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Abstract: Recently, additive manufacturing (AM) technology, also known as 3D printing technology, has attracted
attention as an innovative production method to fabricate functional components having complex shapes with saving
materials. In particular, a fabrication of poly lactic acid (PLA) parts through a fused deposition modeling (FDM)
technique has attracted much attention in the medical field. In this paper, an experimental study on the identification of
dominant process parameters influencing mechanical properties of PLA parts fabricated by the FDM process is
conducted, and their optimal values for maximizing the mechanical properties are obtained. Three process parameters
are considered in this research, namely, layer thickness, a part orientation and in-fill. It is known that thin layer
thickness, part orientation diagonal to the tension direction, and full in-fill are optimal conditions to maximize the
mechanical properties.
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Table 1 Experimental design

Layer Part .
Run Thicl}(,ness Orientation In Fill
0 Injection molding specimen
1 0.06 mm 45° 10 %
2 0.06 mm 45° 55 %
3 0.06 mm 45° 100 %
4 0.06 mm 23° 10 %
5 0.06 mm 23° 55 %
6 0.06 mm 23° 100 %
7 0.06 mm 0° 10 %
8 0.06 mm 0° 55 %
9 0.06 mm 0° 100 %
10 0.10 mm 45° 10 %
11 0.10 mm 45° 55 %
12 0.10 mm 45° 100 %
13 0.10 mm 23° 10 %
14 0.10 mm 23° 55 %
15 0.10 mm 23° 100 %
16 0.10 mm 0° 10 %
17 0.10 mm 0° 55 %
18 0.10 mm 0° 100 %
19 0.15 mm 45° 10 %
20 0.15 mm 45° 55 %
21 0.15 mm 45° 100 %
22 0.15 mm 23° 10 %
23 0.15 mm 23° 55 %
24 0.15 mm 23° 100 %
25 0.15 mm 0° 10 %
26 0.15 mm 0° 55 %
27 0.15 mm 0° 100 %
- 165
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Fig. 1 Tensile test specimen of ASTM D 638 TYPE 1
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Fig. 2 CAD models of tensile test specimens according

to different part orientations

Fig. 3 INSTRON tensile testing machine (INSTRON
5967)
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Fig. 4 Stress-strain curves of tensile test specimens
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Fig. 5 Main effect plots of maximum load versus layer
thickness, part orientation and in-fill
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Fig. 6 Main effect plots of tensile strength versus layer
thickness, part orientation and in-fill
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Fig. 7 Main effect plots of tensile strain versus layer
thickness, part orientation and in fill
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Fig. 8 Multiple factor analysis for mechanical properties
of FDM 3D printed specimen
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(a) Run 0 (Injection molding specimen)

(b) Run 9 (Layer thickness : 0.06 mm, Part orientation :
0°, In-fill : 100%)

200pm 4 -'

3.0kV X55

(c) Run 19 (Layer thickness : 0.15 mm, Part orientation :
45°, In-fill : 10%)

Fig. 9 SEM images of fractured specimens after tensile
test
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