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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.

£ 830 2eg 1% 9o glol ot defel AR 9] 48 8ol A e wasd 4
A HloH A ol s 2 8 AR 20 Sel diet /1A o] 20 webis B4V o v we

1 SJaATE A 20 g ol ol Al 2417k Slol, olol hat 15 B Aol Freh Atk & el
A4% B HUE BeIES ol §5to] 3D ZAY Arkak FRES ARSI EI o
o] Sl 2 el ﬁ} A5 SAAE ol £ AL wASol 7144 &

é_é,)"
rz

Key Words: ¢12+=%, 3D & & (3D printing), ] H 7} (Lateral surface reinforcement), 27 ¢
position), 333] E-Al (Flexural properties)

Wi
el
e
=]
e
=
[}
(2]
=
o
=]
-

1M 2 A BT S FD glol AR PR FHTE
o M YT 97, T AFR, A7 W B4 4] 5 o
D g 7142 ME AAE Axol Qlof AL WE FF A Hopol A /1S AT ek 1 F §§ A5 W

Received 7 April 2021, received in revised form 19 April 2021, accepted 21 April 2021

*Gumi Electronics & Information Technology Research Institute (GERI), Innovative Technology Research Division
*TGumi Electronics & Information Technology Research Institute (GERI), Innovative Technology Research Division,
Corresponding author (E-mail: juroh@geri.re.kr)
**Kumoh National Institute of Technology, Advanced Material Research Center
***Kumoh National Institute of Technology, School of Materials Science and Engineering



A Study on the Improvement of Bending Characteristics of 3D Printed Thermoplastic Structures Reinforced... 137

2] (Fused Deposition Modeling, FDM)¢] 3D Z ¥ 7|&2
A 3D ZE oA 7Y URbH 02 ARG E|= AH]§ 7]
& % o 22 Wl +48 BeIER Ageln
Utk G7taA A= olad R Y EY FEH A 2F
(ABS)a} E2] SEAKPLA)O| 71 o] AR-H AL glom, 71
Qo] &2 ofn|=(PA), &2 7tz = 2HE(PCL), &8 7
Ylo] E(PC), &2] AEFI(PS), &2 ofH| 2 o|u|=(PEI), &
Z] e 2 of| 2 AE(PEEK) 5 thfet Griadd Sk
go] ARG-E|AL QITH1,2]. 3FR|YF F7ad 2] 9 3D =
A9 34 A4 A4 =2 7144 84& skt AL
uol ol & S| flAl= A 5, A H7HE QL
f 2=, QA &=, A 24w 9 il 5 AR 2e WA
gljof ah olof tfgt theFet A-Eo] HgE AR 7F &0
Fl HE QUTH3-10]. 53] PA &A= 32l AA U o|s] &
2tAE F SR W], WEAaAd, 1= 24 7t
A i 2EE I Q1o FDM 34 F EHE v =
A 4%, WEY % 37 Hel Qs Z4o] wobd 4 9
t}[5]. gFH, Andrew N. Dickson[11]+= Markforgediit 2] 3D
¥ (Mark one 2 E)E ARE-5lo] PA6O| A% Ao &
7ok A% WS Gestel 45 3D Zely AR Q)
A 47 38 B4 totol 245t 9 Ao
A= 915 BHAAS7L 10 vol% F7HE0] 541 Ao A
gl Ao FRAES} A1 A ZHE 08, Tt PAG
LAY e 2547 596% e Ao ® KAl o

A HE, GE RS A% GLHAE YEt] L2
B AR 0)F =Z PHL g5

2 AbgEl 3D e o] 15 oF 100
o= g Hgatrle] Faol @ 4 ek FFHOR BE
7140] TRE, 3D T 7149] AR MO R B
AL Hage] 27 3 vl WSl A 1A 24
P FoeAZ 5 lelof et

£ AelAE SRl ead a7t A7HE PAL2 B
|2 o §-5ko] EDM W40 2 A2 3D 2y 7}
o 92wl ol HYH ol H A7t 97
B B
bk, FDM 4]

= [

ut

A

1

o
o
-
ol

> o

am
T~
g

i

offl o
<
4]
o

-

m kN

Jo e

7 o
e

1o

s

N

ol
ot
W

D 3P 7L A,

H

i

i

ol

E
RO

2o
flo
e
2
X
N
N
N
o

NS
RN
_>|: 9
mO

i)
[
J

flo
Hir
flo

E -
i)
S, |
>
i)
2
ol oft fok

DR oox ot MU ox

SRV 1 O A R X
N
R
HE
rﬂ[_]‘
_?_.
9
)
o
i)

