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ABSTRACT

Aim: The aim of the research work is to simulate and compare the average harvester energy and natural
frequency for lead zirconate titanate (PZT) and quartz on a silver substrate based MEMS piezoelectric energy
harvester with a thickness varying from 80 um to 800 um. Materials and Methods: There are 25 samples for
each device obtained with an error rate of 0.05 and a sample pre test power of 80%. Results and Discussion:
The natural frequency, average harvested power and power density were obtained for quartz on silver and PZT-
5H on silver. The mean value of average harvested power of PZT-5H based piezoelectric energy harvester
(1.60E-08) is significantly higher than the quartz based piezoelectric harvester (1.39E-06) significance value of
0.0001 (p < 0.005). Conclusion: The average harvested power of the PZT-5H based MEMS harvester is
significantly better than the quartz based MEMS harvester.

Keywords: Novel piezoelectric material, lead zirconate titanate (PZT-5H), quartz, silver substrate, MEMS
technology, energy harvesting, vibrational energy.

INTRODUCTION

MEMS technology paves the way for energy harvesting applications. The MEMS piezoelectric based energy
harvesting sensor is a MEMS sensor which converts wasted mechanical energy for conversion into usable
electrical energy [1]. The importance of such devices uses the principle of direct piezoelectric effect to convert
the energy of the vibrating surface to electrical current. The principle of the piezoelectric effect is shown in Fig.
1. These vibrational energy harvesters are more apparent due to the versatility provided for the low-power micro
generators. PZT-5H and Quartz have superior power efficiency than existing piezoelectric materials because
the thickness of the piezoelectric material is reduced. [2]. The applications of the piezoelectric energy harvester
is low output power efficiency and is used in bio-medical devices like pacemakers [3], internal organ
defibrillators [4], neural stimulators, pressure level monitors and pressure sensors [5].

There are more than 900 articles published on MEMS piezoelectric energy harvesters in the past five years in
Google Scholar database. Most cited articles are listed as follows. The experimental results demonstrate an
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ultra-low natural frequency of 98Hz [2], [6]. The reduction of the thickness of the piezoelectric material leads
to a decrease in the frequency and power density. To report a Ag nanowire array primarily based nanogenerator
for the first time to reap mechanical energy [7]. However, the output of the device is sort of restricted for use
due to the low electricity constant of the Ag nanowires [7], [8]. Because PZT-5H has a twenty-fold greater
electricity constant than Quartz, a multifunctional PZT-5H ribbon energy harvester on a polyimide substrate is
said to harvest energy from the motions of animal hearts, lungs, and diaphragms [9]. Recently, it has been
reported that a breathing-driven established triboelectric energy harvester can in vivo power a pacemaker [7],
[8], [10].Previously our team has a rich experience in working on various research projects across multiple
disciplines[11]-[21]

When the thickness of a piezoelectric material is increased, the power increases, which is a disadvantage in low-
power applications [9], [22]. For the desired power generation, it must be replaced with a novel piezoelectric
material and selection of the substrate is important [23]. The main aim of the paper is to design, simulate, and
compare power generation through vibrational analysis for lead zirconate titanate and quartz on silver substrate
based MEMS piezoelectric energy harvesting.

MATERIALS AND METHODS

The work setting is carried out at the Semiconductors laboratory, Department of Electronics and
Communication Engineering, Saveetha School of Engineering, using the Nano hub online simulation tool. Two
groups were compared with a sample size of 25, assigned to each group. The clincalc application is used to
determine the minimum sample size value. Simulations of the groups were based on the MEMS configuration
with pre-test power of 80% used for testing.

In the sample preparation group 1, the quartz on Ag is used as the piezoelectric structure by varying the thickness
of the piezoelectric layer. Ag is used as a substrate; the thickness of the Ag substrate is kept constant. Now the
thickness of the novel piezoelectric material is varied from 80 um to 800 um and the resultant average harvested
power and natural frequency is analysed.

In the sample preparation group 2, PZT-5H which is a novel piezoelectric material is used to enhance the
harvester structure with a varying thickness. Ag is used as a substrate; the thickness of the Ag substrate is kept
constant. Now the thickness of the piezoelectric material is varied from 80 um to 800 um and the resultant
average harvested power and natural frequency is analysed.

