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Abstract: A material extrusion (ME)-type 3D printed article has limited strength and durability because a thermoplastic
resin in the form of a filament is deposited through a nozzle and becomes a product. In this study, the tensile char-
acteristics of ME-type 3D printed specimens were examined according to the tool path. The tensile strengths of thirteen
specimens with various tool paths, including seven symmetrical tool paths and six asymmetric tool paths, were measured
and discussed. In addition, the tensile strengths of bulk and weldline specimens molded by injection molding were com-
pared with the 3D printed specimens. The specimens fabricated by 3D printing with tool paths of 15/-15 and 30/-30 had
higher tensile strength than the bulk specimen, and the lowest tensile strength was found in the 3D printed specimen with
a tool path of 90/-90. High tensile strengths were demonstrated in the 3D printed specimens when the specimens were
fractured at the surface where the maximum shear stress occurred. This study verified that a higher tensile strength than
that of the bulk specimen can be obtained by controlling the tool path in the 3D printed specimens.

Keywords: 3D printing, material extrusion-type 3D printing, tool path, tensile strength, anisotropy.
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Figure 1. Schematic drawing of weldline formation in injection
molding process.
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Figure 2. Specimen for tensile test.
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Figure 3. Representation of tool path (A/-B).
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Figure 4. Building direction of ME-type 3D printing for tensile
specimen.
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Figure 5. Filling patterns of tensile specimens in injection molding
process: (a) bulk specimen; (b) weldline specimen.
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Figure 6. Injection molding conditions for the fabrication of tensile
specimens: (a) bulk specimen; (b) weldline specimen.
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Figure 7. Stress-strain curves of bulk and weldline specimens for

the material used in this study: (a) bulk specimen; (b) weldline spec-
imen.
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Figure 8. Stress-strain curves of specimens according to symmetric
tool paths.
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Figure 9. Schematic drawings of layered specimens for symmetric
tool paths: (a) 0/0; (b) 15/-15; (c) 30/-30; (d) 45/-45; (e) 60/-60; (f)
75/-75; (g) 90/-90.
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Figure 10. Tensile strengths of specimens according to symmetric
tool paths.
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Figure 11. Tensile stress-strain curves of specimens according to
asymmetric tool paths.

:\5
-

T

~
¢
N
~
=

9]

Figure 12. Schematic drawings of layered specimens for asymmet-
ric tool paths: (a)0/0; (b) 15/0; (c) 30/0; (d) 45/0; (e) 60/0; (f) 75/0;
(g) 90/0.
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Figure 13. Tensile strengths of specimens according to asymmetric
tool paths.
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