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Abstract
Virtual prototyping and additive manufacturing are critical to rapid product development and realization. This seminar will present the recent and ongoing research of the speaker in these two interconnected areas. Our virtual prototyping research includes development of geometric modeling techniques that comprise swept-volume representation using a sweep-differential equation approach, and surface reconstruction based on dexel modeling and tri-dexel modeling. The results of this research have been integrated with haptics and sound modeling for purpose of multi-modal rendering, and they have been applied to virtual sculpting, virtual bone surgery, and other virtual prototyping applications. Also presented is low-cost motion capture and application to automated real-time CAD model based simulation and analysis. Our additive manufacturing research includes the rapid freeze prototyping (RFP) process, the freeze-form extrusion fabrication (FEF) process, and the selective laser sintering (SLS) process. The RFP process builds an ice part by depositing and freezing water droplets on demand. The FEF process extrudes one or multiple aqueous pastes to fabricate parts from monolithic or functionally gradient materials. The SLS process fabricates a part by selectively sintering particles in a power bed. Our research for the various processes includes theoretical modeling and analysis, finite element simulation, process planning and control, and experimental testing. Also included in the research are post-processing and investigating the fabricated parts for aerospace, biomedical, and energy applications.
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