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Abstract

A design framework is developed with direct linkages between Process Path parameters and the final microstructures
without resorting to experimentation or FEM. State of the art microstructural design and fabrication methodology is
complemented with a multi-scale computational scheme to optimize structure-property relationship. The design
framework is based on a digital representation of the microstructure using n-point statistical correlation functions and
benefits from machine learning methodolies. The framework provides a direct link between the resulting part’s
microstructure, mechanical properties, residual stresses, porosity, and distortions. By virtue of the availability of direct
mathematical and analytical solutions, the relationships between process parameters and resulting part microstructure
and properties will be analytically reversed to yield a non-iterative methodology for machining and additive
manufacturing in AlI7475 and Ti64 materials.
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