The power reduction reduced the actual power to low power. The temperature change occurs along with the
power reduction. High power will be produced. For calculating the sample size group 1, PZT-5H on a silver
(AQg) substrate and for sample size group 2 Quartz on silver (Ag), varying the thickness of the piezoelectric
material and silver substrate will be constant along with temperature at 273 K. Quartz on silver (Ag) has low
power compared to the PZT-5H on silver. Nanohub simulation tool used for the simulation of the substrate and
piezoelectric materials.

The simulation is provided by the testing procedure, which employs the DFT tool. In Nanohub, launch the DFT
simulation tool. Then, from the tag menu, choose MEMS Piezoelectric Vibrational Energy Harvesting Lab [24].
From the list of resources, choose MEMS piezoelectric vibrational energy harvester lab. Select the launch tool.
To keep the material silver, choose PZT-5H or Quartz in the beam set, the thickness of the piezoelectric material,
and mechanical properties (Ag). Then run the simulation and record the results. As the thickness of the novel
piezoelectric material is varied, the results are recorded in excel sheets. DFT and SPSS statistical software,
which can calculate the mean and significance of the collected data, are used for data collection and comparison.

Statistical Analysis

The data collection includes the tabulation of the 25 samples obtained for each group. The total samples were
50 which possessed the simulation and evaluation of the materials. The Quartz on Ag and PZT-5H on Si-based
MEMS devices were compared by the data collected from the DFT software. The SPSS tool is used as statistical
software [25], [26]. The datasets were imported here. The graphs that resulted were plotted, and a comparison
was made. The thickness of piezoelectric materials varies from 80 pm to 800 pum and is an independent variable.
The dependent variables were the thickness of the substrate and the temperature, which were varied in relation
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to thickness values. As the thickness of the piezoelectric material decreases, the natural frequency and average
power gradually decrease. The analysis is carried out by comparing the two groups' average harvested power
and natural frequency values to their respective graphs.

RESULTS

The quartz on Ag substrate MEMS energy harvester significantly has greater average harvested power than
PZT-5H on Ag substrate [2], [27]. Natural frequency, average harvested power, peakpower, and power density
are the results of the DFT simulation. The layers of MEMS devices are depicted in Fig. 2. The electrodes are
supporting layers and the top layer is made of piezoelectric material [28]. On the basis of the thickness of the
piezoelectric material, PZT-5H and Quartz have a high thickness (800 um). It has been demonstrated that the
output power's efficiency has been flexibly reduced [29]. To increase the multimode energy harvester's
operating frequency bandwidth while maintaining constant power efficiency. The thickness of the MEMS
energy harvester ranges between 80 um and 800 um were simulated. The output power varies as well, from
high to low frequency [30].

Table 1 shows the electrical properties of quartz on Ag and Table 2 provides for the PZT-5H MEMS energy
harvesters. For both quartz and PZT-5H materials, the natural frequency, average harvested power, peak power,
power density, and efficiency are shown. The output power of both piezoelectric materials is reduced as the
thickness of the piezoelectric materials is reduced. When comparing the power efficiency of the two materials
for ultra-low-power medical applications, the quartz material has the edge in biomedical applications.

The increase in the thickness of the piezoelectric material leads to an increase in the natural frequency. This
power is used in low-power medical applications here. As a result, the thickness of the piezoelectric material is
reduced. The piezoelectric materials used in low-power micro generators are quartz and PZT-5H.

Figure 3 shows that when the thickness of the piezoelectric material decreases, the power decreases. When
quartz and PZT-5H materials are compared, both the piezoelectric material quartz on silver is the best material
to use in biomedical applications.We can observe that quartz on silver has low average harvested power
compared to PZT-5H material. Figure 4 shows that as there is a decrease in the thickness of the piezoelectric
material, it reduces the power. When comparing the two piezoelectric materials, quartz on silver emerges as the
best option for biomedical applications. When compared to PZT-5H material, quartz on silver has a lower peak
power.

Natural frequency, average harvested power, peak power, and power density were obtained from the
calculations. As shown in Fig. 5, the natural frequency in quartz on silver is lower at an 80um thickness. At the
low thickness of the piezoelectric material, the average harvested power, peak power, and power density are
also low. Table 3 provides the comparison of group statistics for both sample groups in SPSS software providing
mean, standard deviation and standard error mean for 25 samples. The mean value of average harvested power
of PZT-5H based piezoelectric energy harvester (1.60E-08) is significantly better than the quartz based
piezoelectric harvester (1.39E-06). Table 4 shows the average harvested power's mean and significance using
SPSS software. SPSS is a statistical data analysis programme that is used to calculate the mean and significance
between two groups in a variety of studies.

