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4 Axially Functionally Graded (AFG)
5 Atomic Force Microscopy (AFM)
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Abstract

In this research, thermoelastic damping in axidlipnctionally graded microbeam
resonators is investigated using modified straiadgmt theory. First, by adopting
Hamilton principle, the governing equation of freleration of tapered microbeam made
of axially functionally graded materials is derivbdsed on modified strain gradient
theory. The dimensionless natural frequencies oftilexer and clamped-clamped
microbeams are obtained by the semi-analytical austhRayleigh-Ritz and Galerkin,
respectively. Since, the Rayleigh-Ritz test functioes not satisfy all the boundary
conditions, the governing differential equation aall boundary expressions are
converted to an integral equation. According tegnal equation, natural frequencies are
determined using power expansion series and shifég@éndre polynomials series for
cantilevered microbeam and series of common orthaliganction for clamped-clamped
microbeam. The results of semi-analytical methads solution of integral equation are
compared to results of available literatures whitimany cases a good overlap among
them is observed. Hence, it can be concluded tieatsélection of semi-analytic test
functions satisfy certain boundary conditions, ¢fiere they can offer an acceptable
answer. The thermoelastic damping in homogeneoab®am is investigated based on
the modified strain gradient and generalized thelasiicity theories. The both complex
frequency and entropy generation approaches aréogetpto determine the results of
the quality factor and the critical thickness otrmbeam resonator are obtained that the
attenuation of critical thickness is maximum. Byrgaring some results of the quality
factor based on both approaches, an excellentmegrgds observed between them. The
thermoelastic damping in the microbeam resonatatenwd axially functionally graded
materials are studied with respect to the lengtlegearameters and the thermal relaxation
time which are related to the modified strain geatdiand Non-Fourier heat conduction

theories, respectively.

Key words. Thermoelastic damping, modified strain gradienéary, generalized

thermoelasticity, axially functionally graded madds.



Shahrood University of Technology
Faculty of Mechanical Engineering

Thermoelastic Damping in an Axially Functionally
Graded Microbeam Using Modified Strain Gradient
Elasticity Theory

Thesis
Submitted in Partial Fulfilment of the Requiren®far the Degree of
Master of Science (M.Sc)
In Mechanical Engineering, Applied mechanics

M ohammad Bostani

Supervisor:
Dr. Ardeshir Karami mohammadi

February 2015



