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ABSTRACT 

 

 

Vibration energy is a wasted energy that can be accumulated from the surrounding of us for 

beneficial power. Furthermore, energy harvesting devices are self generated that normally 

used for activating low power electronic components which have low power electrical 

consumption. According to this project, it is use vibration energy which is in the form of 

mechanical energy that needs to be transforming into the useful electrical energy using 

piezoelectric devices. Energy harvesting system using piezoelectric devices is a system that 

provides the user with free flowing energy that can be used without any consequences to the 

environment. This system enables users to generate energy for their uses by transform the 

mechanical energy produced by the car components vibration into electrical energy. The aims 

of this project is in general about designing and build a circuit to test the performance and 

characteristic of piezoelectricity. The system is then is installed at a car components to 

produce energy from the car vibration when the car is switched on. The output voltage of each 

component is compared whether it is produce a suitable vibration needed for the piezoelectric 

generating system or not. As a conclusion, this project shows a self-power sustainable 

electronic system for long lasting low power electronic application. 
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ABSTRAK 

 

 

Tenaga getaran adalah tenaga yang terbuang yang dapat dikumpulkan dari sekeliling kita 

untuk kuasa yang bermanfaat. Selain itu, peranti penuaian tenaga dihasilkan sendiri yang 

biasanya digunakan untuk mengaktifkan komponen elektronik berkuasa rendah yang 

mempunyai penggunaan kuasa elektrik yang rendah. Menurut projek ini, ia menggunakan 

tenaga getaran yang berupa tenaga mekanikal yang perlu diubah menjadi tenaga elektrik 

yang berguna menggunakan peranti piezoelektrik. Sistem penuaian tenaga menggunakan 

peranti piezoelektrik adalah sistem yang menyediakan pengguna dengan tenaga mengalir 

bebas yang boleh digunakan tanpa apa-apa akibat kepada alam sekitar. Sistem ini 

membolehkan pengguna menjana tenaga untuk kegunaan mereka dengan mengubah tenaga 

mekanikal yang dihasilkan oleh getaran komponen kereta menjadi tenaga elektrik. Matlamat 

projek ini secara amnya merancang dan membina litar untuk menguji prestasi dan ciri 

piezoelektrik. Sistem ini kemudian dipasang pada komponen kereta untuk menghasilkan 

tenaga dari getaran kereta apabila kereta dihidupkan.Voltan keluaran setiap komponen 

dibandingkan sama ada ia menghasilkan getaran yang sesuai untuk sistem penjanaan 

piezoelektrik atau tidak. Sebagai kesimpulan, projek ini memperlihatkan sistem elektronik 

lestari berkuasa sendiri untuk aplikasi elektronik berkuasa rendah yang tahan lama. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background 

Energy harvesting is a system which involves in capturing and assembles by product 

energy into a usable electrical energy (Amos Kingatua, 2016). It is also defined as a technique 

of generating electrical energy from normally unused energy sources found in the surrounding 

environment. It is conversion of little amounts of readily available energy in the environment 

into usable electrical power. The energy can be achieved when there is collecting energy for a 

period of time and building it into a form that can be used afterwards. The example used in 

energy harvesting is to control the microprocessor with its limit. 

Energy harvesting has its own criterion that can hold both promises for low voltage 

and low power applications in various movable or mobile markets. For example, these energy 

harvesting system applications are quite used in health equipments, transport, military, 

consumer devices and industrial controls. In other words, it provides a powerful challenger on 

behalf of applications that required a support battery, especially if the battery is in a remote 

location or hard to reach (Michele Kinman, 2010). 

The good things about energy harvesting are it enabled a new circuit to capture and 

accumulate these small power packets and change it into functional outputs. Moreover, the 

performance provided by the circuit should have a high energy efficiency in order to capture 

and store this small power packet. Also it needs high energy retention to accumulate the 
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energy for a long time. Additionally, it requires proper power conditioning to complete the 

task of desire. According to Figure 1.1, it is show the step for vibration energy harvesting in 

block diagram. Energy management must be in good condition and allow for various voltage, 

current and waveform inputs. It is also include more voltage, more charge and other irregular 

input circumstances (Michele Kinman, 2010). Furthermore, this energy harvesting has their 

advantage which it very useful that it can reduce the energy consumption and its impact on the 

environment. 

 

 

Figure 1.1: Vibration energy harvesting system in block diagram 

(Source: Wang et.al, 2013) 

There are a lot of materials or sensor that are commonly used to transform wasted 

energy into electricity. This sensor is available which it can be harvested, accumulated and 

conditioned used for wireless sensor applications and many low voltages wearable that 

previously vital batteries or AC power supplies. For instance, a crystal composite or 

piezoelectric fiber (PZT), a solar indicator coils are the example of energy generator. These 

materials provide currents and various output voltage. High efficiency is needed to capture, 
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accumulate and store the small packets of electricity energy. The effectiveness need to be 

increase because the energy used by the circuit is less than the energy provided by the 

vibration.  

In 1880, two French physicists, Brothers Pierre and Paul-Jacques Currie had 

discovered the piezoelectric effect found in crystal of quarts, tourmaline and potassium 

sodium tartrate (Chris Woodford, 2017). Piezoelectricity is the form of electric potential or the 

voltage across the crystal sides when subject to mechanical pressure (Carmen Emily Yang, 

2016). The characteristic of piezoelectricity is it can be reversible hence means the materials 

that exhibit electricity generation when the pressure is applied will exhibit pressure generating 

when an electric field is applied. 

