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Development of accurate prediction method for solidification microstructure in
additive manufacturing by high-performance phase-field simulation
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In this study, to accurately predict the solidification microstructure
formed by dendrite/cell growth during metal additive manufacturing (AM) in three dimensions (3D), a
multi-physics model coupling the meso-scale thermal fluid flow model and the micro-scale phase-field
(PF) model was developed. To enable the large-scale 3D PF simulations, a high-performance computing
methods combining parallel computation using multiple GPUs and the adaptive mesh refinement method
were implemented. Through the large-scale 3D PF simulation during AM, the 3D microstructure was
successfully predicted, simulating the experimental microstructure well. The developed method is a

powerful tool for revealing the mechanisms of dendrite/cell growth with multi-physics phenomena
during AM.
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