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Abstract

Metal Additive Manufacturing (MAM) holds the capacity to lead the aerospace structures for compact
assembly designs, and topology optimized printings. Today, MAM is being applied beyond prototypes
in industrial applications. However, the printing failure linked to thin-wall structures, use of non-
calibrated machines and material parameters can cause significant loss of machine, material, and labor
costs. Meanwhile, the process induced defects in MAM are mainly driven using poor parameters of
machine and materials causing significant distortion and residual stress during manufacturing. In this
regard, to pre-identify the design for additive thin-wall (DFATW), a macro-design tool is under
development that could predict the existence of thin-walls below a threshold so the critical zones could
be treated to be printable with LPBF process. In addition, an AI4AM approach is developed to predict
the combined and individual influence driven by process parameters, especially around melt-pool
dimensions, length, width, and height. These dimensions predicted by AI4AM are cross validated
following an error of < 6% with FEM so from hundreds of process parameters the best combination
could be identified in seconds to better train the LPBF machine. Finally, the process simulation
modeling based on DFATW and calibrated by AI4AM predictions for LPBF process is performed to
investigate further process driven defects. The MAM/LPBF simulation results showed that the as-
produced and post-treated (heat treatment, machining of printing plateau) structures have significant
differences in structural distortion and final residual stresses. These numerical checkups from design
to process simulation of LPBF process are very helpful to better off the physical printing defects and
pre-qualify the structural integrity for real life applications.
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