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Progress in the structural engineering of materials for automotive is
essential to ensure safe and sustainable means of transportation. This
thesis presents the property - structure - process relationship of a
novel niobium-added high strength martensitic stainless steel aiming
to enhance its crash performance. Despite the large extent of
research efforts on high strength steels, there is today an urgent need
to reduce the development cycle of materials through the application
of design tools that enable the rapid identification of pathways for
materials optimization.
In this work, a multi-scale approach combining mechanical
characterizations at the macroscale with finite elements simulations at
the microscale allows the translation of the target properties into
suitable microstructures. This first effort identifies critical
microstructure features that undermine the overall mechanical
properties. Above all, residual islands of ferrite phase and undissolved
chromium carbides, common sub-products of steel processing, were
found detrimental to ensure good bendability of the steel sheets.
In the second part of this work, the microstructure is optimized with
creator tools such as the CALPHAD method which, through the
understanding of the diffusion mechanisms at the atom-scale,
contributes to the development of novel microstructures with
increased mechanical properties.

