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ABSTRACT

In VARTM (Vacuum Assisted Resin Transfer Molding) process, the permeability generally controls the filling time of the resin and
it also affects the void characteristics of the fiber composite. In this study, carbon and glass fiber inter-layered hybrid composites
(carbon fiber centered stack) with an epoxy matrix were fabricated by VARTM process and evaluated the resin flow and macro void
characteristics. The permeability of glass fiber was higher than that of carbon fiber used in this study. Using Darcy's equation, the
permeability of hybrid composites could be predicted and experimentally confirmed. After curing, the macro void content of hybrid
composites was investigated using image analyzer. The calculated filling time was well agreed with experimental result and the void

content was significantly changed in hybrid composites.
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Fig. 1. Schematic view of VARTM process.
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Fig. 3. Schematic view of VARTM process and fabricated
specimen.

Table 1. Hybrid Specimen Condition for Experiments
(Unit : mm)

Specimen No.
G-100 G-75 G50 G-25 G-0
Glass thickness 6.25 4.66 3.11 1.59 0
Carbon thickness 0 1.75 3.51 5.40 6.59
Total thickness 6.25 6.41 662 699 6.9
Glass content (%) 100 72.7 47 227 0
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Fig. 4. Viscosity property of used epoxy resin after mixing with

hardener.
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Fig. 5. SEM photographs of (a) carbon and (b) glass fiber
composite (1000x).
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Table 2. Material Properties of Mono-Fabric Composite which

Fabricated with VARTM
Composite
Properties Glass fal?ric Carbon fa}bric
composite composite
Fiber volume fraction 32.2 433
Resin volume fraction 67.8 56.7
Density (g/cm’) 1.891 1.401
Viscosity of resin (cps) 200 200
Filling time (sec) 900 1455
Specimen length (cm) 33 33
Vacuum pressure (atm) 1 1
Permeability (mz) 1.19019E-07 6.15381E-08
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Fig. 6. Properties of the hybrid composites as a function of glass fiber content: (a) calculated porosity, (b) permeability, and (c) filling

time.
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Fig. 7. Void inspection of cross section of the hybrid composite by image analyzer (100x).
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Fig. 8. Void content of the hybrid composites as a function of
glass fiber contents.
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