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Prediction of Fill Time in Compression Resin Transfer Molding
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Abstract: During typical compression resin transfer molding (CRTM), resin is first injected into a
gap between the mold and fiber preform, and the preform is then impregnated in the out-of-plane
direction. CRTM thus has an advantage of reduced molding time because of the short impregnation
distance. This study predicts resin flow during CRTM of composite structures by performing a resin
impregnation simulation using the finite-element method. In the case of the CRTM of a thin curved
plate, resin penetrated the preform beneath the gate by the resin pressure, when the injection of the
resin into the gap was finished. Reduction of the molding time cannot be achieved in such a case,
because impregnation proceeds over a long distance in the in-plane directions. Furthermore, in
CRTM with multiple gates and multi-axial compression for an L-shaped component connecting two
plates, impregnation was concentrated near the connecting part, and a non-impregnated area remained
after finishing compression of the preform. The molding time by CRTM was always longer than that
of vacuum-assisted resin transfer molding even at an increased compression speed. These results
indicated that optimization of the molding conditions is necessary to achieve the benefits of CRTM.

Key words: Polymer-matrix composites (PMCs), Process simulation, Resin flow, Resin transfer
molding (RTM)
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2.1 CRTM gifen7 o0&
Fig. 112w d & 5w, #AKZ CRTM i k&< 3

Fiber preform

(a) Step 1: resin injection

(b) Step 2: Gap compression

(c) Step 3: Preform compression

Fig. 1 Schematic diagram of the CRTM process.
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Fig. 2 Analytical model of a curved plate.
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Table 1 Analytical constants used in the CRTM of a
curved plate.

Resin injection speed (mm/s) 240
Compression speed (mm/s) 0.1
Initial fiber volume fraction 0.3
Final fiber volume fraction 0.46
Resin density (kg/m?) 1100
Resin viscosity (Pa-s) 0.2
‘ . Fill fraction
‘ Y
; . 09
. 0.85
08
075
0.7
(a) 10.6 s (b)53.1s 0.65
06
0.55
05
0.45
. . 04
b < 035
4 J 03
v 02
- , : 0.15
4 y y 01
V 4 o 0.05
(d)76.2s

(€)59.7s

Fig. 3 Resin impregnation process of the curved
plate.

Fig. 4 Fill time distribution for the curved plate.
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(b) Fill-time distribution after finishing resin injection

Fig. 5 Analysis of a thin curved plate.
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Vent

Gate 1
' Compression
<:| from side

120 mm

Compression from bottom

Fig. 6 Analytical model of an L-shaped compo-
nent. Biaxial compression is applied.
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Table 2 Analytical constants used in the CRTM of
an L-shaped component.

(16)

Resin injection pressure (Pa) 100
Initial fiber volume fraction 0.3
Final fiber volume fraction 0.45
Resin density (kg/m?) 1100
Resin viscosity (Pa-s) 0.1
(@265 (b) 1845 (c)40.8's (d)88.4s
(e) 1789 () 204.1s (@417.1s (W)1971.1's

Fig. 7 Resin impregnation process of the L-shaped
component under the compression speed
of 0.1 mm/s.
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Fig. 8 Relationship between the fill time and
compression speed.
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