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Problem Statement about the Unsymmetrical Oscilla-
tions of a Cylindrical cover Reinforced with rods Sub-
jected to a Compressive Force Along the Axis with a
Fluid

O. SH. Salmanov

Abstract. In the article, a physical and mathematical model was built to study the issue of asym-
metric oscillations of a cylindrical cover reinforced with rods under the influence of a compressive
force in the direction of the axis, together with a liquid. The frequency equation of the system was
established and calculated by the asymptotic method. effect has been studied. Problem statement
about the unsymmetrical oscillations of a cylindrical cover reinforced with rods subjected to a
compressive force along the axis with a fluid.

Key Words and Phrases: compressive force, reinforced with rods, cylindrical cover, dances.

2010 Mathematics Subject Classifications: Primary 34A55, 34B20, 34L05

1. Introduction

A rod-reinforced cylindrical cover is a structural element consisting of a combination
of cover and rods that deforms together. It is assumed that the cover and the rods interact
along a certain line and the conditions of equality of displacements on their contact line
are satisfied. This method was used in [1] to obtain the equilibrium equations and natural
boundary conditions of a cylindrical cover reinforced with rods. Equilibrium equations for
a cover reinforced with rods were obtained in [2]. The system of equilibrium equations of
a cover with rods in an arbitrary position on its surface was obtained in works [3].

2. Problem solving method

The system we studied consists of a cylindrical cover reinforced with rods and a liquid
that completely fills its interior. Therefore, in order to study the oscillations of such a
system, we will use the system of equations of motion of a cylindrical cover reinforced with
rods and the contact conditions added to them.

A rod-reinforced cylindrical cover means a cylindrical cover and a system consisting
of rods rigidly attached to it along the coordinate lines (Fig. 1). It is assumed that
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the coordinate axes coincide with the main curvature lines of the coating, and the rods
are in rigid contact with the coating along these lines. Using the Ostrogradsky-Hamilton
variation principle, the system of basic equations of the mentioned system can be deduced.
It is considered that the stress-strain state of the cylindrical cover is completely determined
by the equations of the linear theory of covers based on the Kirchhoff-Liav hypothesis. In
the calculation of rods, equations based on the Kirchhoff-Klebsch theory are used for
straight-axis rods. If the cylindrical coating is under the influence of compressive stress
along the axis, its potential energy is determined as follows [2]:

Ψ =
Eh

2 (1− ν2)

∫ ξ1

0

∫ 2π

0

{(
∂u

∂ξ
+

∂υ

∂θ
− w

)2

+ 2 (1−ν)

[
∂u

∂ξ

(
∂υ

∂θ
− w

)
−

−1

4

(
∂u

∂θ
+

∂υ

∂ξ

)2
]}

dξdθ +
Eh3

24 (1−ν2)R2

∫ ξ1

0

∫ 2π

0

{(
∂2w

∂ξ2
+

∂2w

∂θ2
+

∂υ

∂θ

)2

−

−2 (1−ν)

[
∂2w

∂ξ2

(
∂2w

∂θ2
+

∂υ

∂θ

)
−
(

∂2w

∂ξ∂θ
+

∂υ

∂ξ

)2
]}

dξdθ+

+
Es

2R

k1∑
j=1

∫ 2π

0

[
Fs

(
∂υ

∂θ
− w − hs

R

∂2w

∂θ2

)2

+
Ixs
R2

(
∂2w

∂θ2
+ w

)2

+
Gs

R2Es
Ikp.s× (1)

×
(

∂2w

∂ξ∂θ
+

∂u

∂θ

)2
]∣∣∣∣∣

ξ=ξj

dθ− σxh

2

∫ ξ1

0

∫ 2π

0

(
∂w

∂ξ

)2

dξdθ− σxFc

2R

k∑
i=1

∫ ξ1

0

(
∂w

∂ξ

)2
∣∣∣∣∣
θ=θi

dξ+

+
Ec

2R

k2∑
i=1

∫ ξ1

0

[
Fc

(
∂u

∂ξ
− hc

R

∂2w

∂ξ2

)2

+
Ius
R2

(
∂2w

∂ξ2

)2

+
Gc

Ec
Ikp.s

(
∂2w

∂ξ∂θ
+

∂υ

∂ξ

)2
]∣∣∣∣∣

θ=θi

dξ .

