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ABSTRACT: Currently, there are many discussions about composite materials and 3D printed composite material to
weight reduction of ships. A test was conducted to confirm the applicability of the 3D printed composite material to
ships and offshore structures by linking the 3D printing technology with excellent productivity and the composite
material with corrosion resistance and lightweight characteristics in salt water environments. In order to apply the 3D
printed composite material used in this paper to ships and offshore structures, the temperature environmental effects
that can be exposed in the marine environment should be considered. Therefore, the tensile test was conducted with
specimen of Carbon + Onyx, Carbon + Nylon, HSHT glass + Onyx, HSHT glass + Nylon material in low temperature
(-50°C), room temperature (20°C), and high temperature (50°C) environments that can be exposed to the marine
environment. As a result of the tensile test, the carbon + onyx specimen showed the highest tensile strength and the
HSHT glass + onyx specimen showed the highest tensile strain. In addition, by analyzing the tested specimens, the failure
mode of the 3D printed composite material specimens exposed to various temperature environments was analyzed.
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Table 1. Laminate information

Type Material Printing Direction Layers
Carbon Onyx [£45°], 4
+ Carbon [0°/-45°/45°/90°] 8
Onyx Onyx [+45°], 4
Carbon Nylon [+45°], 4
+ Carbon [0°/-45°/45°/90°] 8
Nylon Nylon [+45°], 4
HSHT Glass Onyx [£45°], 4
+ HSHT Glass [0°/-45°/45°/90°] 8
Onyx Onyx [+45°], 4
HSHT Glass Nylon [£45°], 4
+ HSHT Glass [0°/-45°/45°/90°] 8
Nylon Nylon [+45°], 4

Tab

Specimen

Carbon specimen : 2mm
HSHT glass specimen : 1.6mm

Fig. 2. Dimension of Specimen
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Table 2. Result of tensile strength and strain
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Carbon + Onyx | Carbon + Nylon | HSHT glass + Onyx | HSHT glass + Nylon
Tensile Strength (MPa) 168.6 169.7 127.0 131.3
Room Temperature Strain (%) 5.79 5.82 11.81 14.00
Tensile Modulus (GPa) 291 2.92 1.08 1.07
Tensile Strength (MPa) 137.7 87.4 117.1 115.9
High Temperature Strain (%) 4.36 4.00 11.82 11.33
Tensile Modulus (GPa) 2.79 2.19 0.99 1.02
Tensile Strength (MPa) 176.6 173.3 203.9 194.9
Low Temperature Strain (%) 4.60 491 15.53 14.86
Tensile Modulus (GPa) 3.84 3.53 1.31 1.31
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Fig. 3. Stress-Strain Curve by specimen type: (a) C.O. (Carbon + Onyx), (b) C.N. (Carbon + Nylon), (c) G.O. (HSHT glass + Onyx), (d) G.N
(HSHT glass + Nylon)



196 Sang-Hun Kang, Do-Hyeon Kim, Hyoung-Seock Seo

e B A AP AT Belshy
A 7ol 2l s o

27} F7beh A% Harh B Ao Y2 Baw
AR T A2 B0l QAT 476%

ol\
N
QL
ps
|o
ooy
o
rlo
r {
o ol
=2
X
I~
@ f
xX
oy
B>
=)
8
o
ot (T
s

2 o K 2 mx

A
A 2.15% Z715FT 1.8 Sk oA 48.51% A5}
FENL FEdf/e YA B3
2 o] A& A 60.51% F7Fek o i1
A 7.82% ZrAastAh B D E L FE AR/
o] - A= A2 tiu] A2 gH o 4
B 1 B o A 11.72% 7Ha3ch o

=

fu

1o

o

(e}

o

o
° o 11352
e o ~ J'l

200

Stress (MPa)

=———Room Temp. - C.0.
— =Room Temp. - C.N.
~ = Room Temp. - G.O.

Room Temp. - G.N.

6 8 10 12 14 16
Strain (%)

(a)

150

= -
B
g -
E -
e ——High Temp. - C.0.
— =High Temp. - C.N.
= High Temp. - G.O.
High Temp. - G.N.
10 12 14

6 8
Strain (%)
(b}

250

200 +

Stress (MPa)

——Low Temp. - C.0O.
= =Low Temp. - C.N,
Low Temp. - G.O.

Low Temp. - G.N.

10 15 20
Strain (%)

(c)
Fig. 4. Stress-Strain Curve by temperature: (a) Room tempera-
ture, (b) High temperature, (c) Low temperature
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Table 3. First Character: Failure Type

Failure Type Code

Angled A
Edge Delamination D
Grip/tab G
Lateral L

Multi-mode M(xyz)
Long. Splitting S
eXplosive X
Other (¢}

Table 4. Second Character: Failure Area

Failure Area Code
Inside grip/tab I
At grip/tab A
<IW from grip/tab w
Gage G
Multiple areas M
Various \Y%
Unknown U
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Table 5. Third Character: Failure Location

Failure Location Code
Bottom B
Top T
Left L
Right R
Middle M
Various \Y%
Unknown U

Table 6. Failure mode of specimen

Carbon | Carbon | HSHT glass | HSHT glass
+ Onyx | + Nylon + Onyx + Nylon
Low Temp. LGT LGB XGM XGM
Room Temp. | LGT LGT | M(D+L)GM | M(D+L)GT
High Temp. | LGT AGB | M(D+L)GM AGT

Fig. 5. Failure mode of C.O. (Carbon + Onyx)
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Fig. 6. Failure mode of C.N. (Carbon + Nylon)

Fig. 7. Failure mode of G.O. (HSHT glass + Onyx)

Fig. 8. Failure mode of G.N. (HSHT glass + Nylon)
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