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A Study on the Design Optimization of Composite Cylindrical Shells
with Vibration, Buckling Strength and Impact Strength Characteristics

o] 4 Ax A W Bxx, & A Ferx
Y S Lee B H Jun, J. M Oh

ABSTRACT

The use of advanced composite materials in many engineering structures has steadily
increased during the last decade. Advanced composite materials allow the design engineer to
tallor the directional stiffness and the strength of materials as required for the structures.
Design variables to the design engineer include multiple material systems, ply orientation, ply
thickness, stacking sequence and boundary conditions, in addition to overall structural design
parameters.

Since the vibration and impact strength of composite cylindrical shell is an important
consideration for composite structures design, the reliable prediction method and design
methodology should be required.

In this study, the optimum design of composite cylindrical shell for maximum natural
frequency, buckling strength and impact strength are developed by analytic and numerical
method. The effect of parameters such as the various composite material orthotropic
properties(CFRP, GFRP, KFRP, Al-CFRP hybrid), the stacking sequences, the shell thickness,
and the boundary conditions on structural characteristics are studied extensively.

29 7% 80] : Composite Cylindrical Shell(E3A1& ¥E4d), Carbon Fiber Rein-forcement Plastic;
CFRP(&+4A§ B3H|32), Vibration Analysis(7E3#14]), Buckling Analysis(Z2#1%),
Impact Analysis(FZ8]4), Optimization( &3}
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Fig.6 FEM Model of the Cylindrical Shell
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Table 2 Material Properties of Cylindrical Shell

Property Unit Steel | Aluminum | CFRP | GFRP | KFRP
Longitudinal Modulus ( E}) GPa 200 69 139 14.3 76
Transverse Modulus ( E,) GPa 200 69 7.89 5.10 55
Longitudinal Shear Modulus ( Gyp)| GPa 76.92 25.94 73 1.86 2.3
Longitudinal Poisson Ratio ( v;3) - 03 033 0.268 0.3 0.4
Density ( o) kg/m® | 7860 2700 1542 | 1390 | 1460

Table 3 Natural Frequencies of Cylindrical Shells with Various Material Properties with Clamped-Free
Boundary Condition

(L/R=4)(steel © R=49.6mm, aluminum : R=46 mm, CFRP composite : R=457mm)

" 1 2 3 4 5
Case
Analysis 2100.1 8783 1142.2 2052.0 3285.3
Steel FEM 18349 826.63 1153.1 21365 -
Experiment - 644.75 11419 2107.2 -
Analysis 2280.2 10827 1856.0 34377 5520.5
Aluminum FEM 1977 10234 1873.0 3550.0 -
Experiment - 8152 15479 2890.0 -
Analysis 2436.8 10792 11690.3 31293 5039.4
FRP
¢ . FEM 23676 1063.0 1487.9 2769.0 -
Compostte
Experiment - 836.2 1519.1 28216
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