D

E
LICH.

!

=

S

ive

5
MZEXE HAIGHA OF

O N

o
[

2|

M

creat
commons

—

[—

t

[¢]

LICt:

O M
st

)

C
MNZERLEAlL A

ZHE Metor

—
=
=

R0 5 A

i 0 <4 15
o) B¢ 53 o0
) E[o} o
) = 7
&3 10 ol 00
< il R
jum] J—

ol 0~ =
il 3 o on
) X Rr
Rr S =

%_ =B s
r o m._ -
o o O
_ Rr RO
% R of
o © o il
—_ jum]

1] N ol =
R iS ol =
= T Uo gwo
) RE] S
1 ° s =
o) K —
= B < mrr
&= o

ol Kl <. KM
80 ol JIJ =
Ee) W = )
©

X ESLICH

I 2t

HOd

ot |

[¢]

H

=

[¢

o]
lection

=

=

Disclaimer
O

5

FAI LEEHLH O OF
E2FH 29

¢}
X

=

]

0l N2 0| =3 & 72 (Legal Code)

HEAH [E 0l8Ke als 219 ol o



http://creativecommons.org/licenses/by-nc-sa/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-sa/2.0/kr/

A Study on the Tensile properties of composite material

plates having a surface defects

XN
k1
El
5
oY
4o
ol

2014 1€ 10¢



20143 1€ 10¢



LiSt Of TablEg -eeeerrerrerseeseereenentrntententtetet sttt ettt v
List Of FIGUEES wroeeseressermsssimmssmmmisiitissiisii e vi
N Y n T T PO viii
1.4 &
11 7H S T P PPN 1
1.2 % T EH%] ................................................................................................... 3

2. E¥A 8

21 BFA]Z O] AT HPH coorersveimsesisins i siis s 5
211 Hand—lay LD - oHeees e s 5
D12 SPray WP ittt 7
213 Fﬂament Wlndlng ........................................................................ 9
21.4 Pultru‘Sion .................................................................................... 11
215 Re51n Transfer MOldlng (RTM) .............................................. 13
2.1.6 Vacuum Assisted Resin Transfer Molding (VARTM) - 15
217 Vacuum Bag MOldlng PTOCQSS ............................................... 17

20 BFAE O] SEAF oo )
221 BT A TP Qe 19
222 BIAE AL BB s 19

3.1 AT AT serrersersersnssmsimsensssirssnsisinsissisissise st onss st st st st sas 73
32 AJT AZ e e 25
3.3 AJT A B} e 28
3.4 AT HPH ittt 39



4. 4943 2 @
41 AFZAYE A

42 TP TEEE s

4.3 7éj,]_ _J—y_iel- .................................................................................................

v —



List of Tables

Table 1 Properties of glaSS fiber fabric rrsrrerreereerrereeremernerrininirieneeeee, 23
Table 2 Properties Of RESII #orrerrerererrerrentmtnattiitii 24
Table 3 Tensile Specimen Geometry Requirements - :eeeeeeesesesensececeeess 38
Table 2 Tensile Specimen Geometry Recommendations =« ««weeeeeeeeeeeese: 38



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

List of Figures

| Surface defects of composite materials < s
21 HANCL1ay Up PrOCESS -ttt 6
22 SPIAY U PIOCESS ettt g
23 Filament winding progess -t 10
2.4 Pultrusion process & product - 1
2.5 RTM PROCESS -ttt 14
2.6 VARTM prOCESS ettt 16
27 Vacuum bag processgNNHIE g i 18
28 Impact damage - R il Gy 2
20 Crack & Delamion BB AR 2B 21
210 Hole damage -ttt »
211 Lightning dam e ... »
3.1 Schematic of 1 ply tRder 4y ek 25
3.2 Schematic of 2 ply UNQEE fype et %
33 Schematic of 3 ply Under type s 27
3.4 Specimen COMFGUIAHON ettt 28
8.5 SPECIE et 2
3.6 Specimen Arawing sttt 37
3.7 Universal Test Maching (KDMT - 156) < 3
41 Reference Specimen tesult -t 40
42 Group 1 average tensile strength - £
43 Group 2 average tensile strength s 0
44 Group 3 average tensile strength - s

_Vi_



Fig. 4.5 Micrographs of 0.3 void area specimens ( X 50 ) reeeeerereeeeeeeees
Fig. 4.6 Micrographs of 0.6 void area specimens ( X 50 ) seeeeerereeeeeeeeeese
Fig. 4.7 Micrographs of 0.9 void area specimens ( X 50 ) reeeeerereeeeeeeees

- vii —



A Study on the Tensile properties of composite

material plates having a surface defects

Kim, Tae-Hyun

Department of Materials Engineering Graduate School,

Korea Maritime & Ocean University

Abstract

The development of industry in the composite material has been
applied in many industries are trying to move very dynamically.
Specially, Wind generators in particular for the fabrication of large
structures using composite material is increasing significantly. Production

of large composite structures has been used by VATRM process.

