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ABSTRACT

The report documents the study on a hydrogen proton exchange membrane (PEM)
fuel cell powered unmanned aerial vehicle (UAV) named Kenyalang-1. Common
aircraft utilize internal combustion engines (ICE) as main power source for the
propulsion system. However, ICE imposes negative impact towards the environment
due to the pollution produced through carbon emission, initiating green house effect,
global warming, and health problems. Researchers have started to develop interest on
the possibilities of using alternative energies to replace ICE aircraft propulsion
system. Due to the relatively new nature of the technology, there is a need for a
research on the development of a fuel cell electrical propulsion system. The objectives
of this project are to design and to develop a fuel cell propulsion system that operates
using a 500 W hydrogen PEM fuel cell as the main power generator for a UAV. The
research is important to determine the capability of the propulsion system to power a
custom designed and built 5-meter wingspan UAV that acts as a technology
demonstrator. The propulsion system was designed in two configurations, fuel cell
and hybrid. The system consists of a fuel cell (main power supply), 2-cell lithium
polymer battery (hybrid), electronic speed controller, a brushless direct current motor
and a propeller. Mathematical model simulation is designed to predict the
performance outcome from the system while experimental approach to validate the
simulation is done through two different methods; ground-based static test in the lab
and actual test flight at an outdoor location. The performance from the flight tests
shows that both configurations were capable to produce sufficient power, thrust, and
speed for the aircraft to fly successfully. The maximum power of 514.49 W was
achieved for the fuel cell system and 862.45 W was achieved for the hybrid system.
The maximum speed of the aircraft was 19.4 meters per second with a maximum
altitude achieved at 90 meters. The simulation and experimental comparison shows
that the simulation result follows the same trend as the experimental; however some
errors were identified showing slight inaccuracies between both results. It can be
concluded that the objective of this study is achieved through the development of a
500 W fuel cell powered UAV that was flight tested and a mathematical model has
been developed as a method of prediction. This project is beneficial to the society
since the UAV can be utilized for air surveillance monitoring, remote sensing, aerial
photography, scientific research, and also transportation.

v



ACKNOWLEDGEMENT

Thanks to God for all the blessings given to me in order for me to successfully
complete the study and the thesis.

I would like to express my deepest gratitude to my supervisor, Prof. Dr. Ir. Wahyu
Kuntjoro, for his continuous guidance, knowledge, and support throughout the length
of the study. He has helped me in developing my background knowledge in fuel cell
and flight technology systems specifically and alternative energy generally.

I would also like to also thank my co-supervisor, Dr. Thomas Arthur Ward, who
started my interest in the field of PEM Fuel Cell Unmanned Aerial Vehicle (UAV).
He has been a great mentor in the development of the UAV, has guided me through all
practical issues beyond the textbooks and has been supporting the research financially
through grants from MOSTL

In addition, great appreciation to my colleagues especially Mohd Hadi Anuar Bin
Mohd Fakharuzi, Joerg Wiegl, Nor Idayu Tahir, Joseph Koh and Mohd Izmir Yamin
and all the other UiTM Kenyalang UAV Team members. Their involvement in this
project from the start has become the key to the development of the UAV.

Finally, I would like to dedicate the thesis to my parents Jenal Bin Abu Samah and
Halimah Binti Abd Manap, as well as my family members. They have been
supporting me and encouraging me throughout all the challenges that came in the way
while finishing this study. I would not be able to finish my thesis without their
motivation and blessings.

Special thanks to Syazuan Abd Latip, Khairul Imran Sainan, Firdaus Mohamad, Siti
Khadijah Alias, Mohd Azimin Abd Ghani, for all the morale supports that allowed me
to move forward in the completion of this study.



TABLE OF CONTENTS

Page
AUTHOR’S DECLARATION i
ABSTRACT il
ACKNOWLEDGEMENTS iv
TABLE OF CONTENTS v
LIST OF TABLES viii
LIST OF FIGURES X
LIST OF ABBREVIATIONS Xvii
CHAPTER ONE: INTRODUCTION
1.1 Introduction 1
1.2 Problem statement 2
1.3 Objectives 3
1.4 Scope of Study 3
1.5  Significance of study 4
CHAPTER TWO: LITERATURE REVIEW
2.1 Introduction 5
2.2 Fuel Cell Technologies 9
2.2.1 History of Fuel Cell 13
23 Fuel Cell Commercialization Barrier 14
23.1 Cost 14
2.3.2 Performance 15
2.4 Applications and Future Perspective 17
2.4.1 Research on Fuel Cell Automotive Applications 20
2.5  Fuel Cell UAV 23

2.6 Modeling Tools 26

vi