In 2009, Haresh Khemani stated that the piezoelectricity generator converts 

mechanical vibrations, tension or pressure into electrical voltage or current. Many different 

sources come from this mechanical tension, such as human motion, air plane or vessel 

ambiance, other low frequency seismic vibration and acoustic noise. Other than that, the 

piezoelectric effect operates in alternating current, requiring input time varying at mechanical 

resonances. It is consider as the most capable at generating energy. Most piezoelectricity 

produces larger voltage while the current produce is very small, generating the power that 

exists in the microwatts arrangements. In addition, the generating source for energy harvesting 

electronics is an ideal way but it is a bit too small for most system application. 
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1.2 Problem Statement 

Lately, energy and global warming had drawn a lot of awareness in dissimilar kind of 

the world. Automobile is one of the largest consumers generated for movement wasted 

through heat and vibration. The use of capacitors as a way to store energy has been considered 

due to the past research on the power energy harvesting as well as can overcome the problem 

of traditionally battery that as limited power.  

Initially, the concept and characteristic of piezoelectric that used in the energy 

harvesting will discuss. Those piezoelectric are use to generate the mechanical movement due 

to electric charges. In addition, this material can generate electrical charges by mechanical 

motion. However, it is need to future study which components of automotive is most suitable 

and capable for energy harvesting. In this study, the output voltage produces by three 

components will be comparing and characteristic of piezoelectric in mechanical vibration is 

investigated. Therefore, the piezoelectric energy harvesting circuits for circuit application 

design were studied. 

1.3 Objectives 

The objectives of this study embark: 

I. To study the principle of piezoelectric circuit. 

II. To study the characteristic of piezoelectric system.  

III. To compare the output voltage produces by three automotive components when the 

sensor is connecting. 
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1.4 Scope of project 

There are several parameters that can be discussed and varied in order to study the 

characteristic and performances of energy harvesting using piezoelectric. Piezoelectric is use 

as the sensor for harvesting design, where the main design is to harness the vibration energy. It 

is because piezoelectric can generate electrical charges by mechanical vibration or mechanical 

motion. In this study, the output voltage produce by three components will be compare and 

characteristic of piezoelectric will be the parameters studied. 

 

1.5 Thesis Outline 

 

In this thesis, there are consist of 5 main chapters. First and foremost, it is Chapter 1. 

This chapter will discuss briefly about the project introduction consists of background of the 

case study, problem statements, objectives, scope of project and thesis outline in order to 

conduct the project. Next, the thesis is continued with Chapter 2. This chapter contains the 

literature review which it is consists of a study about the past research and some theoretical 

concepts that related to this project study. This study referred from various sources such as 

books, journals, thesis and internet. While in Chapter 3 it is more focusing on the methodology 

used in order to complete this project. It is provides a flowchart including the process of 

identifies the flow of circuit, identify the sensor use and which automotive components 

produce a high vibration. In Chapter 4, consists of the discussion from the result obtained and 

the comparison between three automotive components that related to energy harvesting using 

piezoelectricity is investigated. Last but not least, in Chapter 5 a conclusion and 

recommendation is provided for future work about of this project study. 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

In this section, it will discuss about the facts and information of the works involving 

energy harvesting before proceed to the project. This part also will study about energy 

harvesting devices use. 

2.0 Introduction  

 With current improvements in the development of low power electronics such as 

microelectronics as well as microelectronics as well as wireless sensor nodes, and the 

importance of the world in the idea of “green” engineering, the subject of energy harvesting 

has gained considerable attention before decades. The power requirements of low power 

electronic components can be reduced progressively with an increase in the efficient circuit so 

that the energy harvesting system can be seen as a method that can be achieved in supplying 

energy to self-powered devices. Given that the wearable electronic device evolves and breed, 

there will be a growing need for more power transmission to circulate around the environment 

and human body. Nowadays, most of the storage is provided by the battery and power 

transmission through the wires (Kymissis et.al, 1998). The current approach to power 

distribution is clearly problematic when more tools are brought; the small use batteries require 
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replacements everywhere or run wires through our clothes to supply tools from central power 

sources. Both are unacceptable. 

Furthermore, conventional low-power electronic devices, such as wireless indicator 

nodes, rely on batteries to power the device. Battery use sometimes presents many negatives 

such as battery costs with changes along with the limitations imposed by appropriate access 

requirements for devices for battery conversion purposes. Wireless indicator nodes are usually 

found in remote destinations or incorporated into structures which cause access to tool can be 

difficult or impossible. By saving ambient energy around electronic devices, energy saving 

methods can offer long-term energy sources that do not require periodic replacements. Such 

systems may run in their own autonomous way, minimizing costs associated with battery 

replacement. It is obviously to generate power where it is used, by passing storage and 

distribution problems altogether. As a collapse of power requirement for most wearable 

devices, it is no longer easy to harvest some useful energy from the environment. 

2.1 Energy Harvesting System 

Energy harvesting has become more popular and the most popular technique is energy 

harvesting from surroundings. The past or background of energy harvesting started since the 

windmill and the waterwheel. Over decades, there are a lot of techniques to accumulate the 

power from heat and ambiance. The main purpose behind the look for a latest energy 

harvesting system is the need to master the energy of sensor network also moveable devices 

exclusive of batteries. Over the past few years, energy harvesting had experienced important 

growth required to increasing need as to create moveable devices and wireless network. 

Besides that, the energy recruitment and opportunities they make to use components 
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continuously, out of the grid and for long periods, have gained considerable attention in 

trading and military use. Therefore, leveraging energy harvesting networks will enable to 

develop new medical, environmental, monitoring and security applications (IEEE, 2015). 

Energy harvesting is a technique to accumulate energy from ambient sources including 

sunlight, vibrations, heat, and etc (Gibran Ali et.al, 2015). Besides that, energy harvesting is a 

process which a device associated with capturing residual energy. It is allowed to accumulate 

and manage amounts of natural energy and converts them into electrical energy, so that it can 

supply low power devices or use it later (Liew Hui Fang et.al, 2016). Wind turbine, water 

turbine, ocean wave and many more are example of system which can convert motion into 

electrical energy. 

Nowadays, different energy sources has its own method to harvest the energy have 

been founded. Vibration energy harvesting is the most popular technique that can be used to 

convert mechanical energy into electrical energy. The example mechanisms to convert 

mechanical vibration into electrical energy can be found in electrostatic, electromagnetic and 

piezoelectric transducer. 

