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Abstract — In this research study, we investigate the design of a piezoelectric tree-shaped wind power
system. If there is a wind strong enough to bend the piezoelectric materials used in the energy conversion
process, the suggested system will produce voltage. In this work, two distinct types of piezoelectric
materials were utilised to generate electricity using wind-derived energy. and types of piezoelectric
materials were used - PZT-5H, and BaTiOs. The voltage produced under different wind speeds(1-30ms*
)with various load resistors were tested to determine the maximum power output. A maximum Voltage of
10.6 v was produced when using an optimal load of 10 kQ of PZT-5A at airflow speed of 30 m st .The
findings of this study provide valuable insights into the design and optimization of piezoelectric-based wind
energy harvesting systems. The optimized dimensions and material choices established in this study can
serve as a useful guideline for the development of piezoelectric-based wind energy harvesting systems in
various applications like Structural, health, Environmental, Military and defense monitoring.
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I. INTRODUCTION

Recent advancements in microsystem technologies
have faced significant challenges due to the
limitations of conventional electrochemical
batteries, such as maintenance issues, high
replacement costs, and environmental impact [1][2].
to overcome these obstacles, researchers have
turned to energy harvesting techniques, tapping into
ambient sources like solar, wind, thermal energy,
mechanical vibrations, and human activities to
power small electronic devices and wireless sensor
networks [3][4].

A notable focus has been on harnessing wind energy
from various sources, including wind flows
ventilation systems, around unmanned aerial
vehicles, and densely populated areas [6]. Utilizing
mnovative approaches 1nvolving piezoelectric
materials, researchers have developed flutter energy
harvesters that generate electricity from wind
speeds exceeding critical limits [11][13]. These
devices leverage fluid-structure 1nteraction
principles, capturing constant electrical energy
through fluttering phenomena [15]. This technology
18 particularly promising for aerospace applications,
powering sensors and mems devices [18].
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Beyond 1ts functional benefits, harnessing wind
power offers creative opportunities for cityscapes,
providing both visual interest and 1illumination,
enhancing the urban environment during the day
and night [19]. The nonlinear behavior observed
post-flutter velocity has been 1dentified as a crucial
area for aerospace applications, emphasizing the
importance of exploring this region for sustainable
energy solutions [16].

1. THEORETICAL ANALYSIS

In the mid-18th century, two scientists, carl
linnaeus and franz azepinos, proposed the concept
of the pyroelectric effect, which was the first source
of piezoelectricity [32]. to observe the linear
polarization behavior, constitutive laws are given in
equations 1 and 2. equation 2 1s utilized when a
piezoelectric material 1s used as an input transducer.
the transition system plays a typical role 1n
transforming wind vibration from an 1put
excitation to the piezo-cantilever beam, which 1s
made of fabric glass [32].

s3 = d33t3 + g3d3 1)
e3 = 3313 + B3d3 )

to represent the linear time-invariant model of a
transition system, this section will utilize newton's
laws of motion, ordinary differential equations, and
the concept of transfer function. this model 1s
important for researchers because 1t can help them
understand how a piezoelectric material responds to
external stimuli and how 1t can be used as an input
transducer 1n various applications.

piezoelectric materials can be analyzed using the
comsol multiphysics software, which 1s a powerful
tool for simulating and analyzing multiphysics
phenomena. the theoretical analysis of piezoelectric
materials in comsol involves several steps.

Firstly, the material properties of the piezoelectric
material need to be defined, including the elastic
modulus, Poisson's ratio, dielectric constant,
piezoelectric constants, and density. These
properties can be obtained from literature values.
Secondly, the geometry of the piezoelectric
structure needs to be defined using CAD software or
imported from a 3D model. The model can include

various geometries such as beams, plates, and
shells.

Thirdly, the boundary conditions need to be defined,
including the type of loading and the support
conditions. The loading can be applied through
wind, and the support conditions can be fixed.
Fourthly, the equations governing the behavior of
piezoelectric materials need to be defined, which
include the equations for mechanical displacement,
electric potential, and electric charge density. These
equations can be solved using the finite element
method, which is available in the COMSOL
Multiphysics software.

