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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.  As has been demonstrated in many works, the performance of an FGM component is not just a function of the properties and quantity of its constituent materials alone, but is directly related to the ability of the designer to utilize the materials in the most optimal fashion.  With this in mind, it is evident that a robust methodology is required for designing FGM components for complex real world applications.  Such a methodology will require many tools to perform its task efficiently and effectively.  These tools will include means for representing the geometry and spatial variation of material microstructure, a method for extracting homogenized material properties from the microstructure, code for computing the transient macroscopic response of the component, methods for computing material failure at the microscale and most importantly, an optimization algorithm which utilizes the macroscopic results and microscale failure analyses to seek out the optimal part shape and microstructure variation for a given set of design criteria.  The focus of this seminar will be on only one facet of the aforementioned optimization strategy, namely the macroscopic transient thermoelastic analysis of arbitrary two-dimensional bodies.  
A computer code is developed that simulates the transient thermoelastic response of a general two-dimensional body utilizing a meshless method, namely the element-free Galerkin (EFG) method.  Salient issues pertaining to the modeling of such problems with EFG are discussed and compared with the more commonly known finite element method.  The code is verified by analyzing the one-dimensional wave propagation in an elastic bar subjected to an instantaneous axial load as well as the two-dimensional thermal stresses in a homogeneous tube subjected to a thermal shock.  In each case, the EFG results are compared with the corresponding analytical results.  For the thermal shock problem, the effects of inertia, strain-rate heating and temperature dependence of material properties are scrutinized.  Lastly, results are presented for the transient response of an FGM turbine blade to demonstrate the ability of the code to solve problems of complex shape and material property variation.  
