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ABSTRACT

This research performs a freeform numerical vibration analysis for a two-dimensional problem
using the Finite Element Method of a cellular Euler-Bernoulli beam with mechanical material
properties. BDFGM (Bi-Directional Functionally Graded Materials) is composed of two
materials, Aluminum and Zirconia. A mixing law based on rule of mixtures is proposed to
account for the variation in the volume fraction of materials. It is determined that the variation
indices of elastic modulus and density vary with the exponentially along the axial direction
and power law with the depth of the beam. The first three natural frequencies of the simple
cellular beams obtained from the analysis are found to be inversely proportional to the
variation index increasing in both directions with the variation index increasing with depth. It
affects the rate of decrease of the natural frequency value more than the axial variation
index. This proposed model can be applied to the analysis and design of bidirectional
composites consisting of more than two materials with different properties in order to
determine the appropriate natural frequency value for the desired problem.

KEYWORDS: Bi-Directional Functionally Graded Material, Cellular Beam, Finite Element

Method, Vibration, Natural Frequency, Mode Shape
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4.1 Mesh Convergence
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4.2 Model Validation
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