creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


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

WA SH= Micro—voidoll

Sholl tieh A

10,
_0‘1',
uo’
it
)
!
o i
H
rE

The Variation of Mechanical Strength by Micro-void in
Composite Materials During VaRTM Process

fREZZ & i
20129 2H

mEBI RS REBE

BB TR R



WA SH= Micro—voidoll

Sholl tieh A

10,
_0‘1',
uo’
it
2
!
o
H
rE

The Variation of Mechanical Strength by Micro-void in
Composite Materials During VaRTM Process

fREZZ & i
20129 2H

mEBI RS REBE

BB TR R



sk
i

AE

A

mMLO=

il

A

f

YA

&l

iR

il
s

&l

X
&

g

k¥

&l

]
~

g

k¥

20124 2



Abstracts

M1%

M2%

2.1

2.2

2.3

2.3.1

23.2

2.3.3

234

234

M3

3.1

3.2

3.3

ME

SE=z9l

|.\).l

i

RN =X

Oh
u

i
I

MMz 9|

00
oo
Elis

o

i

S

RN =X

0z
0%
of

Hand Lay-up / Spray-up ---=-==-----------

RTM(Resin Transfer Molding) ------------

VaRTM(Vacuum-assisted Resin Transfer Molding) -

<2 EZ80/E (Autoclave)

ME

EtHE o old

StAME 9 Void Y -

SER=2| Void E

12

15

16

17

20

23

25

27

29

33



34

Ju
o

3.4

34

45

M4 ZABE

48

-

._o._
1d]

M



A Study of the Voids Which Generated Due to Deposition
of Impurities While Producing Composite Materials by
the VaRIM Process

Dong-Hun Yang

Department of Materials Engineering
Graduate School of
Korea Maritime University

Abstract

Composite materials have many engineering advantages.
One of the most important properties composite materials
offer 1s specific strength and specific modulus. For
transportation applications including aerospace and
automobile application, the weight of the vehicle is a
critical importance for energy saving and payload
increase.

The VaRTM (Vacuum-assisted Resin Transfer Molding) is a
kind of composite material manufacturing process. The
VaRTM process has been used in many applications because
of 1ts time-saving and cost—effective characteristics.

But impurity can make a problem of materials during the
VaRTM process. Insertion of impurity during the VaRTM
process makes internal void and this void degrades
mechanical properties of materials. Relation between void



generation and impurity 1is investigated in this study.
Impurities are intentionally inserted into the laminate
and optical observation is conducted. Internal voids are
generated on specimens with thick impurity. Void
generation 1is occurred between the thickness of 1.6 ~
4.0mm. And void growth is occurred between the thickness
of 3.2 ~ 4.0mm. The diameter of void is proportional to
the thickness of the impurity. From these results,
relation between the void generation behavior and
impurity thickness is verified. Experimental results and
expected results from the mathematical model show a good
agreement with each other. This result notes that the
environmental control during the VARTM process is very
important for material reliability.
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Fig. 4 Picture of autoclave process
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Fig. 7 Lay-up sequence of fiber and impurity
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(a) Insert Impurities (b) Glass Fiber Lay-up
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(9) Resin Infusion

Fig. 8 Fabrication of specimens
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(a) Microscope photo with different length impurity

(b) Microscope photo with different thickness impurity

Fig. 9 Result of microscopic analysis
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Table 1 AHS| 37[2t ol HE Voide| 4 7ot F7

Void Size(mm)
AlH Z(b) Zol( S (1) Void Num.

Min. Max. Average
#A-1 2 20 0.8 2 0.0923 0.1723 0.1323
#A-2 2 20 1.6 2 0.1224 0.1934 0.1579
#A-3 2 20 24 9 0.0821 0.217 0.176
#A-4 2 20 3.2 11 0.2454 0.9906 0.7821
#A-5 2 20 4 12 0.1176 1.098 0.6954
#B-1 5 20 0.8 0 0 0 0
#B-2 5 20 1.6 3 0.1263 0.617 0.4581
#B-3 5 20 24 11 0.2182 0.697 0.5343
#B-4 5 20 3.2 13 0.2597 1.0481 0.7037
#B-5 5 20 4 14 0.224 1.36 0.6497
#C-1 10 20 0.8 3 0.1142 0.2666 0.1848
#C-2 10 20 1.6 6 0.12 0.631 0.3931
#C-3 10 20 2.4 8 0.2434 0.6608 0.4221
#C-4 10 20 3.2 10 0.1411 0.7905 0.5987
#C-5 10 20 4 11 0.2835 1.5594 0.9721
#D-1 15 20 0.8 1 0.336 0.336 0.336
#D-2 15 20 1.6 3 0.289 0.578 0.4335
#D-3 15 20 24 7 0.1469 0.6242 0.4014
#D-4 15 20 3.2 9 0.1846 0.8615 0.6239
#D-5 15 20 4 13 0.2445 1.3493 0.8841
#E-1 20 20 0.8 0 0 0 0
#E-2 20 20 1.6 8 0.2395 0.5989 0.3892
#E-3 20 20 24 8 0.1333 0.6733 0.4381
#E-4 20 20 3.2 10 0.1826 1.4132 0.7641
#E-5 20 20 4 26 0.125 1.766 1.1486
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Void Number (EA)

Void Number (EA)

— Void Number(EA) —® Void Size(mm)

30
28
26
24
22
20
18
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Thickness (mm)

(a) Result of group-A specimen

Thickness (mm)

(b) Result of group-B specimen
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(c) Result of group-C specimen
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(d) Result of group-D specimen
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— Void Number(EA) —® Void Size(mm)

Void Number (EA)

0.8 1.6 24 3.2 4.0

Thickness (mm)

(e) Result of group-E specimen

Fig. 10 Size and number of voids for each sepcimen group
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Fig. 11 Number of generated voids for each specimen
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Fig. 12 Size of generated voids for each specimen
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