In his expressions u, υ, w - cover displacements, E, ν− respectively, the modulus of elas-
ticity and Poisson’s ratio of the material of the cylindrical coating, R, h- respectively, the
radius and thickness of the cylindrical coating, Ec, Es- the modulus of elasticity of the
longitudinal bar and the ring, respectively, Fc, Fs - the cross-sectional areas of the longitu-
dinal bar and the ring, respectively, Ius, Ikp.s - moments of inertia of the cross section of
the longitudinal bar, Ixs, Ikp.s - moments of inertia of the cross section of the ring, qx, qθ, qr
- components of the pressure force acting on the cylindrical cover by the medium, Gc, Gs

- are the shear modulus of the longitudinal bar and the ring, respectively.
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Fig 1. Cylindrical cover reinforced with rods subjected to compressive force
and in contact with the environment. The kinetic energy of the

rod-reinforced coating is as follo
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Using the decision condition of the Ostrogradsky-Hamilton effect, the equation of motion
of the cover reinforced with rods can be obtained:

δW = δ (Ψ +K) = 0 (3)

Expressions of potential and kinetic energy (1) and (2)- is also shown. Here W =
∫ t1
t0

L̃dt

Hamilton effect, L̃ = K−. It is a lag function. (3) if we carry out the operation of
taking variations in the equation and δu, δv, δw If we take into account that the variation
is arbitrary and independent, we get the following system of equations of motion:

Lx(u, v, w) + qx = 0
Ly(u, v, w) + qy = 0
Lz(u, v, w)− (qz − qzz) = 0

(4)

The propagation of small excitations in an ideal fluid is expressed by the following equation.

∇2Φ− 1

a2
∂2Φ

∂t2
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Here Φ- potential of liq, a- is the speed of sound propagation in a liquid. In a harmonic
dance (5) converts the equation to the Helmolts equation:
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∇2Φ+
ω2

a2
Φ = 0. (6)

When the fluid is incompressible a2 → ∞ since (6) transforms the equation into Laplace’s
equation:

∇2Φ = 0. (7)

If the liquid is an ideal liquid with two-phase bubbles, the propagation of small perturba-
tions in such a liquid is given by the following equation [2]:
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, ρ10, ρ20- true density of liquid and gas; p0- static

pressure; ρjo- density of the mixture; α20- volume of gas bubbles; The equilibrium values
of the parameters correspond to the zero index;

ρj> = (1− α20)ρ10 + α2ρ20.

Contact conditions are also added to the system of equations of motion of the coating (3),
equations of motion of the fluid (4), (6). The normal components of velocity and pressure
on the contact surface of the coating with the liquid are assumed to be equal, and the
tangential stresses are equal to zero:

ϑr =
∂w

∂t
, qz = −p, qx = qy = 0 (r = R) (9)

Here qx, qy, qz are the components of the pressure force exerted by the fluid on the coating.
The systems of equations of motion of the rod-reinforced coating and liquid (4)-(8) to-
gether with the contact conditions (9) allow solving the problem of free oscillations of the
constructive-orthotropic coating-liquid system. In other words, the study of the free oscil-
lations of an orthotropic cylindrical coating in contact with a solid medium and a liquid is
brought to the joint integration of the system of equations of the constructive-orthotropic
coating and the equation of motion of the liquid within the contact conditions.

References

[1] Bergman R.M., Latifov F.S. Asymptotic analysis of the problem of free oscillations
of a cylindrical shell in contact with an elastic medium Iev. AN USSR. Meh. Tverd.
Tel, 1981, No. 1, 185 – 191 - Rjmex, 1981, 6B234.

[2] Amenzade R.Yu. Non-axisymmetric oscillations of an ideal fluid in an elastic shell.
Dokl. ANSSR, 1976, 229, No. 3, 566 – 568 – Rjmex, 1977, 1B422.

[3] Amenzade R.Yu., Alizade A.N., Damirov N.G. Influence of shear on wave characteris-
tics in an orthotropic shell containing a liquid. Collection of reports XIX International.
conf. on the theory of shells and plates, 1999, Nizhniy – Novgorod, p. 26-29.



Transformation operators for one second-order differential... 51

O. SH. Salmanov
Azerbaijan Architecture and Construction University, Baku, Azerbaijan
E-mail:salmanov.oktay@inbox.ru

Received 9 April 2023

Accepted 17 May 2023


