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ABSTRACT

As 3D printing technology continues to evolve, the need for advanced design strategies becomes
increasingly critical to fully exploit its capabilities. This research presents a comprehensive approach
to design optimization for 3D printed components, focusing on enhancing structural performance,
reducing material usage, and ensuring manufacturability. The study employs state-of-the-art
optimization techniques, including topology optimization, generative design, and parametric
modeling, to identify design solutions that meet specific performance criteria while maintaining
compatibility with additive manufacturing constraints. Key parameters, such as layer orientation,
infill density, and support configuration, are analyzed to understand their effects on mechanical
behavior, surface finish, and print efficiency. Experimental tests on a range of polymeric and metallic
materials confirm that optimized designs can significantly outperform conventional geometries in
terms of strength-to-weight ratio and durability. Additionally, this research emphasizes the
integration of simulation-driven design with iterative prototyping, enabling designers to make
informed decisions that improve both functional performance and cost efficiency. By demonstrating
how advanced optimization strategies can be systematically applied to 3D printed parts, the study
provides valuable guidelines for engineers seeking to leverage additive manufacturing for complex,

high-performance applications.
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