The Korean Journal of Rheology,
Vol. 5, No. 1, June 1993 pp.85-92

(1=

(19933 59 279 AHFp)

A Study on the Resin Flow through Fibrous Preform in
Resin Transfer Molding Process

Dong Ha Lee*, Seong Woo Kim** and Ki Jun Lee

Department of Chemical Engineering, Seoul National University, Seoul 151-742, Korea
(Received May 27, 1993)

2 o

TANE AHTAHANA FA} AfA ] FHD wo] TR} £ mHPHo T el SEAM
= 3 2 o R ARzl A )Fge] 2713 wa

2o A A FARe e A9 e ofge
HATTE PR A zdel 239 Yol SHY FaASRG 2 A4 S
A

4693] 7ol FHYTFA ) FAFLE) 5%
ARE Ao deigeh aeby, de GHow s1ge] o] o) xE RIM 2Ad|Ae] 224584
 HEA BARGE Ao R Tejsjol doks RS AT = Yk w2

Hzrel] dis) A2l 2 Y fe 4 f AR FAAE 292 Ealo] g0

o
T S
% 71Ee] BEE debie 4 e TYOZM UA RTM A 24HE wABLL o =g &

i,
e
tlo |

Abstract—This experiment determined the permeability of the woven fabric preforms impregated by resin
during Resin Transfer Molding (RTM) process and capillary pressure generated at the advancing flow front
due to the resin surface tension. The unsteady state isotropic/anisotropic permeabilities were measured as
a function of porosity. It was found that the permeability of unsteady state was larger than that of the steady
state, which depended highly on porosity and structural characteristics of fibrous preforms. The capillary proes-
sure corresponding 25% of the resin injection pressure at the gate was induced when the porosity was 0.469.
Accordingly, capillary pressure should be considered as a process condition in order to analyze the resin flow
phenomena during the RTM process. In addition, the form factor describing fiber orientation and pore distribu-
tion for the random glass fiber mat was obtained by measuring the dynamic contact angle between glass fiber
and silicon oil. Consequently, the form factor determined in this study will serve data to predict capillary
pressure induced during the RTM process.
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Fig. 1. Schematic diagram of experimental set-up.
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Ak Table 2. Material properties of silicone oil
2 Arg JXE F Z2Fe AT 2 - .
A2 e AxE e 7 SR A2 viscosity surface density
e FAFARA AMEslgerd A{fAZZE # (Pa-sec) tension (g/cm?)
A2 HEolzl A9 MgRzs 1/454E A (dyne/cm)
£-3l9ich AFEZE 3 EXE5S Table 13 silicone 0.860 21.20 0.970
20l 7614 glrh. A4Aze] TuurE Ao oil® 2.598 21.22 0.970
ofeiy] 3] d-& HFelL, v THAE @ Shin-Etsu KF96
Table 1. Material properties of preforms
) weave surface fiber
material type balance density diameter
(1072 g/cm?) (um)
random mat® glass random — 4.48 14.8
bidirectional fabric glass twill(1/4) unbalanced 1.06 10.0

MHan-Kook fiber No. 450
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Fig. 2. Square of resin penetration length as a func-
tion of time at different pressure (porosity=
0.539).
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Fig. 3. Flow rate as a function of pressure.
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Fig. 4. Square of resin penetration length as a func-
tion of applied mechanical pressure (t,=60
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Fig. 6. The radial flow front advancement of bidirec-
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0.501, pressure==81.06 kPa).

S SHA TS 06 <14 713 A
AL HfAE Aels] Amisl oz st
FAA 2ATE Mol %, 10l AL 7
Sol giAzSel Waslel slof Sl 712
dge AR 4 gort 1FE] ¥ AT, vl
AR GHFoR sl FHEE] A A
A F)Fe] FhYe] FLT JFS vlAE A
oz 49 vk =g, AL FHAS

g A s5d A1E, 1993

0.85

so)7E

30

_ ]
24 © Principal Direction 1
®  Principal Direction 2

F (¢,.7M)

Time (sec)

Fig. 7. Anisotropic data plot (viscosity=2.598 Pas,
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. equivalent diameter of the capillary proe
. fiber diameter

. form factor defined in Eq'n. 7

. laminate thickness

. permeability tensor

: permeability of the principal direction 1
: permeability of the principal direction 2
: unsteady state permeability

. steady state permeability

. length of the preform

- number of the layer

. applied mechanical pressure

. capillary pressure

. flow rate

. radius of the fiber

- radius of the gate

. radius of the principal direction 1

. radius of the principal direction 2

. time

- superficial velocity tensor

. penetration length

. degree of anisotropy

. resin viscosity

. contact angle

* surface density of the fibrous preform
- mass density of the fiber

. surface tension of the resin

. dimensionless time

. porosity
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