
An Efficient Cell Balancing Strategy for Plug-in

Hybrid Electric Vehicle

By

IMTISAL AKHTAR
01-244132-032

Master of Sciences

In

Electrical Engineering (Power)

Department of Electrical Engineering
Bahria University,
Islamabad-Pakistan

SPRING 2015



Bahria University, Islamabad

An Efficient Cell Balancing Strategy for
Plug-in Hybrid Electric Vehicle

A Thesis Presented to

Bahria University, Islamabad

In partial fulfillment

Of the requirement for the degree of

MSEE (Power)

By

IMTISAL AKHTAR

01-244132-032

SPRING 2015



An Efficient Cell Balancing Strategy for Plug-in
Hybrid Electric Vehicle

A Masters of Sciences Thesis submitted to the name of Electrical Engineering

Department as a partial fulfillment of the requirement for the award of Degree of

MSEE (Power).

Name Enrollment Number

IMTISAL AKHTAR 01-244132-032

Supervisor

Jehanzeb Ahmed
Associate Professor
Department of Electrical Engineering
Bahria University, Islamabad

August, 2015



Final Approval
The thesis titled

An Efficient Cell Balancing Strategy for Plug-in
Hybrid Electric Vehicle

By

IMTISAL AKHTAR
01-244132-032

Has been approved
For the Bahria University, Islamabad

External Examiner: ________________________________________________

Engr. Shaikh Saaqib Haroon

University of Engineering and Technology, Taxila

Supervisor: ______________________________________________________

Jehanzeb Ahmad

Department of Electrical Engineering, Bahria University Islamabad Campus

Internal Examiner: __________________________________________________

Dr. Muhammad Ali Shami

Department of Electrical Engineering, Bahria University Islamabad Campus

HoD: ___________________________________________________________

Dr. Najam-ul-Islam

Department of Electrical Engineering, Bahria University Islamabad Campus



Declaration
I Imtisal Akhtar (01-244132-032) hereby declare that we have produced the work

presented in this thesis, during the scheduled period of study. I also declare that I have

not taken any material from any source except referred to wherever due that

amount of plagiarism is within acceptable range. If a violation of HEC rules on research

has occurred in this thesis, I shall be liable to punishable action under the plagiarism

rules of the HEC.

Date: _______________________ Signature of Student:

______________________________
IMTISAL AKHTAR

01-244132-032



Dedicated to

My Respectable Parents

AND

Sweet Siblings



ACKNOWLEDGEMENTS

In the name of ALLAH, Most Merciful, the most beneficent and the most gracious

and countless salaam to Holy Prophet Muhammad (Peace be Upon Him). Prior to

anyone else, all gratitude and praises are due to the almighty ALLAH, who gave me

health to achieve this goal.

It is difficult to overstate our gratitude to our supervisor, JEHANZEB AHMED,

Bahria University Islamabad. His sage advice, insightful criticism, sympathetic attitude,

enthusiastic supervision especially during experiment work and patient encouragement

aided me to write this thesis and let me to face every problem with smiling and fruitful

attitude.

I would also like to thank my dear father AKHTAR ALI and elder brother,

IRTISAL AKHTAR whose gave me moral support and beneficial suggestions during my

research work and thesis write up. I also want to thank my friends Sarmad Izhar,

Muhammad Qasim, Usama Ahmad Khan, Talha Umair Sultan and other batch fellows

for providing me facilities to complete my thesis.

Last but not least, a very warm thanks to my respectable parents as well as my

sweet siblings for their continuous encouragement, unconditional love, guidance. They

always given me support and helping me to succeed and instilling in me the confidence,

and valuable suggestions for my studies and character.

IMTISAL AKHTAR
01-244132-032



Abstract
Cost and shortage of fuel oil is one of the major problems for the customers. Parallel

Hybrid Electric Vehicle (PHEV) has ability to overcome these difficulties and minimize

the fuel cost because such electric vehicles contain number of batteries that help to

minimize the use of conventional fuel sources. The aim of the thesis is to introduce a

battery cell balancing strategy that uses the battery in efficient way to maximize the drive

of electric vehicle.

Battery management system (BMS) is an imperative feature for the al range of electrical

vehicle and electrical energy storage system as it accomplish lot of features. Battery cell

balancing hinders electric vehicle performance, due to the mismatch in the state of charge

(SoC) difference among the cells. In many cases, such mismatch even leads to the failure

of the whole battery pack. In order to avoid this disaster, many cell balancing strategies

has been proposed such as resistive shuttling, capacitor shuttling, transformer/inductor

based and converter based. Shuttling capacitor has many advantage over the resistive one

due to its high efficiency and less energy dissipation while transferring charge from

higher SoC cell to the lower SoC cell. However, after the certain SoC difference of the

cells, this capacitor shuttling technique lot of time to eliminate this SoC difference which

eventually increases the time to balance the battery pack. Keeping this problem in mind, a

hybrid strategy is proposed in this thesis which uses two technique to work after one

another. When the SoC difference goes higher than a certain number (4%), double tiered

shuttling capacitor (DTSC) will be used to lower the difference till it reaches to the SoC

difference of 4%. From here, the passive balancing (resistor shuttling) will take the

control and remove the SoC difference using the resistor to dissipate extra energy in the

form of heat. This lead to a new regulator strategy for balancing the SoC of the cells. In

addition to this, such system is cost effective, less heat dissipation as compared to

individual resistive shuttling method for large SoC difference. In this way, we can use the

complete capacity of the battery pack.
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