Multiscale Analysis of Functionally Graded Materials
Andrew Goupee
Advisor: Senthil S. Vel, Ph.D.
Friday 4/20/07, 3:10 PM in the MEE Conference Room

Functionally graded materials (FGMs) are advanced composite materials that consist of two or more material ingredients whose microstructure is engineered to have a continuous spatial variation.  FGMs permit tailoring of the material microstructure to derive maximum benefit from their inhomogeneity and they offer great potential for components which operate under severe thermal or mechanical loadings.  However, properly analyzing the response of FGM components is not a trivial task. As has been demonstrated in the previous seminar by Professor Vel, the microstructural morphology of the FGM under consideration cannot be ignored when trying to determine the effective homogenized material properties of the composite.  In addition, ascertaining failure of FGM materials also requires one to carefully consider microstructural details.  To ensure accurate assessment of homogenized material properties and material failure, the tool of mathematical homogenization theory is employed.  The mathematical homogenization approach utilizes two length scales, one associated with the macroscopic FGM part and another much smaller scale associated with the microstructure.  This multiscale approach allows one to conduct accurate analyses of FGM components whilst minimizing computational costs.
The first part of this presentation will be a brief overview of the mathematical homogenization theory as applied to FGM component analysis.  As the details of the heat conduction portion of the method were presented in the previous seminar, the early focus of this talk will center on the mathematical homogenization of the thermoelasticity problem.  In addition, pertinent details concerning the solution of the homogenization problems using the finite element method will also be presented.  Lastly, a model problem concerning the thermal loading of a thick titanium-alloy/zirconia FGM beam with a prescribed microstructure will be analyzed to illustrate the entire multiscale approach.  The results demonstrate the importance of carefully considering the morphology of the microstructure when performing a thorough FGM analysis.   
