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The Effect of the Fiber Volume Fraction Non-uniformity and Resin Rich
Layer on the Rib Stiffness Behavior of Composite Lattice Structures

Min-Song Kang*, Min-Hyeok Jeon*, In-Gul Kim*', Mun-Guk Kim*, Eun-Su Go*, Sang-Woo Lee**

ABSTRACT: Cylindrical composite lattice structures are manufactured by filament winding process. The fiber volume
fraction non-uniformity and resin rich layers that can occur in the manufacturing process affect the stiffness and
strength of the structure. Through the cross-section examination of the hoop and helical ribs, which are major
elements of the composite lattice structure, we observed the fiber volume fraction non-uniformity and resin rich
layers. Based on the results of the cross-section examination, the stiffness of the ribs was analyzed through the
experimental and theoretical approaches. The results show that the fiber volume fraction non-uniformity and resin
rich layers have an obvious influence on the rib stiffness of composite lattice structure.
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Fig. 24. Buckling Load due to Resin Rich Layers
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Fig. 25. FEA Modeling for Helical Rib
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Table 2. FEA Condition for Helical Rib

Condition Uniform Model | Non-Uniform Model
Total v, 42%
Linear in the
Each Ply v, Constant thickness direction
(61%-41%)
Resin-Rich Layer X ¢}

Dimension [mm]

Height(x) = 25 or 50, Width(y) = 6.7,
Thickness(z) = 9.8

Element Type

3D Orthotropic (CHEXS)

Boundary Condition

Simply Support

Table 3. Buckling Analysis Result for Helical Rib

Uniform Model Non-Uniform Model
Type Buckling | Buckling | Buckling | Buckling
Direction Load Direction Load
Height Y 181 kN Y -
25 mm V4 235 kN Z 181 kN
Height Y 73 kN Y 73 kN
50 mm Z 126 kN V4 107 kN
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