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There are three compelling reasons why the optimization of part quality in additive
manufacturing (AM) cannot follow the usual trial and error testing adapted in welding:
(a) building parts is much slower, (b) equipment and feedstock are orders of magnitude
more expensive and (c) cooling rates and solidification parameters are strikingly
sensitive to the selection of AM variants and process variables. Building and validating
mechanistic models based on the numerical solution of the equations of conservation
of mass, momentum and energy can provide a viable path to optimize microstructure
and properties. This approach can reduce the number of expensive and time-
consuming part testing and qualification, and compute the causative variables that
affect microstructure, properties and defects. This presentation will discuss how heat
transfer and fluid flow calculations for powder bed fusion and directed energy
deposition processes, when adequately validated, can provide insight about the
evolution of solidification structure, microstructure and common defects. In particular,
the ability of mechanistic models in evaluating features of solidification structure,
microstructure, lack of fusion defects and residual stresses and distortion will be
examined. The application of these models to understand printability of different alloys
will also be discussed.
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