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Abstract

Nanoscale metallic materials (NMM)s show dramatically improved properties compared to conventional metals, including elevated strength, superior catalytic functionality, resistance to radiation damage, superplasticity, and suppression of fatigue. The mechanisms that govern deformation in NMMs often occur over picosecond times and nanometer lengths. No available experimental methods have sufficient spatio-temporal resolution to investigate these mechanisms. In my research, I use computational techniques to understand the fundamental physics of the underlying deformation mechanisms of NMMs at these small time and length scales and investigate the effect of different parameters such as interface structure, chemical composition and morphology of the NMMs on defining their mechanical properties. Here I present a multiscale framework for deformation mechanisms of composite multilayers at various length scales and provide mathematical models to determine the collective behaviors of these materials. Further I discuss the controlling role of interfaces on shaping the varying behavior of NMMs with mixed configurations and introduce a reduced order mesoscale model to predict the dislocation structures of the interface. This model can be used as a basis for designing materials with tailored properties for various applications.
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