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ABSTRACT 

 

 

Harvesting ambient energies from the surrounding can be realized by using piezoelectric 

mechanical transducer. This type of energy offering a prospect of powering low power 

electronic devices such as wireless sensor nodes which replacing the uses of batteries as the 

primary sources. Numerous studies have shown that the power densities of energy harvesting 

devices is around hundreds of microwatts. However, the power requirements for most 

electronic devices are in the range of micro to milliwatts. Furthermore, piezoelectric 

transducer generates high magnitude of output voltage; can reach up to hundreds Volts, but 

very low in term of current. This is the key challenge in developing an efficient power 

conditioning circuits that can offers an adequate output power for an optimum power 

transfer. In this project, a power conditioning circuits was developed for managing the power 

conversion process of a vibrational-based impact mode piezoelectric energy harvester. The 

proposed circuit should be able to enhance the generated output power from the piezoelectric 

by using a three conditioning units. It consists of an AC/DC rectifying circuits, step-down 

DC/DC buck converter and a storage capacitive bank. The power generator was implanted 

on the electrodynamic shaker with the acceleration level of 0.7 g at the resonant frequency 

of 42 Hz. Few power enhancement methods have been investigated in term of mechanical 

structural design and also on the proposed power conditioning circuitry itself. The generated 

output voltage from the harvester can be increased by 16.7% by using a proposed supporting 

base with a booster hole of 30 mm in diameter in order to increase the transducer’s strain 

displacement further. The analysis was conducted part by part before fully integrating them 

in a whole unit. For the first stage, the efficiency of the circuit can be enhanced by reducing 

the value of the parasitic components of the rectifying components; forward voltage drops 

of the diode, Vf and the capacitivity. The constructions of the rectifying circuits also affect 

the power conversion of the harvester system. It is found that full-wave Schottky bridge 

rectifier is the most efficient conversion circuit for piezoelectric energy harvester compared 

to the full-wave bridge MOSFET rectifier and specialized voltage doubler rectifier with 

35.6% differences of 3.77 mW output power. Next, the system gets integrated with a 

regulated conversion circuit that has been designed to regulate at 3.3V with a hysteretic 

voltage mode control feedback system. As a conclusion, the proposed circuits managed to 

increase the regulated output current by 51.93% with the power conversion efficiency of 

70.43% and 330 µW output power. A practical evaluation was conducted by employing an 

RF transmitter as the application load. It has been isolated first by using a push button during 

the capacitive charging process. It requires about 7.3 minutes to fully charge a 13.2 mF 

storage capacitor and able to transmit the encoded signal to the receiver in 16.03 s. For 

further improvement, the designs can be modified by employing the usage of supercapacitor 

as energy storage to increase the extracted output power of the harvester.  

  



ii 

 

 

ABSTRAK 

 

 

Penuaian tenaga ambien daripada sekeliling boleh direalisasikan dengan menggunakan 

pemindaharuh mekanikal piezoelektrik. Tenaga jenis ini menawarkan prospek yang dapat 

menghidupkan peranti elektronik berkuasa rendah seperti nod-nod sensor tanpa wayar yang 

mampu menggantikan penggunaan bateri sebagai sumber kuasa utama. Banyak kajian 

menunjukkan bahawa ketumpatan kuasa peranti penuaian tenaga adalah sekitar ratusan 

mikrowatt. Bagaimanapun, kuasa yang diperlukan untuk kebanyakan peranti elektronik ini 

berada dalam lingkungan mikro hingga ke miliwatt. Walaupun pemindaharuh piezoelektrik 

mampu menghasilkan tenaga voltan yang tinggi hingga mencecah ratusan voltan, tetapi 

penghasilan tenaga arusnya sangat rendah. Ini adalah cabaran utama dalam 

membangunkan litar penyesuaian kuasa yang boleh dipercayai dan menawarkan kuasa 

keluaran yang mencukupi untuk pemindahan kuasa yang optimum. Dalam projek ini, litar 

penyesuaian kuasa telah dibangunkan untuk menguruskan proses penukaran kuasa getaran 

penjana kuasa piezoelektrik berasaskan impak. Litar tersebut perlulah berjaya 

meningkatkan kuasa keluaran menggunakan tiga penyesuaian unit. Ia terdiri daripada litar 

penerusan AC/DC, penurun tenaga DC/DC dan sebuah bank simpanan kapasitif. Penjana 

kuasa tersebut telah diimplan pada penggongcang elektrodinamik pada tahap pemecutan 

