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ABSTRACT: In this study, an elastomer-assistered compression molding process was investi-
gated by experiments as well as modeling for the long-fiber reinforced thermoset composites.
The consolidation pressure- generated by fixed-volume and variable-volume conditions was
thermodynamically derived for both elastomer and curing prepregs, and was compared with
the pressure measured during curing of epoxy matrix. Exhibiting non-linear viscoelastic char-
acteristics in the compressive stress-strain tests. the measured stress was well compared with
a modifed KWW (Kohlrausch- Williame-Watts) equation. which is based on the Maxwell visco-
elastic model. Using the developea model equations, the consolidation pressure generated by
the elastomer was successfully predicted for the compression molding process of thermoset
composite materials in the closed mold system.
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Figure 1. Compressive stress as a function of strain
for thermally-expandable elastomer tool in standard
cure cycle. The experimental data are well compared
with model eq. (21).

ol BAAE Aoz o} olE YSFHE EBY A
279 exol B S4¢ YYo= P& E

dsta ks 2

m]o
i
L 32
v

Aol disled AT (curve fiting
ol K= BB% 237 4F Bagded A2

Sl AozA B ?i?Oi] Are-=E Ajrcast 37009 7
So= 28 MPag a3 v th? wepd olg A
g ’;‘%'—C‘ AN nFxFTF] A

28 MPaz mgAZCH, OE R4 A% g )
A8 8 AW (nonhnear regression)2 o]&sld Z
Qe Teln ol YHAYalM zede) g
7] dEEL 5mm/mm°i AR o],cd o}, oa,u;L
237 171 FA 7L exol gl met e
m 2ol & (18)olA] Feld 7] FH (1) 7F 2=

we wehn, mebd wRgel, e=— I/ 4
ex zad @ dene g Felsder o
pus 4ednE Mg 2% vAAe oe 28
sl ARAEAE RAE & UTE A L & 2
o Bl hdsz AR + UE Kake 27
N 7RedAME oF e diRste s 1
2AgTe WNE BRd BAE B 2D

696

o. .
T

4o - EHE

Table 1. Model Parameters for Thermally Ex-
pandable Rubber Tool

¢ K i Kéa
imin?)  (Mpa)  {(mir: 5 (M)
0C 1079047 134418 04484 305218 6503743
60C 1.232975 1424787 0.26c81 2.37551 4.687123
90C - LI5I1813 1424771 02836 237552 4.686895
120°C 106446 1623478 0.16458 348011 2844152

150 ¢ 1.000095 1187487 0.13148 443413 1562861

160 C 0092936 1939673 0.15429 354657 2.97158!
185.1 € (20 min) 0965445 699156 0.38653 342225 2.609065
184.8°C (30 min) 0986368 865245 037637 3.16237 321213
183°C (50 min)  0.994214 822855 03 287166 2454282
182.1°C (70min) 1010547 755191 021655 2.64412 1652614
1816 (0 min) 102944 1563573 0.43366 201657 6980211
181 T(120min) 1.038537 11.17383 023521 2.1428 2.729479

condition

ot} ol AT AgE o f¥E §k—°— Table
10 Agslgth. Figure 20| = el b7 343
7o) e} WslstE 258 BAFT Ut A% B7

& Mz Z7ol maxEdA Wilsan ded Ae
0.25-0.35A}0]ell A} Wstatn BE 3.0-3.54101E ¥
gala k. FEE AL o]5e gxo AA I
wz) g=th= Holth. Figure lolA HA&d
o] B A dojdl ot SH-HY g F4
259} A|7ke] zAo) uie} Wl Fdol wWiE T
1Zolola] zt o] BRAHY 2 o] uviH=]
=t wald olE As} Beke =
AAQsin] £xo] Wald e -
771t ARHo g B e detie S &

. = A
g 4 A

g
o

ol
S

f

Moo &2 JN’ Mo mlo

ERE HAFT ‘Rl-t—ﬂﬂ 01% exo| wsie}
R

_(')(_:
£
o

N

b
rir

o
2
rir

2
o

2

£ o RN o ol 2
= o ©
< 4
i £
(o]
L8
ok gy
sl X .
T o

N

flo
fo ¢

by

r[l

=z

S

_(1"

rir

2 m

ST 0ok
4 (7 e

o

, 23 2kel Avte &l A AT A

=
38 & ed, ot Lxd osid A B
jej
=

o o

—?ir‘
o}
=i
1
by
s
4

3
o
rE
A
£
)

L
ich
ﬂ)_n‘
f
1
£

Polymer(Korea) Vol. 24, No. 5, September 2000



IR HETE ol

0.4 5.0}200

457180
40 110 A
0.3 _3.5-140 o
120 o
~ 130400 2
425 4 S
0.24 2180 ¢
—a—8 42.0 160 QE,
T }{ g [l

emperature 11s 40

0.14+—, . . . — 11012

0 50 100 150 200
Time (min)
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Figure 6. Compressive stress as a function of strain
for prepreg curing with thermally-expandable elasto-
mer tool collectively measured during standard cure
cycle. The experimental data are well compared with
model eq. (21).
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Table 2. Model Parameters for Rubber Tool and
Prepreg

i ¢ K 4 Kei
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Figure 7. Calculated stress of prepreg and rubber tool
for fixed-volume processing in standard cure cycle con-
dition.
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