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Experimental investigation of the quality and time of supportless printing by SDof FDM
3D-printer based on parallel mechanism

M. Mahboubkhah Department of Mechanical Engineering, University of Tabriz, Tabriz, Iran

F. Khabazi Barab Department of Mechanical Engineering, University of Tabriz, Tabriz, Iran

S. Akhbari Department of Mechanical Engineering, University of Tabriz, Tabriz, Iran
Abstract

The Fused Deposition Modeling (FDM) process has nowadays become the leading method of additive manufacturing due to its
accessibility and ability to produce complex parts with relatively good strength, gaining special significance. For printing some
complex shapes, support structures are needed. Support structures can be eliminated using additional degrees of freedom of
movement beyond the standard three axes, such as five-axis systems. To achieve this goal, a 5-Dof printer was built and equipped
using a delta robot, along with an appropriate controller developed to be compatible with commands and instructions commonly
used in 3D printer software. Additionally, Siemens NX software was used to generate five-axis G-code. In a sample part print,
parameters such as time, weight, and surface finish and consumable material of the parts were compared. The results of measuring
the surface roughness of the sample piece showed that the five-axis method, due to the order in the layers, has a lower surface
roughness of at least 100%. Also, with the time advantage of the five-axis printing method, the printing speed for a selected sample
is 62% and 190% higher than the three-axis mode without support and with support, respectively. Regarding the consumable
material, due to the lack of support in the five-axis method, 68% less material is consumed. Also, the tensile test results on the
printed sample parts showed a 4% and 11% superiority of the five-axis printing method over the three-axis method without support
and with support, respectively.

Keywords: 5-Dof 3D Printer, FDM Method, Parallel Mechanism, Rapid Prototyping, Siemens NX, supportless printing.
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