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Abstract

A desktop-level 3D printer for chopped carbon fiber reinforced resin-based materials was designed
to address nozzle wear, high extrusion resistance, thermal stability, and structural stiffness require-
ments. Three schemes, including a moving-bed Cartesian structure, a fixed-bed CoreXY structure, and
a high-rigidity lightweight Cartesian structure, were compared. The high-rigidity lightweight Carte-
sian structure was selected as the final scheme, and the frame, three-axis motion system, hot-end ex-
trusion system, and heated-bed system were designed. Key parts such as linear guide rails, timing
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belts, stepper motors, a 0.6 mm hardened steel nozzle, and a 200 W heated bed were selected and
checked. The required torque is 0.0497 N-m for the X axis and 0.0414 N-m for one side of the Y
axis, both lower than the 0.40 N-m rated holding torque. The maximum deflection of the X-axis
beam is about 0.0492 mm, and the theoretical heating time from 25°C to 100°C is about 6.4 min.
The design can meet the basic printing requirements of chopped carbon fiber reinforced resin-
based materials.
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Figure 1. Forming principle of short cut carbon fiber reinforced thermoplastic material
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Figure 2. Comparison and determination of three structural schemes
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Figure 3. Structural design of three-axis motion system: (a) X-axis motion system; (b) Y-axis motion system; (c)
Z-axis motion system
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Figure 4. Structural design of hot end and extrusion system
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Figure 5. Finite element verification results of X-axis crossbeam: (a) von Mises stress cloud map;
(b) Maximum displacement cloud map
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