Figure 6 shows that the PZT-5H material has a high power compared to quartz on silver (Ag). Quartz is the best
piezoelectric material to use in biomedical applications. In the vibrational analysis, the start frequency (400 Hz)
and the end frequency (600 Hz) are also kept constant when varying the thickness of piezoelectric material to
obtain the natural frequency.

DISCUSSION

The novel piezoelectric material PZT-5H and the conventional piezoelectric material quartz on silver MEMS
piezoelectric energy harvester for low-power micro generators were analysed and compared [31]. Here, it is
observed that quartz/Si has a better power than PZT-5H/Ag with respect to the average harvested power and
natural frequency [1]. The average harvested power and natural frequency were dependent on the thickness,
where the average harvested power and natural frequency is reduced with respect to the thickness of the
piezoelectric material [32].
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The factors that affect the thickness of Quartz/Ag in MEMS devices and PZT-5H/Ag in MEMS devices in this
research work are piezoelectric material thickness and substrate thickness [1]. The other factors are kept constant
and simulations are carried out by varying thickness of piezoelectric material [33]. Natural frequency is
decreased with respect to the thickness of piezoelectric material. Temperature and vibrations influence the
generation of power which is agreed by literature [34]. Piezoelectric materials have the mean differences,
quartz/Ag has the highest mean with 2567.9 and PZT-5H has the lowest mean 1326.3. In standard deviation
quartz/Si has the lowest standard deviation with 2.23E-06, PZT-5H/Ag has the highest standard deviation with
3.19E-02. In standard error mean quartz/Ag has the lowest error mean with 4.46E-7 and PZT/5H has the highest
error mean with 6.39E-3.

The limitations were due to change in thickness and temperature. Better results in average harvested power have
been obtained if temperature is varied instead of thickness. There is a restriction in thickness but for temperature
there will be more number of values and the comparison can be done effectively. The future scope of this work
can be extended in order to decrease the thickness of the substrate by decreasing the thickness and temperature
values which strive to reduce natural frequency and average harvested power. In order to achieve more
significant performance the materials have to be used in various fields.

CONCLUSION

The power generation through vibrational analysis for lead zirconate titanate (PZT-5H) and quartz on the silver
substrate-based MEMS piezoelectric energy harvester for low-power micro-generators. The piezoelectric
materials such as PZT-5H and Quartz were taken on Ag substrate for the low-power micro-generators. The
silver MEMS energy harvester for low-power applications has been designed and characterized.

DECLARATIONS

Conflict of interests

No conflict of interests in this manuscript
Authors Contributions

Author KCDK was involved in data collection, data analysis, and manuscript writing. Author CRAJC was
involved in conceptualization, data validation, and critical review of manuscript.

Acknowledgments

The authors would like to express their gratitude towards Saveetha School of Engineering, Saveetha Institute of
Medical and Technical Sciences (Formerly known as Saveetha University) for providing the necessary
infrastructure to carry out this work successfully.

Funding
We thank our financial sponsor for financial support that enabled us to complete this study.

1. Velsa Technologies, Coimbatore.

2. Saveetha University

3. Saveetha Institute of Medical and Technical Sciences.
4. Saveetha School of Engineering

Copyrights @Kalahari Journals Vol. 7 (Special Issue, Jan.-Mar. 2022)
International Journal of Mechanical Engineering
1178


https://paperpile.com/c/qYs2ki/bWbO
https://paperpile.com/c/qYs2ki/IhDT
https://paperpile.com/c/qYs2ki/ayAg

REFERENCES

[1] C. R. A.J. Chelliah, “Electrical Characteristics and the vibration performance of PVDF - Cu MEMS
Piezoelectric Vibrational Energy Harvester,” in 2020 International Conference on Power, Energy, Control
and Transmission Systems (ICPECTS), Dec. 2020, pp. 1-5.

[2] M. Marchesoni, Energy Efficiency in Electric Motors, Drives, Power Converters and Related Systems.
MDPI, 2020.

[3] A. Erturk and D. J. Inman, Piezoelectric Energy Harvesting. John Wiley & Sons, 2011.

