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Abstract

Manufacturing using a 3D printer has recently increased in many fields and the material extrusion method, which is a

lamination method, is commonly used. Since it uses a plastic material, the strength of the output of 3D printing is lower than

that of steel material. For this reason, research on improving the mechanical properties of the output of 3D printing is

continuously being conducted. In this study, tensile strength was compared with changes in the material type (PLA+, ABS) and
density (60, 80, and 100%), layer height (0.1, 0.2, and 0.3 mm), layer direction (transverse and lengthwise), and fill pattern

(zigzag, honeycomb, and concentric) among 3D printing output conditions. Tensile tests according to 3D printing output

conditions were performed using a Universal Testing Machine. The results showed that tensile strength ranged from 21.10 MPa

to 43.65 MPa according to the 3D printing output conditions.

Keywords : 3D printer, Tensile test, Tensile Strength, Yield Strength, Elongation, Material, PLA+, ABS, Density, Layer height,

Layer direction, Fill pattern
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Fig. 1 Tensile specimen(ASTM D638, Type No.1)[8]
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Fig. 2 3D printer(Cubicon Single Plus - 320C)[11]
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Table 1 3D printing condition

Material PLA+ ABS
Density[%] 60 80 100
Layer height{mm] 0.1 0.2 0.3
Layer direction Transverse Lengthwise
Fill pattern Zigzag Honey Concen
comb -tric
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Fig. 4 Density of specimen printed by 3D Printer
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0.307mm Fig. 7 Fill pattern of specimen printed by 3D Printer
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Fig. 9 Tensile behaviors of the specimens by layer
density(60, 80 and 100%)
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Fig. 10 Tensile behaviors of the specimens by layer
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Table 2 Comparison of experimental and mathematical

model for tensile strength

Density Layer Experi Mathe Error
[%] height -mental matical [%]
[mm] [MPa] [MPa]

0.1 26.54 24.61 2.0
60 0.2 24.44 23.44 4.1
0.3 21.22 19.82 6.6
0.1 30.25 31.92 5.5
80 0.2 28.02 28.30 -1.0
0.3 22.91 24.68 7.7
0.1 38.13 36.78 35
100 0.2 34.16 33.16 2.9
0.3 29.07 29.54 -1.6
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Fig. 11 Tensile behaviors of the specimens by layer

direction(transverse and lengthwise)
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Fig. 12 Tensile behaviors of the specimens by fill

pattern(zigzag, honeycomb and concentric)
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Fig. 13 Tensile behavior of the specimen by optimum
condition
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