Finally, the output variables need to be defined,
which can include displacement, electric potential,
electric field, and stress. The simulation results can
be visualized using graphical tools in COMSOL
Multiphysics. In summary, the theoretical analysis
of piezoelectric materials in COMSOL involves
defining material properties, geometry, boundary
conditions, equations, and output variables. This
analysis can provide valuable insights into the
behavior of piezoelectric materials and can aid in the
design and optimization of piezoelectric-based
devices.

As illustrated in Figure 1A, the rectangular
piezoelectric patch is adhered to a tree-like
cantilever host structure made of fiberglass in this
research study to transform wind energy into
electrical energy. because it is flexible, robust, and
light in weight. Due to these characteristics, the
cantilever beam can efficiently shake in reaction to
wind gusts, maximizing the amount of electrical
power that can be produced. The whole host
structural of piezoelectric tree is put in the glass
cabin and one of glass side is inlet of wind and other
side of glass is outlet of wind and other sides of glass
cabin consider as wall. The wind velocity changes
from 0-30ms™. The wind directly strikes
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on the fabric glass of host structural and when #
wind velocity increase then deformation in the !
fabric glass increase and piezoelectric patch 2
more polarized. 3

This analysis provides valuable insights into the
effects of wind velocity and piezoelectric patch
dimensions on the voltage generated by 5
piezoelectric trees. The use of PZT-5H material
and optimized patch dimensions can
significantly improve the efficiency of 7
electricity generation from wind energy using
piezoelectric trees.Level-2 HeadingLevel-2 and
level-3 headings can be used to detail main
headings.
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The schematic diagram was analyzed using
COMSOL with various parameters, and a detailed
explanation of the results will be provided in the
following session.

Parameters Sym  PZT- BaTio3
bol 5H

Piezoelectric charge = ds3 585 x 600 X

coefficient 102 1012

Piezoelectric ~ compliance = S3 16.5 8.18

coefficient X102 X102

Piezoelectric modulus Es 83 x 6x10%

1010

Length of piezoelectric | L, 1-24 1-24

material

Width  of  piezoelectric W, 1-8 1-8

material

Thickness of piezoelectric @ t, 0.1-09 0.1-09

material

Resistive load R 10000 10000

1. RESULT AND DISCUSSION

Piezoelectric energy harvesting is a promising
technology that can produce renewable and
sustainable energy. This study focuses on
examining the electrical voltage and power of a
suggested artificial  tree-shaped piezoelectric
energy-harvesting model employing three different
piezoelectric materials: PZT-5H, and BaTio3. By
changing the wind speed from the nominal range to
the critical limit(0-30ms™), the impact of wind
speed on the generated electrical voltage and power
was investigated.

During the investigation, the piezoelectric length
and width were kept constant at 5 and 8 cm,
respectively, while the wind velocity was changed
from a nominal to a critical value (0-30ms™). The
trend line in figure 3(a) for PZT-5H is more
promising than those for BaTios, according to the
data, because of better piezoelectric modulus and
charge coefficient integration, and during the
nominal range of wind speed, the analysis detected
both linear and exponential trends for the critical
voltage (0-30ms™).

The trending line figure 3(b) for PZT 5H is also
more promising than other due has a higher
piezoelectric coefficient than BaTiOs, which means
that it can generate more electrical power when
subjected to increase wind velocity. PZT 5H has a
lower stiffness and higher damping compared to
BaTiO3, which means that it can undergo larger
displacements when subjected to more wind
velocity, leading to higher electrical power output.
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The vibration amplitude of the host structure of the
artificial piezoelectric tree increases with increasing
wind speed, which causes the rectangular
piezoelectric patch to become more polarized. As a
result, the electrical power produced by all three
examples increases dynamically with wind speed.

10 Analytical (PZT 5H)

Analytical (BaTio3)
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Figure 3 (a) Voltage vs Wind Velocity
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Figure 3 (b) Electrical Power vs Wind Velocity
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Figure 5 Voltage vs Width

The arrangement of the piezoelectric sensor over the
artificial tree beam area is important for the
incidental electrical energy production. To assess
the suggested model of the harvester, two distinct
configurations of the geometrical features of the
host structure of an artificial piezoelectric tree (of a
rectangular piezoelectric patch) were considered.
The length of the piezoelectric patch was changed
from (1-10 cm) and results is shown in the figure 4
and voltage of the PZT-5H higher than BaTios
increase but after certain length voltage remain
constant.