2.1 Vibration Energy Harvesting based on different forms of sources 

 There are many variety of method or technique conversion mechanisms that can be 

used to convert the vibration based energy as mechanical energy to useful electrical energy as 

well as the vibration conversion can be implemented through piezoelectric, electromagnetic 

and electrostatic (Maheshwari et.al, 2013). This harvested energy can be stored into energy 

devices or it can be used directly. It is based on to the magnitude of output power also 

impedance. 
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2.1.1  Piezoelectric Energy Harvester  

    Vibration energy harvesting is an attractive solution to replace or to charge the 

battery which is commonly used in application. Monitoring sensors or wireless 

communication devices are example of application. This energy harvesting can convert 

waste vibration energy into useful electrical energy (Syahrul et.al, 2015). This study 

discuss about linear assumptions and stationary excitation characteristic that had been 

used in earlier analysis. The challenge by using vibration is that linear oscillator which 

it is well suited for stationary and narrow band excitation near their natural frequency. 

Furthermore, the vibration energy becomes less efficiency when it is distributed over 

wide spectrum. 

    In recent years, the piezoelectric energy harvester had received comprehensive 

attention. Instead of rotating, the piezoelectric materials are well suited to the 

reciprocating material. Among the vibration found on MEMS piezoelectric energy 

harvester, a structure of cantilever beam can develop the maximum and deflection and 

compliance constant which is the cantilever beam is the comprehensive used (Gongbo 

Zhou et.al, 2014). The longitudinal vibration frequency and torsional vibration 

frequency are higher than the bending vibration frequency. Commonly, because of 

simple process and relatively high efficiency, the rectangle shaped cantilever structures 

are widely used as shown in Figure 2.1.    
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Figure 2.1: The schematic diagram of cantilever beam energy harvesting devices. 

(Source: Challa et.al, 2008) 

The cantilever beam is having a free small end which it is a trigon-shaped 

cantilever beam. It is will produce a higher output power for the higher strain. Besides 

that, it will produce maximum deflection than the rectangular beam which are the 

breadth and extent are equivalent to the bottom and elevation of the triangular beam. 

The example application for piezoelectric energy harvesting is the tuneable energy 

harvesting. These applications describe a cantilever beam consisting of piezoelectric 

material with a mass tip. The device is attached with four magnets as shown in the 

Figure 2.1 which it is used to apply attractive and repulsive forces. 

2.1.2 Electrostatic (Capacitive) Energy Harvester 

 The electrostatic energy harvester can be defined as the system that can 

produce voltage via altering the capacitance. Before the energy is generating via the 

scheme, the initial voltage was applied toward the system. The amount of charge 

accumulate in the capacitor was changed by the external vibration. The circuit will 

generate the charge flow so that it will provide the electrical power produces by the 
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sensor. This energy harvesting device has a great similarity among IC and MEMS 

technology. There are many advantages of this energy harvesting such as low noise, 

small size, low quality and it is most suitable in wireless sensors. 

    The electrets as an electrostatic guiding can be dividing into two category 

such as Si0� based on inorganic electrets and polymer based organic electrets. A major 

investigation on electrets based energy harvester with single silicon has been managed. 

Si0� is electrets for energy harvesting system, which it can be functional in a method 

that can be simulated and stable via ion implantation (U Mescheder et.al, 2009). The 

fabricated counter electrode for the grid electrode is used to charge the electrets after 

the fabrication. The harvester is fabricated with unidirectional elastic Si spring that is 

appropriate for converting small frequency vibrations. Figure 2.2 below show the 

example of electrostatic energy harvester.  

 

 

Figure 2.2: Example of schematic diagram of Electrostatic Energy Harvester 

(Source: IMEC et.al, 2013) 
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In recent years, the electrets materials have been integrated into numerous 

MEMS devices with the development of MEMS technology. It is widely used 

dielectric medium with electricity storage function. The advantages of this energy 

harvesting are it has poor stability and low surface potential (Stefan Bosse et.al, 2011). 

Overall, the electrostatic energy harvesting is focusing on reducing the frequency. In 

order to further its output power, it is need to improve the electromechanical coupling 

performance of electrostatic vibration energy harvester.  

2.1.3 Electromagnetic Energy Harvester 

According to Maheshwari (2013), the concept of electromagnetic induction is 

discovered by Faraday in year 1813. The magnetic field was contain a generation of 

electric current in the conductor. The conductor usually takes the form of coil and the 

electric is generated by relative motion of magnetism and coil, or due to change in the 

magnetic field. Electromagnetic energy harvester or known as electromagnetic 

induction is refer to once there be a changing in magnetic flux, the induced 

electromotive strength will generate in a conductor around the system. To reduce risk 

of corrosion, electromagnetic vibration energy harvesting can be simply packaged and 

it can eliminate the temperature limit.  

There are some relevant parameters about harvester which are magnetic 

induction, magnetic flux density and coercive force. Ceramic, Alnico, SmCo and 

NdFeB are an example of available magnet. In recent years, NdFeB is the most 

common magnet that had been used as permanent magnet because it had the biggest 

magnetic field intensity, elevated coercive strength, and no demagnetization due to 
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vibration generator. Figure 2.3 shows the electromagnetic energy harvester using 

NdFeb magnet. 

