Vibrations and stability of slender visco-elastic periodic beams posed on a
foundation with damping. Tolerance modelling
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Abstract

Slender visco-elastic beams with a periodic structure along its axis, which interact with a
periodically heterogeneous foundation are considered in this note. They are made of many
identical small elements, called periodicity cells, with the length |, which is treated as the
microstructure parameter. Partial differential equation describes dynamic or/and stability
problems of such beams. Because this governing equation has highly-oscillating, periodic and
non-continuous functional coefficients in X, it is not a good tool to investigate special
problems of these beams. Various simplified approaches are proposed to obtain governing
equations with constant coefficients, introducing effective properties of the beam. It is
necessary to distinguish those methods based on the asymptotic homogenization, cf. [5].

The literature on the problems of linear vibrations of periodic beams is extensive. The theory
of Floquet-Bloch is often used in the waves analysis. This was applied in the analysis of the
Euler- Bernoulli [1] beam vibrations. Certain analytical approaches and the finite element
method are also applied to evaluate strength and buckling of sandwich beams having variable
properties of cores, e.g. [3]. Unfortunately, the governing equations of the above models
neglect usually the effect of the microstructure size on the beam behaviour.

In this note, the differential equations of periodic beams, having highly-oscillating, periodic,
non-continuous functional coefficients, are replaced by equations with constant coefficients
using the tolerance modelling, cf. [7]. This approach was developed for the purpose of
analysis of thermomechanical problems of periodic composites in a series of papers, e.g. for
dynamics of thin periodic plates on a foundation [4], for dynamics of micro-periodic beams
under moving load [6], for geometrically nonlinear vibrations of periodic plates [2].
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