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Residual Deformation Analysis of Composite by 3-D Viscoelastic
Model Considering Mold Effect

Hong-Jun Lee*, Wie-Dae Kim*'

ABSTRACT: The carbon fiber reinforced plastic manufacturing process has a problem in that a dimensional error
occurs due to thermal deformation such as residual stress, spring-in, and warpage. The main causes of thermal
deformation are various, including the shape of the product, the chemical shrinkage, thermal expansion of the resin,
and the mold effect according to the material and surface condition of the mold. In this study, a viscoelastic model
was applied to the plate model to predict the thermal deformation. The effects of chemical shrinkage and thermal
expansion of the resin, which are the main causes of thermal deformation, were analyzed, and the analysis technique
of the 3-D viscoelastic model with and without mold was also studied. Then, the L-shaped mold effect was analyzed
using the verified 3D viscoelastic model analysis technique. The results show that different residual deformation
occurs depending on the surface condition even when the same mold is used.
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Table 1. Properties of AS4/3501-6 kinetics model

Property Value
A, (1/min) 2.10 x 10°
A, (1/min) -2.01 x 10°
A, (1/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*

da (k, +k,a)1-a)(047-a) (a<0.3) )
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Table 2. Elastic stiffness of AS4/3501-6

Property Value
Q,, (GPa) 127.40
Q,, (GPa) 3.88
Q,, (GPa) 10.00
Q,; (GPa) 4.89
Qg (GPa) 257
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Fig. 2. Geometry & boundary condition of plate model

Table 3. Element data of the plate and tool

04

Type Node Element
2D-Plate S8R 19,521(EA) 6,400(EA)
3D-Plate C3D20R 123,849(EA) | 25,600 (EA)
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Fig. 3. Cure cycle and degree of cure of plate model
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Table 4. Final residual stress

Residual Stress | Proportion
(MPa) (%)
CTE 6.91 25.29
CS 20.41 74.71
CTE+CS 27.32 100.00
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Fig. 6. Geometry & boundary condition of plate model

Table 5. Stacking sequence of model

Stacking sequence
Model 1 [0°/45°/-45°]
Model 2 [0°/45°/-45°/90°]
Model 3 [45°/-45°]
Model 4 [0°/45°]
Model 5 [0°/45°/-45°/-45°]
Model 6 [0°/45°/-45°/-45°/45°]




Residual Deformation Analysis of Composite by 3-D Viscoelastic Model Considering Mold Effect 431

- TEMF = Degree of Cure

TEMPEK)
Degree of Cure

SO

1 0HY 15 200 z50
Vimne(rmin)

Fig. 7. Cure cycle and degree of cure of plate model
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Table 6. Results of final residual stress at point-1

Final residual stress (MPa)
Error*
Ref[9] | 3-Dmodel | jlﬁir;goiil 4 ®
Model 1 39.89 41.78 42.13 4.74
Model 2 26.25 29.27 31.33 11.39
Model 3 25.64 31.78 34.27 23.94
Model 4 28.78 30.84 32.19 7.15
Model 5 26.86 31.46 33.11 17.12
Model 6 35.50 37.01 38.46 4.25
*3-D model of Ref[9]
Table 7. Results of warpage
Warpage (mm)
3-D model
Exp Ref [9] 3-D model | including
mold
Model 1 9.91 12.9 13.89 14.25
Model 2 3.98 4.42 5.66 7.11
Model 3 32.28 32.50 34.62 35.67
Model 4 2.94 5.85 6.07 6.11
Model 5 5.59 491 6.73 7.25
Model 6 1.59 2.33 2.88 3.18
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Fig. 9. Comparison of warpage and final residual stress
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Table 8. Spring-in of L-shaped panel

CTE Spring-in (Degree)
Friction : :
Coefficient Invar(3.0) Steel(12.4) Al(23.6)
0 1.14 1.14 1.14
0.15 1.14 1.24 1.26
0.5 1.15 1.37 1.39
0.9 1.15 1.41 1.43
1.50 =¥ -Imvar
_ - Steel &
3140 A Aluminum e
Eb -
= 1.30 .
-1 &
é:, 1.20
E e M mmmmmm D= 3
F 110
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Fig. 12. Comparison of spring-in due to the friction coefficient
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