However, VARTM process to create large structures includes a lot of
symptoms.  Especially void area is occurred on the surface of the
product. To eliminate these defects, the surface of the structure needs
repair.

In order to check the effect on the surface of composite materials
including the void area, the 7mm plate of specimen was made with void

area. Mechanical strength was measured and analyzed through tensile

— viii =



tests, Also compared to that of the void free area.

In this study, the volume of material remains the same, but the surface
defects  inserted by changing the position and thickness of void area

were designed with three different groups.

The inserted void rate of the specimen is between 2.5% and 7.7%. In
addition, compare to the void free specimen, tensile strength is decreased
at approximately 11%.

As a result of observing the fracture plane delamination showed similar
appearance. Also external shock can affect that the material’s peeling
being happened. In other words, if surface porosity is found, that needs

some repair.

The VARTM process to create large structures, the strength and safety
will be improved if the variables which could include pores are removed

as much as possible.

KEY WORDS: Composite material plates E25E $3; Tensile strength

property AFZ =54 ; Surface defects SETHZ S Voids area 7133 Y

_ix_



A1 A&

EFAEE 287 ol ME HE olF AMEE FAHA A4 A=
=9 Ade HWFToE ojFofi @HE NE Hease A5E U
TR ol ARV FARS W FEAEE A2 do] HEY
E Fae] HA EFAEE 2 AREY A do] adE Yehdoe

2
4

7N1BHeg FxE steS AAse AspAst FEAE Hesta I
s HAdMFE 7IAMER UYE g Atk AEAe Tl mE
FRM(Fiber Reinforced Metal), FRP(Fiber Reinforced Plastic), FRC(Fiber
Reinforced Ceramic)®2 A F=HH drtHo 2= HF4s ZT2gHel
FRPE 7P ol AHgeln dlth 3 7k mEe] F2 7, % Al
2 AgH9o Aot AFA B Av, 2E¥2EF FOE 1 AE

F9< =8ria ok

e BRARE FHARME 2 olgye BAT Ag

BEAFI AAANRE FFH 2 AR TPl mek 2 5

A veite ole@ 4 W] 4A s Ame

Nzol vs) we MBAT WMBEE AAE

& olg3tel A} e TREC YA FEARE A
A7} wol AW w Ar.

f

do o ap
N

rol

o

FAHE B R AAT Aol Bol At AHEE 47



=
<

ZIAA E4 0]

of Wt F A

Tl
ojo

%

ox

B
o
ojo

KU

mjn
oF

TR
gy
)
oF
ﬁo
jlN
~

o
3

el

Slol wet Be FR7} A

712 A

1
T

B gl AHH

Lol Eg o 2H Z(Polyester), Hl'd o2

7}

s
PEEK (Polyether-ether Ketone)}

H| 2 (Vinylester)

(Hand-ray up), VARTM(Vacuum Assisted Resin Transfer Molding), 2
g E 9}Q1d (Filament Winding), <& ¥ (Vacuum Bag)d% 5ol



12 4+ =73

AL AF7HAIUH7E 2detd AR HE ERE Eola 3T,
o

o
r U
112
Y
[JO
=
2
o
fru
i)
(03
S
il
£
A
k]
30
-
—_
;2
=
—_
o
(e}
~
=
it
Lo
A

A7) A|Zpo] b

FYHA78 Beol=9] AFoE e H 1(Prepreg) S ©] &
AY Byol= 243 VARTMEAL o83t AslvEZ A

st} JFgshes Yol Yow Az AH AAlE FRE AL

rol
)
o

)
£
rr
e

Ho
:(u){:,“
<
>
=~
H
<
filo
o
ofo
o
ox
ol
ol
X
m
2
2
ol
)
Y
:>|1—_‘1
)
A,
=2

O
ui

3 2

AR gon F2 FERAM FAF @ EA AaFl 71Fo] wol

t Aol BAHI Utk ole@ XU 71T FYo] BN FEE

AR o] oMF JFS VN T £e)F VB BUY & UE A
3 2



gole)

&
__OT

H71 <l sl

file)
o4
o
oju

;OO
Bo

A8
X

3
7w
__OT
E
ot
T
He

AN

&4

AL emm7t Fal BFAE <

)
4

Fig. 1 Surface defects of composite materials (Void area)



EgdA =

A 2%

21.1 Hand-lay up

e

(¢}

2717 & AFS Azxol del ALSHT F2 o]J At

BHAE A4

mold <]

Sk

g Jlen ez ¢

o 4]

| AEe)

=

4%

Jomw o

ol w2k 2 FA7L

3}
=

3t 2R AT A

)

~
i

]_

o 34 A7
Aol %Az et o Edo] =A e

2=
T

oAt 2

g

o
%

AN

R

¢+

A}
A

A Zfe] AHSE ™ HESIH A

Hand lay-up



Rollex

Mat pmpregnated ‘
L Sl
Mold
Typical Meld Arrangements for Hand Lay-Up
Resin Cellophane
d 1
Ao Cellophane. A7 ¢
Mold Mald : ]
Reinforcement . w_ Molded
/ Resin Glass
7y ¢ Layup 9
t
Mold

