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ABSTRACT

Harvesting energy from ambient sources has sparked significant interest in its potential
to drive low-powered electronic devices and reduce electronic waste. Vibration energy
harvesting is particularly well suited in these micro-scale types of energy harvesting. A
hybrid energy harvester that consists of piezoelectric and electromagnetic energy
harvester is the approach to overcome the limitation of a single energy harvester.
However, most hybrid energy harvesters suffer from random motion and unidirectional
sensitivity as they can only efficiently harvest energy at constant frequency and one
direction of motion. The work investigates the capability of an electromagnetic energy
harvester and a piezoelectric energy harvester for a wearable device, mainly when
operating at a low-frequency range between 1 Hz to 13 Hz at a random direction of
human motion. The linear motion of human motion is converted into rotational motion
using an eccentric mass. Each time the eccentric mass passes the beam, the magnets
repel each other, resulting in the beam deflecting to its maximum possible deflection.
This technique is known as the magnetic plucking technique and simultaneously
changes magnetic flux around the wound copper coil to generate the largest amount of
current. When the eccentric mass rotates at a constant frequency of 5 Hz, the DC voltage
produced is 1.5 V, 4.9 mA, and 7.35 mW. In contrast, when manually rotated using
hand, it generates 1.4 V, 4.7 mA, and 6.58 mW. However, when the full-bridge circuit
replaces with a voltage doubler circuit, the voltage increases to 3.2 V and 3.8 V
respectively although the current reduces to half. This research demonstrated the ability
of the hybrid energy harvester to effectively harvest energy at low-frequency inputs.
The findings of this work provide the possibility to cater for the energy demand for
wearable electronic devices and efficiently generate energy at a low and random
frequency of human motion.
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ABSTRACT IN BAHASA MALAYSIA

Penjanaan tenaga dari sumber persekitaran telah menarik minat yang besar terhadap
potensinya untuk menghidupkan alatan electronik berkuasa rendah dan mengurangkan
sisa electronic. Penjanaan tenaga dari getaran sangat sesuai untuk jenis penjanaan
tenaga mikro ini. Penuaian tenaga secara hibrid adalah salah satu pendekatan untuk
penjanaan tenaga yang tinggi dari sumber getaran dan mampu menghidupan
kebanyakkan peranti electronic. Walau bagaimanapun, kebanyakkan penjana tenaga
melalui hybrid menderita akibat pergerakkan rawak dan pergerakkan sehala kerana
mereka hanya dapat menuai tenaga secara efisien pada frekuensi tetap dan satu arah
gerakan. Penyelidikan ini menyiasat keupayaan penuai tenaga elektomagnetik dan
penuai tenaga piezoelekrik untuk peranti dipakai, terutamanya ketika beroperasi pada
julat frekuensi rendah antara 1 Hz hingga 5 Hz pada arah gerakan secara rawak. Gerakan
linear iaitu gerakan manusia diubah menjadi gerakan putaran menggunakan jisim
eksentrik. Setiap kali jisim eksentrik melepasi bilah PZT, magnet saling menolak satu
sama lain, sehingga bilah PZT memesong ke pesongan maksimum. Teknik ini dikenali
sebagai teknik pemesong magnetik dan secara serentak, menukar fluks magnet di
sekitar gegelung tembaga untuk menghasilkan jumlah arus elektrik yang besar. Apabila
jisim eksentrik berputar pada frekuensi tetap 5 Hz, voltan DC yang dihasilkan adalah
1.5V, 4.9 mA dan 7.35 mW. Sebaliknya, apabila diputar secara manual menggunakan
tangan, ia menghasilkan 1.4 V, 4.7 mA dan 6.58 mW. Namun apabila litar pengubah
ditukar kepada litar mengganda voltan, voltan meningkat menjadi 3.2 V dan 3.8 V
masing-masing. Penyelidikan ini menunjukkan kemampuan penjana tenaga hibrid
untuk menjana tenaga secara berkesan, tanpa mengira input frekuensi rendah (1-5 Hz),
kerana frekuensi dominan bilah PZT adalah 16 Hz. Hasil kajian ini memberikan
kemungkinan untuk memenuhi permintaan tenaga untuk peranti elektronik yang boleh
dipakai dan menjana tenaga secara efisien pada frekuensi pergerakan manusia yang
rendah dan rawak.
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CHAPTER ONE

INTRODUCTION

1.1 RESEARCH BACKGROUND

Energy harvesting, alternatively referred to as energy scavenging, is a technique for
harnessing energy from ambient sources and converting it to electrical energy. Until
now, we have obtained energy through solar panels, wind turbines, hydroelectric
generators, and various other sources. This macro-scale energy harvesting technologies
have been able to meet our energy demands successfully. However, the miniaturisation
of electrical components such as sensors has developed rapidly for wearable and
portable devices. Thus, the popularity of new electronics paradigms has increased

significantly during the last several years.

