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Toward the Digital Thread of Metal Additive Manufacturing:

Melt Pool Modeling and Porosity Prediction

Abstract: Metal Additive Manufacturing (AM) offers tremendous freedom to create complex
parts without the design constraints of traditional manufacturing routes. Despite its promise and
potential, however, AM is still largely a solution that is used for rapid prototyping and small-
batch production. While the process-structure-property-performance relationship is largely
unknown for AM, it is further masked by the information-disconnected AM process chain. The
silos of information hamper data exchange among the different steps in the AM process chain,
causing manufacturing to be less efficient, prone to error, and lacking traceability. Digital
thread is the seamless flow of data throughout the product development chain, including design
concept, modeling, build plan, monitoring, quality assurance, the build process itself, and post-
processing and inspection. By collecting and analyzing detailed logs of real-time data from
process monitoring, it is possible to recognize patterns which reveal where potential defects
might occur and where process adjustments may be beneficial. This talk will highlight our
recent work toward the digital thread of AM by focusing on melt pool modeling and porosity
prediction in laser metal deposition (LMD). Porosity produced in LMD hampers its application
due to the absence of an effective prediction method. Measured thermal images of the melt pool
provide a unique opportunity for porosity analytics. The first part of this talk will present a
hierarchical spatial-temporal model for melt pool thermal images, which enables melt pool
modeling and monitoring. On the other hand, a physical model may provide complementary
rich data that cannot be measured otherwise. How to leverage both types of data to predict
porosity is very challenging. The second part of the talk will present a physics-driven deep




learning model predict porosity by integrating both measured and predicted data of the melt
pool.
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