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Prediction of Temperature and Degree of Cure of Carbon Fiber
Composites Considering Thermal Chemical Reaction

Jae-Woo Yu*, Wie-Dae Kim*'

ABSTRACT: In the manufacturing process of thermosetting carbon fiber composite materials using an autoclave, the
internal temperature changes according to the set temperature cycle. This temperature change causes the resin in the
composite material to cure. Heat is generated through the chemical reaction of the resin, which can result in a
difference between the temperature inside the autoclave and the temperature of the composite material. Previous
research assumed that the temperatures of the composite material and the autoclave were the same and analyzed to
predict the residual stress and thermal deformation after manufacturing. However, these stresses and deformations
depend on the temperature and degree of cure of the composite material. Therefore, this study verifies a thermal-
chemical model analysis technique that takes into account the heat generated by the chemical reaction of the resin to
accurately calculate the temperature and degree of cure. Additionally, case studies were conducted for different
thicknesses to investigate whether this model exhibits similar trends across varying thicknesses.
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Table 1. Cure kinetic parameters of AS4/3501-6[10]

Property Value
A, (min™) 2.10 x 10°
A, (min™) -2.01 x 10°
A, (min™) 1.96 x 10°
AE, (J/mol) 8.07 x 10*
AE, (J/mol) 7.78 x 10*
AE, (J/mol) 5.66 x 10*
H, (J/kg) 1.989 x 10°

R (J-mol . K) 8.3143
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Input the data

- Intemnal heat generation (Material property, Temp)
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HETVAL Subroutine

- Degree of are equation (DOC, exothermic reaction)
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- Heat transfer analysis
- Heat transfer eguation
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Calculate the temperature,
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Fig. 1. Diagram flow of the HETVAL subroutine
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Fig. 2. Geometry of AS4/3501-6 composite

Table 2. Thermal properties of AS4/3501-6

Property Value
o (kg/m’) 1,578
k,=5.43
k; (W/m-K) k,=k,=0.413
C (J/kg-K) 862.0
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Fig. 3. Locations of points A~E in AS4/3501-6 composite
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Table 3. Temperature difference result by thickness

Thickness ATy Thickness ATy

25.4 mm 23K 5.0 mm 1K
20 mm 15K 3.0 mm 0.5K
15 mm 8K 2.0 mm 0.1K
10 mm 4K 1.0 mm -

Table 4. Degree of cure results by thickness at 125 min

Thickness | Degree of cure | Thickness | Degree of cure
25.4 mm 0.788 5.0 mm 0.667

20 mm 0.725 3.0 mm 0.663

15 mm 0.701 2.0 mm 0.663

10 mm 0.680 1.0 mm 0.662
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