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PROJECT DESCRIPTION

This multidisciplinary research project pioneers a novel design and manufacturing framework that
merges nature-inspired principles, multifunctional smart materials, and topology optimization with
multiaxis robotic additive manufacturing technologies.

The project establishes a comprehensive methodology that draws from nature-inspired structures
to create lightweight, structurally efficient, smart environmentally-friendly functional materials
with sensors, and integrated electronics. It integrates topology and field optimization techniques to
reduce material use while maintaining mechanical performance in applications ranging from
aerospace parts to smart consumer and artistic products produced by a multi-axis robotic additive
manufacturing system.

The expertise currently aligns with Technology Readiness Levels (TRL) 2—4 levels. The project
goal is for the 3-year project to produce a prototype that reaches TRL 6-7 validation to enable

commercialization.




ROBOTIC ADDITIVE MANUFACTURING OF NATURE-INSPIRED, TOPOLOGY
OPTIMIZED, AND MULTIFUNCTIONAL SMART MATERIALS-BASED DESIGNS

« GOALS:
1. Establish a nature-inspired product design methodology enhanced with multifunctional smart materials and integrated electronics.
2. Bridge the gap between industrial design aesthetics and engineering testing techniques for the design of complex geometries.
3. Optimize the structural performance through topology and field optimization.
4. Conduct research on additive manufactruing processes to produce hybrid multifunctional, smart, and environmentally-friendly materials.
5. Implement the designs in a multi-axis large-scale robotic additive manufacturing system up to TRL 6—7 validation and commercialization.

+ IMPACT:

* SCIENTIFIC. Besides the academic value, the project will generate multiple peer-reviewed articles, conference papers, a book, contributing new
knowledge on the integration of nature-inspired design with robotic additive manufacturing.

+ INNOVATION. Development of the know-how for robotic additive manufacturing leading to several patents, influencing industries such as
aerospace, biomedical, automotive, architectural, and the fine arts. It also aims commercialization through the creation of a technological startup.

* UNIVERSITY-INDUSTRY COLLABORATION. The partnership with Altinay Robotics, and other international companies ensures that
research findings translate into scalable, industry-ready robotic additive manufacturing solutions

« POTENTIAL RESULTS:

* A novel nature-inspired product design methodology; the know-how of robotic additive manufacturing of nature-inspired, topology-optimized
and multifunctional material-based designs; several SCI publications and conference articles; patents; university-industry collaboration; startups.
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SPECIFIC DETAILS OF NEEDS

1. R&D of Additive manufactruing processes for hybrid multifunctional, smart,

and environmentally-friendly materials and structures with integrated
electronics.

2. Life-Cycle Design and Assessment.

Contact: Dante Dorantes dante.dorantes(@mef.edu.tr
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