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Study on Finite Element Modeling Method for Cylindrical Composite
Lattice Structures with Hexagonal Cell
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In this paper, finite element modeling methods for cylindrical composite lattice structures were verified through natural
frequency test. Finite element models for cylindrical composite lattice structure were developed using beam, shell and solid
elements. Natural frequency test was measured using impact test method under free-boundary condition. The analysis
result of the beam element model showed up to 23% errors because the beam element could not consider the degradation
of mechanical properties of non-intersection parts of the composite lattice structures. On the other hand, the natural
frequencies of finite element analysis for shell and solid element models showed good results with natural frequencies test.
From the analysis of the experiment, finite element model for composite lattice structures should use shell or solid element
which takes into consideration the intersection and non-intersection parts.
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NOMENCLATURE E;= Elastic modulus of fiber
E; = Longitudinal modulus of composite
= Distance of hoop rib E) = Elastic modulus of matrix
a, = Distance of helical rib E7 = Transverse modulus of composite
6. = Width of hoop rib V; = Fiber volume fraction
8, = Width of helical rib V,, = Matric volume fraction

p. = Density of hoop rib
o = Density of helical rib
H = Thickness of rib

L = Length of lattice structure

x
rhu

R = Radius of cylindrical lattice structure
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Fig. 1 Fiber winding process of cylindrical composite lattice
structure

Fig. 2 Compression process of intersection parts
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Fig. 5 Intersection part of solid finite element model

Table 2 Mechanical properties of carbon/epoxy composite

Material properties Non intersection Intersection

Density(kg/m®) 1,490 1,700
Elastic En 74.82 134.00
Fig. 4 Cylindrical composite lattice structure modulus Ex 6.64 8.08
(GPa) Ex 6.64 8.08
Table 1 Dimensions of cylindrical composite lattice structure
Gy, 2.28 5.33
Mass 7.89 k Shear
e modulus Gis 228 5.33
No. of helical rib 24 (GPa) G 17 274
No. of hoop rib 10
Width of rib 6.7 mm Table 3 Analysis results of natural frequency
Thickness of rib 16.5 mm Beam model Shell model Solid model
Angle of rib 32° Ist mode 451 Hz 428 Hz 3.68 Hz
2nd mode 12.52 Hz 11.84 Hz 10.26 Hz
617.87 mmE Zt= Y=g B3k Azl 1B Hgsigck! 3rd mode 2348 Hz 22.05 Hz 1933 Hz
o 1P PR o) 4th mode 36.88 Hz 34.38 Hz 30.60 Hz
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(c) 3rd mode

Fig. 6 Mode shapes of solid model
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Fig. 7 Boundary condition of natural frequency test for cylindrical
composite lattice structure

(b) Oscilloscope

Fig. 8 Equipments for natural frequency test

Table 4 Test and analysis results of natural frequency

Test Beam Shell Solid

model model model
1st mode 4.00Hz 4.51 Hz 428 Hz 3.68 Hz
2nd mode  12.00Hz  12.52 Hz 11.84 Hz 10.26 Hz
3rd mode  20.00Hz  23.48 Hz 22.05 Hz 19.33 Hz
4thmode  30.00Hz 36.88 Hz 3438 Hz 30.60 Hz
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