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5-Axis Curved Layer Material Extrusion Modeling Device

and Processing Based on Model Decomposition

FENG Xiaojing, CUI Bin, LIU Yaxiong, REN Hui, LI Lianggang, LIU Yongcai,
WANG Ling, LIAN Qin, HE Jiankang, LI Dichen

(State Key Laboratory for Manufacturing Systems Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Since 3-axis flat layer extrusion modeling results in lower mechanical properties, stair-
step effect in the surface of a part, and hanging structures cannot model without support, this
study researches 5-axis curved layer extrusion modeling device and processing. First, select a
spherical parallel manipulator as the double-rotating platform, combine it with a 3-axis parallel
arm 3D-printing machine, and assemble them into a 5-axis extrusion modeling machine. Second,
decompose the model into a series of numbered curved layers based on the bottom envelope
surface, then decompose each curved layer to generate a curved path file, which is a set of point
coordinates with position and angle. Then, according to the coordinate transformation and
posture inverse solution, code the trajectory planning function in the slave computer firmware

Marlin, which could parse and execute the 5-axis path planning commands. By implementing
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load-displacement tests, we can affirm that 5-axis extrusion modeling could raise the fracture load

from (189.37£8.7) N to (445.54452.57) N, print non-support hanging structures, obtain

smoother surface, and reduce 46% of material consumption. Therefore, this low cost and high

accuracy 5-axis extrusion modeling machine may have a broad application prospect in stronger and

stiffer printing, curved layer printing, non-support structures printing and continuous composite

material printing.

Keywords: material extrusion modeling; rapid prototyping; curved layer 5-axis 3D printing;

spherical parallel manipulator
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