[4] S. J. Asirvatham, K. L. Venkatachalam, and S. Kapa, Remote Monitoring and Physiologic Sensing
Technologies and Applications, an Issue of Cardiac Electrophysiology Clinics. Elsevier Health Sciences,
2013.

[5] C. Wu, H. Ding, and L. Han, “The Development and Test of a Sensor for Measurement of the Working
Level of Gas-Liquid Two-Phase Flow in a Coalbed Methane Wellbore Annulus,” Sensors , vol. 18, no. 2,
Feb. 2018, doi: 10.3390/518020579.

[6] V. Surkov and M. Hayakawa, “Ultra and Extremely Low Frequency Electromagnetic Fields.” 2014. doi:
10.1007/978-4-431-54367-1.

[7]1 K. Roy and D. Mandal, “CdS decorated rGO containing PVDF electrospun fiber based piezoelectric
nanogenerator for mechanical energy harvesting application.” 2018. doi: 10.1063/1.5028756.

[8] Y. Zhang and Z. Li, “Enhanced performance of green quantum dots light-emitting diodes: The case of Ag
nanowires,” Physica E: Low-dimensional Systems and Nanostructures, vol. 101. pp. 11-15, 2018. doi:
10.1016/j.physe.2018.03.008.

[9] J. Martins and J. Cristo, “Electron-transfer reactions within lipid bilayers take place in a medium whose
averaged dielectric constant is higher than commonly assumed,” Free Radical Biology and Medicine, vol.
120. p. S140, 2018. doi: 10.1016/j.freeradbiomed.2018.04.461.

[10] W. Gou, S. Fan, and L. Geng, “Three-layer Structure Triboelectric Electricity Generator with ULP Rectifier
for Mechanical Energy Harvester,” 2018 1st Workshop on Wide Bandgap Power Devices and Applications
in Asia (WiPDA Asia). 2018. doi: 10.1109/wipdaasia.2018.8734564.

[11] D. Ezhilarasan, T. Lakshmi, M. Subha, V. Deepak Nallasamy, and S. Raghunandhakumar, “The ambiguous
role of sirtuins in head and neck squamous cell carcinoma,” Oral Dis., Feb. 2021, doi: 10.1111/0di.13798.

[12] R. Balachandar et al., “Enriched pressmud vermicompost production with green manure plants using
Eudrilus eugeniae,” Bioresour. Technol., vol. 299, p. 122578, Mar. 2020.

[13] S. Muthukrishnan, H. Krishnaswamy, S. Thanikodi, D. Sundaresan, and V. Venkatraman, “Support vector
machine for modelling and simulation of heat exchangers,” Therm. Sci., vol. 24, no. 1 Part B, pp. 499-503,
2020.

[14] A. Kavarthapu and K. Gurumoorthy, “Linking chronic periodontitis and oral cancer: A review,” Oral
Oncol., p. 105375, Jun. 2021.

[15] S. C. Sarode, S. Gondivkar, G. S. Sarode, A. Gadbail, and M. Yuwanati, “Hybrid oral potentially malignant
disorder: A neglected fact in oral submucous fibrosis,” Oral Oncol., p. 105390, Jun. 2021.

[16] Hannah R, P. Ramani, WM Tilakaratne, G. Sukumaran, A. Ramasubramanian, and R. P. Krishnan, “Author
response for ‘Critical appraisal of different triggering pathways for the pathobiology of pemphigus
vulgaris—A review.”” Wiley, May 07, 2021. doi: 10.1111/0di.13937/v2/responsel.

[17] D. Sekar, D. Nallaswamy, and G. Lakshmanan, “Decoding the functional role of long noncoding RNAs
(IncRNAs) in hypertension progression,” Hypertension research: official journal of the Japanese Society
of Hypertension, vol. 43, no. 7. pp. 724-725, Jul. 2020.

[18] P. Appavu, V. Ramanan M, J. Jayaraman, and H. Venu, “NOx emission reduction techniques in biodiesel-
fuelled CI engine: a review,” Australian Journal of Mechanical Engineering, vol. 19, no. 2, pp. 210-220,
Mar. 2021.

