
Abstract: 
AI-enabled mulƟ-process and mulƟ-material convergent manufacturing offers a transformaƟve pathway to 

fabricate mulƟ-funcƟonal devices with tailored properƟes across scales. This seminar presents an integrated 

framework that combines process innovaƟon, materials design, and data-driven intelligence. First, a novel mulƟ-

process in-situ rolled addiƟve manufacturing plaƞorm (HI-RAM) is introduced, integraƟng laser addiƟve 

manufacturing with in-situ micro-hot rolling to simultaneously opƟmize microstructure evoluƟon and 

mechanical performance. A first-of-its-kind mulƟ-scale, mulƟ-physics thermal–mechanical–metallurgical 

modeling framework is developed to uncover the underlying process–microstructure–property relaƟonships in 

HI-RAM. Second, mulƟ-material manufacturing strategies for metal–metal and metal–ceramic systems are 

demonstrated using laser addiƟve manufacturing and thermal spray. These systems are designed for extreme 

environments that require superior thermal, mechanical, irradiaƟon, and corrosion resistance. Third, AI-

enabled smart manufacturing approaches are presented through case studies in process control and materials 

design. Together, this work establishes a physics-informed, AI-enabled convergent manufacturing paradigm 

that unifies mulƟ-process innovaƟon, mulƟ-material design, and data-driven intelligence to enable next-

generaƟon high-performance materials and mulƟ-funcƟonal devices. 
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