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Three Dimensional numerical Simulation of
Resin Flow and Void Formation in Resin Transfer Molding Process
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ABSTRACT

During resin transfer molding(RTM) process, in case of thick parts, resin flow and void formation should
be modeled three dimensionally even though for parts of small thickness, resin flow and void formation can
be modeled two dimensionally. In this study, numerical simulations of three dimensional mold filling and void
formation during RTM process.

a0l B AT CVFEM(Control Volume

JlEMY Finete Element Method) 988 ©]43l9 RTM ¥3
P Pressure of resin AN9 359 FY FARAE AMs, Y
p, Pressure of air B9} dry spot & micro void 9] WA o]F& AF
Vf fiber volume fraction ste #AAY Z=E stk
K permeability
H viscosity of resin
H, :  viscosity of air 2. =nHE
1. M B2 21 AAl % Y
ANAFA FEaAE FBWAAM FA9
RTM(Resin Transfer Molding) & 2@ ®4e] & &3 @7 dry spot o BEE <dF37] A% A
% A= AEL WA A4 g 2 gx wmy 22 FA8 &% v ok IFule Tl
A9 4N 2RO ol RIM FRM B FEE H4T etk ok $A9 £5L W
8 zAAANM FH FFL zgo] &% 24 A9 A543 Darcy’s law, 71AS] &
iy o) 55 & AFe Bael AR mAz  FE A7l olgslA $AE Agstel AL
2 1 aiMo] etk £ 849 Asg =2 O
Fate e 7)1 F(micro void)FA] Aol BLY i[ﬁ?ﬂ}zo )
* o, \ M, O,

Agoista AAFT Y
#Z7)|AATE A& TE EHRASIEF

*¥



LEKLL?P__@_[K_?E.] @
v, ot p, o ox\ p, Ox;

22 TA fF WA
2.2.1micro void 9 A4
micro void ¥ 43*|7} fiber preform & %3}
HA A, AF e R R
Ao £=A2 s YA 4L #
ol HATHE Wxeh 9%E Fsed 2o
Azk9) 8ol .
2 *®
At”’rzF"'Cdi 1—57 For 10g[1+9——dll—’—J &)
At/ FK.TdT Ca dTlT K I:C,T

7 C
c, & A4 mAgdEe mz Aese

ol

t

i,

fr o o o

o} 714
294 capillary number ©] T},
Ca” = “)
ycosé

o] Azt vlo wet AHEE J1FY F/7F U=
A =9, 2 A= 24 g0

5+ channel void & (N, .) % tow void &

(N, 757) 9% Holck.

At At
N,o=T.|—2S 1IN, L )
tl,,r A’l,,c
At At
N, =T, | =l 1N, —Elsr (6)
: Aty ¢ Aty

2.2.2micro void & A4

A5 ot Atol9] channel o EAEE void &
FH 29 {FFo oy o]Fd 5 Ut o A
9] 2w A g Frh
o9 - ;
—at—+v-(¢uv)=s (N

= 20} void &) EFEo] & micro-
o Az Egolv, 4t void o £=olH, §

3. FAIsHY

3.1 CVFEM

n13Y AAAGNA F5 AXHE FH517] 9
#} CVFEM (control volume finite element method) 7]
o] AbgHETy At 99 {Ie 84
control volume 2.2 FojAt} & a8 1 oA
BZo] AR ok FAG 24 AAMY FH
52 dAagto=zx 9 control volume ©] Y
Bt 2+ control volume ¢ ZAAE 3%F control

volume 2] control surface & T3t IH 2 oA
5o] z}z}te) control volume & XA FHE, f o
w3 7kA B2 BRI £33 % AW
FAZ EZ d9@E)T FAU A o]
A & FNFFAHE=0) Alojo EA Tt BB
Aoz 7 A control volume(0<f<l) Yol
A contro} surface & A|U7FE mass flux & A4t
°22ZH F% Ao Zt dAnig Z2A

o

Flow front nodes

Actual flow front

Dry region (air)

Flow-front region (resin & air)

7] Impregnated region (resin)

29 2 Determination of the flow front

3.2 34

B odFoN AR T 2o GEER
Z2RY FE7, £ B¥ 5ol AkkHY, 12
HE micro void ¢ A7} olFo] Alitd} o9
ast #AEE tsa g

rr
i

£C BE Ao Y
control surface A |& A&
[
I Micro-void &I A&t w

™
B}
L |

| 8s e

1% 3 flow chart of simulation

-285-



4. 2 1

31 A #% W4
¥ AFdae g3 2o b Ny 53
o digk RTM T3S st a

Fill Fraction Pressure
(c) 72.390% Filling

Fill Fraction Pressure

(d) 98.954% Filling

213 5 Mold filling process

31 71F A4
tee gre AAZY FRAA RIM FHIA
thee 9o Pl e RIM side) Azz o U 44D chanel void of AF ¥ &8
Yol FAH= Yztel w9 fill fraction T}
g9 2ES uehd Aol