 

Figure 2.3: The electromagnetic energy harvester using NdFeb magnet 

(Sources: Karim El-Rayes et.al, 2013) 

  Beeby et.al (2007) stated that the art of vibration electromagnetic powered 

generators using moving NdFeB magnets on the beryllium-copper beam which it is 

placed on the wire-wound coil. It is silicon-based micro fabricated generator. The 

result show that the maximum power obtains from the devices is 46µW and the load is 

4kΩ. The maximum power result is from 0.59 �/�� of acceleration and the resonance 

frequency is 52Hz. While in previous research, El Hami et.al (2001), show the results 

gain from the electromagnetic power generator consisting of a cantilever beam with a 

pair of NdFeb magnets with fixed wire wound coils between the poles of magnet 

which it is discretely assembled generators. The present results stated that 1mW of 

power is obtained from 0.24��� of volume and the frequency is at 320Hz. As 

conclusion, the centerpiece of a silicon-based micro generator has a low coil turning 

over a discretely fitted generator (Kulkarni et.al, 2008). 
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 The deposition and enhance of the magnet can be attain by micro processing 

technologies. Furthermore, the micro magnet can be fabricated by sputtering and 

electroplating and other deposition technologies have been used. The advantages of 

this electromagnetic energy harvester are it can improve reliability and can reduced 

mechanical damping so that there is no mechanical contact with other parts.  

 The parameters of electromagnetic damping such as flux gradient, coil turns, 

coil impedance and load impedance are connected in one size which it can extracted 

electric power. Magnet and coil are the main factor that affects the efficiency of energy 

harvesting. The points of this study are to reduce the devices size under the premise of 

not affecting energy harvesting energy, produce good toughness and develop high-

performance tiny magnet. In addition, to upgrade the effectiveness of energy 

harvesting, electromagnetic energy harvester resonance frequency need to be adjusting 

according to the change of external vibration sources. 

2.2 Types of Energy Harvesting Materials (Sensors) 

 The energy harvesting materials is such an important thing so that the power of energy 

harvesting can be done. The need for energy harvesting motivates the discovery to found new 

materials also design the latest device structure. There are numerous sensors with different 

materials that use in energy harvesting.  
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2.2.1 Thermoelectric Material 

 Firstly, thermoelectric material is one of the materials that use in energy 

harvesting which it can generate electricity from heat exchanger and it can play an 

important role in the solution of global sustainable energy (Snyder et.al, 2008). It is a 

material that are solid state energy exchanger whose electrical, thermal and 

semiconductor properties allow used to change waste heat into electrical energy 

directly for cooling or heating in niche application (Bell & Lon E, 2008). Besides that, 

thermoelectric material had drawn attention because it is allow direct transfer among 

thermal and electrical power (Xiao Zhang & Li-Dong Zhao, 2015).  

 Moreover, it is provide an option for power generation along with refrigeration. 

Furthermore, every material illustrate thermoelectric effects however the name 

thermoelectric material was used to illustrate the materials that are good at transform 

heat into electricity (Jan Willem Bos, 2012). According to Figure 2.4, it is the example 

of thermoelectric material which it has the free electrons and holes in a thermoelectric 

conductor act as a gas of charged particles while the free electron or holes in 

thermoelectric material carry both charges and heat. 
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Figure 2.4: An example of thermoelectric generator use in Energy Harvesting 

(Source: Charles Morries, 2017) 

2.2.2 Piezoelectric material 

 Next, piezoelectricity is the effect of electromechanical relationship that allows 

certain material such as crystals and synthetic ceramics to produce an output voltage 

power that derived from mechanical stress or vibration. For example the acoustic 

transducer, mechanical actuator and electrical energy harvesting system are application 

that is widely used the piezoelectric material. Commonly piezoelectric materials are 

made of ceramic such as lead zirconate-titanate or PZT and bimorph such as 

polyvinylidene fluoride or PVDF. The advantages of bimorph element are soft and 

flexible, but it has low ceramic dielectric and piezoelectric constant (Swallow et.al, 

2008).  

 As shown in Figure 2.5, the ceramic disc is one of the piezoelectric materials 

which are able to be use as a method of converting mechanical vibration energy into 

electrical power. These piezoelectric materials are able to be store energy and use to 
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move different devices (R. C. Garimella et.al, 2005). Piezoelectric ceramics is referred 

to polycrystalline made by maxed oxide (zirconia, lead oxide, titanate, etc.) 

encountered by high rays and solid state reaction, then through high voltage direct 

current polarization, it has a general term piezoelectric effect of ceramic ferroelectric 

(Tianze et.al, 2009).  

 The charges get stored in solid materials due to application of mechanical strain 

(Nayan HR, 2015). Piezoelectric materials have its own criteria or specific properties 

of producing electric voltage in response to the power used. Commonly, crystalline or 

ceramic, piezoelectric materials contain a variety of uses such as sonar, sound 

recognition and high electrical energy generating as well as daily life, such as sources 

of ignition and barbecue sparks. 

 

 

Figure 2.5: The piezoelectric material use in Energy Harvesting 

(Source: Nayan HR, 2015) 
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2.2.3 Pyroelectric Material 

Pyroelectric material is a certain crystalline properties that are naturally 

electrically polarized and the result is a large electric field. The gallium nitride 

semiconductor is the example of pyroelectric material. The large electrical field in this 

material is undesirable for light-emitting diodes (LEDs), but it is particularly useful for 

the manufacture of power transistor. In preference, pyrpelectric is clarified as the 

capability of certain materials which it is used to generate a provisional voltage when it 

is cooled or heated (Charles, 2016). It is very sensitive to rapid temperature.  

This material has the possibility to produce electricity from thermal fluctuations 

and is a poor use of heat energy from a thermoelectric system. An electric charge of 

pyroelectric crystal is produced when there is temperature changes occur. The charge 

is only produced when the material temperature changes. The example of pyroelectric 

material is shown in Figure 2.6. Some remarkable introductions to existing pyroelectric 

materials, most of which focus on their heat sensing, infra-red relationships, heat 

imaging, gas movements, gas analyzers and pollutant monitoring (C.R.Bowen et.al, 

2014).  
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Figure 2.6: Example of Pyroelectric detector used in Energy Harvesting 

(Sources: Celina Lawson, 2017) 

2.3 Sensor used in Energy Harvesting 

  In this study, piezoelectric material is choose as the sensor for energy harvesting 

because it is suitable to convert mechanical energy into electrical energy by using vibration 

energy.  

