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ABSTRAK

Fenomena piezoelektrik menawarkan potensi signifikan dalam konversi energi
mekanik dari sumber lingkungan, seperti langkah kaki manusia, menjadi energi
listrik. Namun, Kinerja perangkat piezoelektrik sangat dipengaruhi oleh desain
geometrisnya. Penelitian ini bertujuan untuk menganalisis pengaruh variasi dimensi
(tinggi dan luas penampang) pada geometri silinder dan balok PZT-4 terhadap
tegangan output piezoelektrik, serta mengidentifikasi konfigurasi geometri yang
paling optimal.Metodologi penelitian melibatkan simulasi 3D menggunakan
COMSOL Multiphysics, dengan fokus pada modul Geometry, Material, Solid
Mechanics, dan Piezoelectric Devices. Material PZT-4 dikenai gaya mekanis 100
N pada sumbu Z, dan tegangan output diukur untuk berbagai kombinasi tinggi dan
luas penampang. Hasil simulasi menunjukkan bahwa tegangan output meningkat
seiring dengan peningkatan tinggi dan penurunan luas penampang untuk kedua
geometri. Secara signifikan, geometri balok secara konsisten menghasilkan
tegangan output yang lebih tinggi dibandingkan silinder pada dimensi yang serupa.
Balok dengan tinggi 10 cm dan luas penampang 1 cm2 menghasilkan tegangan
sekitar 2498,20 V, jauh melampaui silinder 794,59 V pada kondisi yang sama.

Kata Kunci: COMSOL Multiphysics, Geometri Piezoelektrik, Piezoelektrik, PZT-
4, Tegangan Output
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ABSTRACT

The piezoelectric phenomenon offers significant potential for converting
mechanical energy from environmental sources, such as human footsteps, into
electrical energy. However, the performance of piezoelectric devices is greatly
influenced by their geometric design. This study aims to analyze the influence of
dimensional variations (height and cross-sectional area) on the geometry of PZT-
4 cylinders and blocks on piezoelectric output voltage, as well as to identify the
most optimal geometric configuration. The research methodology involves 3D
simulation using COMSOL Multiphysics, focusing on the Geometry, Material, Solid
Mechanics, and Piezoelectric Devices modules. The PZT-4 material is subjected to
a mechanical force of 100 N along the Z-axis, and the output voltage is measured
for various combinations of height and cross-sectional area. Simulation results
show that the output voltage increases with increasing height and decreasing cross-
sectional area for both geometries. Significantly, the beam geometry consistently
produces higher output voltage compared to the cylinder at similar dimensions. A
beam with a height of 10 cm and a cross-sectional area of 1 cm2 produced a voltage
of approximately 2498.20 V, far exceeding the cylinder's 794.59 V under the same
conditions.

Keywords: COMSOL Multiphysics, Piezoelectric Geometry, Piezoelectric, PZT-4,
Output Voltage

vii



DAFTAR ISI

HALAMAN HAK CIPTA ..ottt [
LEMBAR PENGESAHAN ..ottt i
PERNYATAAN BEBAS PLAGIARISME ........cccoooiiiiiie e i
UCAPAN TERIMA KASIH ... .ottt WY
ABSTRAK ..ottt ettt ettt re e ens Vi
ABSTRACT .ttt ettt sttt sttt st re e vii
DAFTAR ST oottt ans viii
DAFTAR GAMBAR ...ttt e nes X
DAFTAR TABEL ...ttt e e Xi
DAFTAR LAMPIRAN ..ottt Xii
BAB | PENDAHULUAN ..ot 1
1.1 Latar BEIAKANG ......coveiiiiiiiiiiisee e 1
1.2 RUMUSAN MASAIAN .....c.eiiiieiice e 3
1.4 Manfaat PENEIItIAN .......cccooiiiiiiiee e 3
1.5 Ruang Lingkup Penelitian.............c.cccoiiiiiiiiiic e 3
1.6 Struktur Organisasi Penelitian.............ccooviiiiiiiiiiieceese e 3
BAB 2 TINJAUAN PUSTAKA . ...ttt 5
2. L PIEZOCIEKIITK .....veeieieeiieee e 5
2.1.1 Prinsip Kerja PiezoeleKtrik ...........cccovveiiiiiiiieiecc e, 5
2.1.2 Karakteristik PiezoleKtriK...........ccccerveiiiieiieeee e 6
2.0 3 PZT -4 e 6

