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Analysis of Curing Reaction for Epoxy Resin Used for Electrical Insulators
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Part I  Stress-Strain Analysis with a Viscoelastic Constitutive Relationship

for Epoxy Resin Using a Full Adhesion Interface Model

Fukunaga, Moritaka*'/Yamada, Toshiro*'/Gamou, Masahiro*?/Kanoh, Shigeyoshi*'

A kinetic analysis of the curing reaction between an epoxide (Epikote 828) and a carbonic acid
anhydride (HN-2200) using a finite element analysis with a coupled matrix has been previously re-
ported. Shrinkage of the epoxy resin during the cure creates an internal stress. Both the reaction
rate and the material constitutive relationships have great influence on the internal stress. Al-
though stress relaxation reduces the internal stress, it has not been taken into account in the pre-
vious work. In order to introduce the effects of stress relaxation of the epoxy resin in the finite
element analysis, the relaxation modulus was obtained from complex modulus measurements
made on a dynamic mechanical analyzer. The relaxation modulus was expressed as a Prony series.
The influence of stress relaxation on reducing the internal stress of the epoxy resin was estimated
with this relaxation modulus. The Maximum equivalent stress after stress relaxation was one-
fiftieth that without the stress relaxation. Experimental results showed good agreement with
those of numerical analysis without mean normal stress relaxation when the epoxy resin was put
between metal parts. This indicated that the mean normal stress relaxation of epoxy resin is neg-

ligible.
Key words : Epoxy resin/Viscoelasticity/Dynamic viscoelasticity/Prony series/Finite element
analysis
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Fig.1 Cross-sectional view of test pieces in experi-
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Tablel Rate of reaction for various curing conditions
Curing conditions A B C D
100.0 | 100.0 | 100.0 [100.0-+150.0*
4200. 0 [ 6300. 0 |10800. 0{10800. 0—10800.0*
0.56 | 0.71 | 0.92 1.00
(#* Reaction was continued to cure completely)

Temperature (T)

Curing time (s)

Degree of reaction(—)
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Fig.2 Generalized Maxwell model by liner springs
and dashpots.(k = Stiffness of the springs and
n= Viscosity of the dashpots)
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Fig.3 Variations of G’ (A)and G” (@) with frequency
by dynamic mechanical analyzer. (degree of re-
action is 0. 56)
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Fig.4 Variations of G’ (A)and G” (@) with frequency
by dynamic mechanical analyzer. (degree of re-
action is 1. 00)

Table2 G> and 7o for various rates of reaction
Degree of reaction(—) 0.56 0.71 0.92 1.00
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Table3 G. and A in Prony series
n G. (Pa) 2 (s)
1 2.45X10° 2.80x10°
2 1.40x 10 2.45%X 107
3 9.81 %10’ 1.90x 10
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5 1.96 x 10 7.50x107?
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8 6.54 X 10" 4.50%x1077
9 8.17x 10’ 9.60x107"
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...............................................

Fig.5 Scheme of numerical analysis model
A : Epoxy resin, B : Metal (rigid bodies)
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