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A Study on the Improvement of Bending Characteristics of 3D Printed
Thermoplastic Structures Reinforced at the Lateral Surface using
Continuous Fiber Reinforced Thermosetting Composites

Un-Gyeong Baek****, Gibeop Nam**, Jae-Seung Roh***, Sung-Eun Park*, Jeong-U Roh*"

ABSTRACT: 3D printing technology has the advantage of easy to make various shapes of products without a mold.
However, it has a problem such as mechanical properties vary greatly depending on materials and manufacturing
conditions. Thus, the need for research of 3D printing technology on ways to reduce manufacturing cost compared to
physical properties is increasing. In this study, a 3D printing thermoplastic structure was fabricated using short fiber
carbon fiber reinforced nylon filaments. And a method of improving mechanical properties was proposed by
reinforcing the outer surface using pultruded continuous fiber-type carbon fiber or glass fiber-reinforced
thermosetting composite material. It was confirmed that the bending properties were improved according to the
reinforcing position of the stiffener and the type of fiber in the stiffener.
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Table 1. Specification of material

Classification Filament CFRP GFRP
Matrix Polyamide | Vinyl Ester | Vinyl Ester
Fiber material Carbon fiber | Carbon fiber | Glass fiber
Fiber shape Short Continuous | Continuous
Fiber content (vol.%) 12.24 45.31 56.20
Diameter (mm) 1.75 3 3
Density (g/cm®) 1.20 1.39 1.89
Melting point (°C) 240-260 - -

3D Modeling STL file Sliced AM End part
converting layers system finishing
- » oH»S
[
Fig. 1. Schematic of CF/PA composite preparation by 3D print-
ing process



138 Un-Gyeong Baek, Gibeop Nam, Jae-Seung Roh, Sung-Eun Park, Jeong-U Roh

Table 2. 3D printing condition of test specimen

Table 3. Test conditions according to the reinforcing position
and materials type of stiffener

Printing parameter Value
Sample size (mm) 150 x 20 x 7 No Stiffener
Nozzle temperature (°C) 240 ' Position (cross-section view) Material type
Bed temperature (°C) 60 1 Without - None
Printing speed (mm/s) 30 (Original
Infill shape Triangle 2 Upper CFRP
Infill content (%) 40
Layer height (mm) 0.2 3 Middle i B CERP
- ; 0
Extrusion width (%) 100 4 Lower CFRP
Flow rate (%) 100
5 Upper O @ GFRP
CFRP/GFRP 6 Middle O) O GFRP
3D printed structure + l ; 7 Lower o ° GFRP

Raw material Adhension

=

Vacuum bagging Curing specimen

Fig. 2. Manufacturing process of 3D printed thermoplastic
structures reinforced at the lateral surface using continu-
ous fiber reinforced thermosetting composites
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Table 4. Flexural properties under test conditions on Table 3

Flexural Flexural Flexural Flexural
Noo | swengh | SR | modulus | T
(MPa) (%) (MPa) (%)
1 16.3 Ref. 95.3 Ref.
2 64.6 397 1,597.3 1,676
3 83.9 515 1,121.9 1,177
4 77.9 478 1,278.9 1,342
5 77.5 476 1,410.3 1,480
6 96.3 592 913.0 958
7 102.7 631 1,185.6 1,244
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Fig. 3. Comparison of (A) flexural strength and (B) flexural mod-
ulus at the different material type and reinforcing posi-
tion of stiffener
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Table 5. Strain at the maximum flexural strength according to
the test conditions

Flexural strain according to the

Material type reinforcing position
of stiffener
Upper Middle Lower
CFRP 0.048 mm/mm | 0.087 mm/mm | 0.120 mm/mm

GFRP 0.066 mm/mm | 0.139 mm/mm | 0.142 mm/mm

120 — -
= Original specimen
110 4 = Upper reinforcement(CFRP)
——— Middle reinforcement(CFRP)

’a‘ 100 H N Lower reinforcement(CFRP)
[-W ¢ = = Upper reinforcement(GFRP)

90 !
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~ 80 / | s — = Lower reinforcement(GFRP)
= 7 \
= .
%D 70 1 \ ‘\
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= 30 ) '
m Y . ~

20 !

10 \ |
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Strain (mm/mm)

Fig. 4. Strain-stress curves on 3D printed thermoplastic struc-
tures reinforced at the lateral surface using continuous
fiber reinforced thermosetting composites
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Fig. 5. Comparison of flexural stress and strain of specimens
under different conditions
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Load
__ Compression

]\@@/E "
L Y
Fig. 6. Stress in three-point bending test. L is the span (support

span length: 112 mm, radius of supports and loading
noses: 5 mm) and h is the thickness of the sample
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Fig. 7. 3D printed specimen after three-point bending test; (A) original, (B) upper reinforcement (CFRP), (C) middle reinforcement
(CFRP), (D) lower reinforcement (CFRP), (E) upper reinforcement (GFRP), (F) middle reinforcement (GFRP), (G) lower reinforce-

ment (GFRP)
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Fig. 8. Cross section images of optical microscopy; (A) upper
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