2.3.1 Piezoelectric as Energy Harvesting 

 All of the ambient environment sources need a transducer or energy harvesting 

devices to convert mechanical energy into electric electrical energy, all. The vibration 

energy is one of the ambient environment sources that become more popular among 

researchers which it is the best way attractive solution for powering autonomous 

system (Yildiz & Faruk, 2009). This is because vibration-based energy is an ambient 

source that can have everywhere and high power density.  
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 In order to produce high electrical output density, piezoelectric is most suitable 

as vibration based energy conversion mechanism which it can make simple structure 

which easy to fabricate. The piezoelectric material has a special characteristic to 

develop an electrical voltage in response to the influence force. Piezoelectric materials 

can be used as a way to transform the vibration around into electricity which is able to 

store and use for other device power (Parul Dhingra et.al, 2012). Normally, 

piezoelectric materials contain a variety of uses such as sonar, sound recognition and 

high electrical energy.  

 Throughout World War II, new classes of man-made material have been found 

by research groups in the United States, Russia and Japan. The first application is for 

sonar used to notice submarines through sound waves. When subjected to a high 

polarizing voltage, a process similar to magnetization of ferrous materials, ceramics 

materials can be made by piezoelectric. In addition, it is called ferroelectrics which 

exhibit continuous piezoelectricity much higher than the natural piezoelectric material. 

The first piezoelectric material exploited commercially is a quartz crystals and it is still 

use in sonar detection application. 

 The piezoelectric materials can be defined as the materials that can create 

electricity when subjected to a mechanical stress (Parul Dhingra et.al, 2013). The 

mechanical energy is derived from the compression stress created during the vibration 

of automotive component occur. There are various types of natural and man-made 

materials that showcase various piezoelectric materials. The materials including 

Berlinite which are the same as quartz, sugar cane, Rochelle quartz salt, topaz and vice 
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versa. The lead zicornate titanate and barium titanate are example of man-made 

materials in piezoelectric.  

 Piezoelectric effect is use to measure pressure, acceleration, temperature, 

tension, or strength by converting it to electrical charge by using piezoelectric sensor. 

The piezoelectric sensor working principle is a physical dimension which transformed 

into power and acting on two faces that opposed the sensing element. In the form of 

sound, it is the most common sensor application used to detect pressure variations such 

as piezoelectric microphones and for electric-powered guitars (Chris Woodford, 2017). 

For example, the medical imaging and industrial nondestructive testing had used this 

sensor piezoelectricity with high frequency sound in ultrasonic transducers. 
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CHAPTER 3 

 

METHODOLOGY 

 

3.1 Introduction of Methodology 

 This section describes the method use herein project to obtain energy harvesting from 

mechanical vibration by using piezoelectric material. The flow chart of the project is shown in 

Figure 3.1. These projects are start by studying the concept of energy harvesting and 

understand the principle working of energy harvesting. In this project, one sensor is choosing 

as the sensor to test the principle working of energy harvesting. The three mechanical 

vibrations from automotive components is verify so that the energy harvesting can be done by 

using the propose sensor. 

3.2 Identify the sensor 

Energy harvesting is a process which a device associated with capturing residual 

energy. It is also a system which it convert mechanical energy to electrical energy and 

accumulate it, so that it can supply low power devices and use it later (Liew Hui Fang et.al, 

2016). To further investigate about this study, a suitable sensor needs to identify so that the 

project can achieve the objective to obtain energy harvesting of mechanical vibration from 

automotive component. In this study project, piezoelectric material is choosing as the most 
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suitable sensor for energy harvesting which it is use vibration energy to convert to electrical 

energy.  

Based on preview research (Minazara et.al, 2014) had developed the vibrations energy 

harvesting principle which it is use piezoelectric materials as a sensor into designing 

piezoelectric generator. It is used to install the piezoelectric generator on a bicycle handle in 

order to supply portable electrical energy. Based on observations, this experiment has been 

conducted has shown that some of the power (mW) generated by piezoelectric generators 

capable of turning on LED bicycle lamp. This observation proves that piezoelectric material 

can transform electricity in the form of targeted mobile application. 
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Figure 3.1: Flow chart of the methodology 

 

PSM 1 

PSM 2 



25 

 

3.3 Simulation of circuit 

 Before the piezoelectric circuit is build, the simulation of circuit is needed in order to 

know the flow of circuit. NI Multisim software or recognized as MultiSIM is an electronic 

diagram for capturing and simulation program that are part of the circuit design program 

corresponding to NI Utiboard. Multisim design helps to accumulate the prototype iterations 

and optimize printed circuit board (PCB) design before the process runs. This software was 

used to test the circuit before a piezoelectric circuit is build. In addition, simulation of circuit 

can helps to understand the flow of circuit and can determine what suitable components can be 

used in order to construct a real circuit. If the simulation circuit is running smoothly, the 

piezoelectric circuit can be build easily. Figure 3.2 shows the simulation of piezoelectric 

circuit for energy harvesting in this project. 

 

 

Figure 3.2: The simulation of the piezoelectric circuit 



26 

 

3.4 Construct the piezoelectric circuit 

 The piezoelectric circuit is build after the simulation of piezoelectric circuit is done 

and to test the principle working of piezoelectric material on energy harvesting. A 

piezoelectric element is a system which converts movements of mechanical vibration energy 

to the electrical energy, which it is store inside a capacitor. The first step to design the 

piezoelectric circuit is needed to know what electrical components are uses in circuit. The 

simulation of circuit can help to determine what electrical components are suitable to use 

before the piezoelectric circuit is build. Based on preview research, the basic components that 

always use in order to test the working principle of the circuit are breadboard, LED lamp, 

jumper wire, capacitor and piezoelectric plate. In this project, Table 4.2 below shows the 

components that used in order to construct a piezoelectric circuit.  

Table 3.1: Types of components use to build a piezoelectric circuit 

Types of components Description 

 

 

 

• Known as ceramic disc 

• It is a polycrystalline made by maxed oxide (zirconia, lead 

oxide, titanate, etc.) which it has high sintering and solid state 

reaction through high-voltage direct current polarized.  

