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ABSTRACT 

 In an effort to eliminate the replacement of the batteries of electronic devices 

that real difficult or impractical to service once deployed, harvesting energy from 

mechanical vibrations or impacts using piezoelectric materials has been researched 

over the last several decades. However, a majority of these applications have very 

low input frequencies. This represents a challenge for the researchers to optimize the 

energy output of piezoelectric energy harvesters, due to the relatively high elastic 

moduli of piezoelectric materials used to date. This project reviews the current state 

of research on piezoelectric energy harvesting devices at low frequency (<100 Hz) 

applications using vibrating motor and the methods that have been develop to 

improve the power outputs of the piezoelectric energy harvesters. This project study 

is divided into two main parts which are simulation from the forced vibration data 

and laboratory experiment on vibrating motor. The simulation results shows that as 

the acceleration magnitude increases, the average direct voltage also increases from 

4.5 mV to 8.1mV and the average power output that could be harnessed also 

increased from 22.5 µW to 40.5 µW. The experimental work energy harvesting 

structures focused on a bimorph piezoelectric rectangular plate (two faced PZT layer 

bonded to a brass substrate) that would be driven by ambient vibration source 

(motor). Multiple tip mass value on the effect of power generated was investigated in 

this project. It is shown that motor speed at 100 rpm has the highest power generated 

both with (1667.21 µW) and without (10.15 µW) the addition of tip mass. Besides, it 

is also observed as the motor speed increased from 900 rpm to 1000 rpm, lower tip 

mass value required to optimize the power generated. 20g of tip mass value is 

required to generate 218.21 µW  at motor speed 900 rpm, 10g of tip mass value is 

required to generate 626.29 µW  at motor speed 1200 rpm  These power output is 

sufficient for low powered electronics which can be used in variety of applications as 

indicated in the literatures reviewed.  
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ABSTRAK 

 Dalam usaha untuk menghapuskan penggantian bateri peranti elektronik yang 

sebenar sukar atau tidak praktikal untuk perkhidmatan sekali digunakan, tenaga 

penuaian dari getaran mekanikal atau kesan menggunakan bahan-bahan piezoelektrik 

telah dikaji sejak beberapa dekad yang lalu. Walau bagaimanapun, majoriti aplikasi 

mempunyai frekuensi input yang sangat rendah. Ini merupakan satu cabaran bagi 

para penyelidik untuk mengoptimumkan output tenaga penuai tenaga piezoelektrik, 

kerana modulus elastik yang agak tinggi bahan-bahan piezoelektrik digunakan 

setakat ini. Projek ini mengkaji keadaan semasa penyelidikan mengenai piezoelektrik 

peranti penuaian tenaga pada frekuensi rendah (<100 Hz) aplikasi yang 

menggunakan bergetar motor dan kaedah yang telah membangunkan untuk 

meningkatkan output kuasa Penuai tenaga piezoelektrik. Kajian projek dibahagikan 

kepada dua bahagian utama iaitu simulasi daripada data getaran paksa dan 

eksperimen makmal ke atas bergetar motor. Keputusan simulasi menunjukkan 

bahawa sebagai magnitud kenaikan pecutan, voltan langsung purata juga meningkat 

daripada 4.5 mV kepada 8.1mV dan output kuasa purata yang boleh dimanfaatkan 

juga meningkat daripada 22.5 μW kepada 40.5 μW. Struktur penuaian tenaga kerja 

eksperimen memberi tumpuan kepada bimorph plat segi empat tepat piezoelektrik 

(dua dihadapi lapisan PZT terikat kepada substrat tembaga) yang akan dipacu oleh 

sumber getaran ambien (motor). Pelbagai nilai berat hujung atas kesan kuasa yang 

dihasilkan telah disiasat dalam projek ini. Ia menunjukkan bahawa kelajuan motor 

pada 1000 rpm mempunyai kuasa yang paling tinggi yang dihasilkan dengan kedua-

dua (1667.21 μW) dan tanpa (10.15 μW) penambahan berat hujung. Selain itu, ia 

juga diperhatikan sebagai kelajuan motor meningkat daripada 900 rpm kepada 1000 

rpm, lebih rendah nilai hujung berat yang diperlukan untuk mengoptimumkan kuasa 

yang dijana. 20g nilai berat hujung diperlukan untuk menjana 218.21 μW pada 

kelajuan motor 900 rpm, 10g nilai berat hujung diperlukan untuk menjana 626.29 

μW pada kelajuan motor 1200 rpm ini output kuasa yang mencukupi untuk 
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elektronik berkuasa rendah yang boleh digunakan dalam pelbagai aplikasi seperti 

yang dinyatakan dalam literatur dikaji semula. 
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CHAPTER 1 

1.0     INTRODUCTION 

 Sensors that can be used in remote or not easily accessible places are 

becoming an attractive solution in a wide variety of applications such as habitat or 

structural monitoring. 

