Energy Engineering and Management, Vol. 13, No. 2, PP. 128-139, 2023
My’

L‘)L:B/awi

University of Kashan

Eneinecing emnd

Energy Harvesting from Smart Nanocomposite
Microbeam Using Piezoelectric Materials

Mohammad Sharif Zarei

Department of Mecahnical Engineering, University of Ayatollah Boroujerdi
mshzarei@abru.ac.ir

Abstract: This paper deals with the energy harvesting of microbeam
reinforced with functionally graded carbon nanotubes. The
microbeam is intended to place a harmonic position. The effects of
size are assumed using strain gradient theory. The effective modulus
of the nanocomposite beam is obtained using the principle of
porosity. Based on the theory of sine theory, the final relations of
motion are calculated. Using the differential square solution and
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Newmark methods, the energy harvesting and dynamic instability
region of the microbeam is calculated. The effects of boundary
conditions, volume fraction and distribution of carbon nanotubes,
size, temperature and length-to-thickness ratio of microbeam on the
dynamic instability curve are shown. Numerical results show that the
dynamic instability region occurred at higher resonant frequencies
and with increasing volume fraction of carbon nanotubes. In
addition, the resonant frequency is higher for functionally graded
carbon nanotubes with X-shaped distribution compared to the
uniform state. In addition, the electric power produced increases with
the increase in the thickness of the piezoelectric layer.
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boundary conditions, volume fraction and
distribution of carbon nanotubes, size,
temperature and length-to-thickness ratio of
microbeam on the dynamic instability curve are
shown. Numerical results showed that the

Introduction

This paper deals with the energy harvesting of
microbeam, reinforced with functionally graded
carbon nanotubes. The microbeam is intended to
place a harmonic position. The effects of size are

assumed using strain gradient theory. The
effective modulus of the nanocomposite beam is
obtained using the principle of porosity. Based
on the theory of sine theory, the final relations of
motion are calculated. Using the differential
square solution and Newmark methods, the
energy harvesting and dynamic instability region
of the microbeam is calculated. The effects of

dynamic instability region occurred at higher
resonant frequencies and with increasing volume
fraction of carbon nanotubes. In addition, the
resonant frequency was higher for functionally
graded carbon nanotubes with X-shaped
distribution compared to the uniform state. In
addition, the electric power produced increases
with an increase in the thickness of the
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piezoelectric layer.

Materials and Methods

By applying Hamilton's principle, the final
motion equations were obtained. Also, by using
Newmark and differential square solution
methods, the generated electric power and
dynamic instability area for nanocomposite beam
were presented. At the end, the effects of
boundary conditions, volume fraction and
distribution of carbon nanotubes, size,
temperature and ratio of length to thickness of
microbeam on electric power and dynamic
instability region were shown.

Results

The results indicated that the simple boundary
condition on both sides had more electric power
than other boundary conditions. The results
showed that with an increase in volume
percentage of carbon nanotube, the electric
power decreased. It was observed that with an
increase in the thickness of the piezoelectric
layer, the electric power increased. The dynamic

instability region had occurred with an increase
in the volume fraction of carbon nanotubes at
higher frequencies.

Discussion and Conclusion

In this article, energy production and dynamic
analysis of microbeam reinforced with targeted
carbon nanotubes, based on strain gradient
theory, are discussed. In order to derive the
effective Young's modulus on the microbeam,
the law of mixing has been used. By using the
energy strategy, the final equations of motion
have been obtained. The methods of solving
square differences and Newmark have also been
used to calculate the electric power and the

dynamic instability region. The effects of
boundary conditions, volume fraction and
distribution of carbon nanotubes, size,

temperature, and length-to-thickness ratio of
nanocomposite microbeam on energy production
and dynamic instability region have been shown.
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1. Micro-Electro-Mechanical-Systems (MEMS)
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