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Abstract: Articles manufactured by material extrusion (ME)-type 3D printing have limited usage because of their low
mechanical strength. In this study, the impact strengths of 3D printing manufactured specimens were examined by fab-
ricating specimens with various building directions and tool paths. The building directions were the width direction and
thickness direction of the specimen. There were 13 tool paths including 7 symmetric tool paths and 6 asymmetric tool
paths. In addition, the specimen was fabricated by injection molding, and impact strength was compared with the 3D
printing manufactured specimens. Cross-sectional morphologies of the 3D printing manufactured specimens were also
examined. The lowest impact strength was shown in the specimen fabricated by tool path 90/-90, with building in the
thickness direction. Specimens fabricated by tool path 0/0 with building in both directions, and tool path 15/-15 with
building in the thickness direction were not broken. Large differences in the anisotropic impact strengths of 3D man-
ufactured specimens were revealed to depend on the tool path and building direction, and it was verified that an impact
strength greater than bulk impact strength can be obtained by controlling the tool path and building direction.
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Figure 2. Specimen for Izod impact test.
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Table 1. Building Condition of Specimen by ME-Type 3D
Printing

Nozzle diameter 0.4 mm
Nozzle temperature 270 °C
Nozzle speed 80 mm/s

Layer height 0.2 mm
Chamber temperature 100 °C
Bed temperature 100 °C

Number of contour 1
90° _—7 tool path
£y
--H;. ; _-\A"

Ou
Figure 3. Representation of tool path (A/-B).
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Figure 4. Building direction of ME-Type 3D printing for impact
specimen: (a) building in width direction; (b) building in thickness
direction.
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Figure 5. Injection molding condition for the fabrication of Izod
impact specimen.
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Figure 6. Cutting of specimen for the observation of cross-section:
(a) cross-section in the specimen built in width direction; (b) cross-
section in the specimen built in thickness direction.

oM =7} el wet A o= H4skar flrt. 300 °C
N E XET7F 2R FYGolA F=rt F438] 7Hasit 71
57 2 d9olM = HE 7**%}01 A EAEAUT A
%‘5&*37%]’“9} EAAIG 25 e ST w2t 7kt
o 9\}\ . 7]. li%z,:i 1: 7L/\o 01

= tl,*ir ’&%OHH HE %‘EOH e %74”5 Z o
2 AFe A HAA AT A27F A< 000, 15/-15, 30/
=30, 45/-45, 60/-60, 75/-75, 90/-902] =273 %7} Figure 8°ll
YeRY ATh A E o E AZst A AHe SAYEE
o] veht Sl

AT AR27Y 00R1 735, & A% HEIF AlHe] o] W3k
o aut AFE A= Aol =R et A5 A2t
0/0°14 909082 A5 2o Zmrt S/, 5 45
AE7} o] Zo] WgkelA HlojdrE AT 1HAgh
o A AR G 27t agske kel
HR2I7} Ale] Zo] WEko g AFEH T4 A A
o] At ekt Fzolnz Ao s }E‘r e =
gollA HZo] AT 73;7} Al do] z

001‘ _I}L
ol

O

O

= o2 vieht gick. eAls] Wt 7
2 0/0 A=A ﬂa_qo] Avteey 22
Z}oﬂ s Adlo] AX AT} =4

ol
Hu
ohn

Polym. Korea, Vol. 44, No. 4, 2020



474 2219 -

LE#05
|——260°C
E LE+4 ——280°C
4 ——300°C
£ J
2 1.E+03
‘@
=
o
-2
2 LE#2
=
[=H
£
=
O LEHI
LE#00 b— 0 e = e e = e e — —
0 1 10 100 1,000
Angular frequency (rad/s)
(a)
LE+07
_ LE+06
E
2 1LE+0s
=
=3
=)
o LE+04
=
= 'M
T LE03 §
E
o [ |
# LE02 -=-260°C |
-
= +2so°c‘
LE+01 —~—300°C]
LE+00
0 1 10 100 1,000
Angular frequency (rad/s)
(b)
1LE+07
1LE+06
El.ms
H
£ 1LE+04
z
S LE+3
£ 1LEs02 |—=-260°C
—280°C
LE+01 |
|==300°C
1LE+00
0 1 10 100 1,000
Angular frequency (rad/s)
(c)

Figure 7. Rheological property of material used in this study: (a)
complex viscosity; (b) storage modulus; (c) loss modulus.
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Figure 8. Impact strength of specimen built in width direction
according to symmetric tool path.

Figure 9. Schematic drawing of crack propagation for tool path.

140
= 120
E 109.05
100,48
E 100
- 88.16
BL
b 782
= g O 5 2327
E‘ ' 64.29
g 60 = 52.49
b =
= 40
2 =
E
0
Bulk (1A 150 3000 45/0 B0 750 LI
Tool path

Figure 10. Impact strength of specimen built in width direction
according to asymmetric tool path.
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Figure 11. Impact strength of specimen built in thickness direction
according to symmetric tool path.
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Figure 13. Impact strength of specimen built in thickness direction
according to asymmetric tool path.
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Figure 15. Photos of specimen’s cross-sections in impact direction
built in width direction: (a) symmetric tool path; (b) asymmetric
tool path.
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