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Abstract

In this paper, the expert cure system for carbon fiber epoxy composite materials, which controls

the temperature and pressure of the autoclave according to the several rules, was developed to

manufacture better composite products in shorter curing time. The rules were based on the on-line

measured quantities such as the dielectric properties and temperature of the composites and the

pressure of the autoclave. The curing time and the mechanical properties of the composite

materials manufactured with the expert cure system were compared to those of the specimens

manufactured with the conventional cure cycle.
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Fig. 3 Temperature characteristics of the autoclave
with the step input
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Fig. 4 Response characteristics using the propor-

tional integral controller (Kp=0.5, Ti=42)
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Table 1 Properties of the USN150 perpreg

Radius of fiber(gm) 35
Initial fiber volume fraction 0.58
Permeability(m?) 5.8x 101
Ply thickness(mm) 0.15
Density of fiber(kg/m®) 2.15
Density of matrix(kg/m°) 1.30
Specific heat of fiber(J/kg - °C) 0.75x 103
Specific heat of matrix(J/kg - 'C) 1.97 x 103
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Table 2 Moduli of the 8-ply composite materials
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Table 3 Strengths of the 8-ply composite mate-

Tensile moduli| Shear moduli
(GPa) (GPa)
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138.2 9.4 52
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[0]s | [90)s [0/90]z
1723.0 | 36.0 723
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1730.0 | 375 74.2
cure system
1875.0 | 41.3 73.7
1620.0 [ 377 73.7
Expert cure
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(a) The 2nd step of the cure started when the
variation rate of dissipation factor was
larger than 4.5%
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(b) The 2nd step of the cure started when both
the variation rate and the dissipation fac-
tor itself were larger than 6% and 0.4,
respectively

Fig. 10 Cure cycle for the expert autoclave
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Fig. 12 Short beam shear strength of the specimens

Table 4 Short beam shear strengths

Conventional cure |Expert cure system
system (MPa) (MPa)
54.7 44.1
65.1 45.9
63.4 475
[0/90]36 56.4 478
57.0 45.7
59.1 47.7
60.2 48.1
59.4 45.2
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