Furthermore, integrated circuits (IC), wearable electronics devices, low-power
circuit design, and networking approaches have all advanced due to these new
technologies. These technologies are used in various applications on the human body,
including glucose level sensors, blood pressure sensors, heart monitoring, oxygenation
sensors, and medicine administration systems (P. Pillatsch et al., 2013). Diminutive
sizes enable it to be comfortably fastened to human body parts. Additionally, the size

reduction also resulted in a decrease in power consumption.

While electronics have advanced rapidly over the last few years, battery
technology has remained stagnant. The majority of electronic devices use a traditional

battery, which has a limited lifespan and must be replaced (Khaligh et al., 2008).



Moreover, batteries are the largest world’s largest source of electronic waste. These
traditional batteries contain hazardous substances that can be lethal to human health and
the environment if not properly disposed (Huda et al., 2019). Other than that, the
reduction in power consumption mentioned earlier also supports the idea of replacing

batteries as a power source.

Micro energy is a term that refers to energy on a microwatt scale. One feasible
solution is to build self-powered gadgets capable of generating electricity, which is
commonly known as energy harvesting. Energy harvesting can be used to harvest
energy from a variety of sources, including vibration, wind, sound, sun, and human
motion (P. M. Y. Fan et al., 2015; Nguyen & Amirtharajah, 2018; Sang et al., 2012).
Numerous sorts of energy harvesting studies have been conducted during the last
decade. Despite this, when it comes to micro-scale energy generation, vibration energy
harvesting has topped the chart due to a wide range of applications, accessibility, and
minimal constraints in utilization, abundance in the environment, and availability of
straightforward power generation mechanisms. Three techniques exist for harvesting
vibration energy from the environment: piezoelectric, electromagnetic, and electrostatic

(Ab. Rahman et al., 2013).

1.2 PROBLEM STATEMENT

Hybrid vibration energy harvesting can have high power density and power up most
low power devices as compared to single mechanism energy harvesting. However, most

hybrid vibration energy harvesters suffer from unidirectional sensitivity.



1.3 RESEARCH OBJECTIVES

The aims of this research work are:
1- To investigate the performance of energy harvester due to piezoelectric and
electromagnetic interactions when subjected to low-frequency input.
2- To develop a hybrid energy harvester that combines piezoelectric and
electromagnetic energy harvester.
3- To analyze and evaluate the performances of the developed hybrid model,

including when subjected to random direction of motions.

1.4 RESEARCH METHODOLOGY

The research methodology is developed to achieve all the objectives. As shown in

Figure 1.1, the first phase(red) is to select the suitable piezoelectric material for
the design. Then, a simulation of piezoelectric deflection and electromagnetic energy
harvester is conducted. The integration between both harvesters is simulated to identify
the effect of electromagnetic energy harvester on the piezoelectric energy harvester. All
the simulations are carried out using MATLAB, COMSOL, and SOLIDWORK
software. If the design is optimum, which produces a higher voltage than a single energy
harvester, the project continues into the second phase.

In the second phase (green), the hybrid energy harvester is fabricated. The test
rig for the experiments is built. The final phase (orange) is to evaluate and verify the

performance of the hybrid energy harvester as compared to the simulation data.
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1.5 RESEARCH SCOPES

The research primarily focuses on harvesting energy using piezoelectric and
electromagnetic approaches from the random direction of motions, representing human
motion. The range of the low frequencies are between 0 Hz to 13 Hz. PZT-5H
piezoelectric beam and neodymium (NdFeB) permanent magnets, which are readily

available, are utilized in this research work.

1.6 SIGNIFICANCE OF THE STUDY

The development of the hybrid energy harvester is significant to cater to the energy
demand for wearable and low-powered electronic devices. By integrating both vibration
energy harvesters, the voltage generated is increased as compared to a single energy
harvester. Additionally, the charging time is reduced significantly. The research also
shows the capability of a hybrid energy harvester that can harvest energy at random
directions, which is the frequency of human motion. Furthermore, the plucking method
shows the method can convert low-frequency input into high-frequency input. Both

energy harvesters are always simultaneously activated to produce high voltage.





