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Integrated Smart Manufacturing Tools  
for Additive Manufacturing
Abstract
Metal additive manufacturing (AM) opens opportunities for 
creating materials with complex geometries and unique 
microstructures but poses challenges in understanding their 
behavior and using current certification methods. The 
Manufacturing Demonstration Facility (MDF) at ORNL 
developed the Digital Factory, a cyber-physical setup for 
collecting and analyzing manufacturing data. This 
presentation highlights the connection between 
manufacturing data and physics-based models to develop 
a smart manufacturing framework for AM process analysis. 
We’ve created computational tools for process and 
microstructure simulations, designed for portability across 
computing architectures like distributed CPU/GPU 
supercomputers. These models are directly linked to process 
data, offering predictions that match experiments and 
providing insights into process dynamics and microstructure 
evolution that are hard to observe in situ. We’ll present case 
studies on powder bed and directed energy deposition 
processes and discuss future directions for smart 
manufacturing.
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