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Abstract

Recently, Application of composite materials are increased in transport area for weight reduction. Also, Related
technical developments have been implemented actively at domestic and abroad. In particular, The carbon
fiber has high strength and ultra light property higher than stainless steel, aluminum, GFRP as Eco-friendly
material. Carbon fiber contribute to improving the environmental effect such as fuel saving, expansion of loadage,
reducing the exhaustion of carbon dioxide through the weight reduction of transport area. In addition, The
carbon fiber is applied to the ship in the area of race yacht, luxury cruise boat as weight reduction and
high added-value materials, but there is limited application for general boat because price of carbon fiber
is very expensive. For the weight reduction of general boat hull, being used as structure materials, glass fiber
and carbon fiber are applied to hull with form of hybrid composite materials, but application of domestic
and research for development are incomlete. In this study, An evaluations of mechanical strength property and
fatigue strength are performed on composite materials by hybrid weaving of glass fiber and carbon fiber
and composite materials forming method by hybrid forming.
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Fig. 1 Global market for composites and the trend of gro-
bal market for carbon composites

Table 1 A comparison on the property of fiber reinforce-
ments used composites

List Glass fiber |Carbon fiber|Aramid fiber
Tensile strength B A B

Compressive strength

Flexural strength

Impact strength
Shear strength

Fatigue strength
Low density

Fire retardant

Heat insulation

Electric insulation

Low cost
% A : Excellent, B : Good, C : Bad
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Fig. 2 Specific modulus and strength of fiber reinforec-
ments
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Fig. 3 The shape of fiber orientation
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Table 2 The specification of glass fiber

List Specification
Construction Plain
Warp Roving 1150TEX
Yarn Type - -
Fill Roving 1150Tex
. Warp 4.5 Count/inch 100%
Density

Fill 4.4 Count/inch 100%

Fiber areal weight 403 + 10 g/m?

Fabric thickness 0.5 = 0.025 mm

Weaving width 1,020mm

Table 3 The specification of carbon fiber

List Specification
Construction Plain
Warp 12K 800TEX
Yarn Type -
Fill 12K 800Tex
. Warp 6.5 Count/inch 100%
Density

Fill 6.4 Count/inch 100%

Fiber areal weight 405 + 10 g/m?

Fabric thickness 0.4 + 0.075 mm

Weaving width 1,020mm

Table 4 The specification of glass fiber(25%)+carbon fi-

ber(75%)
List Specification
Construction Plain
Warp 12K 800TEX
Yarn Type - -
Fill Roving 1150Tex
) Warp 10 Count/inch 75%
Density - -
Fill 2 Count/inch 25%
Fiber areal weight 406 + 10 g/m?
Fabric thickness 0.45 £ 0.025 mm
Weaving width 1,020mm

Table S5 The specification of glass fiber(75%)+carbon fi-

ber(25%)
List Specification
Construction Plain
Warp 12K 800TEX
Yarn Type
Fill Roving 1150Tex
. Warp 3 Count/inch 25%
Density - -
Fill 7 Count/inch 75%
Fiber areal weight 410 £ 10 g/m?
Fabric thickness 0.45 £+ 0.025 mm
Weaving width 1,020mm
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Table 6 The specification of glass fiber(50%)+carbon fi-

ber(50%)
List Specification
Construction Plain
Warp 12K 800TEX
Yarn Type - -
Fill Roving 1150Tex
. Warp 6 Count/inch 100%
Density

Fill 5 Count/inch 100%
415 + 10 g/m®

0.45 + 0.025 mm
1,020mm

Fiber areal weight

Fabric thickness

Weaving width

Fig. 4 The picture of vacuum assisted resin transfer
molding for hybrid fiber reinforcements
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Table 7 The ply stacking sequence for hybrid fiber re-

inforcements
Va- |[stack-| rate
tem- cuum | in;
List | Ply stacking sequence |pera- £
press- | num- | C | G
ture
ure ber

1 C+G+C+G+C+G+C+G | 35 | 753 8 50 | 50

2 C+C+C+GHGHCHC+C | 35 | 750 8 751 25
3 CH+C+GH+CHCHGHCHC | 35 | 751 8 75| 25
4 C+G+CH+CHCHCHGHC | 35 | 750 8 75| 25
5 GHC+C+CHCHC+C+G | 35 | 751 8 751 25
6 G+G+G+C+C+G+G+G | 35| 750 8 25175
7 G+G+C+G+G+C+G+G | 35 | 750 8 25|75
8 G+C+G+G+G+G+C+G | 35 | 751 8 25175
9 C+G+G+G+G+G+G+C | 35 | 752 8 25175

10 | CH+CHCHCHCHCHCHC | 35 | 755 & |100| O

11 | G+G+G+G+G+G+G+G | 35 | 754 8 0 100

C75G25+C75G25+C75G2
12 |5+C75G25+C75G25+C75| 35 | 751 8 751 25
G25+C75G25+C75G25

C25G75+C25G75+C25G7
13 | 5+C25G75+C25G75+C25| 35 | 750 8 25|75
G75+C25G75+C25G75

C50G50+C50G50+C50G5
14 |0+C50G50+C50G50+C50| 35 | 751 8 |50 50
G50+C50G50+C50G50
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Fig. 5 A comparison of glass/carbon fiber with laminat-
ing contents
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List Picture
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Fig. 6 A comparison of glass/carbon fiber with stacking
sequence
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Fig. 8 Fatigue testing machine(SAGINOMIYA)

. 1100 1019.10 1. Row carbon
ths N 2. Carbon75%+Glass25%
= 1000 - 3. Carbon50%+Glass50%
&) 885.64 4. Carbon25%+Glass75%
o 900 +
=
5 773.00
2 800 .
(0]
}mj 700 633.68
2 600
é} 495.46
o 500 +*
& 400

300

1 2 3 4 5
Sample No.

