Micro-Manufacturing and Multiscale Simulation Labhoratory

® Introduction

The micro-manufacturing (u-manufacturing) of high-precision 3D products with sizes ranging from 10 pm to 1 mm for
non-silicon materials is a major engineering challenge. The global technical community is making heavy investments in
the research needed to meet the trends in industrial and military products that demand miniaturization. The needs
include design flexibility, reduced energy consumption, and high accuracy, especially in the medical, biotechnology,
telecommunication, energy, and automotive fields. In parallel, multiscale modeling and simulation is a rapidly evolving
area of research that will have a fundamental impact on computational science and applied mathematics and will
influence the way we view the relation between mathematics and science. The effort to combine these two technologies
is under research with the following topics:

The micro power injection molding (u-PIM) of nanopowders based feedstock is being developed and used as one of the
candidates in p-manufacturing of metal, ceramic, and carbide materials with the aim to overcome mechanical and
electrical property limitations of polymers - a currently winning material in y-manufacturing. In order to keep the p-PIM
approach the size of powder should be less than 1/20 of smallest micro-feature (e.g. < 100 nm particle for 2 pm
feature). Researches include the binder design and the rheological behaviour of binder-nanopowder mixture, micro
injection molding, debinding, and sintering.

*

Multiscale modeling and simulation (MMS) by integrating molecular dynamics (MD), discrete element (DEM), and finite
element (FEM) simulations is under development for analyzing p-manufacturing processes with material informatics. This
research is possible through wide interdisciplinary collaborations with the physics, mathematics, and computer science
departments. The multiscale simulation is followed by multiscale sensitivity analysis and multi-objective optimization for
final p-manufactured product of nanopowders.

*

Bio-inspired design (BID) capitalizes on the rich source of design solutions present in biological materials by
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investigating the structure-property relationships with modeling and simulation. Current research includes turtle shell for
armor design and bighorn ram for crashworthiness design. Investigated porous multiscale structure is made by p-
manufacturing process.
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