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Abstract:
The wide applications of additive manufacturing are hindered by the lack of comprehensive understanding
of process-structure-property relationships and intelligent optimization and control. To this end, we have
been developing intelligent additive manufacturing, where digitalization is a key enabler. We start from multi-
scale multi-physics modeling to understand the fundamental mechanisms, spanning from powder and melt
pool dynamics, to microstructure and mechanical properties, i.e., process-structure-property relationships.
To enhance the computational efficiency, we have developed physics-informed Al models using physics-
based simulation results as the training data and physical laws as the constraints. To achieve rapid and
comprehensive diagnostics to identify defects for further close-loop control, given that most sensor data only
contains limited and indirect information, we leverage physics-based simulation and Al models to extract
more in-depth and instructive information.
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