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Abstract: The deposition strength of material extrusion type 3D
printed article is greatly influenced by the tool path. In this study,
a 3D printed tensile specimen was fabricated with an asym-
metric tool path and its tensile properties were analyzed. As a
result of the experiment, specimen with asymmetric tool path
based on 15° reference tool path showed higher tensile strength
than that of the 0° reference tool path. In addition, specimen with
asymmetric tool path based on 45° reference tool path showed
the lowest tensile strength. After the tensile test, the fractured
specimen was observed to determine the relationship between
the tool path and tensile strength. In 3D printing, it was con-
firmed that higher tensile strength than the bulk tensile strength
of the material can be obtained through the control of the asym-
metric tool path.
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Figure 1. Dimension of tensile specimen and building direction in
3D printing.

Figure 2. Representation of tool path: (a) tool path (A/15); (b) tool
path (A/45).
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Table 1. Summary of Tool Path

Symmetric'®  Asymmetric'’ ’éi??;fg;; éi???ﬁ;?;
0/0 0/0 0/15 0/45
15/-15 15/0 15/15 15/45
30/-30 30/0 30/15 30/45
45/-45 45/0 45/15 45/45
60/-60 60/0 60/15 60/45
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90/-90 90/0 90/15 90/45
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Figure 3. Schematic drawings of 3D printed tensile specimens for
asymmetric tool paths based on 15° tool path (A/15°).
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Figure 4. Tensile stress-strain curves of specimens according to
asymmetric tool path based on 15° tool paths: (a) full scale; (b)
range 0.02-0.05.
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Figure 5. Mechanical properties of specimens according to asym-
metric tool paths based on 15° tool path: (a) tensile strength; (b) ten-
sile modulus.

Figure 6. Schematic drawings of 3D printed specimens for asym-
metric tool paths based on 45° tool path (A/45°).
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Figure 7. Tensile stress-strain curves of specimens according to
asymmetric tool paths based on 45° tool path: (a) full scale; (b)
range 0.02-0.05.
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Figure 8. Mechanical properties of specimens according to asym-
metric tool paths based on 45° tool path: (a) tensile strength; (b) ten-
sile modulus.
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Figure 9. Tensile strengths of specimens according to asymmetric
tool paths.
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Figure 10. Fractured tensile specimens and fracture angle: (a) asymmetric tool paths (A/0); (b) asymmetric tool paths (A/15); (c) asymmetric

tool paths (A/45).

30/15 A1RoA sh e o8] 2t How, s =7}
HASIT) o]= 15°8 7|30 2 3 vt A=A A=

1 A AFFaL U ol gt oo ' weke] 2ot A
= 7429} AAIsh= AIHE, = Figure 10(a)2] 75/0, 90/0 A4,
Figure 10(b)2] 60/15, 75/15, 90/15 A1*, Figure 10(c)2] 75/45,
90/459] A/ HEL A7 =7} v YebT) o] Hu) Agk
SEo] WAsl] o] AF 2= 7] ofst HAH O 2 A

ZgZollA victo] doft7] whitole} AtE Tt

4 =

"

E ApoMe= AE 2] 3
2 1509} 45°% 7 1%2& slo] vt X#% A=
A7 45

i
ol
2

2

>
5

r
tlo

_0|_4

£l

=

F

oj

52

o
2 o
™o

=
=

5071% Hlﬂ%% AT 7= A 0, 45
S AERE A A A Ui
71 15771 Aol vhat A o] 71 2 RS
tEa‘]_ o] 7<]— }\].11 ] lL]'L OEA} vE,_/H_O_ E3F ;g}
o vlXE G =), sk AR} P
R et S W) e QTS R 8 A
o] 285 45°HolA vjtto] AYF S v *OH‘H
WFA=E ol o= % 27 Ay g
£2]5}7] WjEolt} A& U= ¥ 3D ZEox
o e} EA4J 2] oA zx%o] 7Vs8hy 7+ =9
gHu e ﬁvz‘s}‘ﬂ A 2Aj ] Hga 017<P7ob£\:}

By X
ol X

ofr
=

-5
b nc mlm N

ol}lr _lﬂ,
P

N

s

-0,

o)

A ol
o o yo
S
oy

=

RO
k]

_,d )
ﬂ]lO OlN‘ oN !-ﬂo_[
i

i 4
KU i rlo oot

_l_/
)
_l}i o,
N

3

olNr
O i

= 1=
9 2A]2) T} S YRS 2 3D 2 xﬂ%—& 4%

#HARY 2: o] d7= Ml sl dTv]
Agez FYHJFU

z#oe s

1. Hong, J. What's Between 3D Printing and High Polymer Science
& Engineering. Polym. Sci. Tech. 2015, 26, 398-403.

2. Choi, B.-S.; Yoo, J. How Will the Emerging Technologies Change
Industrial Landscapes?: Forecasting the Future and Its Strategic
Implications. Sci. Tech. Pol. Inst. 2015, 3, 1-178.

3. Onwubolu, G C.; Rayegani, F. Characterization and Optimization of
Mechanical Properties of ABS Parts Manufactured by the Fused
Deposition Modelling Process. Int. J. Manuf’ Mater: 2014,2014, 1-13.

4. Sood, A. K.; Ohdar, R. K.; Mahapatra, S. S. Parametric Appraisal
of Mechanical Property of Fused Deposition Modelling Processed
Parts. Mater. Des. 2010, 31, 287-295.

5. Benwood, C.; Anstey, A.; Andrzejewski, J.; Misra, M.; Mohanty,
A. K. Improving the Impact Strength and Heat Resistance of 3D
Printed Models: Structure, Property, and Processing Correlationships
during Fused Deposition Modeling (FDM) of Poly(Lactic Acid).
ACS Omega 2018, 3, 4400-4411.

6. Yoon, H. S.; Lyu, M.-Y,; Jin, S. C. Relationship between Deposition
Strength and Cross-section Morphology of a Material Extrusion-
type 3D Printing Manufactured Article. Polym. Korea 2018, 42,
752-762.

7. Park, S. J.; Park, J. H.; Lee, K. H.; Lyu, M.-Y. Deposition Strength
of Specimens Manufactured Using Fused Deposition Modeling
Type 3D Printer. Polym. Korea 2016, 40, 846-851.

8. Yao, T.; Deng, Z.; Zhang, K.; Li, S. A Method to Predict the
Ultimate Tensile Strength of 3D Printing Polylactic Acid (PLA)
Materials with Different Printing Orientations. Composites Part B
2019, 163, 393-402.

9. Woo, L. Y.; Lyu, M.-Y. Variations in the Impact Strength of
Material Extrusion-type 3D Printed Specimens Depending on
Tool Path and Building Direction. Polym. Korea 2020, 471-478.

10. Woo, I. Y.; Lyu, M.-Y. Variations in the Tensile Strength in
Material Extrusion-type 3D Printed Specimens for Various Tool
Paths. Polym. Korea 2020, 44, 769-775.

11. Kalpakjian, S.; Schmid, S. R. Manufacturing Processes for
Engineering Materials, 5th ed.; Translator Kim, N. S.; SungJin
Media Co.: Seoul, Korea, 2014.

B BN G3ue o
43 Bael 5

AN B % 718 250

SR

Polym. Korea, Vol. 45, No. 4, 2021