• It has the term of the piezoelectric effect of ferroelectric 

ceramics. 
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• The capacitor is use to store the energy that generated by the 

piezoelectric and it is able to recharge and discharge faster. 

• The power use in capacitor is 100Ω and 50V. 

• It can accumulates electrical energy charge in an electrical 

field which it is similar to a battery 

 

 

 

 

• The type of diode use is 1N4007. 

• It is use to allow the current flowing through the diode which 

it is called forward current. 

 

 

 

 

• LED Light is the main function to help circuit creators check 

the functionality of a circuit to ensure it is successfully 

running. 

• It is detachable and placed on the side of the circuit to make 

sure that the power supply or electric current is successively 

in the right direction. 
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• Wire jumper which it is known as electrical wire. 

• It is use to connect the components of a breadboard or to test 

the circuit, internally with other electrical components 

without soldering. 

 

 

 

• Breadboard 

• It is used as a construction in developing an electronic circuit 

and it can be solderless which it is made of plastic and 

contain with numerous holes. 

• It is a multiple function to build a variety of products using 

electricity. 

 

 

According to Table 4.2 above, the electrical component is the basic element or an 

electronic part which is usually packaged in discrete form with two or more connectors. Each 

electric component has its own function to complete the piezoelectric circuit. The first is 

piezoelectric plate which it is a main component in energy harvesting and it is passive 

components that use piezoelectric effect. It acts as a sensor which its function is to convert 

mechanical system into electrical system and accumulate it so the power can be using later and 

can supply low power devices. Next, breadboard component is used as a construction in 

developing an electronic circuit and it can be solder less which it is made of plastic and 
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contain with numerous holes. A bread board is a multiple function to build a variety of 

products using electricity.  

Another component is wire jumper and it is used with a breadboard to build a 

functioning circuit. LED lamp is another component which it helps circuit creators check the 

functionality of a circuit to ensure it is successfully running. The LED light is detachable and 

placed on the side of the circuit to make sure that the power supply or electric current is 

successively in the right direction. Meanwhile, capacitor is a device that accumulates electrical 

energy charge in an electrical field which it is similar to a battery. The advantage of capacitor 

is it is able to recharge and discharge faster. The last part is diode, acts as the full wave 

rectifier which it is used to convert alternating current (AC) from piezoelectric output to direct 

current (DC).  

In addition, all electrical components have their own characteristic and function. These 

electrical components are use to complete the piezoelectric circuit. All the components are 

connected together according to the simulation of circuit, so that the piezoelectric circuit is 

function well. 

3.4 Identify the potential vibration components 

In this project, the several potential vibration components is identifying by using a 

vibration meter device. In order to verify the best car components point for the placement of 

the piezoelectric based on the vibration produce, the average vibration for each of the chosen 

component is studied. In this project, the vibration meter device is used to verify the ambiance 

and oscillations which its dimensions provide parameter such as vibration for acceleration, 
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velocity and displacement.  Figure 3.3 shows the vibration meter devices use in this study to 

compare the average vibration at several points of car components. 

 

 

 

Figure 3.3: The vibration meter devices 

3.5 Compare the three components 

Next, in order to determine the placement of piezoelectric based on vibration, the 

average vibration produced by each component is studied. The vibration is produced when 

there is a motion occurring from the object and there is unbalance force generation because of 

that the vehicles start shaking.  The suitable components is identifying by refer to its average 

vibration. The components from automotive components are identified by doing some preview 

research related to the components which has a higher, medium and low vibration to test the 

energy harvesting using piezoelectric system by compare its output voltage. In this project, the 

front hood, engine and air filter is choosing as the suitable components to make a comparison 

for a suitable energy harvesting. 
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The first component is front hood which it is one of automotive component. Figure 3.4 

below shows the front hood of the car. The front hood systems are one of key components in 

mechanical system. In addition, front hood of the car is referring to the hinged cover over the 

engine of motor vehicles that allow access to the engine compartment for maintenance and 

repair. The front hood is choosing as one the component to install the piezoelectric because it 

is produce the smallest vibration among the other components. So, the output voltage from the 

front hood can be compare whether it is suitable for energy harvesting or not. 

 

Figure 3.4: The front hood of the car 
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Next component is engine which it acts as the vehicle’s main source of power and it 

has a chemical energy which it is converted into mechanical energy. Figure 3.5 below shows 

the engine component inside the car. The engine uses fuel and burns it to develop mechanical 

power. Besides that, the pressure creates when there is a heat produce by the combustion and it 

is used to drive a mechanical devices. By refer to preview research, car engine is a second 

high vibration which it can generate energy by transforming mechanical energy into electrical 

energy. Preview research stated that the output voltage generate via the car engine increase 

significantly starting with initial time to 1
st
 minute (Mohammad et.al, 2015). In addition, the 

vibration produced at the highest once the car engine was being started up. A piezoelectric 

system is connected at engine in order to produce energy from the vibration of car engine 

when the engine is switch on. 

 

 

Figure 3.5: The engine in a car component 
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Lastly, another component is air filter. Air filter is one of the automotive components 

which are a necessary to proper engine operation. In this project, Figure 3.6 below shows the 

air filter inside the car component which it produce the highest vibration. According to 

Mohammad et.al, (2015) stated that the output voltage generated produce at air filter is 

increase linearly with time. The air filter will allow air-intake when car engine was just 

starting to run, which it is resulting in increasingly output voltage. The air filter will produces 

a higher vibration at that point and it is good component because it can generate energy 

continuously. 

 

 

Figure 3.6: The air filter in a car component 
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3.7 Testing the components 

 Subsequently, the piezoelectric generation system is connected to the selected 

components to study the potency of piezoelectric energy harvesting in automotive component 

which vibrate more. All these components are investigated whether it is produce a suitable 

vibration needed for the piezoelectric generation system or not. In addition, the output voltage 

generate from the circuit depending on the vibration formed by the component. The higher 

vibration of the components will result in the better performance of piezoelectric to generate 

mechanical energy into electricity. In this project, the digital multimeter devices are used to 

know the output voltage produce at each component.  