In the next contrast, in the second design, a
piezoelectric patch with a width varying between 0
and 8 cm at three distinct wind speeds (8.5,12 and
22,5 ms?). The trending lines are shown in the
figure 5 voltage in the Piezoelectric is inverse
relation with the width voltage of, PZT-5H and
BaTios decrease at after a certain width voltage
remain constant.

According to the results, the electrical response in
terms of voltage and power was more convincing in
the harvester's PZT-5H. This is because, in the
second arrangement, the focused transition of the
host-structure  plunge motion to structural
deformations caused the piezoelectric sensor to
swiftly enter the polarization state.

The study also discovered that at larger parameter
values, the  piezoelectric  sensor's  non-
centrosymmetric nature can be disturbed, which can
have an impact on the formation of charges over the
electrode surface. This emphasizes the importance
of selecting a proper piezoelectric patch geometry.
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The study examined two distinct arrangements of
the rectangular piezoelectric patch on the host
structure, where the patch's length or width could be
altered while the wind speed remained constant.

The electrical response of the model was further
studied by modifying the wind velocity parameter
and selecting the best geometric conditions for the
harvester. The response was examined using
constant values for the piezoelectric length (24 cm),
width (1 cm), and resistive load (10kQ) by varying
the wind velocity. In figure 6 when the length of a
piezoelectric material increases and its width
decreases, the wind stress applied to the material is
distributed differently. Specifically, the stress is
concentrated along the length of the material, which
causes greater displacement of the atoms in that
direction. This, in turn, creates a larger dipole
moment and a stronger electric field, which results
in a higher voltage. The usefulness of the suggested
model is also highlighted by observing and
analyzing the electrical response of the harvester
with categories (PZT-5H) of the piezoelectric
sensor.

(PZT-5H)

(BaTio3)

Voltage

o
0 5 10 15 20 25 30

Figure 6 Wind Velocity at Optimize Geometry

The appropriate piezoelectric material must be
chosen for the proposed energy-harvesting
mechanism to work as intended. According to this
study, PZT-5H demonstrated the most promising
results in terms of the integration between the
piezoelectric modulus and charge coefficient when
compared to BaTios. Moreover, PZT-5H had a
greater electromechanical coupling coefficient than
BaTios allowing for a more effective conversion of
deformation into electrical output.

The theoretical analysis of the researcher indicates
that the PZT-5H piezoelectric material is the most

suitable for generating electricity from wind energy
due to its highest voltage output of 78.3 V at a wind
velocity of 22.5 ms™. This is because PZT-5H has a
higher piezoelectric coefficient compared to other
materials, making it more efficient in converting
wind energy to electrical energy. The results of this
analysis also suggest that the dimensions of the
piezoelectric patch significantly impact the voltage
generated. A smaller patch size may lead to a higher
voltage output, but the generated power is limited
due to the smaller surface area. Therefore, the
optimal piezoelectric patch dimensions should be
determined based on the specific application

The analysis emphasizes the significance of
choosing the right piezoelectric material and the
impact of wind speed on the amount of electricity
produced by the suggested energy-harvesting
mechanism. The conclusions of this study can be
used to boost the effectiveness of piezoelectric wind
energy harvesters and their suitability for
aeronautical applications.

IV.CONCLUSION

The use of renewable energy sources is becoming
increasingly important due to the depletion of non-
renewable energy sources and concerns about
global climate change. One such source is wind
energy, which can be harnessed using piezoelectric
energy harvesting systems. In this study, the
researchers investigated the electrical energy
produced by a piezoelectric energy harvesting
artificial tree under various configurations. The
researchers found that the size of the piezoelectric
patch should be 0.33 times the area of the host
structure cantilever to achieve the highest energy
output. This finding is important for optimizing the
design of piezoelectric energy harvesting systems.
Analysis was conducted at three different wind
velocities: 8.5ms?, 12ms?, and 22.5 ms?. The
researchers found that as the wind velocity
increased, the electrical voltage output also
increased. The maximum voltage was obtained from
the PZT-5H Piezoelectric material rather than other.
Overall, the results of this study suggest that a
maximum length of 24cm and a minimum width of
1cm, is the most efficient design for a piezoelectric
energy harvesting artificial tree. This configuration
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produced the highest electrical voltage output
compared to the other configurations tested. These
findings can be useful for the development of more
efficient and effective piezoelectric energy
harvesting systems that can help meet the growing
demand for renewable energy sources. Additionally,
length of the piezoelectric material have a direct
impact on the electrical response of the wind energy
harvester, which is lessened by the piezoelectric
material's other geometrical characteristics. (ie,
width). Altimeters, pressure sensors, gyros, and
oxygen sensors are just a few examples of the low-
power miniaturized components that would be most
suited for the suggested harvester. Therefore, the
suggested model can be used to simulate vibrational
energy scavengers based on piezoelectric
transduction in addition to giving researchers an
appropriate structure for carefully designing and
developing piezoelectric wind energy harvesters
(i.e., for both nominal and critical range of wind
speed).

