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

Young—-Goo Kang

Department of Materials Engineering
Graduate School of
Korea Maritime University

Abstract

In these days, composite materials are used overall
industries such as in air crafts, ship construction,
other marine industries, wind turbine blade, etc.

There are numerous process for fabricating of the
composite materials for example Hand Lay-up / Spray-up,
RTM(Resin Transfer Molding), VaRTM(Vacuum-assisted Resin
Transfer Molding), Autoclave, etc.

Comparing to different process, the VaRTM(Vacuum—
assisted Resin Transfer Molding) has many advantages
above all other process.

The VaRTM process is widely used for manufacturing of
large structures and the same process mostly offers high
quality application similar to the autoclave process and
1t also have a cost advantage like hand lay-up process.



However, deposition of impurities during the VaRTM
process make internal voids and these voids degrade
mechanical properties of materials.

This documentation has been developed upon investigation
on the voids which generated by deposition of impurities
during the VaRTM process. It also includes deficiencies
of composite materials for the voids generated during
this process.

Impurities are intentionally inserted into the laminate
for 1nvestigation, and NDI and optical observation are
carried out.

Internal voids are generated on specimens with thick
impurity. Void generation 1s occurred between the
thickness of 1.6 ~ 4.0mm. And void growth i1s occurred
between the thickness of 3.2 ~ 4.0mm. The diameter of
void 1s proportional to the thickness of the impurity.

This study shows some useful data and relations between
voids and impurities. Accordingly, the result of this
paper could be used for improving a further quality of
composite materials produced by VaRTM process.
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2.3.1 Hand Lay-up / Spray-up

(1) Hand Lay-up
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Fig. 3 Hand lay-up procedure
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Fig. 4 Hand lay-up process
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(2) Spray-up
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Rol ler Compression

Fig. 5 Spray-up procedure
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2.3.2 RIM (Resin Transfer Molding)
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2.3.3 VaRTM(Vacuum-assisted Resin Transfer Molding)
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Fig. 7 VaRTM process
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Fig. 8 Picture of autoclave
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(a) Insert Impurities (b) Glass Fiber Lay—up

(c) Peel Ply (d) Pressure Plate

(e) Distribution Media (f) Vacuum Bagging

(g) Resin Infusion

Fig. 12 Fabrication of specimens
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(a) NDI result of 0.8mm length specimen

(b) NDI result of 1.6mm length specimen

(c)NDI result of 2.4mm length specimen
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(e) NDI result of 4.0mm length specimen

Fig. 13 Result of non-destructive inspection
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(a) Microscope photo with different length impurity

(b) Microscope photo with different thickness impurity

Fig. 14 Result of microscopic analysis
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Table 1o YEMIATE.
A dolE 20mzE T
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oAl Z4ZEe] Group Al FAIE 7I=SE Ske] 0.8mm,
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Table 1 Ao =A7]e} FA W& Voidel A 7H9t 7]

Void Size(mm)

AlE (b) 20I(1) S 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 2.4 9 0.0821 0.217 0.176
#A-4 2 20 3.2 " 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 2.4 " 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 " 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 2.4 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 2.4 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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Fig. 16 Number of generated voids for each specimen
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Fig. 17 Size of generated voids for each specimen
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