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Mechanical Characteristics of 3-dimensional Woven Composite
Stiffened Panel

Jae-Hyeong Jeong*, So-Mang Hong*, Joon-Hyung Byun**, Young-Woo Nam*, Jin-Hwe Kweon*"

ABSTRACT: In this paper, a composite stiffened panel was fabricated using a three-dimensional weaving method that
can reduce the risk of delamination, and mechanical properties such as buckling load and natural frequency were
investigated. The preform of the stringer and skin of the stiffened panel were fabricated in one piece using T800 grade
carbon fiber and then, resin (EP2400) was injected into the preform. The compression test and natural frequency
measurement were performed for the stiffened panel, and the results were compared with the finite element analyses.
In order to compare the performance of 3D weaving structures, the stiffened panels with the same configuration were
fabricated using UD and 2D plain weave (fabric) prepregs. Compared to the tested buckling load of the 3D woven
panel, the buckling loads of the stiffened panels of UD prepreg and 2D plain weave exhibited +20% and -3%
differences, respectively. From this study, it was confirmed that the buckling load of the stiffened panel manufactured
by 3D weaving method was lower than that of the UD prepreg panel, but showed a slightly higher value than that of
the 2D plain weave panel.
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Fig. 1. Configuration of stiffened panel
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Fig. 4. Microscopic image of the 3-dimensional woven stiffened
panel
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Table 1. Mechanical properties of unidirectional and fabric pre-

pregs
Property Symbol | Unidirectional Fabric
Elastic modulus Ell 104 55.3
(GPa) E22 7.5 55.3
G12 3.6 4.2
Shear modulus
G13 3.6 4.2
(GPa)
G23 3.6 4.2
Poission’s ratio v12 0.31 0.12
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Table 2. Mechanical properties of 3-dimensional woven
composite
Subcell
Property Symbol n 5 C 5

Elastic modulus El1 69.1 61.0 61.5 59.8
(GPa) E22 55.2 53.7 55.2 53.7

Gl12 35 34 3.5 34

Shea(r g;):;lulus G13 | 49 | 47 | 49 48
G23 3.6 3.5 3.6 35

Poission’s ratio v12 0.06 0.06 0.06 0.06
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Fig. 8. Stacking sequence of 3-dimensional woven panel

o REe =
o) 574 1@ Zé_‘ﬂl% ARg3tgict.

b
& .

3.2 EEM A

MSC.Nastran2- 0| 8-3}o] H7tujde] 11
Sasteith A4 dA) A ola-AERA BT A
EYAL BAARA Y 48 913 9w mr £HA A

TOREL FALS

L mm

Fig. 9. Finite element model for normal mode analysis

Table 3. Stacking sequence of stiffened panels

Material Structure Stacking sequence
UD Skin [45/0/-45/90/-45/0/45]

Stringer [45/0/0/-45/0/90/0/-45/0/0/45]

Skin [45/0/45]
Fabric

Stringer [45/0/45/0/45]

Skin Sub cell B, D
3-D woven
stringer Sub cell A, C

Fig. 10. Finite element model for buckling analysis
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