1% 4 Mold shape

=L
[=]
Ny

Fill Fraction Pressure
(a) 0.0876% Filling A 1 A L

(®

Flow Front Void Fraction

(b) 22.1 sec

Fill Fraction Pressure
(b) 37.917% Filling

-286-



Flow Front
() 37.0 sec

Flow Front

Void Fraction
(d) 57.0 sec

ZI¥ 6 Mass Fraction of micro void

o] A3+ channel void 7} &% Aol A] A5
ol #A9 EF5E& Wt ojFde AP L RAFEY

5. & B

RIM &4 Fo A7l ¢4 §5% 713 34
& Y7 A FY Ry F719 2w 4y
A3}, micro-void & A o] Fo B F£H »
dol AXEFHAL. o] & B]’ o2 RIM ¥39 &
Y Fd F3H Y Fd AN Ry oY
X9 micro-void & EEE =3l FHE ¢
A #A 227 AEEAD o] AL 5T ¥
AeMel 4 §FH 71FY A% HMn Ay
dF ¥ ol 28 AAd 34 W4 A3

o o) 88 & 9g Holt
% 7|
LR LR P P AP

BAZ B %% 21 A7) ZeE el AT
Qe NQoz oRoj}
Anes

(1) Patel, N.,V. Rohatgi and L.J. Lee, 1993, “Influence
of Processing and Material Variables on Resin-Fiber
Interface in Liquid Composite Molding,” Polymer

Composites, Vol.14, No.2, pp161-172

(2) Chan, AW, and RJ. Morgan, April 1992,
“Modeling Preform Impregnation and Void Formation
in Resin Transfer Molding of Unidirectional
Composites,” SAMPE Quarterly, pp48-52

(3) Chen, Y.T., H.T. Davis and C.W. Macosko, 1995,
“Wetting of Fiber Mats for Composites Manufacturing:
I. Air Entrapment Model,” AIChE Journal, Vol.41,
No.10, pp2274-2281

(4) Mahale, A.D., RK. Prud’homme, and L. Rebenfeld,
1992, “Quantitative Measurement of Voids Formed
During Liquid Impregnation of Nonwoven
Multifilament Glass Networks Using an Optical
Visualization Technique,” Polymer Engineering and
Science, Vol. 32, pp319-326

(5) Chen, Y.T., H.T. Davis and C.W. Macosko, 1995,
“Wetting of Fiber Mats for Composites Manufacturing:
1. Visualization Experiments,” AIChE Journal, Vol.41,
No.10, pp2261-2273

(6) Rohatgi, V., N. Patel and L.J.Lee, 1996,
“Experimental Investigation of Flow Induced
Microvoids During Impregnation of Unidirectional
Stitched Fiberglass Mat,” Polymer Composites,
Vol.17,No.2, pp161-170

(7) Greszczuk, L.B. , 1967, "Effect of Voids on Strength
Properties of Filamentary Composites," Proceedings of
22nd Annual Meeting of the Reinforced Plastics
Division of The Society of the Plastics Industry, 20-A.1
to 20-A.10

(8) Hancox, N.L. , 1977, "The Effect of Flaws and
Voids on the Shear Properties of CFRP," J. Mater. Sci.,
12, 884-892

(9) Judd, N.CW. and W.W. Wright, 1978, "Voids and
Their Effects on the Mechanical Properties of
Composites - An Appraisal," SAMPE Journal, 14, 10-
14

(10) Yosida, H.T.,, T. Ogasa and R. Hayashi, 1986,
"Statistical Approach to the Relationship between ILSS
and Void Content of CFRP," Composites Science and
Technology, Vol. 25, 3-18

(11) Harper, B.D., GH. Staab and R.S. Chen, 1987, "A
Note on the Effects of Voids Upon the Hygral and
Mechanical Properties of AS4/3502 Graphite/Epoxy,”
J. of Composite Materials, Vol. 21, 280-289

(12) Feldgoise, S., M.F. Foley, D. Martin, and J. Bohan,
October 1991, "The Effect of Microvoid Content on
Composite Shear Strength," 23rd International
SAMPE Technical Conference, 259-273

(13) K.J. Bowles and S. Frimpong, 1992, "Void Effects
on the Interlaminar Shear Strength of Unidirectional
Graphite-Fiber-Reinforced ~ Composites,” J.  of
Composite Materials, Vol. 26, No. 10, 1487-1509

(14) MK. Kang, WI. Lee and H.T. Hahn, 2000,
“Formation of Microvoids during Resin Transfer
Molding Process”, Composite Science and Technology,
Vol.60, pp2427-2434

(15) Dullien, F.A.L., Porous Media - Fluid Transport
and Pore Structure, Academic Press, New York, 1979.

-287-



