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Process Parameters for Dual-Nozzle 3D Printing of Continuous and Chopped CF Composite Materials
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Abstract : To enhance the mechanical properties of 3D printed components made from continuous carbon fiber (CF) and
chopped CF reinforced nylon 6 composites, and to optimize the foundational 3D printing process parameters, a study was conducted.
Utilizing the fused deposition modeling (FDM) 3D printing technique and a self-constructed dual-nozzle 3D printing experimental
platform, printed components were fabricated as the subject of research. A four-factor three-level orthogonal experiment was
designed to investigate the influence of four process parameters: continuous CF layer separation, continuous CF printing spacing,
printing temperature, and printing speed, on the tensile strength and flexural strength of the printed components. The Taguchi analy-
sis method was employed to determine the optimal combination of process parameters and validate the results of the orthogonal
experiment. Furthermore, scanning electron microscopy was utilized to observe the microstructure of the fracture surfaces of both
tensile and flexural specimens. This allowed for further exploration of interlayer fracture morphology characteristics and filament
distribution patterns within the printed components. The results demonstrate that when the continuous CF layer separation is set to 1,
continuous CF printing spacing is 0.5 mm, printing temperature is 250 °C, and printing speed is 900 mm/s, the printed components
exhibites minimal interlayer voids, excellent interlayer bonding, continuous CF reinforced nylon 6 composites achieves the highest
tensile strength of 109.73 MPa and flexural strength of 119.14 MPa. This represented a significant improvement of 249% in tensile
strength and 286% in flexural strength compares to chopped carbon fiber-reinforced nylon 6 composite materials.

Keywords : carbon fiber ; nylon 6 ; fused deposition modeling process ; composite material ; 3D printing ; orthogonal

experiment ; process parameter
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