 

 

Figure 3.6: The Digital MultiMeter 
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The Figure 3.6 above shows the digital multi meter device use in this project. Digital 

Multimeter is a test tool that is used to measure two or more electrical values such as voltage 

(volts), current (amperes) and resistance (ohms). Figure 4.2 above shows that when the digital 

multimeter is connected at polarity of each component which it is cathode and anode, the 

output voltage reading of each component will produce.  

3.8 Finalize the result 

 The last method is the result of energy harvesting gain when using piezoelectric 

generating system is finalized. It is means that result and discussion are included in this 

method. The characteristic of piezoelectric that affect on each component is investigated. The 

comparison of output voltage gain from the vibration by each component to converts 

mechanical energy into electrical energy when connected to piezoelectric circuit is studying. 

In addition, with reference to the preview study, the output voltage generated by the circuit 

depends on the resulting vibration. 
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CHAPTER 4 

 

RESULTS AND DISCUSSIONS 

 

4.1 Introduction 

This chapter will discuss about the result gain from the case studies. The average 

vibrations produced at each point of the car and the types of components use to build a circuit 

are discussed. 

 

4.2 Vibration produced 

Vibration is produced when there is a motion occurring from the object and there is 

unbalance force generation because of that the vehicles start shaking. In this study, the several 

car components are identified by doing some preview research related to the components 

which has a higher and lower vibration so that the comparison to test the energy harvesting 

using piezoelectric system can be determined. This data was obtained to investigate the most 

significant piezoelectric placement on the car components of car. The result is obtained from 

measuring the vibration at some point on the car component by using the vibration meter 

device. To determine the best position for piezoelectric placement based on the vibration, the 

measurement is takes on three readings to determine the average vibration for each chosen 

selected point. The data obtain is recorded in Table 4.1. 
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Table 4.1: Vibration produced at each point of the car 

 

 

Location 

Vibration produce (km/h) 

1
st
 2

nd
 3

rd
 Average 

Exhaust 2.01 2.10 2.33 2.15 

Air Filter 1.96 2.08 2.01 2.02 

Engine 0.81 0.78 081 0.80 

Car battery 0.18 0.16 0.16 0.17 

Front hood 0.16 0.14 0.15 0.15 

 

 

According to Table 4.1, the point selected at each of the car components are exhaust, 

air filter, engine, car battery and front hood. It is shown that the three readings of each selected 

point at car were recorded in order to determine the average of the vibration produced. The 

average vibrations generated for each selected point are as shown in Figure 4.1. 
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Figure 4.1: Average vibration produced at different point 

 

According to Figure 4.1, it shows the average vibration at the selected point. The 

highest point is the exhaust which is 2.15 km/h .The second highest vibration produce is air 

filter and follow by the engine which respectively 2.02 km/h and 0.80 km/h. Next, the average 

vibration produce at car battery is 0.17 km/h. The last selected point is at the front hood of the 

car which 0.15 km/h.  

 

Based on this average vibration, even though the exhaust system gives the highest 

average vibration, but because of the emitted heat and the exposed state of this point exhaust 

system has been neglected as a piezoelectric point installation. Next, the condition  points was 

selected as the experimental point for the piezoelectric are air filter and engine because it is the 
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second and third highest average vibration produced. The car battery and the front hood point 

only give the minimum output vibration, however the front hood is choose as the experimental 

point for the piezoelectric so that the comparison between the highest and lowest vibration 

produce of each components selected point can be determined.  

 

4.3 Schematic Diagram of Piezoelectric Energy Harvesting Circuit 

In this project, schematic diagram of piezoelectric was illustrated by using Ni Multisim 

13.0 software. . It is used to determine the accuracy and design efficiency before the system is 

built. It is use to explore the advantages of alternative designs without physically building the 

system. By investigating the effects of certain design decisions during the design phase rather 

than the construction phase, the overall construction cost of the system diminishes 

significantly. Furthermore, it is use to show the schematic diagram of circuit before the circuit 

is build and to know the output voltage produce. According to Figure 4.2 shows the schematic 

diagram of piezoelectric circuit and Figure 4.3 shows the output voltage obtained using this 

software. According to Figure 4.3, the maximum output voltage produce by the simulation of 

circuit is 4.178nV.  
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Figure 4.2: The schematic diagram of piezoelectric circuit. 
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Figure 4.3: The output voltage of schematic diagram 
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4.4 Piezoelectric circuit  

The piezoelectric circuit is done by follow the schematic diagram of circuit. This 

circuit consists of a full wave rectifier and capacitor to store energy. The full wave rectifier is 

used to convert alternating current (AC) from piezoelectric output to direct current (DC). 

Figure 4.4 shows the circuit diagram. As can seen, the circuit consists of 20 piezoelectric, wire 

jumper, 4 schottky diode as full wave rectifier, capacitor 100µF 50V to store energy and LED 

light as a load. In Figure 4.5, shows the detail component solder on the PCB Board. 

 

 

 

 

Figure 4.4: The circuit diagram 
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Figure 4.5: The components use to build a piezoelectric circuit 

 

4.5 Output voltage of Piezoelectric in three components 

The testing of circuit is done at three components to compare the output voltage of 

each component. The engine, air filter and front hood are used in this project. It is use to 

determine whether the vibration produce at each components is suitable or not for energy 

harvesting. This is due to the output voltage generated from the circuit is depends on the 

vibration produced. 

 In this project, the first component that been tested on the piezoelectric output is that 

engine of the car. The graph in Figure 4.6 shows the resultant of the output. It is shown that 

the output voltage was generated by the system increase drastically from initial time to 1st 

minute. This is due to the engine is being started up and vibration produced by the engine is at 
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the highest. By referring to the graph, the output voltage produce by the engine is increasing 

slightly and it starting to decrease at 4th minutes onwards.  

