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Cure simulation for a thick glass/epoxy laminate
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Abstract

During the curing process of thick glass/epoxy laminates, a substantial amount of temperature lag and
overshoot at the center of the laminates is usually experienced due to the large thickness and low thermal
conductivity of the glass/epoxy composites. Also, it requires a longer time for full and uniform consolidation.
In this work, temperature, degree of cure and consolidation of a 20mm thick unidirectional glass/epoxy
laminate were investigated using an experiment and a 3-dimentional numerical analysis considering the
exothermic reaction. From the experimental and numerical results, it was found that the experimentally
obtained temperature profile agreed well with the numerical one and the cure cycle recommended by the
prepreg manufacturer should be modified to prevent a temperature overshoot and to obtain full consolidation.
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Table 1. Cure kinetic parameters (UGN .150)

Pre-exponential factor A, (min)  2.154 x 108
Pre-exponential factor A, (min')  2.366 x 10
Activation energy E, (J/mol)  8.180 x 10*
Activation energy E,(J/mol)  6.682 x 10*
Constant for m C, 1.876 x 10’
Constant for m C, 6.902 x 107
Constant for H; D, (/) -3.767 x 10*°
Constant for H; D,(J/gK) 1.228x10°
Heat of Reaction Hy (J/g) 120.0
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Table 2 Physical and thermal properties

AL Uepd

Properties Units  Values

Density of resin kg/m® 1210

Density of fiber kg/m* 2540

Density of aluminum kg/m* 2720
Density of teflon film kg/m* 2200
Density of nylon bag kg/m? 1140
Density of bleeder kg/m? 260
Thermal conductivity of resin Wm-K 024
Thermal conductivity of fiber WmK 1.04
Thermal conductivity of aluminum W/m-K 220
Thermal conductivity of teflon film W/m-K  0.40
Thermal conductivity of nylon bag' W/m-K  0.24
Thermal conductivity of bleeder ~ W/m-K  0.07
Specific heat of resin JkgK 1740
Specific heat of fiber JkgK 920
Specific heat of aluminum JkgK 903
Specific heat of teflon film JkgK 1050
Specific heat of nylon bag JkgK 1670
Specific heat of bleeder JkgK 1350

42 Y =24

2 (12) UE o] e WA Ay
g 4 ey e JUE A A H
B2, A4 T2 ANSYS & Al&3ld 4]
(12)9 3z o4d 29¢ sYEg HA4y F
E24% AEL AR ynix ge B4 99
Ae g g4 42 FgevgE AHRE
I, 439 FZE 4L Kim 5 [l11]o] 48% A
= HeolHE 4 (159 v n3le) AUt} Table 3 o)
AHE 4 gEtulE g derdg el



Table 3 Consolidation parameters (UGN 150)

B 225
Fiber ! o
deformation 0 .
Vo o 0.829
r, (m) 5% 10°
Fiber k, 0.7
permeability K. 0.
v, 0.8
Viscosity u, (Pas)  1.448 x 107
model U (J/mol) 1.103 x 10°
k 13.2
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Fig. 6 Contour for the degree of cure at the end of cure. w.r.t. the thickness of caul plate.
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