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ABSTRACT

The ability to understand and predict failure is still one of the top issues in the design of automotive materials and structures that are subjected to extreme conditions (e.g., during processing or crash events). However, to take the state-of-the-art of material modeling to the point at which we can rely on numerical simulations for the different stages of the product development process (such as designing, optimization, manufacturing and analysis of performance) is not an easy task.  In the first half of this presentation, an overview of some of the most important advances done in GM Research and its global network in the area of materials will be given. This will include trends and challenges in understanding material behavior and some of our current modeling efforts. 

With a view to the design of failure resistant interfaces, the second part of this talk will present a numerical methodology to study the influence of non-planar interfaces on the effective fracture toughness.  It has been known for many years from experiments, and even from nature, that crack propagation along interfaces is influenced by interface topography or roughness profile.  This has given rise to a small body of literature in which interface toughening with stochastic surface finishes has been the primary focus. However, there is very little information currently available on the effect of patterned interfaces that are characterized by a minimal number of geometric parameters. In this work, roughness-enhanced toughening of an interface between two materials is explored with a pure sinusoidal interface morphology that is characterized by its aspect ratio or ratio of amplitude to wavelength. Predicted relationships between the aspect ratio and the effective toughness point to key differences in the material models. A set of critical parameters which include the aspect ratio, material and interface properties is predicted such that catastrophic crack growth is inhibited due to crack blunting. A clear boundary between brittle and ductile fracture behavior is thus identified. The results suggest some design guidelines through appropriate choice of geometric and material parameters that can be used for material development (such as composite, bio-inspired materials, etc.) or structural joints.
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