[19] S. Menon, H. Agarwal, S. Rajeshkumar, P. Jacquline Rosy, and V. K. Shanmugam, “Investigating the

Copyrights @Kalahari Journals Vol. 7 (Special Issue, Jan.-Mar. 2022)
International Journal of Mechanical Engineering
1179


http://paperpile.com/b/qYs2ki/bWbO
http://paperpile.com/b/qYs2ki/bWbO
http://paperpile.com/b/qYs2ki/bWbO
http://paperpile.com/b/qYs2ki/bWbO
http://paperpile.com/b/qYs2ki/bWbO
http://paperpile.com/b/qYs2ki/4XiJ
http://paperpile.com/b/qYs2ki/4XiJ
http://paperpile.com/b/qYs2ki/4XiJ
http://paperpile.com/b/qYs2ki/4XiJ
http://paperpile.com/b/qYs2ki/R5oA
http://paperpile.com/b/qYs2ki/R5oA
http://paperpile.com/b/qYs2ki/R5oA
http://paperpile.com/b/qYs2ki/pb9V
http://paperpile.com/b/qYs2ki/pb9V
http://paperpile.com/b/qYs2ki/pb9V
http://paperpile.com/b/qYs2ki/pb9V
http://paperpile.com/b/qYs2ki/pb9V
http://paperpile.com/b/qYs2ki/5vQn
http://paperpile.com/b/qYs2ki/5vQn
http://paperpile.com/b/qYs2ki/5vQn
http://paperpile.com/b/qYs2ki/5vQn
http://paperpile.com/b/qYs2ki/5vQn
http://paperpile.com/b/qYs2ki/5vQn
http://paperpile.com/b/qYs2ki/NNqm
http://paperpile.com/b/qYs2ki/NNqm
http://dx.doi.org/10.1007/978-4-431-54367-1.
http://paperpile.com/b/qYs2ki/NWq6
http://paperpile.com/b/qYs2ki/NWq6
http://dx.doi.org/10.1063/1.5028756.
http://paperpile.com/b/qYs2ki/c8Bu
http://paperpile.com/b/qYs2ki/c8Bu
http://paperpile.com/b/qYs2ki/c8Bu
http://paperpile.com/b/qYs2ki/c8Bu
http://dx.doi.org/10.1016/j.physe.2018.03.008.
http://paperpile.com/b/qYs2ki/HreS
http://paperpile.com/b/qYs2ki/HreS
http://paperpile.com/b/qYs2ki/HreS
http://paperpile.com/b/qYs2ki/HreS
http://paperpile.com/b/qYs2ki/HreS
http://paperpile.com/b/qYs2ki/HreS
http://paperpile.com/b/qYs2ki/yl6v
http://paperpile.com/b/qYs2ki/yl6v
http://paperpile.com/b/qYs2ki/yl6v
http://paperpile.com/b/qYs2ki/yl6v
http://paperpile.com/b/qYs2ki/yl6v
http://paperpile.com/b/qYs2ki/yl6v
http://paperpile.com/b/qYs2ki/3iJ4m
http://paperpile.com/b/qYs2ki/3iJ4m
http://paperpile.com/b/qYs2ki/3iJ4m
http://paperpile.com/b/qYs2ki/3iJ4m
http://dx.doi.org/10.1111/odi.13798.
http://paperpile.com/b/qYs2ki/HbBm6
http://paperpile.com/b/qYs2ki/HbBm6
http://paperpile.com/b/qYs2ki/HbBm6
http://paperpile.com/b/qYs2ki/HbBm6
http://paperpile.com/b/qYs2ki/HbBm6
http://paperpile.com/b/qYs2ki/HbBm6
http://paperpile.com/b/qYs2ki/5KTuI
http://paperpile.com/b/qYs2ki/5KTuI
http://paperpile.com/b/qYs2ki/5KTuI
http://paperpile.com/b/qYs2ki/5KTuI
http://paperpile.com/b/qYs2ki/5KTuI
http://paperpile.com/b/qYs2ki/RXzvq
http://paperpile.com/b/qYs2ki/RXzvq
http://paperpile.com/b/qYs2ki/RXzvq
http://paperpile.com/b/qYs2ki/RXzvq
http://paperpile.com/b/qYs2ki/ODQUy
http://paperpile.com/b/qYs2ki/ODQUy
http://paperpile.com/b/qYs2ki/ODQUy
http://paperpile.com/b/qYs2ki/ODQUy
http://paperpile.com/b/qYs2ki/V6pYB
http://paperpile.com/b/qYs2ki/V6pYB
http://paperpile.com/b/qYs2ki/V6pYB
http://paperpile.com/b/qYs2ki/V6pYB
http://paperpile.com/b/qYs2ki/RdCV3
http://paperpile.com/b/qYs2ki/RdCV3
http://paperpile.com/b/qYs2ki/RdCV3
http://paperpile.com/b/qYs2ki/RdCV3
http://paperpile.com/b/qYs2ki/RdCV3
http://paperpile.com/b/qYs2ki/TXrIV
http://paperpile.com/b/qYs2ki/TXrIV
http://paperpile.com/b/qYs2ki/TXrIV
http://paperpile.com/b/qYs2ki/TXrIV
http://paperpile.com/b/qYs2ki/TXrIV
http://paperpile.com/b/qYs2ki/hNAu2

