Mechanics and micro-mechanism of advanced engineering materials

Development of novel materials and innovative approaches of altering the mechanical response of traditional materials are influencing the material selection, analysis, and design in wide variety of applications. For example, bulk metallic glasses and nanocrystalline materials both exhibit unique and attractive combinations of mechanical properties important in surface and other tribological applications. Examinations into the structure and properties of natural and biological materials have uncovered the importance of functional gradient, resulting in a new design approach for applications such as in dental implants and knee prosthesis. Super-elastic shape memory alloys such as Nitinol and other biocompatible alloys are used as endovascular stent-grafts for repair of aortic abdominal aneurysm. In all these and other applications, it is essential to have a fundamental understanding of the mechanical response, underlying relation between structure and property, and conditions for micro-structural stability of materials. This forms the basis of my research where I seek to explore these aspects of engineering materials using a combination of techniques such as basic solid mechanics, micro- and nano-mechanical probe, and finite element modelling and simulation. I will focus my talk on some of my research work in this regard.
Using normal indentation and multi-pass scratch analysis, we examined the micro-mechanism of deformation for Zr-based bulk metallic glass. Large shear-biased plastic strains due to scratching lead to deformation induced crystallization within the scratched region, which was observed by X-ray diffraction and transmission electron microscopy. Finite element simulations of the single-pass and the multi-pass scratches were performed to understand the experimental observations. Pressure-sensitive material model with non-associative plastic flow was shown to be important in a realistic prediction of the surface deformation response of these materials. For materials with elasto-plastic property gradient, we established a systematic quantitative framework to understand the effect of yield strength on the indentation and steady state frictional sliding response. The simulation approach was interpreted and evaluated via experimental study on nanocrystalline Ni-W alloy specially synthesized with controlled gradient in grain-size. Finally, I would briefly discuss some of my recent work related to mechanical and thermo-mechanical finite element simulation in engineering and medical device applications