Fig. 9 A comparison of tensile strength of glass/carbon
fiber with laminating contents
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Fig. 10 A comparison of tensile strength of glass/carbon
fiber with woven states
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Fig. 11 A comparison of tensile strength of glass/carbon
fiber with laminating contents and woven states
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Fig. 12 The tensile strength for stacking sequence of hy-
brid fiber reinforcements with carbon25%/glass
75%
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brid fiber reinforcements with carbon75%/glass
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Fig. 14 A comparison of flexural strength of glass/carbon
fiber with laminating contents
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Fig. 15 A comparison of flexural strength of glass/carbon
fiber with woven states
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Fig. 16 A comparison of flexural strength of glass/carbon Fig. 18 The flexural strength for stacking sequence of hy-
fiber with laminating contents and woven states brid fiber reinforcements with carbon75%/glass
25%
1100 1. Carbon25%+Glass75%_1
< 1000 2. Carbon25%+Glass75%_2 1000
% 3. Carbon25%+Glass75%_3
= 900 4. Carbon25%+Glass75%_4
<=
S 800
$ 700 =
5 &
o 600 6436 54086 53085 g
2 500 * ¢ 450.82 & 100
) * %
& 400 = A T
1]
300 8 a Carbon 100%
1 2 3 4 =] e Carbon 75% + Glass 25%
e le N o A Carbon 50% + Glass 50%
ample NOo. 4 Carbon 25% + Glass 75%
N . ¥ Glass 100%
Fig. 17 The flexural strength for stacking sequence of hy- 10 e R R
brid fiber reinforcements with carbon25%/glass 10 108 10t 10° 108 107
75% Number of cycle
Fig. 19 A comparison of fatigue strength and life of glass/
3 o olo 2 o o . .
et S f7F JAo] Hol s 88 AL & carbon fiber with laminating contents
1.0 2=
99< tehicta ¥ 4 9ot

o] &
HEgog Fig 18 HS o], ©ad{9o dhiio
=242 g2 93 dyd felEside S ¢ F

AL, =
dold £ Q). oy ©aAfe nEAE B4
ofg] SHPFH-H MM BAsl= AU E S H A3 A
A nAlddol] <3 7o f2la 282 ] o
o & AZEt

132

o]
A3, o] nlAFde] HHEeg] els) o] o
gele o] wEel zsvlel Aol o

[e]
o
AA ApolFelAMe] TE Bt Ethe AL

54 B

2 mRdAE 72 Qi 29uEd] Bo| A8¥1
N FeAG BILAG BTG GE Sof gol 4%
Y3 Qe BAAE SHaAs solies BgAe)
B3 Wgel e A4 FEEAS Bkl thee
A2 AL 5 A

1) f2/8284 solngs Byl gdeld Wi
Aol G W gl uhe QIBE Gol Ad AFHL
2 gl & & 9k

2) Fe/ELAF PoOIE Solues B
Az dolude B3 AAPE 54 el

H =
S4e B0l ¥ Z3l Af7t Bel WFdel 9
= A% 2 %S Ve,
F stoluels BgAe geld 39

Journal of Welding and Joining, Vol. 34, No. 2, 2016



HEO| Hgue stolHe|= BAld g 7|4 549 A7

29

rlo i)

6. = 7
R E R L BN EP E RAE BREE
AT Aed rPAUE MENA Tx He0d B
A AT e s98 APAT F QRS Wl
9] 713l S =R

References
1. Byoung-Yoon Kang, Je-Hyoung Cho, Consideration for

Structure and Fabrication Procedure of Alminum Boat,
Journal of KWJS, 22(3) (2004), 39-44 (in Korean)

ehgA - Hes Al 21344 225, 20169 449

. Je-Hyoung Cho, Myung-Hyun Kim and Jun- Woong

Choi, Application of Friction Stir Welding Processes for
Aluminum alloy Boat, Journal of KWJS, 30(2) (2012),
31-36 (in Korean)

. Jun-Woong Choi, Kyeung-Chae Park, Young-Bong Ko,

Joining Ability and Mechanical Properties of Friction
Stir Lap Welded A5052-H112 Alloy, Journal of KWJS,
28(1) (2010), 34-40 (in Korean)

. Manders, P. W., M. G. Bader. The strength of hybrid

glass/carbon fibre composites. Journal of Materials
Science 16(8) (1981), 2233-2245

. Bunsell, A. R., B. Harris. Hybrid carbon and glass fibre

composites. Composites 5(4) (1974), 157-164

. Han, I. S., Kim, S. Y., Woo, S. K., Hong, K. S., Soe, D.

W. (2006). Characteristics of Glass/Carbon Fiber Hybrid
Composite Using by VARTM. Journal of the Korean
Ceramic Socie ty, 43(10), 607-612

. Dhakal, H. N., Zhang, Z. Y., Guthrie, R., MacMullen, J.,

Bennett, N. (2013). Development of flax/carbon fibre hy-
brid composites for enhanced properties, Carbohydrate
polymers, 96(1), 1-8

133





