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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.

Keywords: material extrusion-type, 3D printing, tool path, building direction, impact strength.
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Figure 1. Schematic of 3D printed specimen by ME type 3D printing.

G ARE AT 5 3lof 7P Baigtse] k. 27
U AR ok W eR Azl 3D ZUY A5ES Z=(road)
kS A EAR 73=rE iAol wisl elRITt” Figure
19] 3D ZHY HIEo] maH oz yeht 9l

3D ZWo| thFt Ropella E-8%7] 9
side A=) 7IAA B4 I ot meEk A
3D ZYoA AFof mhE Aol A7t 3

N
of

)
ki
1o
oM,
o
2

IS A A7 Aokt

Hagh 0°0ollA GHAETE A VRO, A5 W] 5

2191 90°0| A JNGA=TE EA UERTE Bg A5 Zhee)

ZE7F F3H(coalescence)S W= Eg3lo] g8, HY

Aol A1 RS AA dolE gkt Blast

UTE & AN = 2S5 sl e A
Z_]

G2 71z olo] AAAS BT

gr{m

o ot B

od 1o o 2 K ro S oglo

A Al o2 WA (bulk) TAYES S7g38ke] 3D ZH
AlRe] SAZEe} Hlasislh. ok A5 Wt AS AR

o w2 AjHe| S AT
OO
22X, 2 Al ARESE A= AFYARS] 3DP-3A24R25

o|t}, o] FX|&= %187 A2l bio PC} fossil PC7F E4Y
A Yoly EepAE o= 3D ZHHS 9% delER
A=Ak 2419 FEldol2EE 112,50 °CO)AL, F5X415

ZEH, A444 A43, 202083

| 12.7mm _|

63mm

| 32mm

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° _— tool path
% 8 ;.--B} . \A" NN

0(:
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.
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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.
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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 12. Addition of layers by building direction: (a) building in
width direction; (b) building in thickness direction.
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Figure 13. Impact strength of specimen built in thickness direction
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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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