2.2 COMSOL MUIIPRYSICS ...ttt 7
2.2.1 MOAUI GEOMELT ...ttt 7
2.2.2 MOAUI MALEITAL ...t 8
2.2.3 Modul Solid MeChaniC.........ccccveiiiiiieee e 8
2.2.4 Modul PiezoeleCtriC DEVICES ........cccveieeiiiie e 8

2.3 Perhitungan PIezZOeleKLriK ..........cccouviiiiiiicic e 8
2.3.1 Rumus Dasar Efek Piezoelektrik dari Konsep Fisika..........cc.cccovveiiennen. 8

2.4 Penelitian TerdaUlU ...........cooieiiieiine s 10

viii



BAB Il METODE PENELITIAN ....ooiiiiii e 12

3.1 Diagram Alir Penelitian ...........cccooiiiiiiiiiiiiiieeeee e 12
3.2 Desain PENEIITIAN ........eiieiiecc e 13
3.3 Diagram Alir Simulasi COMSOL........ccceoviieiiiieiiese e 13
BAB IV HASIL DAN PEMBAHASAN ...t 15
4.1 Simulasi COMSOL MULTIPHYSICS ... 15
4.2 Hasil Simulasi COMSOL MULTIPHYSICS.......cccocooiiininenereese e 15
4.2.1 Hasil SIMulasi SHINAET ........coeiiiiiiiiieee s 16
4.2.2 Hasil SImulasi BaloK............cocooiiiiiiiiiiiee e 22

4.3 Perbandingan hasil antara Silinder dengan balok ..............c.ccocoiviiiiicienn, 27
BAB V KESIMPULAN ....coiiiiiet st 30
5.1 SIMPUIAN c...ece et 30
5.2 IMPEHKASI. ..ot 30
5.3 REKOMENUASE ....vevvivveieie sttt 31
DAFTAR PUSTAKA ettt et e e nste e e e e neeeanes 33
LAMPIRAN .ottt e e e et e e e et e e e e s e e e e snneeeeennnes 35



Gambar 2.
Gambar 2.
Gambar 3.
Gambar 3.
Gambar 4.
Gambar 4.
Gambar 4.

Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.

Gambar 4.

DAFTAR GAMBAR

1 Material Piezodisk (HE-SHUAI, 2025).........cccccoviiiiiiiniiieriinieseeniens 5
2 Prinsip Kerja Piezoelektrik (Vajiram and ravi, t.t.) ......ccoooevnvninnne. 6
1 Diagram Alir Penelitian ..........ccccviieiieri i 12
2 Diagram Alir Metode Penelitian............ccccocceieiieie i 13
1 Grafik Tegangan terhadap Luas Penampang pada Tinggi tetap 2cm 16
2 Grafik Tegangan terhadap Luas Penampang pada Tinggi tetap 5cm 17
3 Grafik Tegangan terhadap Luas Penampang pada Tinggi tetap 10cm

.............................................................................................................. 18
4 Grafik Tegangan terhadap Tinggi pada Radius tetap 2cm................ 19
5 Grafik Tegangan terhadap Tinggi pada Radius tetap 5 cm............... 20
6 Grafik Tegangan terhadap Tinggi pada Radius tetap 10 cm............. 21

7 Grafik Tegangan terhadap Luas Penampang pada Tinggi tetap 2cm 22
8 Grafik Tegangan terhadap Luas Penampang pada Tinggi tetap 5cm 23
9 Grafik Tegangan terhadap Luas Penampang pada Tinggi tetap 10cm



DAFTAR TABEL

. 1 Perubahan Tegangan terhadap Luas Penampang pada Tinggi tetap 2 cm

Xi



DAFTAR LAMPIRAN
Lampiran 1. Surat Tugas Dosen Pembimbing ...........cccoociieiiiiei i,

Lampiran 2. Dimensi Simulasi Pengukuran Silinder ............cccocvvevviiciieiieenns

Lampiran 3. Dimensi Simulasi Pengukuran Balok ............ccccoeiiiiiiniiinnnee

Xii



DAFTAR PUSTAKA

Anton, S. R., & Sodano, H. A. (2007). A review of power harvesting using piezoelectric
materials (2003-2006). Smart Materials and Structures, 16(3).
https://doi.org/10.1088/0964-1726/16/3/R01

Cady, W. G. (t.t.). TEXT FLY WITHIN THE BOOK ONLY TEXT CROSS WITHIN THE BOOK
ONLY.