Fig. 2.1 Hand-ray up process



21.2 Spray up

Spray up 342 ©]¥A ZEE moldel ¢F 10~30mme] #H2 HFE
FA7 FAE = sprayoll &2 AFE £t dste FATE WA
= o9 AxZWHOZ Hand ray-up 342 A3} process©] T}

olxmi7t fle IALDY AFS D F Aoy FAFFFl = A

T2 WAool flof AF B

kit
XN
A
i)

rlo
olfy
o
A
e
1B
2
Y
oft
oty
rr
o
i
N
9

Hand ray-up &l &) A4H4
FA o= AedetA] dom HE
=3

fo
il
S
T
do
BN
Y
L
ol
2
)
ofo
i)
=
32



Fig. 2.2 Spray up process



2.1.3 Filament winding
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Fig. 2.3 Filament winding process
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2.1.5 Resin Transfer Molding (RTM)
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2.1.7 Vacuum Bag Molding Process
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Fig. 2.7 Vacuum bag process
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Fig. 2.8 Impact damage
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Fig. 211 Lightning damage
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Table 1. Properties of glass fiber fabric

AHEsE e 7338
o},

rlr

o~

%=

L

W/ (m.oK)

Density(g/cm3) 2.55
Tensile strength(MPa) 3,450 ~ 3,800
Elastic modulus(GPa) 72 ~ 76

Stress(MPa) 2,050

Modulus(GPa) 76

Elongation(%) 3.02
Temperature range(C) -60 ~ +460

Thermal conduction rate
0.034 ~ 04
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Table 2. Properties of resin

Gel time (min) 25°C, 65 RH, o
DIN EN ISO 2535 100g Scale 10-230
Curing shrinkage (wt%) 40~4.1
DIN 16945, Section 6.5 p
Cured density (g/cm?) 11~12
DIN EN ISO 1183 o
Water absorption 23°C, 65 RH
(wt36) 24hr 0.08~0.10
DIN EN ISO 175 168hr 0.39~0.40
Dimensional stability under heat (°C) 70~80
DIN EN ISO 75-2
Tensile Property iﬂtre;glth (Ega} f ggsl
DIN EN ISO 527-2 R E 8Fe) e
Strain to failure (%) 9.2~94
Flexural Property Strength (MPa) 110~120
DIN EN ISO 178 Modulus (GPa) 2.8~30
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Fig. 3.1 Schematic of 1 ply under type
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2) 2 ply under type (Group 2)

Glass
fiber
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Fig. 3.2 Schematic of 2 ply under type

Tefron
sheet




3) 3 ply under type (Group 3

Tefron Glass
sheet fiber

Fig. 3.3 Schematic of 3 ply under type
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Fig. 3.4 Specimen configuration
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Fig. 3.5 Specimen
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Table 3. Tensile specimen geometry requirements

Parameter

Requirement

Coupon Reguirements:
shape
minimum length
specimen width
specimen width tolerance
specimen thickness
specimen thickness tolerance
specimen flainess

Tab Reguirements (if used):
tab matenal
fiber orientation (composite tabs)
tab thickness
tab thickness vanation between tahs
tab bevel angle
tab step at bevel to specimen

constant rectangular cross-section
gripping + 2 times width + gage length
as needed”

+1 % of width

as needed

=4 % of thickness

flat with light finger pressure

as needed

as needed

as needed

+1 % tab thickness

5to 90°%, inclusive

feathered without damaging specimen

Table 4. Tensile specimen geometry recommendations

Fller Wb,  Oeral lengt, ~ Thckness,  Tablengh,  TabThickness,  Tab Bewel

Orentefon mm in] mm in] mn i) mn in] mm ] Angle

0" unidrectional 15105 1 L1 1) 150062 Tordl
50" nidrectonl 10 MBri 200080 {10 150063 0
baanced and symmetic L) B0 25000  emeycoh - E
randon-discantngous ) B0 250000 emeycoh - E
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Fig. 4.1 Reference specimen result
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Fig. 4.2 Group 1 average tensile strength
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Fig 43°1X< & 2= 2ply oteo] ERH7|TS FASFAS w A1 A
A HeSs vehd Aolth B9 HXE 163 MPaolA| 175 MPas
YER I 9t o]+ Reference specimen®] ¥} vHlustH S o oF 10%

Group 2 Specimen Tensile Strength Average (MPa)
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Reference Specimen Z ply under 0.3mm 2 ply under 0.6mm 2 ply under 0.9mm

Fig. 4.3 Group 2 average tensile strength
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Fig 440l M= IF 32 3ply otefoll £07]ES FsIAS ®W A Al
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Fig. 44 Group 3 average tensile strength
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(@) Surface

(b) Fracture

Fig. 4.5 Micrographs of void area specimens having a 0.3mm

thickness ( X 50 )
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(b) Fracture

Fig. 4.6 Micrographs of void area specimens having a 0.6mm

thickness ( X 50 )

_46_



(b) Fracture

Fig. 4.7 Micrographs of void area specimens having a 0.9mm

thickness ( X 50 )
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