0.7 g di frekuensi resonan 42 Hz. Kaedah penambahbaikan kuasa telah dijalankan dari segi 

rekabentuk struktur mekanikal dan juga pada litar penyesuaian kuasa itu sendiri. Voltan 

keluaran yang dihasilkan dari penjana kuasa mampu ditingkatkan sebanyak 16.7% dengan 

menggunakan asas sokongan yang mempunyai lubang pendorong berdiameter 30 mm, 

berfungsi untuk meningkatkan anjakan terikan pemindaharuh. Analisis dijalankan bahagian 

demi bahagian sebelum diintegrasikan sepenuhnya dalam satu unit. Pada peringkat 

pertama, kecekapan litar ditingkatkan dengan mengurangkan nilai komponen berparasit; 

kehilangan voltan hadapan diod, Vf dan kapasitiviti. Teknik pembinaan litar penerusan juga 

mempengaruhi penukaran kuasa sistem penjana tenaga tersebut. Penilaian mendapati 

bahawa litar jambatan gelombang penuh Schottky adalah litar yang paling cekap bagi 

sebuah penjana tenaga piezoelektrik berbanding dengan litar jambatan gelombang penuh 

MOSFET dan litar penggandaan khusus penerus voltan dengan perbezaan sebanyak 35.6% 

dan 3.77 mW tenaga keluaran. Seterusnya, sistem disambungkan dengan litar penukaran 

yang berfungsi untuk mengawal selia arus voltan pada 3.3V dengan sistem maklum balas 

kawalan mod voltan heteretik. Konklusinya, litar tersebut berjaya meningkatkan arus 

keluaran terkawal sebanyak 51.93% dengan kecekapan penukaran kuasa sebanyak 70.43% 

untuk kuasa keluaran 330 µW. Penilaian praktikal telah dilakukan dengan menggunakan 

pemancar RF sebagai beban aplikasi yang terdahulunya telah diasingkan daripada litar 

dengan menggunakan punat tekan semasa proses pengecasan kapasitif. Ia memerlukan 7.3 

minit untuk cas penuh sebuah 13.2 mF storan kapasitor dan mampu menghantar kod isyarat 

kepada penerima dalam 16.03 s. Untuk penambahbaikan, rekabentuk litar boleh diubah suai 

dengan menggunakan sebuah pemuat lampau sebagai penyimpan tenaga untuk 

meningkatkan penyarian tenaga keluaran daripada penuai.   
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MOSFET - Metal Oxide Semiconductor Field-effect Transistor 

PV - Photovoltaic 

PWM - Pulse-width Modulation 

PZT - Lead Zirconate Titanate 

RF - Radio Frequency 

SMPS - Switch-mode Power Supplies 

ULP - Ultra Low Power 

WSN - Wireless Sensor Network 
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LIST OF SYMBOLS 

 

 

g - gravitational acceleration 

g - gram 

Hz - operational frequency 

mm - millimeter 

v - velocity 

V - Voltage  

A  Ampere 

N - Newton 

𝐷⃗⃗  - electric displacement 

𝑑31 - piezoelectric charge coefficients,  

𝜎  - mechanical stress 

𝜀𝜎 - permittivity at constant stress 

𝐸⃗   electric field 

𝑆   mechanical strain 

𝑠𝐸  mechanical compliance 

𝑉𝑓  forward voltage drop 

D  duty cycle 

D  diode 

  



xix 

 

 

LIST OF PUBLICATIONS 

 

 

1 Nawir, N. A. A., Basari, A. A. and Yan, N. X., 2019, Experimental studies on 

the performances of AC/DC rectifier circuit on impact-based piezoelectric 

energy harvester. Journal of Engineering and Applied Sciences, ARPN Journals, 

vol. 14, No. 9, pp. 1657-1668. 

2 Nawir, N. A. A., Basari, A. A. and Yan, N. X., 2018, Collated studies on 

rectifying circuit on impact-based piezoelectric energy harvesting. Journal of 

Telecommunication, Electronic and Computer Engineering, vol. 10, pp. 15–23. 

3 Nawir, N. A. A., Basari, A. A., Saat, M. S. M., Yan, N. X. and Hashimoto, S., 

2018, A Review on Piezoelectric Energy Harvester and Its Power Conditioning 

Circuit. Journal of Engineering and Applied Sciences, ARPN Journals, vol.13, 

No.8, pp. 2993-3006. 

4 Yan, N. X., Basari, A. A. and Nawir, N. A. A., 2018, Piezoelectric Ceramic for 

Energy Harvesting System: A Review. Journal of Engineering and Applied 

Sciences, ARPN Journals, vol. 13, No.22, pp. 8755-8775. 

5 Yan, N. X., Basari, A. A., Leong, K. S., Nawir, N. A. A. and Hashimoto S., 2018, 

Investigation and Experimental Verification of the Effectiveness of the 

Interfaced Plate Parameters on Impact-Based Piezoelectric Energy Harvester. 

Ceramics International, vol. 44, issue 15, pp. 17724-17734. 

 