 The limitations in providing power with batteries have led to a growing 

interest in “energy harvesting”.  Energy harvesting is a technology that converts the 

excess energy available in an environment into usable energy for low power 

electronics.  The term harvest and harness are used concurrently in this thesis.  

 It shows that for short periods (months to a year) fixed energy content 

methods such as batteries or fuel cells are sufficient.  Fixed energy methods possess a 

given amount such as quantity of fuel or a battery without any charging equipment.  

As the desired lifespan increases the constant output energy harvesting methods 

become interesting.  These are systems of which the output is constant amount of 

power, consider solar cells under constant illumination or windmills under constant 

wind conditions, vibratory sources are an excellent alternative. 

 Some battery types and most applicable energy conversion mechanisms are 

compared with respect to their long term and short term power densities.  Power 

density, meaning the amount of average energy generated per unit time and volume, 

is the most convenient and widely used criterion in the literature. 
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 According to Table 1.1, batteries are reasonable for one year applications, 

whereas energy harvesters are required for long lifetime applications.  

Table 1.1 : Comparison of energy sources.[1][2] 

 Power density (µW/cm
3
) 

One year lifetime Ten year lifetime 

Solar (outdoors) 15,000 - Direct sun;  

150 - Cloudy day 

15,000 - Direct sun;  

150 - Cloudy day 

Solar (indoors) 6 - Office desk 6 - Office desk 

Vibrations (piezoelectric 

conversion 

250 250 

Vibrations (electrostatic 

conversion) 

50 50 

Acoustic noise 0.003 at 75dB; 

0.96 at 100dB 

0.003 at 75dB; 

0.96 at 100dB 

Temperature gradient 15 at 10  C 15 at 10  C 

Shoe inserts 330 330 

Batteries:non-rechargeable 

lithium 

45 3.5 

Batteries:rechargeable lithium 7 0 

Hydrocarbon fuel:micro heat 

engine 

333 33 

Fuel cells:methanol 280 28 

 

 In Figure 1.1, components of a vibration energy harvesting system are 

depicted. This flow chart can be generalized for all energy harvesting systems in 

which an energy source, a conversion device, a conditioning circuit and an electric 

load are the main components of the general energy harvesting system. 
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Figure 1.1 : Vibration Energy Harvesting System Components. 

 The general system basically aims to accomplish five consecutive tasks[1]: 

 Collecting the maximum energy from the energy source 

 Converting the ambient energy into electric energy efficiently 

 Rectifying and storing the maximum amount of electric energy 

 Regulating the output voltage level depending on the application 

 Transmitting the electric energy to the load when it is required 

 The contribution of this thesis is mainly based on implementing the active 

energy harvesting concept. An energy scavenging system can be partitioned in two 

sections: the energy-scavenger itself and the electronic interface. The first one is the 

energy transducer while the second one is the electronic circuit which manages the 

energy. One of the most important objectives of the electronic interface is to realize 

the required ac-dc conversion. Since the output power level of the energy-scavenger 

can be very low, the conversion should be as efficient as possible.[3] 

 The electronic interface can be divided in three subsystems as shown in the 

fig Figure 1.2 a) the ac-dc converter, b) the energy storage and c) the adapter. The 

last one supplies a regulated voltage to the load even when it sinks a time dependent 

energy during its work cycle. Furthermore, to obtain the maximum transfer of the 

energy from the energy scavenging system into the load, an optimum value of the 

output impedance exists [3]. 
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 Besides the working principle, the main difference between the various 

transducers is the scavenged power per cubic centimeter. In Table 1.1, the power 

density of the three transducers are shown: it is clear that the piezoelectric one is the 

most efficient. Furthermore its power density is compatible with the power 

consumption of modern wireless sensor nodes [3]. 

Table 1.2 : Power density, reported in literature, of three energy transducers used to 

convert the energy of the mechanical vibrations. 

Working Principle of the Energy-

Scavenger 

Power-Density [µW/cm
3
] 

Electromagnetic 10 

Electrostatic 50 

Piezoelectric 250 

 

 

Figure 1.2 : General block diagram of an energy scavenging system.[3] 

1.1 Motivation and contribution of the thesis 

 Power harvesting is a practice that has been widely used in developing 

devices that are self-powered and refers to the technique of acquiring energy from 

the environment and convert it into useful energy. 

 Due to increased demand relative to the mobility of electronic devices, the 

field of research in regarding alternative ways of low power energy generation has 

increased in recent years. Moreover, the evolution of battery technology remained 

practically stagnant over the past decade in relation to computer system. 

