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Study on the Prediction of Dimension Variation due to the Temperature
Rises of the Composite Material and Box Beam Type Mold Steel

Ho-Sang Kim*', Chan-Hee Lee*, Won-Gi Lee*

ABSTRACT: Composite material and mold steel can be expanded differently with the temperature gradients during
the forming process because their coefficients of thermal expansions are not the same. Therefore, in order to
manufacture the product with accuracy, it is necessary to verify that the forming pressure on the surface of the
composite material is maintained to the required level from the material supplier. In this paper, the pressure between
the composite material and mold due to the temperature difference was predicted by finite element analysis and the
accuracy of predicted value was verified by measuring the thermal expansions of mold steel by the ruler. The
predicted value by finite element analysis is closely in agreement with one by the experiment within the required
tolerance value of £0.05 mm.
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Fig. 1. Schematic diagram of CFRP and core
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Table 1. Material properties of mold steel and composite faces

Mold steel Composite face

Density (kg/m®) 7890 1600
320 (Z-direction)
el:fgi‘tl}llu(:ga) 210 56 (X-direction)
56 (Y-direction)
Coefficient of 0 (Z-direction)
thermal expansion 12 28 (X-direction)
(um/m/°C) 28 (Y-direction)
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Fig. 3. Common process of the manufacturing CFRP [8]
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Fig. 4. The core layout and manufacturing process

Fig. 5. High pressure heating chamber (Autoclave: 200°C, 10 atm)
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Table 2. Deformation and thermal stresses with various molding

temperatures
Temperature difference (°C)| 110 80 50 20
Deformation (mm) 0.17 0.13 0.08 0.03
Thermal stress (atm) 5.54 4.03 2.52 1.01
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Table 3. Comparison of the mold widths estimated by finite ele-
ment analysis and measured in the autoclave mold
experiment in cases of before and after molding

Temperature difference 110 °C Befo're After molding
molding
Mold width b?r finite element 60 60.17
analysis (mm)
Mold width in autoclave mold
R 60 60.15
experiment (mm)

Fig. 7. The CFRP product manufactured by box beam type mold
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