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ABSTRACT: Thermoplastic film infusion process was investigated by using a rubber tool,
which intrinsically contains a thermally-expandable characteristic and effectively compen-
sates for the pressure loss caused by thermoplastic polymer infusion. Increasing temperature
up to the melting temperature of matrix, the polymer melt subsequently infused into the dry
fabric, but the pressure was successfully sustained by the rubber tool. Even with the de-
creased resin volume, the rubber tool produced sufficiently high elastic force for continuous
resin infusion. Combining D’Arcy’s law with the compressibility of rubber tool and elastic
fiber bed, a film infusion model was developed to predict the resin infusion rate and pressure
change as a function of time. In addition, the film infusion process without the rubber tool
was viewed and analyzed by a compression process of the elastic fiber bed and viscous resin
melt. The compressibility of fiber bed was experimentally measured and the multiple-step
resin infusion was well described by the developed model equations.

Keywords: thermoplastic composite, film infusion, rubber expandable tool, long fiber reinforced
composite.
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Figure 1. Permeability measurement of unsaturated
fiber mat (V' 4,,=0.2) by using resin impregnation at
a oonstant infusion velocity.
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Figure 2. Effective compressive stress of glass fiber
mat plotted as a function of unsaturated fiber volume

fraction (Vy, 4ry).
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Figure 8. Resin infusion pressure induced by ther-
mally-expandable rubber tool exhibiting resin impreg-
nation process during isothermal holding at 190 C.
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Figure 5. Model prediction of effective compressive
stress compared with experimental data as a function
of time. Model parameters used for prediction are Fy=
7.42 MPa, Sz (permeability)= 1.223x 1072, u(viscosi-
ty)=L9KPa - s, @; we(fiber volume fraction)=0.4,
K (bulk modulus)=8 MPa.
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Figure 7. Compressive stress relaxation in multi-
stage resin infusion process.
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Figure 8. Resin infusion stress relaxation compared
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Figure 9. Model prediction of resin pressure and infu-

sion depth as a function of time for the cases using

rubber tool (—@—) and without rubber tool (—O—).
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