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Abstract

Biological systems usually possess multifunctional graded structures with spatially optimized properties; the property set at
each location is determined based on the performance requirements of that location. One the other hand, engineering
components are compositionally homogeneous, exhibit an isotropic set of properties and are commonly optimized for only
one property. This highly unsatisfactory situation can only be resolved by the bioinspired development of novel components
which display an optimum site-specific property set. Such components are urgently required in a plethora of industries,
including the biomedical, electrical machines, aerospace, sustainability, and energy sectors. However, such high-
performance unitized components are currently non-existent. For example, there is a critical unmet need for next generation,
high frequency, high service temperature, rotating electrical machines with a spatially optimized magnetic, mechanical, and
electrical property set. Conventional manufacturing approaches cannot produce such materials. Hence, we deployed laser
additive manufacturing to produce compositionally graded Fe-Co-Ni, Alx(CoFeNi) and AICoxCrixFeNi samples with site
specific properties. Rapid characterization, property evaluation, Al/Machine Learning were subsequently employed to
successfully optimize the spatial distribution of the property set in a unitized sample. Thus, advanced manufacturing
strategies, quick characterization, and property assessment as well as AI/ML can be harnessed to produce novel
multifunctional spatially optimized graded materials exhibiting superior performance.
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