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Paper

Prediction of Residual Stress in Composites by Cooling Rates Using a
Viscoelastic Model

Jung-Hyeon Rhim*, Wie-Dae Kim™*'

ABSTRACT: In thermoset composite manufacturing using the autoclave process, residual stresses are generated due to
high temperature and pressure conditions, potentially causing thermal deformation and degrading the mechanical
performance and dimensional stability of the final product. The cooling stage is particularly critical, as it induces the
highest residual stresses, directly affecting the quality and stability of the composite. This study aims to predict
residual stress distribution under varying cooling rates by implementing a coupled temperature—displacement analysis
using the commercial finite element software ABAQUS and USER SUBROUTINE. A thermo-viscoelastic model was
developed considering resin viscoelasticity and heat of reaction. Model reliability was validated through comparison
with previous research, and residual stresses were analyzed under six cooling rate conditions.
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Table 1. Cure kinetic parameters of 3501-6 resin [10]

Parameter 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°
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Table 2. Thermal properties of AS4/3501-6 composite prepreg

Table 3. Thermal expansion and Chemical shrinkage Coefficients

[8,10] of AS4/3501-6 prepreg [12]
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Table 4. Elastic stiffness of AS4/3501-6 [12]

Property Value

Q,, (GPa) 127.40

Qy, (GPa) 3.88

Q,, (GPa) 10.00

Q,; (GPa) 4.89
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Reference | Result Error | Error rate
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Table 6. Cooling rates applied in the finite element analysis

Cooling rates (K/min)
1.25
2.50
5.00
10.00
20.00
40.00
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Fig. 8. Temperature variation at point A for different cooling
rates
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Fig. 9. Temperature variation at point O for different cooling
rates

Table 7. Temperature at point O for different cooling rates

Cooling rates (K/min) Temperature (K)
1.25 301.72
2.50 305.44
5.00 312.88
10.00 327.71
20.00 354.73
40.00 389.72
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Fig. 10. Residual stress at point A by different cooling rates
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Fig. 11. Residual stress at point O by different cooling rates
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Table 8. Temperature at point O for different cooling rates

Cooling rates Residual stress, A Residual stress, O
(K/min) (MPa) (MPa)
1.25 21.09 -0.13
2.50 22.20 -0.15
5.00 23.88 -0.18
10.00 26.74 -0.26
20.00 31.93 -0.41
40.00 41.96 -0.65
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