COMSOL. (2023). COMSOL MULTIPHYSICS.

Damjanovic, D. (1998). Ferroelectric, dielectric and piezoelectric properties of ferroelectric
thin films and ceramics. Dalam Rep. Prog. Phys (Vol. 61).

Deangelis, D. A., & Schulze, G. W. (2016). Performance of PZT8 Versus PZT4 Piezoceramic
Materials in Ultrasonic Transducers. Physics Procedia, 87, 85-92.
https://doi.org/10.1016/j.phpro.2016.12.014

Debnath, B., & Kumar, R. (2022). A Comparative Simulation Study of the Different
Variations of PZT Piezoelectric Material by Using A MEMS Vibration Energy Harvester.
IEEE Transactions on Industry Applications, 58(3), 3901-3908.
https://doi.org/10.1109/T1A.2022.3160144

Hashim, A. A., Mahmoud, K. I., & Ridha, H. M. (2021). Geometry and shape optimization of
piezoelectric cantilever energy harvester using COMSOL multiphysics software. Dalam
International Review of Applied Sciences and Engineering (\Vol. 12, Nomor 2, him. 103—
110). Akademiai Kiado ZRt. https://doi.org/10.1556/1848.2021.00170

HE-SHUALI. (2025, Juli 8). PZT-4.

Hooker, M. W. (1998). Properties of PZT-Based Piezoelectric Ceramics Between-150 and
250°C.

Khan, A., Nawaz, M. Q., & Lu, X. (2024). Design and COMSOL Simulation of Different
Shaped Piezoelectric Vibration Energy Harvesters: A Study on MEMS Vibrational
Energy Harvesters. Computational And Experimental Research In Materials And
Renewable Energy, 7(2), 119. https://doi.org/10.19184/cerimre.v7i2.51895

Krishnamoorthy, K., Pazhamalai, P., Manoharan, S., Liyakath Ali, N. U. H., & Kim, S. J.
(2022). Recent trends, challenges, and perspectives in piezoelectric-driven self-
chargeable electrochemical supercapacitors. Dalam Carbon Energy (Vol. 4, Nomor 5,
hlm. 833-855). John Wiley and Sons Inc. https://doi.org/10.1002/cey2.202

Lee, M.-K., Kim, B.-H., & Lee, G.-J. (2022). Piezoelectric voltage constant and sensitivity
enhancements through phase boundary structure control of lead-free (K,Na)NbO3-based
ceramics. Journal of the European Ceramic Society, 42(12), 4898-4906.
https://doi.org/https://doi.org/10.1016/j.jeurceramsoc.2022.05.025

Martinelli, C., Coraddu, A., & Cammarano, A. (2023). Performance-aware design for
piezoelectric energy harvesting optimisation via finite element analysis. International
Journal of Mechanics and Materials in Design, 19(1), 121-136.
https://doi.org/10.1007/s10999-022-09619-4

Paluch, A. E., Bajpai, S., Bassett, D. R., Carnethon, M. R., Ekelund, U., Evenson, K. R.,
Galuska, D. A., Jefferis, B. J., Kraus, W. E., Lee, |.-M., Matthews, C. E., Omura, J. D.,
Patel, A. V, Pieper, C. F., Rees-Punia, E., Dallmeier, D., Klenk, J., Whincup, P. H.,
Dooley, E. E., ... Fulton, J. E. (2022). Articles Daily steps and all-cause mortality: a
meta-analysis of 15 international cohorts. www.thelancet.com/public-health

Paufler, P. (1992). Fundamentals of Piezoelectricity. Zeitschrift fiir Kristallographie, 199(1—
2), 158-158. https://doi.org/10.1524/zkri.1992.199.1-2.158

Raichlen, D. A., & Lieberman, D. E. (2022). [30] The evolution of human step counts and its
association with the risk of chronic disease.

Vajiram and ravi. (t.t.). prinsip kerja piezoelektrik.

Xili



https://doi.org/10.1002/cey2.202

Wu, P. H., & Shu, Y. C. (2015). Finite element modeling of electrically rectified piezoelectric
energy harvesters. Smart Materials and Structures, 24(9). https://doi.org/10.1088/0964-
1726/24/9/094008

Xiv