Antimicrobial Activities of the Biosynthesized Selenium Nanoparticles and Its Statistical Analysis,”
Bionanoscience, vol. 10, no. 1, pp. 122-135, Mar. 2020.

[20] R. Gopalakrishnan, V. M. Sounthararajan, A. Mohan, and M. Tholkapiyan, “The strength and durability of
fly ash and quarry dust light weight foam concrete,” Materials Today: Proceedings, vol. 22, pp. 1117-
1124, Jan. 2020.

[21] V. R. Arun Prakash, J. F. Xavier, G. Ramesh, T. Maridurai, K. S. Kumar, and R. B. S. Raj, “Mechanical,
thermal and fatigue behaviour of surface-treated novel Caryota urens fibre—reinforced epoxy composite,”
Biomass Conversion and Biorefinery, Aug. 2020, doi: 10.1007/s13399-020-00938-0.

[22] T. Rabuske and J. Fernandes, “ADCs for Low-Voltage Low-Power Applications,” Analog Circuits and
Signal Processing. pp. 11-24, 2017. doi: 10.1007/978-3-319-39624-8 2.

[23] F. Franeck and L. H. Liow, “Did hard substrate taxa diversify prior to the Great Ordovician
Biodiversification Event?,” Palaeontology, vol. 63, no. 4. pp. 675-687, 2020. doi: 10.1111/pala.12489.

[24] J. M. Monsalve, G. F. Giraldo, A. G. Avila, and G. Klimeck, “MEMS Piezoelectric Vibrational Energy
Harvesting Lab,” Jun. 2014, doi: 10.21981/D3P26Q44Q.

[25]J. Pallant, “Getting to know IBM SPSS,” SPSS Survival Manual. pp. 14-23, 2020. doi:
10.4324/9781003117445-4.

[26] D. George and P. Mallery, IBM SPSS Statistics 26 Step by Step: A Simple Guide and Reference. Routledge,
2019.

[27] A. Warkentin and A. Ricoeur, “Experimental investigations of viscoelastic and ferroelectric heating in
PZT-5H,” PAMM, vol. 20, no. 1. 2021. doi: 10.1002/pamm.202000198.

[28] M. Jabbari, A. Mojahedin, and E. Farzaneh Joubaneh, “Thermal Buckling Analysis of Circular Plates Made
of Piezoelectric and Saturated Porous Functionally Graded Material Layers,” Journal of Engineering
Mechanics, vol. 141, no. 4. p. 04014148, 2015. doi: 10.1061/(asce)em.1943-7889.0000872.

[29] Oecd and OECD, “Exposure to emissions has been reduced in most countries.” 2021. doi:
10.1787/3698018b-en.

[30] P. Singh, L. S. Smith, M. Bezdecny, M. Cheverton, J. A. Brewer, and V. Venkataramani, “Additive
manufacturing of PZT-5H piezoceramic for ultrasound transducers,” in 2011 IEEE International
Ultrasonics Symposium, Oct. 2011, pp. 1111-1114.

[31] X. Wang, “A study of harvested power and energy harvesting efficiency using frequency response analyses
of power variables,” Mechanical Systems and Signal Processing, vol. 133. p. 106277, 2019. doi:
10.1016/j.ymssp.2019.106277.

[32] X. Ning et al., “Mechanically active materials in three-dimensional mesostructures,” Sci Adv, vol. 4, no. 9,
p. eaat8313, Sep. 2018.

[33] H. Li, C. Tian, and Z. D. Deng, “Energy harvesting from low frequency applications using piezoelectric
materials,” Applied Physics Reviews, vol. 1, no. 4, p. 041301, Dec. 2014.

