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The Effect of Fiber Volume Fraction Non-uniformity through Thickness
Direction on the Torsional Buckling Load of Cylindrical Composite
Lattice Structure

Min-Hyeok Jeon*, Hyun-Jun Cho*, Yeon-Ju Kim*, Mi-Yeon Lee*, In-Gul Kim*'

ABSTRACT: A cylindrical composite lattice structure is manufactured by filament winding. The distribution of non-
uniform fiber volume fraction induced by the manufacturing process can be observed. The stiffness and buckling
characteristics can be influenced by non-uniform fiber volume fraction. In this paper, the effect of non-uniform fiber
volume fraction through thickness direction on the torsional buckling load of the cylindrical composite lattice
structure was examined. The stiffness variation induced by the non-uniform fiber volume fraction was applied to the
finite element model, and buckling analysis was performed. The variations of buckling load with variations of fiber
volume fraction were compared. The non-uniform fiber volume fraction reduced the torsional buckling load of the
composite lattice structure.
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Fig. 1. Geometric parameters of composite lattice structure

Fig. 2. Composite lattice structures; (a) Structure 1 and (b)
Structure 2

Table 1. Dimensions of composite lattice structures

Structure 1 Structure 1
Diameter (D, mm) 600 600
Height of structure (H, mm) 617 690
Thickness of rib (t, mm) 1.8~10 1.8~10
Width of helical rib (b;,, mm) 6.7 10
Width of hoop rib (b, mm) 6.7 10

Distance of helical rib (a,, mm) 65 69

Distance of hoop rib (a, mm) 63 69
Helical angle (¢, ©) 32 30
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Fig. 3. Variable fiber volume fraction through thickness direction

Table 2. Material properties of fiber and matrix

Unit Value
Longitudinal modulus (E, 1f) GPa 230
. Transverse modulus (E,,) GPa 15
Fiber tow
Poisson’s ratio (V) - 0.25
Shear modulus ( Glzf) GPa 24
Elastic modulus (E,,) GPa 2.5
Matrix | Poisson’s ratio (v;,,,) GPa 0.35
Shear modulus (G,,) GPa 1.0
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Fig. 4. Finite element model; (a) Structure 1 and (b) Structure 2
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Fig. 7. Buckling mode of Structure 2
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Table 3. Buckling load and knockdown factor of Structure 1

Thickness (mm)
V; deviation
1.8 2.9 53 10.0
+09
_OA), 7.01 | 25.99 | 102.15 | 403.91
(Hoop rib)
+10%
Buckling OA). 6.90 | 25.62 | 101.18 | 401.99
(Hoop rib)
load 0%
(kN-m) e 6.64 | 24.90 | 99.34 | 399.69
(Hoop rib)
+20%
6.41 | 24.26 6.36 | 383.20
(Hoop, helical rib) ?
+ 0,
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+ 0,
Knockdown +£20% 0.947 | 0.958 | 0.973 | 0.980
factor (y) (Hoop rib)
+20%
(Hoop, helical rib) 0.914 | 0.934 | 0.943 | 0.949

Table 4. Buckling load and knockdown factor of Structure 2

Thickness (mm)
V; deviation
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+09
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+10%
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(Hoop rib)
K +209%
nockdown 20% 0.953 | 0.963 | 0.980 | 0.989
factor (y) (Hoop rib)
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0.922 | 0.939 | 0.953 | 0.953
(Hoop, helical rib)
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