V. ACKNOWLEDGMENT

We express our deep gratitude to all contributors
and supporters who made this research possible.
Your invaluable assistance and encouragement have
been instrumental in our success.

V1. REFERENCES.

1. Sheeraz, M.A., Malik, M.S., Rahman, K., Elahi, H,,
Khurram, M., Eugeni, M. and Gaudenzi, P., 2022.
Multimodal piezoelectric wind energy harvester for
aerospace applications. International Journal of Energy
Research, 46(10), pp.13698-13710.

2. Zheng, X., He, L., Wang, S., Liu, X., Liu, R. and Cheng,
G., 2023. A review of piezoelectric energy harvesters for
harvesting wind energy. Sensors and Actuators A:
Physical, p.114190.

3. Scott, P.C., Jackson, N. and Poroseva, S.V., 2022.
Dimensional Effects of Polymer Piezoelectric Films for
Wind  Energy  Harvesting. Journal  of  Fluids
Engineering, 144(7), p.071203.

4. Liya, ZHA.O.,, 2021. Small-Scale Wind Energy
Harvesting Using Piezoelectric  Materials. Nanyan
Techonol. Univ, 2015.

5. Zhu, H., Tang, T., Yang, H., Wang, J., Song, J. and Peng,
G., 2021. The state-of-the-art brief review on piezoelectric
energy harvesting from flow-induced vibration. Shock
and Vibration, 2021.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

133

Fang, L.H., Rahim, R.A. and Naimah, S., 2021, May.
Design of artificial piezo-leaf wind energy harvesting
system monitoring based on Blynk apps. In AIP
Conference Proceedings (Vol. 2339, No. 1, p. 020005).
AIP Publishing LLC.

Wang, K., Xia, W, Lin, T., Wu, J. and Hu, S., 2021. Low-
speed flutter of artificial stalk-leaf and its application in
wind  energy harvesting. Smart  Materials  and
Structures, 30(12), p.125002.

Varadha, E., Kumar, S.R. and Jain, X.S., 2021. Wind-
Driven Leaf-Like Thin-Film Piezoelectric Harvester for
Low Wind Applications. Journal of  Vibration
Engineering & Technologies, 9(6), pp.1005-1022.

Chen, Y., Gu, C., Zhao, P. and Chen, W., 2020,
December. Research on Piezoelectric Energy harvesting
from Multi-Direction Wind-Induced Vibrations. In IOP
Conference  Series: Earth and  Environmental
Science (Vol. 617, No. 1, p. 012014). 10P Publishing.

Wang, Y., Zhou, Z., Liu, Q., Qin, W. and Zhu, P., 2020.
Harvesting Variable-Speed Wind Energy with a Dynamic
Multi-Stable Configuration. Materials, 13(6), p.1389.

Al-Haik, M.Y ., Kabir, M.M., Siddique, W., AlNuaimi, S.
and Aldajah, S., 2020. An experimental study on
piezoelectric energy harvesting from palm tree induced by
wind. Engineering Research Express, 2(2), p.025044.

Hamlehdar, M., Kasaeian, A. and Safaei, M.R., 2019.
Energy harvesting from fluid flow using piezoelectrics: A
critical review. Renewable Energy, 143, pp.1826-1838.

Ahmed, R., Kim, Y. and Chun, W., 2019. Development of
a tree-shaped hybrid nanogenerator using flexible sheets
of photovoltaic and piezoelectric films. Energies, 12(2),
p.229.

