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Abstract 

Multiscale Integrated Technology Solutions (MITS) LLC, a Purdue University Startup, has successfully 
incorporated a nano-scaffold enhanced (NSE)-Carbon Fiber Reinforced Polymer (CFRP) prepreg 
material as an alternative to conventional CFRP for aircraft structural systems subjected to impact energy 
and high strain rate loads. In comparison to conventional CFRP, the proposed NSE-CFRP composite 
offers significantly higher interlaminar and curved beam strength and increased fatigue life due to 
enhanced energy absorbency. A model-based generative machine learning approach that optimizes 
nonlinear structures subjected to impact load has been coupled to the NSE-CFRP composite. The 
designed system can better distribute the internal energy density from the impact load, increase 
toughness, tailor the 3D force-displacement response to impact, and increase the life of the lightweight 
composite system. To demonstrate the technology and concept viability, a composite wheel system was 
developed for SRAM. The focus of this project was on the design, optimization, and manufacturing of a 
wheel system providing a foundation to support the structural loads utilizing an enhanced carbon fiber 
epoxy prepreg system with hybrid unidirectional and fabric reinforcements. The goal of a total weight 
saving of more than 25% was achieved. 
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