systems, in these applications, the battery plays a crucial role.
In comparison to other types of batteries, such as nickel and lead-acid, a rechargeable
lithium-ion (Li-ion) battery offers quicker charging rates, longer life spans, and better

energy density, according to recent research in battery technology [2].

Li-ion battery is a rechargeable battery where lithium ions migrate from the
negative electrode to the positive electrode through an electrolyte during discharge and
then back while charging [3]. No sufficient power regulation might occur during the
charging and discharging processes of a Li-ion battery. In this case, the battery's life
span will be considerably reduced, which may result in undesirable outcomes such as
fire or explosion. The imbalances decrease the operational performance of the battery
system. If only one Li-ion cell in a battery cell is overcharged or undercharged, it
causes permanent damage or speeds cell aging. The Battery management system BMS

is employed all the time in order to provide proper power regulation [2], [3].

The BMSs for Li-ion batteries are critical components for their use in a broad
range of applications, including EVs. The BMS includes a plenty of significant
subsystems such as state of charge (SOC) estimate, thermal control, and cell balancing
as shown in figure 1.1. One of the most crucial BMS subsystems that certainly

contributes to extending battery life is cell balancing. Furthermore, the mechanism of



cell balancing not only effective way to protect cells, but it also distributes energy
between cells to constantly maintain energy levels of cells during the operations of

charge and discharge [4].

miain cireuit current sensor

ain cireuit voltaget sens : y modul
main cireuit voltaget sensor supply module module

System
measurement -

- - §
o argi Thermal Cooling control

Voltage/current Charging Internal power
Heating control

Battery box outside temperature }

— —
Battery box coolant inlet t at f A als
iy er.gbt X ttltll‘ ant i . emperature Temperature T Ralanced cell select
attery box coolant outlet temperature sensors array control module Active/passive balancing
Battery cell temperatures
. P Battery box cover state switch
Ba 1 voltases Main circuit positive contactor
ttery cell voltages Cell voltage I)igl'til] core High voltage B.men mo.dule m{lwdnr
Battery module voltage Tnessrement safety control M’.‘l!ll c1l.ncu!t negative contactor
\ ) Main circuit fuse
Accelerating pedals sensor 1 Insulation measurement
Accelerating pedals sensor 2 General Communication Calibration channel
Brake pedal sensor 1 analogue inputs module The controller CAN channel 1
Brake pedal sensor 2 h The controller CAN channel 2

A Balancing working indicator
Global dock General digital SOH indicator

module outputs Charging indicator
Overload overvoltage alarm

Charging allow/hanned switch inputs interface modul
Ralancing allow/hanned switch

Start key ON/OFF signals -
Eeonomy/sport switch } General digital e ]
e

J

Failure alarm

Figure 1.1 Battery Management System [4]

Passive cell balancing and active cell balancing are two basic cell balancing
strategies [5]. For accuracy, reliability and safety in a sensitive system such as battery,
active cell balancing is mostly employed. Therefore, the focus of this thesis will be on
the study of active cell balancing method in Li-ion battery by using single switch
capacitor strategy with Auxiliary Battery and Unidirectional Cuk Converter.

1.2 Problem Statement

Due to the limitations of existing manufacturing technology, cells within a
battery pack are not identical in terms of voltage, capacity and internal resistance.
Overcharging or Over-discharging phenomena of the cells inside the battery,
represents the consequence of an imbalance in the parameters. Thus, it has an impact
on the battery pack's performance and longevity, as well as the risk of a fire or
explosion [6]. In order to solve this problem, Battery Management System (BMS) is
employed. BMS is an electronic system that protects the battery system from harm



such us power regulation issues [7]. Cell Balancing/Battery Equalization is very
important subsystem in BMS that improves battery life by equalizing charges between

the cells.

The cell balancing mode can be classified into passive balancing (dissipative)
and active balancing (non-dissipative) relative to the amount of excess energy
dissipated in the form of heat [5]-[7]. With a parallel resistor, passive cell balancing
releases surplus energy as heat. This equalization approach is easy, convenient,
adaptable, low-cost, and compact in size, but it has drawbacks such as energy waste,
which makes thermal management more difficult [8]. In contrast, active cell balancing
transfers energy between cells in order to eliminate the heat. But with this approach
the redistribution of energy between cells with different SOCs still brings energy
losses. However, if battery systems do not include a balancing technique, one or more
cells will restrict both charging and discharging operations, lowering useable energy
[9]. Therefore, developing a precise active cell balancing approach that can improve

the battery system is crucial.

1.3 Hypothesis

Several hypotheses of this research include:

@ Providing a convenient method to transfer energy inside the battery from cell
to cell and from module to module. Thus, there will not be any risk of energy

dissipation.

(b) Improving the performance of the BMS system in general by increasing the

charging speed.

(© Developing new manufacturing technology that is more practical and

economic.
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(@)

(b)

(©)

1.5

(a)

(b)

(©)

Objectives

The main objectives of this research are:

To design and simulate a new innovative cell balancing approach by combining
Single Switched Capacitor, Auxiliary battery, and Unidirectional DC-DC Cuk
converter for balancing of cells in Li-ion battery using MATLAB/SIMULINK.

To validate Single Switched Capacitor only for active cell balancing method
in Li-ion battery using MATLAB/SIMULINK.

To improve the state of charge SOC and balance speed between cells using the
combination of Single Switched Capacitor, Auxiliary battery, and

Unidirectional DC-DC Cuk converter.

Research Scope

The scope of this work includes:

Focus on using Single Switched Capacitor with Auxiliary Battery and

Unidirectional DC-DC Cuk Converter topology.

Focus on active cell balancing using Single Switched Capacitor only for Li-ion

battery.

MATLAB/Simulink is utilized to obtain the accurate simulation results.



1.6

(@)

(b)

(©)

Expected Contributions
This research is expected to contribute the following matters:
This research will introduce an innovative balancing method which efficiently

lead to prolong the batteries life span and reduce the aging of cells.

The non-dissipation method that used in this research will reduce undesirable

results such as fire or explosion that may occur battery systems.

The losses of energy will decrease, whereas the capacity of battery will
increase in this method. Thus, it is expected to play a major role in increasing

the demand on clean energy sources and abstain on fossil fuels.
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