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Effect of axial load and internal pressure on the dynamic response of multi-

layered composite cylindrical shell under lateral impulse Load
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In this paper, the free and forced vibrations of multi-layered composite cylindrical shells under axial load
and internal pressure investigated. The equilibrium equations are written based on first-order shear
deformation theory of shells. Strain-displacement and curvature-displacement relationships are written
based on the first law approximation and by replacing them in the stress-strain relationships, equilibrium
equations are obtained in terms of displacement components. Boundary conditions are fixed-free.
Displacement components are the product of function of position and time. The function of position
components of displacement was considered in the form of double Fourier series. First, the analysis of
buckling load and free vibrations of the composite cylindrical shell was performed and the buckling load,
natural frequencies were extracted. In forced vibration analysis, the sinusoidal impulse load is applied in
the radial direction on a rectangular area. The response function of time is obtained using the results of
free vibration and integral convolution. Finally, the effect of axial load, internal pressure and geometrical
parameters on the natural frequencies and dynamic response of shell have been investigated. The results
show that with the increase of the compressive axial load and the increase of the ratio of length to radius,
the natural frequencies decrease and when the compressive axial load on the shell is equal to the critical
buckling load, the basic natural frequency will be zero. Also, with the increase of the internal pressure,
the critical buckling load and the fundamental natural frequency increase.
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Fig. 1 Geometry and coordinate system of the cylindrical shell
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Table 1 Properties of materials used in analysis

P V12 Ga3 Gy3 Gz Ep Eyq oyleds
(k_g ) (Gpa) (Gpa) (Gpa) (Gpa) (Gpa) .
m3
1643 0.26 1.43 4.1 4.1 7.6 19 1

7800 0.3 76.9 76.9 76.9 200 200 2
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Fig. 4 Comparison of natural frequencies obtained from the present
analytical method with reference [3] and software for composite
cylindrical shell with clamped-free boundary condition
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Fig. 5 Comparison of effect of pressure on the natural frequencies

obtained from the present analytical method with software for metal

cylindrical shell with clamped-free boundary condition
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Fig. 8 Influence of fiber orientation on the buckling load of
composite cylindrical shell with clamped-free boundary conditions
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Fig. 10 Influence of compressive axial load on the natural frequency
of composite cylindrical shell with clamped-free boundary
conditions
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Fig. 9 Influence of fiber orientation on the dynamic response of
composite cylindrical shell with clamped-free boundary conditions
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Fig. 12 Influence of internal pressure on the natural frequencies of

composite cylindrical shell with clamped-free boundary conditions
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Fig. 13 Influence of internal pressure on the buckling load of

composite cylindrical shell with clamped-free boundary conditions
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Fig. 17 Influence of (h/R) on the natural frequencies of composite

cylindrical shell with clamped-free boundary conditions
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Fig. 18 Influence of (h/R) on the buckling load of composite

cylindrical shell with clamped-free boundary conditions
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Fig. 15 Influence of (L/R) on the natural frequencies of composite

cylindrical shell with clamped-free boundary conditions
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Fig. 16 Influence of (L/R) on the buckling load of composite

cylindrical shell with clamped-free boundary conditions
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Fig. 21 Influence of f,on the dynamic response of composite
cylindrical shell with clamped-free boundary conditions
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Fig. 22 Influence of location of Impact load application (X, = XL ,
@, = 0) on the dynamic response of composite cylindrical shell
with clamped-free boundary conditions
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