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Abstract. Triply periodic minimal surface (TPMS) structures, particularly gyroid architectures,
have attracted significant attention due to their superior energy absorption capability,
lightweight characteristics, and structural efficiency. Among advanced engineering polymers,
polyether ether ketone (PEEK) offers excellent mechanical strength, thermal stability, and
impact resistance, making it a promising candidate for high-performance lattice structures
used in aerospace and defense applications.

In this study, gyroid lattice structures with different unit cell sizes were manufactured using
additive manufacturing technology based on PEEK material. The influence of geometric
scaling on mechanical performance was investigated under both quasi-static and high strain
rate compression loading conditions. Quasi-static compression tests were conducted to
evaluate stiffness, peak crushing force, energy absorption capacity, and deformation
mechanisms. High strain rate behavior was characterized using a Split Hopkinson Pressure
Bar (SHPB) system to determine strain rate sensitivity and dynamic crushing response.

The experimental results revealed that unit cell size significantly affects load-bearing
capacity, deformation modes, and energy absorption efficiency. Smaller cell sizes generally
demonstrated enhanced stiffness and higher energy absorption performance, whereas larger
cell configurations showed progressive collapse behavior and improved stability under
dynamic loading conditions. Additionally, strain rate sensitivity of PEEK gyroid structures was
quantified by comparing quasi-static and SHPB results.

The findings of this study provide critical insights into the design optimization of PEEK-based
TPMS structures for impact mitigation and lightweight structural applications.


mailto:ucaliskan@erciyes.edu.tr
mailto:bcaglar.sevim@ohu.edu.tr
mailto:mddemirbas@erciyes.edu.tr

