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Fabrication and Evaluation of Composite Panel with Hat-shaped Stiffeners

Geon-Hui Kim", Do-Wan Lim’, Jin-Ho Choi~ ", Jin-Hwe Kweon , Tae-Joo Lee
Min-Hwan Song~ and Sang-Joon Shin™"

ABSTRACT

In this paper, composite panels with hat-shaped stiffeners were made using the co-curing, co-bonding and
secondary bonding methods. Co-curing is a manufacturing method in which the hat part and the plate are cured
simultaneously in a manner that is more cost effective than other methods. Co-bonding is a method in which
the stacked prepregs are cured with other cured parts, and secondary bonding is a method in which cured parts
are bonded together using an adhesive. A rubber mold was manufactured for co-curing of composite panel with
hat-shaped stiffeners, and finite element analyses were done to evaluate the expanding pressure of the rubber
mold consistent with the curing temperature. The manufactured panels were also evaluated using a 3-D
measurement tester and an ultrasonic tester. Pull-off tests were performed to evaluate their mechanical
properties.
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Fig. 1 Dimensions of the composite panel.
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Fig. 3 Schematic diagram of co-curing precess.
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Fig. 4 Dimensions of the manufactured outer mold.
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Table 1 Mechanical properties of the SH0040U silicone rubber
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Fig. 5 Boundary conditions of the rubber mold.

Fig. 6 Curing pressure distribution of the rubber mold.

Fig. 7 Side surface numbering for the rubber mold.

Table 2 Curing pressures of rubber mold without hole

Surface Pressure on surface (atm)
No. Conditions of Fig. 5(a) | Conditions of Fig. 5(b)
1 0.01 81.03
2 0.27 97.79
3 0.23 80.27
4 0.32 84.22
5 0.28 79.14
6 0.32 84.22
7 0.23 80.27
8 0.27 97.79

(a) Model with circular hole
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(b) Model with 2 L-shaped holes
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(c) Model with trapezoid hole
Fig. 8 Rubber mold models with the holes.

Table 3 Curing pressures on the side surfaces of the rubber molds

Pressure on surface (atm)
Surface
No. @ (b) ©
Circular hole L-shaped hole | Trapezoid hole
1 15.18 1.85 5.09
2 20.84 2.85 7.55
3 15.26 1.69 5.58
4 17.26 1.84 5.96
5 15.09 1.92 5.34
6 17.26 1.84 5.96
7 15.26 1.69 5.58
8 20.84 2.85 7.55
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Fig. 9 Manufactured steel mold for the rubber mold.

Fig. 10 Manufactured rubber mold.

Hat part view

Fig. 11 Composite panel manufactured by co-curing.
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Fig. 13 Composite panel manufactured by secondary-bonding.
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Fig. 16 Thickness of the composite panel.
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Fig. 18 Flatness of the composite panels.

Table 4 Flatness of the composite panels

Manufacturing process Max. height difference (mm)

Composite plate 0.1452

Secondary bonding 0.2231
Co-bonding 0.1678

Co-curing 0.1317
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Fig. 21 Maximum failure loads of the composite panel.
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