Silva-Leon, J., Cioncolini, A., Nabawy, M.R., Revell, A.
and Kennaugh, A., 2019. Simultaneous wind and solar
energy  harvesting with inverted flags. Applied
Energy, 239, pp.846-858.

Wang, W., He, X., Wang, X., Wang, M. and Xue, K.,
2018. A Dbioinspired structure modification of
piezoelectric wind energy harvester based on the
prototype of leaf veins. Sensors and Actuators A:
Physical, 279, pp.467-473.

Orrego, S., Shoele, K., Ruas, A., Doran, K., Caggiano, B.,
Mittal, R. and Kang, S.H., 2017. Harvesting ambient wind
energy with an inverted piezoelectric flag. Applied
energy, 194, pp.212-222.

Tao, J.X., Viet, N.V., Carpinteri, A. and Wang, Q., 2017.
Energy harvesting from wind by a piezoelectric
harvester. Engineering Structures, 133, pp.74-80.

McCloskey, M.A., Mosher, C.L. and Henderson, E.R.,
2017. Wind energy conversion by plant-inspired
designs. PloS one, 12(1), p.e0170022.

(SINGH, 13th April-2014). The state-of-the-art brief
Energy harvesting tree IRF International Conference,



International Journal of Advanced Natural Sciences and Engineering Researches

20.

21.

22,

23.

24,

25.

26.
27.

28.

29.

30.

31.

32.

33.

Zhao, L. and Yang, Y., 2017. Comparison of four
electrical interfacing circuits in  wind energy
harvesting. Sensors and Actuators A: Physical, 261,
pp.117-129.

Deivasigamani, A., McCarthy, J.M., John, S., Watkins, S.,
Trivailo, P. and Coman, F., 2014. Piezoelectric energy
harvesting from wind using coupled bending-torsional
vibrations. Modern Applied Science, 8(4), pp.106-126.

Hobbs, W.B. and Hu, D.L., 2012. Tree-inspired
piezoelectric energy harvesting. Journal of fluids and
Structures, 28, pp.103-114.

Hobeck, J.D. and Inman, D.J., 2012. Artificial
piezoelectric grass for energy harvesting from turbulence-
induced vibration. Smart Materials and
Structures, 21(10), p.105024.

Cevik, G., Aksit, M.F. and Sabanovig, A., 2011.
Piezoelectric wind power harnessing—an overview.

Oh, S.J., Han, H.J., Han, S.B., Lee, J.Y. and Chun, W.G.,
2010. Development of a tree-shaped wind power system
using piezoelectric materials. International Journal of
Energy Research, 34(5), pp.431-437.

Oh, S.J., Han, H.J.,, Han, S.B., Lee, J.Y. and Chun, W.G.,
2010. Development of a tree-shaped wind power system
using piezoelectric materials. International Journal of
Energy Research, 34(5), pp.431-437.

Hobeck, J.D. and Inman, D.J.,, 2012. Artificial
piezoelectric grass for energy harvesting from turbulence-
induced vibration. Smart Materials and
Structures, 21(10), p.105024.

Batra, A.K., Alomari, A., Chilvery, AK,
Bandyopadhyay, A. and Grover, K., 2016. Piezoelectric
power harvesting devices: An overview. Advanced
Science, Engineering and Medicine, 8(1), pp.1-12.

McCarthy, J.M., Watkins, S., Deivasigamani, A., John,
S.J. and Coman, F., 2015. An investigation of fluttering
piezoelectric energy harvesters in off-axis and turbulent
flows. Journal of Wind Engineering and Industrial
Aerodynamics, 136, pp.101-113.

Kumar, K.V., Kumar, G.A. and Reddy, G.A.K., 2014.
Analyzing the results of renewable energy source of solar
botonic ~ trees  using nano  piezo  electric
elements. Caribbean  Journal ~of  Sciences and
Technology, 2(01), pp.424-430.

McCarthy, J.M., Watkins, S., Deivasigamani, A. and
John, S.J., 2016. Fluttering energy harvesters in the wind:
A review. Journal of Sound and Vibration, 361, pp.355-
377.

Sreekumar, M.S., Preetha, M. and Kumar, K.S,,
Production of electricity from the artificial nano
treesl. International Journal of Inventions in Computer
Science and Engineering ISSN (Online), pp.2348-3539.

134