)

g o
B
=2
ks
o
o}
rO
S
32 °
o
r
r’l

B o

e
‘\Q‘_ll'ﬂ:

o
ofN

lo o &

ooy

Hir 2L

2

B oy w2
8
©

20

o

(e H
o rp~
jinkat

X

A
[¢]

o 30
44

2

e

=

o
T

ol
1o

il
i)

EXUNDY

P

¢

o |
=
A

lo 2

U o
N

ox 2
o

:?L_"
<
lo
o
oo T
ﬂ.}{ﬂ )

lo
o
i
u)
s
o
o =2
>
oo Ay

x
off
Wi
=
ost
of
4z
o oy

2

2 FEs|oleh nebA ofeh 7o
AETE Selsta BAEE F05 98, 1
WA ERE WS o] 9

250 39 54 F4L B

ol

N
i
olr

2.1 FH| ¥ M=

3D ZElE] Arlar] TRES ePA-CF To)(Esunit)2 oF
A FE ] g7 oF 20 wt% H7HE E2jobn| = 12
A S E S Ul ANt o] FDM W] ZdH =
AHg-ato] A&ttt ]S HE] B2 AR QA
FA (H /it )= Vinylester 2|5 R R h= AS5AlF B
e Q] ekad-F 733} SekAE (Carbon fiber reinforced plastic,
CFRP)1} &8 A9 73} =2}~ €l (Glass fiber reinforced
plastic, GFRP)& AH-8-5F3i T gHH, B2k o] 2k 9] sl
of| Z A] A 2FA|| (Araldite 2011, Huntsmanjit ) S A-8-5} 1 th
Azl et AFAlgE W82 Table 10 Fe]=]glom, A=
H AFAREE (VDS G5 £471(TGA)E o]&sto] ¢
o] AFFAREE (W o835t Al4t= ik

2.2 o|&0o| 2Z+E 3D =2 E F=E M=

FDM "4l © 2 A2+ 3D TRy L& Fig. 1o H%
o], 3D 2d &, STL 1} H3}, layer slicingS F3F G-code
A, A% A% (additive manufacturing(AM) system) 2 &
7he &oto] AlZtE|Glom, 3D Y 2712 Table 29
=3
Fig, 20| ¥.50], 3D Z2JE TLxEo| B2 A CFRP

iy

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 - -

& STL file Sliced AM End part
3D Modeling converting layers system finishing
» T T ailin
SR |
Fig. 1. Schematic of CF/PA composite preparation by 3D print-
ing process
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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 CERP
. : o
Extrusion width (%) 100 4 Lower CFRP
Flow rate (%) 100
5 Upper O @ GFRP
CFRP/GFRP 6 Middle GFRP
3D printed structure + I - 7 Lower o ° GFRP

Raw material Adhension

o

I'. -0).1 bar /“l l
s . —
_— S B
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
strength modulus
No. strength increase rate modulus increase rate
MP MP.
(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

Kol 7ol 2 SIS WS 5 S APHS] B
ZFE = 16.26 MPa7} =4 5 v, CFRPZ AME B 7} 4]
(Table 32] No.2) 397%, =9} H7} AX](Table 32] No.3) 515%,
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t}. 319, GFRPE AFEL B 7} A](Table 39] No.4)o|l= 476%,
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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

120 = :
1 Original specimen
110 4 = Upper reinforcement(CFRP)
4 e Middle reinforcement(CFRP)
’a 100 4 . — Lower reinforcement{CFRP)
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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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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

(A)

Fracture of 3D printed structure

©)

Fracture of 3D printed structure

(E)

Fracture of reinforcement

Fracture of 3D printed structure

(&)

Fracture of reinforcement
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of o], CFRPZ 9 W oM B3t AU 8154

(B)

Fracture of reinforcement
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Fracture of 3D printed structure

(D)

Delamination

Interfacial
Particial fracture of reinforcement

(F)

Fracture of reinforcement

=

Fracture of 3D printed structure

=P Fracture
mmm Compressive deformation

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
and lower reinforced specimen, (B) middle reinforced
specimen
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