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Abstract

Presently, 3D printers manufactured by material extrusion are economical and easy to use, so they are being used in various
fields. However, this study conducted a tensile test on the infill pattern and density of the PLA+ material, due to the limitations
of long printing time as well as low mechanical strength. The infill area for the infill density change was measured, using a
vision-measuring machine for four infill patterns (concentric, zigzag, honeycomb, and cross) in which the nozzle path was the
same for each layer. The tensile strength/weight[MPa/g] and tensile strength/printing time[MPa/min] of the tensile specimens
were analyzed. In this study, efficient infill density and patterns are suggested, for cost reduction and productivity improvement.
Consequently, it was confirmed that the infill area and infill percentage of the four patterns, were not constant according to the
infill pattern. And the tensile strength of the infill density 40% of the honeycomb pattern and infill density 20% of the cross
pattern, tended to highly consider the weight and printing time. Honeycomb and cross patterns could reduce the weight of the
tensile specimen by 19.11%, 28.07%, as well as the printing time by 29.56%, 52.25%. Tensile strength was high in the order
of concentric, zigzag, honeycomb, and cross patterns, considering the weight and printing time.
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Fig. 4 Concentric infill shape according to infill density
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Table 2 Concentric infill percentage and infill area
according to infill density

Infill density Infill percentage Infill area
[%] [%] [mm?]
20 20.28 15.21
40 40.40 30.30
60 65.52 49.14
80 86.18 64.64
100 96.09 72.07
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Fig. 5 Zigzag infill shape according to infill density (a)
20% (b) 40% (c) 60% (d) 80% (e) 100%

Table 3 Zigzag infill percentage and infill area
according to infill density

Infill density Infill percentage Infill area
[%] [%] [mm?]
20 30.69 23.02
40 50.99 38.24
60 75.00 56.25
80 92.25 69.19
100 98.32 73.74
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Fig. 6 Honeycomb infill shape according to infill density
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(a) 20% (b) 40% (c) 60% (d) 80% (e) 100%

Table 4 Honeycomb infill percentage and infill area

according to infill density

Infill density Infill percentage Infill area
[%] [%] [mm?]
20 28.89 21.67
40 53.43 40.07
60 68.68 51.51
80 84.45 63.34
100 93.04 69.78

Fig. 7 Cross infill shape according to infill density (a)

20% (b) 40% (c) 60% (d) 80% (e) 100%

Table 5 Cross infill percentage and infill area according

to infill density

Infill density Infill percentage Infill area
[%] [%] [mm?]
20 16.29 12.22
40 29.44 22.08
60 51.53 38.65
80 70.37 52.78
100 81.55 61.16
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Table 6 Comparison of one empty area of zigzag and
honeycomb patterns

Infill Rhombus | Hexagon
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density area area
Rhombus area
[%] [mm?] [mm?]
20 6.70 18.72 2.79
40 1.31 3.44 2.63
60 0.32 1.16 3.63
80 0.036 0.34 8.89
100 0.007 0.12 17.14
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Fig. 11 The results of tensile test for cross pattern (a)
Tensile strength and tensile strength/weight (b)
Printing time and tensile strength/printing time
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