 

Energy 
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AC-DC 

converter 
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Energy 
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 In the past decades, several systems have been developed using smart 

materials. Typically, piezoelectric materials are used commercially as motion sensors 

or amounting to force. The piezoelectric crystals are transducer elements for 

accelerometers, actuators, dynamic pressure sensors and load cells. Power supply is a 

limiting factor in wearable devices since the employment of a primary battery (a 

battery to be used only once) means that the user of the portable product has to carry 

an extra battery while the use of secondary battery (rechargeable battery) means that 

the user has to plug in the portable product to grid to recharge it. This fact limits the 

mobility of the wearable device which is restricted to the lifetime of the battery. 

Furthermore, due to the costs and inaccessible locations, the replacement or 

recharging of batteries is often not feasible for wearable devices integrated in smart 

clothes. Moreover, the increasing number of battery-powered portable products is 

creating an important environmental impact. 

 Nowadays, wireless sensor networks are drawing much attention in 

monitoring and controlling plants, resources and infrastructures. A critical 

component of the wireless sensor network is the power supply. If power is supplied 

through cables, the wireless network will not be truly wireless. Therefore, traditional 

batteries are usually used in wireless sensor networks. But in many applications, 

replacing batteries, due to their limited lifetime, is very inconvenient. The labor and 

cost associated with changing hundreds or thousands of batteries would be 

troublesome and expensive in maintaining the network. 

 Through piezoelectric energy harvesting has been thoroughly investigated 

since the late 1990s, it still remains an emerging technology and critical area of 

interest. Energy harvesting application fields so far mainly focused on low power 

devices due to their limited transduction efficiencies. To date, researchers are 

following distinct ways in developing piezoelectric energy harvesting technology. 

New materials, configuration approaches and operating modes are under study, and 

some of these valuable solutions were proposed in order to achieve large bandwidth 

harvesters that are able to scavenge energy from diverse environments [4]. 
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1.2 Objective 

The objective of this project is to design, simulate and develop an instrumentation to 

harness energy from micro vibration using smart materials. 

1.3 Scopes 

 Aiming at a vibration based piezoelectric energy harvester, the research can 

be divided into 2 phases, that is, harvester and its host structure. 

 For the host structure, the acceleration magnitude is considered both in the 

simulation and the experiment work. Different motor speed is used to conduct the 

experiment work. 

 For the harvester, the designing in the mechanical system is focused in the 

experiment. The external mass is added to the harvester tip end is the main concern 

of this work to optimize the power output. 

1.4 Methodology 

 The methodologies involved in this study are shown in Figure 1.4. The 

project starts by collecting reading materials specifically on sources of vibration, 

methods of converting ambient vibration energy into electrical energy, types of 

piezoelectric material, piezoelectric energy harnessing circuit, strategies used to 

optimize the power harvested and their applications. 

 The study on piezoelectric energy harnessing has been divided into two main 

parts which are (1) simulation of the vibration environment and (2) laboratory 

experiment on vibrating mechanical equipment. Both simulation and laboratory 

experiment will undergo the same process such as piezoelectric vibration to 
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electricity conversion, rectification and energy storage. For the experiment, the 

power generated with the aid of tip mass was studied. 

 The vibration data acquired from experimental study by previous researcher 

in order to determine the possible amount of power density output that can be 

produced for the specific acceleration input. With the promising amount of power 

density output produced during simulation, the laboratory experiment on vibrating 

mechanical equipment will be conducted by vibrating mechanical equipment and 

identifying electronic devices that can fully utilize this power. 

 

Figure 1 3 : Methodology of the study  
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Electricity Conversion 
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Energy Storage 
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1.5 Project Activities 

NO ACTIVITIES WEEKS 

1 2 3 4 5 6 7 8 9 10 12 13 14 15 16 

1 Selection of 

project title 

               

2 Collecting reading 

materials 

               

3 Literature review 

of previous 

research 

               

4 Understanding the 

concept of 

piezoelectric 

energy harnessing 

from vibration 

               

5 Familiarization 

with MATLAB 

Simulink 

               

6 Simulation of 

vibration 

environment using 

data acquired by 

previous 

researcher 

               

7 Simulation of 

energy harnessing 

               

8 Analysis of the 

results from the 

simulation of 

energy harnessing 

               

9 Report writing                

10 Preparation for 

seminar 

presentation 

               

11 Seminar 1                

Figure 1.4 : Gantt chart for Master Project 1 
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NO ACTIVITIES WEEKS 

1 2 3 4 5 6 7 8 9 10 12 13 14 15 16 

1 Literature Review                

2 Experimental 

setup: Integration 

and development 

of data acquisition 

and 

instrumentation 

system 

               

3 Experiment on 

vibrating 

mechanical 

equipment  

               

4 Analysis of the 

experimental 

results 

               

5 Report writing                

6 Preparation for 

seminar 

presentation and 

submission of 

draft thesis 

               

7 Seminar 2                

8 Submission of the 

thesis 

               

Figure 1.5 : Gantt chart for Master Project 2 
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