 

 

Figure 4.6: The output voltage of Piezoelectric in engine against time 

 

This is because the engine produces a stable vibration when the car is static and it 

produce low amount of vibration. In energy harvesting, the system is not suitable because it 

does not utilized enough vibration from the car engine. In addition, for a car in static 

condition, the engine component is not a suitable point to install the piezoelectric circuit. This 

is because the engine only utilized the vibration generated at the moment when the engine of 

car started and it cannot produce enough energy after the engine has been steady and onwards. 

The second point of the piezoelectric placement is at front hood of the car. As know, 

the front hood produces the small vibrations. So, the vibration produced at front hood is not 

enough for energy harvesting. The graph in Figure 4.7 shows the output voltage produce at the 
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front hood. As can seen, the 1st minute of output voltage shows the highest value 0.32V until 

it continuously drop the output voltage. Moreover, for the car in static condition the front hood 

is not suitable for the piezoelectric placement because the energy produce is too low for the 

energy harvesting. 

 

 

Figure 4.7: The output voltage of front hood against time 

 

Next, the last point of the piezoelectric placement to test is at the air filter. As can seen 

in this point, the graph in Figure 4.8 shows the output voltage is produced increase linearly 

with time from the starting of experiment until 6th minutes. This is because the air filters 

begin to allow air-intake when the car was just starting and it resulting in drastic increase in 

the output voltage generated. This is the period in which the vibration is generated on the 

highest air filter. However, the output voltage generated continuously after the 6th minutes 

because the engine is starting stable and the air intake is in the air filter for non-moving car is 
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the same as before. In addition, the vibration produced is still the same. Therefore, the output 

voltage is generated continuously. 

   

 

Figure 4.8: The output voltage of Air Filter against time 
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4.6 Comparison output voltage of three components 

      

Figure 4.9: The comparison output voltage of three components 

By refer to the figure above, after all the components are being testing the result shows 

that the best point to install this system for cars that are not moving is air filter. This is because 

of the generating system energy at the moment the car starts and after the car is stable, the 

output voltage remains the same and there is no significant increase for the importance of this 

project. For the Air filter, the highest output voltage is 0.41V and it increase linearly with time 

from the starting of experiment until 6th minutes.  

Meanwhile for the engine the highest output voltage is 0.41V but it start decrease at 4
th

 

minute. The engine is not suitable because the engine only utilized the vibration generated at 

the moment when the engine of car started and it cannot produce enough energy after the 

engine has been steady and onwards. Lastly, for the front hood the highest output voltage is 

0.32V and it start decrease. The front hood is not suitable for the piezoelectric placement 

because for the car in static condition the energy produce is too low for the energy harvesting. 
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CHAPTER 5 

 

CONCLUSION AND RECOMMENDATION 

 

5.1 Conclusion 

Several decades ago, the project of energy harvesting from clean environmental energy 

has become well known. The enhancement of technology in the energy-capture capabilities 

around encourages people to learn more about piezoelectric effects. Energy harvesting is the 

system which it captures and accumulates energy until it becomes obtainable, saving the 

energy for the duration of time and conditioning it into usable form later. There are many of 

renewable energy sources which can be harvested by the environment. Energy harvesting is 

not to replace batteries but it is use to reduce some of the weakness associated with the 

maintenance issues. It is related with the advantages to a new different, effectiveness, and 

renewable resource with many of possible applications. 

Piezoelectricity with mean vibrations is one of the most conventional since vibration 

sources are almost everywhere. Piezoelectric material has the ability to capture the energy of 

an automotive component pressure which usually wastes energy and converts it into electricity 

can be used. Moreover, it is does not contaminate the environment because it is environmental 

friendly. The characteristic of this piezoelectric material are it cannot withstand the high 

temperature. Next, to produce a high voltage many piezoelectric need to be used. So that it can 

produce high maximum output frequency. Furthermore, it has a many type of piezoelectric. 
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In addition, a full wave rectifier which is diode is used to build a circuit in this project 

and the capacitor is used to store the energy. A full wave rectifier is used to convert 

intermittent current (AC) from piezoelectric output to direct current (DC). Next, the capacitor 

is used to accumulate the energy produce from the circuit for future use. The circuit are install 

at three components so that the output voltage of each components are compared whether it 

suitable for energy harvesting or not.  

In this study, the three components from the car are choosing as source of vibration. 

The components are engine, air filter and front hood. The experiment was conducted at each 

component to obtain various result of energy harvesting. But due to several limitations, not all 

levels of vibration can be used as a source. As conclusion, the air filter is the best part to 

install piezoelectric for energy harvesting because the system can produce continual energy. It 

is because at air filter the vibrations generated are sufficient even when the car is in a static 

state. According to the first discovery of piezoelectric, it shows that the piezoelectricity has the 

potential to generate micro energy especially for hybrid car electronics. 

 

5.2 Recommendation 

  There are several areas that need to be addressed in future work. Better physical 

impedance in designing piezoelectric generators for power sources. Furthermore, changing a 

more suitable transistor for the piezoelectric source signal should be designed. Next, the 

output energy generated from piezoelectric energy capture can be increased by using 

piezoelectric materials for example bimorph materials and polymer film. 

Additionally, output power can also be enhanced using the piezoelectric energy supply 

module. The modules such as LTC3588-1 from Linear Technology is one of the example 

integrated with the lost full wave bridge rectifiers with high efficiency buck converters to 



50 

 

develop a complete power optimization solution optimized for high impedance power sources 

such as piezoelectric transducers. 

 Next improvement for high power output is the drive design for piezoelectric discs. 

The actuating function is to move the piezoelectric disc from the mechanical vibration of the 

automotive component. The exact design of the drive for piezoelectric discs can increase the 

highest power that the piezoelectric disk element can produce. 
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