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Size-Dependent Vibration of Rotating Rayleigh Microbeams with Variable Cross-
Section in Complex Environments
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Abstract
Vibration of embedded rotating macro/microbeam in the Winkler-Pasternak foundation with variable cross-
sectional area and various boundary conditions in hygro-thermal-magnetic environments under axial and
follower forces model is studied based on Rayleigh beam. A parametric study is performed to clarify the
impacts of various parameters such as boundary conditions, cross-sectional profile, foundation coefficients,
rotary inertia factor, environmental conditions and size-dependent effects on natural vibrational frequencies.
Couple stress theory is utilized to model the system. Dynamical equation is derived using Hamilton
principle. To discretize the dynamical equation, Galerkin method is used, and the natural frequencies are
obtained by solving the eigenvalue problem. The obtained results are compared and validated with the results
presented in the literature. The results show that in high-temperature and low-temperature environments, the
system has different dynamical behavior. It is observed that compared to the Euler-Bernoulli beam, the
Rayleigh beam has lower frequencies. It is concluded that in contrast to the effects of axial and follower
forces, increasing the elastic and shear coefficients of the substrate improves the dynamical behavior.
Meanwhile, the vibrational frequencies increase by increasing the width ratio parameter. The deduced results
can be useful in the design of advanced structures such as microturbines and micromotors.

Keywords: Rotating Microbeam; Non-Uniform Cross Section; Rayleigh Beam Model; Winkler-Pasternak

Foundation; Axial and Following Forces; Complex Environment.
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