[34] G.-T. Hwang et al., “Self-powered wireless sensor node enabled by an aerosol-deposited PZT flexible
energy harvester,” Adv. Energy Mater., vol. 6, no. 13, p. 1600237, Jul. 2016.

Copyrights @Kalahari Journals Vol. 7 (Special Issue, Jan.-Mar. 2022)
International Journal of Mechanical Engineering
1180


http://paperpile.com/b/qYs2ki/hNAu2
http://paperpile.com/b/qYs2ki/hNAu2
http://paperpile.com/b/qYs2ki/hNAu2
http://paperpile.com/b/qYs2ki/hNAu2
http://paperpile.com/b/qYs2ki/awFL9
http://paperpile.com/b/qYs2ki/awFL9
http://paperpile.com/b/qYs2ki/awFL9
http://paperpile.com/b/qYs2ki/awFL9
http://paperpile.com/b/qYs2ki/awFL9
http://paperpile.com/b/qYs2ki/fwO1R
http://paperpile.com/b/qYs2ki/fwO1R
http://paperpile.com/b/qYs2ki/fwO1R
http://paperpile.com/b/qYs2ki/fwO1R
http://dx.doi.org/10.1007/s13399-020-00938-0.
http://paperpile.com/b/qYs2ki/CFyO
http://paperpile.com/b/qYs2ki/CFyO
http://paperpile.com/b/qYs2ki/CFyO
http://paperpile.com/b/qYs2ki/CFyO
http://dx.doi.org/10.1007/978-3-319-39624-8_2.
http://paperpile.com/b/qYs2ki/kvpo
http://paperpile.com/b/qYs2ki/kvpo
http://paperpile.com/b/qYs2ki/kvpo
http://paperpile.com/b/qYs2ki/kvpo
http://dx.doi.org/10.1111/pala.12489.
http://paperpile.com/b/qYs2ki/CYfh
http://paperpile.com/b/qYs2ki/CYfh
http://dx.doi.org/10.21981/D3P26Q44Q.
http://paperpile.com/b/qYs2ki/Dp7b
http://paperpile.com/b/qYs2ki/Dp7b
http://paperpile.com/b/qYs2ki/Dp7b
http://paperpile.com/b/qYs2ki/Dp7b
http://dx.doi.org/10.4324/9781003117445-4.
http://paperpile.com/b/qYs2ki/FCWL
http://paperpile.com/b/qYs2ki/FCWL
http://paperpile.com/b/qYs2ki/FCWL
http://paperpile.com/b/qYs2ki/FCWL
http://paperpile.com/b/qYs2ki/LRU9
http://paperpile.com/b/qYs2ki/LRU9
http://paperpile.com/b/qYs2ki/LRU9
http://paperpile.com/b/qYs2ki/LRU9
http://dx.doi.org/10.1002/pamm.202000198.
http://paperpile.com/b/qYs2ki/vRxH
http://paperpile.com/b/qYs2ki/vRxH
http://paperpile.com/b/qYs2ki/vRxH
http://paperpile.com/b/qYs2ki/vRxH
http://paperpile.com/b/qYs2ki/vRxH
http://paperpile.com/b/qYs2ki/vRxH
http://paperpile.com/b/qYs2ki/r4SD
http://paperpile.com/b/qYs2ki/r4SD
http://dx.doi.org/10.1787/3698018b-en.
http://paperpile.com/b/qYs2ki/Pi3G
http://paperpile.com/b/qYs2ki/Pi3G
http://paperpile.com/b/qYs2ki/Pi3G
http://paperpile.com/b/qYs2ki/Pi3G
http://paperpile.com/b/qYs2ki/Pi3G
http://paperpile.com/b/qYs2ki/OdD2
http://paperpile.com/b/qYs2ki/OdD2
http://paperpile.com/b/qYs2ki/OdD2
http://paperpile.com/b/qYs2ki/OdD2
http://dx.doi.org/10.1016/j.ymssp.2019.106277.
http://paperpile.com/b/qYs2ki/jlKP
http://paperpile.com/b/qYs2ki/jlKP
http://paperpile.com/b/qYs2ki/jlKP
http://paperpile.com/b/qYs2ki/jlKP
http://paperpile.com/b/qYs2ki/jlKP
http://paperpile.com/b/qYs2ki/jlKP
http://paperpile.com/b/qYs2ki/IhDT
http://paperpile.com/b/qYs2ki/IhDT
http://paperpile.com/b/qYs2ki/IhDT
http://paperpile.com/b/qYs2ki/IhDT
http://paperpile.com/b/qYs2ki/ayAg
http://paperpile.com/b/qYs2ki/ayAg
http://paperpile.com/b/qYs2ki/ayAg
http://paperpile.com/b/qYs2ki/ayAg
http://paperpile.com/b/qYs2ki/ayAg
http://paperpile.com/b/qYs2ki/ayAg

