Curved-wall design of carbon fiber composite honeycomb for
enhanced structural buckling resistance
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Abstract. The development of ultra-lightweight and high-performance structural materials has been a
persistent pursuit in aerospace, automotive, and other engineering industries, where efficiency and
mechanical robustness are of paramount importance. To address the critical issue that low-density
carbon fiber composite honeycombs frequently suffer from buckling failure, which severely restricts
their load-bearing performance, a novel curved-wall carbon fiber reinforced polymer (CFRP)
honeycomb is proposed in this work. This design replaces the straight walls of conventional hexagonal
honeycombs with curved walls featuring a circular cross-section. The specimens were successfully
fabricated using a modified tailor-folding manufacturing process, ensuring dimensional accuracy and
structural integrity.

A comprehensive investigation, combining analytical modeling, experimental characterization,
and finite element analysis (FEA), was conducted to systematically reveal the deformation and failure
mechanisms of the proposed curved-wall CFRP honeycomb. A failure mechanism map, established
based on the analytical model, was utilized to reveal the transition of dominant failure modes of the
honeycomb structure under varying key geometric parameters. The analytical predictions exhibited
good agreement with both experimental measurements and numerical simulation results.

Furthermore, the specific strength was adopted to evaluate the load-weight efficiency of the
curved-wall CFRP honeycomb with different geometric parameters, with the aim of determining the
optimal lightweight configuration. The findings indicate that the curved cell wall design effectively
enhances the buckling resistance of CFRP honeycombs. As the central angle of the circular arc
increases, the out-of-plane compressive strength of the curved-wall CFRP honeycomb is enhanced by
50% and 148%, respectively. By systematically characterizing the influence of the arc central angle on
the out-of-plane compressive behaviors, the optimal geometric parameters for the curved-wall CFRP
honeycomb structure can be effectively determined. This research provides valuable guidance for the
design and optimization of lightweight structures.



