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Analysis and investigation of the free vibration of a clamped-free functionally graded "
porous nanobeam in suspended and standing configurations based on the general
"nonlocal theory

L. Aqaei
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Department of Mechanical Engineering, Urmia University of Technology, Urmia, Iran
Department of Mechanical Engineering, Urmia University of Technology, Urmia, Iran
Department of Mechanical Engineering, Sanandaj Branch, Islamic Azad University, Sanandaj, Iran

Abstract

This study investigates the free vibration behavior of clamped-free functionally graded porous (FGM) nanobeams in suspended and
standing based on the general nonlocal elasticity theory and the Timoshenko beam model. The main objective is to explore the
effects of the nonlocal parameter, porosity, and self-weight on the natural frequencies and mode shapes of both suspended and
standing beams. The governing equations are derived using Hamilton’s principle and solved through the Chebyshev collocation
method. Numerical results reveal that increasing the nonlocal parameter and porosity generally decreases the natural frequencies due
to the reduction in effective stiffness; however, in certain cases, a slight frequency increase is observed. Moreover, the standing
beam exhibits higher frequencies compared to the suspended one. The self-weight, by reducing the axial stiffness, leads to a further
decrease in the frequencies. Validation through comparison with previously published results demonstrates good agreement and
accuracy. The outcomes of this research provide useful insights for the design and optimization of nano- and micro-
electromechanical systems (NEMS/MEMS) such as nanosensors, high-frequency resonators, and filters, as well as for biomedical
and energy-harvesting applications, including bio-implants and piezoelectric nanogenerators.

Keywords: Free Vibration, Cantilever Beam, Nonlocal Theory, Functionally Graded Material, Chebyshev Method, Porosity.
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