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Abstract— Conventional RTM process is limited use for the production of advanced composite materials, since RTM
process due to its inherent processing problems has difficulties in effectively removing voids formed during resin filling
and curing stage as well as loading high fiber volume. In this work, Advanced Resin Transfer Molding(ARTM) process us-
ing autoclave was developed to overcome problems such as low fiber content and void formation encountered in con-
ventional RTM. The experimental results showed that void-free epoxy/carbon fiber composites of 55+2 % fiber volume
fraction could be produced by the ARTM process only when internal vacuum was initially applied and consolidation effect
was indnced by the autoclave pressure. In ARTM process, the mold-filling pressure and the consolidation pressure were
controlled by the autoclave in a continuous fashion. In addition, the processing variables of consolidation pressure, resin
bleeding, and surface formers were investigated to identify the ARTM processing and structural characteristics for high per-
formance composite materials. Visualizing the resin-front advancement, isotropic or anisotropic permeabilities of several
reinforcement fabrices were collectively determined based on Darcy's law. A finite element/control volume method was
used to predict the flow front advancement and degree of cure during the ARTM process.
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Fig. 1. Experimental set-up for the resin flow visualization.
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Fig. 2. Schematic diagram of the developed advanced resin transfer
molding process(ARTM).
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Fig. 3. The measured permeability as a function of porosity for iso-
tropic plain-weave carbon fiber and random glass fiber mat.
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Fig. 4. The measured permeability in principal directions 1, 2 for
the anisotropic bidirectional 1/4 twill weave glass fiber mat.
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Fig. 5. Predicted flow fronts of the RSL-1895 €poxy resin system
during mold filling through plain-weave carbon fiber mat
when vacuum was used as injection pressure. Contours are
plotted as a function of time in second.
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Fig. 6. Contour plot of the predicted conversion distribution for the
RSL-1895 epoxy resin system at the end of mold filling in
ARTM process.
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Fig. 7. ARTM cure cycle and corresponding viscosity profile of RSL-
1895 epoxy resin system.
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Fig. 9. Microscopic cross-section of the laminate produced by (a)
conventional RTM, (b) ARTM, and (c) ARTM with excessive
bleeding.
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Fig. 10. C-scanning result of the laminate produced by (a) conven-
tional RTM, (b) ARTM, (c) ARTM with excessive bleeding,
and (d) ARTM with positive injection pressure.

o AdHe g 22 S FAI8E oA, 27 DAlelA] &) ¥t
A& ol 7)Fo] AASHAY 2 =717t H45717} - o177]
o Folebi Ak =}

utA|gto 2 23 FoAlele] 2ol ARTM A¥Fe ¥ +2
o] VX F¥E FEArAE ol4-sle] AT Fig 11(a)ll
AAY I Ao FPEH] RAYLAZ o] 42 ol vlA)
T 93 71350 A¥F Fdel] FAAH o W=l on, ubd
ol polyimide film(Keptony& o325} TxisAdA)2 AM43 7
ol Fig. 11(b)ell 2] s} o] wlAlgh AlzbadAre] 713-5) fill Wk}
warp W9 Afrpite] wAkshE XA FHEE A} o]Ake
A2 R A ople] Ashe A JGelME $AZ AR
7174 oig- ole-e, 2s = 7139 ¥4 2 A $x9) 39
YA 249 AN et AAHE AoE 49 Fig.
11(c)== teflon-coated fiber-glass film(Release Ease 234 TFP, Airtech
Int. Inc.)y& AHSRE 7% 7]Fo] TSR] ok AP F] 2 A
§ Ho{F3 gt

s5d 8

& delM e 7189 RIM 345 A8t 71284 H43
3 A Ao BgARE AR fsld meker)E
0]-4-3 A -2 ARTM T4 A|~8& 7ftslgich.

PE/PEEK 2| Z#72 0]F0]3] smart spacerE o]L43}ed, 4=%)

Fig. 11. Micrograph of the cured laminate surface when (a) metal
mold surface, (b) polyimide film, and (c) teflon-coated fiber
glass film, were used as surface former.
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Asdet. 2
AI27|& 3
4
A :pre-exponential factor
a; : coefficient in shape function 5
E  :activation energy
K : permeability tensor 6
K, :permeability in the principal direction 1
K; :permeability in the principal direction 2 7
m :order of reaction 8
. 9
n  :order of reaction
P : pressure
P 10.
T  :temperature 1
t : time 12.
v :velocity vector
y:  : weighting factor 13
az|0j]A £x} 14.
o :degree of cure
8 :degree of anisotropy 15.
M :viscosity of the fluid
‘¥, :shape function in triangular element 16.
A28 17.
1. Mallick, P.K.: “Fiber-Reinforced Composites”, Marcel Dekker, 18.

Inc, N. Y.(1988).
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