FIGURES AND TABLES
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Fig. 1. Principle of piezoelectric energy harvesting
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Fig. 2. Comparison of the plot providing thickness of the piezoelectric material vs natural frequency of
Quartz/Ag and PZT-5H/Ag. Thickness ranging from 80 pum to 800 um.
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Fig. 3. Comparison of the plot providing thickness of the piezoelectric material vs the average harvested power
of Quartz/Ag and PZT-5H/Ag. Thickness ranging from 80 pum to 800 pm.
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Fig. 4. Comparison of the plot providing thickness of the piezoelectric material versus the peak power of
Quartz/Ag and PZT-5H/Ag. Thickness ranging from 80 pum to 800 pm.
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Fig. 5. Comparison of the thickness of the piezoelectric material versus the power density of Quartz/Ag and
PZT-5H/Ag. Thickness ranging from 80 um to 800 um.
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Fig. 6. Bar chart comparing the mean (+1SD) of the statistical analysis of Quartz/Ag and PZT-5H/Ag were the
x-axis: Piezoelectric materials (groups) and y-axis: Mean average harvested power
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Table 1. The average harvested power, natural frequency, peak power and power density for Quartz on Silver

substrate.

S. [ Substrat | Piezoelectri | Thickness  of | Natural Average Peak Power density

No. | e ¢ material piezoelectricm | frequency ( | harvested power (HW/m?)
aterial (um) Hz) power (UW) [ (UW)

1 800 2567.9 1.83E-09 7.17E-09 6.69E-09

2 700 2244.3 2.57E-09 1.02E-08 1.06E-11

3 Ag Quartz 500 1601.5 6.47E-09 2.65E-08 3.60E-11

4 200 663.98 4.80E-07 4.74E-06 5.51E-09

5 80 314.82 2.20E-07 3.06E-06 4.43E-09

Table 2. The average harvested power, natural frequency, peak power and power density for PZT-5H on Silver

substrate.
Sl. no. | Substrate Piezoelectric | Thickness of | Natural Average | Peak Power
material piezoelectricm | frequency ( | harvested | power density
aterial (um) Hz) power (HW) (MW/m?)
(LW)

1 800 1326.3 1.81E-07 | 7.17E-08 | 6.64E-07
2 700 1171.4 2.61E-07 | 1.70E-08 1.10E-06
3 Ag PZT-5H 500 861.64 4.33E-06 | 4.62E-07 | 4.83E-06
4 200 398.29 1.92E-06 | 2.24E-06 | 2.11E-06
5 80 215.73 5.15E-05 | 8.64E-04 | 1.05E-05

Table 3. Comparison of group statistics for both sample groups in SPSS software providing mean, standard
deviation and standard error mean for 25 samples.

Piezoelectric Std. Error
material N Mean Std. Deviation Mean
Average PZT-5H 12 1.60E-08 3.10E-08 8.94E-09
Harvested
Power Quartz 12 1.39E-06 2.65E-06 7.65E-07
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Table 4. Independent sample t - test provides significance, mean difference and 95% confidence interval of the

difference of the average harvested power and natural frequency. There is a significant difference between the
two groups p<0.05 (Independent Sample T-Test).

Independent Samples Test
Levene's Test for Equality of
Variances t-test for Equality of Means
Std 95% Confidence
_ Sig. (2- Mean Errdr Inte_rval of the
F | Sie t 9| tailed) | P'MTEr®N piferen|  Difference
ce Lower | Upper
Equal
variances| 15.320 | 0.001 | 1798 | 22 | 0.086 | 1905 | TOOF Lo gpE 06| “ 1T
Average assumed
et Eaua
variances -1.38E- | 7.65E- 3.09E-
not -1.798 | 11.003 0.1 6 07 -3.06E-06 07
assumed
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