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In this paper, the free vibrations of multi-layered composite cylindrical shells with rectangular cutout are
analyzed analytically. Cylindrical shell equilibrium equations are derived based on classical shell theory
(CST) and using Newton's method. Boundary conditions of the two-headed shell are considered simply
supported. According to the boundary conditions, the displacement components are written as double
Fourier series expansions. Relationships of the strain-displacement and curvature displacement are
considered based on Love’s approximation theory. Modeling of the cutout by distribution function
(Heaviside) is considered based on the equilibrium equations of the composite cylindrical shell. In order to
obtain the natural frequency of the rectangular cutout composite cylindrical shell, the equations of motion
have been solved using the Galerkin method. For validation, firstly, the results of the composite cylindrical
shell have been compared with the Abaqus finite element software and the Previous literature in this field,
that there is a good match between them. Finally, the effect of the geometrical parameters of the composite
cylindrical shell with cutout, such as the length, radius, thickness and layering of the cylindrical shell, as
well as the dimensions, direction and location of the cutout, on the natural frequency of the structure was
investigated, that the results show that with increasing The dimensions of the cutout increase the reduction
of the natural frequency of the structure.
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Fig. 3 Structure of layers of one element of laminated composite
cylindrical shell [24]
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Fig. 4 laminated composite cylindrical shell with rectangular cutout
along with coordinate system.
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Fig. 5 Comparison of natural frequencies of laminated composite
cylindrical shell, m = 1, geometry No. 1, material properties No. M1,
[90/0/90].
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Fig. 6 Comparison of natural frequencies of laminated composite
cylindrical shell, m=1, geometry No. 2, material properties No. M2,
[45/-45/45/-45].
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Table 1 Material of composite cylindrical shell [18]

oled By Ez, Gz Gy3 Gy v kg
o  (GPa) (GPa) (GPa) (GPa) (GPa) ‘1z P(33
M1 19 7.6 4.1 4.1 4 0.26 1643
M2 172.36 6.89 3.44 3.44 1.37 0.25 1603.3
M3 181 10.3 7.17 7.17 7 0.28 1600
M4 38.6 8.27 4.14 4.14 4 0.23 1800
M5 204 18.5 5.59 5.59 5 0.26 2000

M6 200 200 76.92 76.92 76 0.3 7800
M7 70 70 28 28 26 0.25 2600

(S gl Jazs ML 1) il Jle oo ooliiwl slge iz 1 Jgaz o
155959 :M5 ‘L_,’_MS%‘ Jaios M4 ‘&5“5%‘ lep,S :M3 ‘g5“55'3~| Iep,S :M2
poniagll M7 3¥58 MB S5

5005 slalgal atngy pwaie Slasie2 Jgas

Table 2 geometry of composite cylindrical shell

ojlos L (m) R(m) h (m)
1 6 1 0.002
2 4 05 0.003
3 6 1 0.008
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Table 3 Comparison of natural frequencies of laminated composite cylindrical shell with cutout, geometry No. (3), material properties No. M3,

[90/0].
CIR n 2 3 4 5 6 7 8 9

Abagqus 54.9 38.0 48.6 73.9 107.5 148.1 1953 249.2

0.2 Present 53.6 37.3 481 731 105.9 1453 190.9 242.7
Error% 2.4 16 0.9 1.2 15 1.9 22 26

Abagqus 54.2 37.4 48.4 73.4 106.4 146.9 191.9 248.6

0.4 Present 49.6 35.9 47.6 72.6 1055 145.0 190.8 242.7
Error% 85 39 17 1.2 0.9 13 0.6 2.4

Abagus 53.0 36.2 48.0 72.9 106.0 146.2 186.9 248.1

0.6 Present 44.8 34.1 465 72.3 105.7 1452 190.4 241.9
Error% 15.4 6.0 3.0 0.9 0.3 0.7 -1.9 25

Abagus 51.6 34.3 471 70.7 106.0 149.4 183.8 248.0

08 Present 40.1 313 46.1 725 105.0 144.0 190.1 242.0
Error% 223 8.8 22 2.6 1.0 36 3.4 2.4

Abagus 49.9 315 458 68.7 106.1 150.6 196.2 251.0

1 Present 33.7 28.2 45.8 70.8 104.0 1445 188.8 239.8
Error% 325 106 0.0 3.1 20 41 3.7 45
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Table 4 Comparison of the non-dimensional fundamental
frequencies of the laminated composite cylindrical shell with cutout
for changing the material properties.

CIR 0.2 0.4 0.6 0.8 1 1.2

M1 0.043  0.041 0.038 0.034 0.029 0.026
M2 0.102 0.099 0.094 0.087 0.080  0.055
M3 0.092 0.089 0.084 0.078 0.070  0.055
M4 0.054  0.052 0.048 0.044 0.039 0.033
M5 0.071 0.069 0.066  0.061  0.055  0.040
M6 0.033  0.031 0.029 0.025 0.022 0.019
M7 0.033  0.031 0029 0.025 0.021 0.018
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Fig. 8 Comparison of the non-dimensional natural frequencies of the
laminated composite cylindrical shell with cutout for changing the
number of layers, C/R = 0.4, m = 1.
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Fig. 9 Comparison of the non-dimensional fundamental frequencies
of the laminated composite cylindrical shell with cutout according to
the ratio of length to radius.
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Table 5 Comparison of the non-dimensional fundamental
frequencies of the laminated composite cylindrical shell with cutout
for different layers.

C/IR 0.2 0.4 0.6 0.8 1 1.2
[0/90]2s 0.087 0.083 0.079 0.072 0.063 0.055
[90/0]2s 0.092 0.089 0.084 0.078 0.070 0.055

[0/90/0/90/0/90/0/90] ~ 0.089  0.085 0.081 0.074 0.065 0.054
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Fig. 7 Comparing the non-dimensional fundamental frequencies of
the laminated composite cylindrical shell with cutout for changing the
number of layers.
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Fig. 12 Comparison of the non-dimensional natural frequencies of
laminated composite cylindrical shell with cutout for thickness
change, C/R = 0.4, m = 1.
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Fig. 13 Comparison of the non-dimensional fundamental frequencies
of the laminated composite cylindrical shell with cutout for increasing
the dimensions of the cutout in the longitudinal and circumferential
directions.
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Fig. 10 Comparison of the non-dimensional natural frequencies of
laminated composite cylindrical shell with cutout according to length
to radius ratio, C/R = 0.4, m = 1.
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Fig. 11 Comparison of the non-dimensional fundamental frequencies
of laminated composite cylindrical shell with cutout for thickness
change.
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Fig. 14 Comparison of the non-dimensional fundamental frequencies
of the laminated composite cylindrical shell with a cutout with a
simple support for changing the location of the cutout for its different
dimensions (C/R).
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