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FREE VIBRATIONS OF LONGITUDINALLY STIFFENED SOLID
CONICAL SHELL WITH OPTING ASSOCIATED MASS IN VISCOUS
ELASTIC MEDIUM

A.l. Khudiyeva

Azerbaijan University of Architecture and also Construction, Azerbaijan, Baku, aynur-khudiyeva@rambler.ru

Abstract- Conical shells are most used in aircrafts and
also engineering. We consider a circular closed, solid,
viscous-elastic medium-filled conical shell of invariable
layer, usually stiffened with longitudinally ribs,
supporting shell associated mass in opposite as
diametrically points as meaning of two springs of the
same rigidity as was shown in Figure 1. The main
problem of determination of natural frequency of
vibrations of such a shells problems are solved in linear
statement by the energetic ways. The discrete
arrangement of stiffening longitudinal ribs are taken into
account. To construct the frequency equation, the second-
order Lagrange equation is used. The frequency equation
is solved numerically and characteristic curves of
dependence are constructed.

Keywords: Vibration, Conical Shell, Viscous-Elastic
Medium, Longitudinal Ribs, Associated Mass.

I. INTRODUCTION

One of the papers on investigation of stability of
conical shells was Kh.M. Mushtairs paper [1]. In the
papers [2, 3], the equation of motion was obtained for
conical shells stiffened with rigidity ribs under linear-
elastic deformation with regard to lateral shear. The
mathematical model of deformation of stiffened
orthotropic shells of general form based on the function
of total energy of deformation was represented in [4].

The paper [5] was devoted to the construction of the
mathematical model of deformation of conical shell-type
constructions based on the functional of total energy of
deformation with regard to orthotropy of the material,
geometrical non-linearity and also lateral shear. In the
paper [6] around closed, truncated medium-contacting
conical shell of invariable layer usually starch with cross
ribs supporting shell associated mass in diametrically
opposite points by means of two springs of the same
rigidity, is considered the problem of determination of
natural vibrations of frequencies of such a shell was
solved in linear statement by the energetic method.

A similar method was solved in [7] for longitudinally
stiffened truncated conical shells. In this paper [8], the
inhomogeneity was taken into account by accepting the
Young modulus and the density of the material as a
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function of coordinate changing in thickness. In [9], the
free oscillation of a longitudinally strengthened,
orthotropic, moving fluid-contacting cylindrical shell
inhomogeneous in thickness, is studied. Using the
Hamilton-Ostrogradsky variational principle, the systems
of equations of motion of a longitudinally strengthened,
orthotropic moving-fluid-contacting cylindrical shell
inhomogeneous in thickness, is constructed.

I1. PROBLEM STATEMENT
Such a system of coordinates was accepted,;
inconstant radius r and also dihedral angle ¢ between
diametrical planes, the potential energy of the shell is
calculated by means of the following expression [10]:
nor
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where, E is elasticity modulus; h is shell layer; v is a
Poisson ratio; r,r,are the greatest radius and also
smaller bases of the shell; y is an angle as we know
between the generatrix also axis of the husk; u, v, w are

the components displacement vector of the points of the
median surface of the shell along the generatrix, in
tangential direction and also along the normal main

formula to the median surface; D = Eh® /12(1—v2).
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The TI, the potential energy of deformation of
longitudinal ribs equals [11]:
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where Fy, Iy, Iy, l, are area and also moments of the

tia of the cross section of the longitudinal bar with respect
to tangential and also radial axes reSpeCtiVEIy and also Figure 1. A longitudinally reinforced conical shell with a mass and also
torsion inertia moment of; G is a shear modulus, k; is in contact with the medium

the number of longitudinal bars; ¢ are coordinates of
their arraignment.

The Kinetic energy, T: of longitudinal ribs are
calculated by means of the expression:

where, n is the number of waves in peripheral direction;

m is the number of half-waves along the generatrix.
These expressions satisfy such conditions of flexible

figure in of the husk at the edges for where w=9=0.
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in which is shell icul itv of th ial half waves of the form of vibrations along the generatrix
In which 7, Is shells particular gravity of the materia of the conical shell were slightly displaced towards its
and also ribs; g is gravity acceleration. greater base.

The influence of medium on the shell is determined of It’s necessary to note that for even n the springs are
eternal surface loads applied to the shell and also is  deformed, the mass doesn’t more; for add n the mass

calculated as a work performed by these loads when  performs vibrations along the axis z. In future, we will
taking their system from the deformed state to the initial consider this case.

nondeformed are and also is represented in the form: We suppose that the influence of the medium on the
h 2z shell is subjected to the model [12]:
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We will take into account the motion of mass only in —0

the !evel of cross-section alc_)ng the axis z (Figure 1). 'I_'he where, Q(t—r) “Ae YD) and AW q 0, are

motion of the mass from this plane and also deformation . .

of springs caused by displacement of points of their ~ constant,and w isashell deflection.

fastening to the husk, in the command of displacement Taking into account (2) and also (3) in (1) we get:

vector u is not taken into account. Since the problem is qr q0 1 1

solved by our method like in linear method statement, ~=)~4 5p T4 I*sin® (__4m27[2j
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Accepting, z=2z sinat, A, = A, sinat, B, =B, sinat,
A, =D/ sinat, where o is a natural frequency of

vibrations of the system under consideration and also
substitute these solutions in Equation (3), for the total
energy we obtain the second order polynomial with

respect to the unknowns z°, A;, B;:
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are of the bulky form and also we don’t give them here.
Substitute the found expression for kinetic and also
potential energy (7) in Lagrange’s account order known
Equation [13] we get system of linear equations with

respect to unknown constants z°, A,, B;, D, :
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Some of the system (7) is homogenous, for the
existent of in nontrivial solution,we equate the principal
determinant of the system to zero. As a result, we obtain
an equation allowing to define natural frequency
vibrations of a valid conical shell with associated mass
and also contacting with viscoelastic medium.
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Equation (8) can be represented as:
( i/(l: j[¢44 (2%3 20" )+
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—((25‘22 + 215 )~ 2560° ) X

x(2011 — 2707 ) (205 —2¢88a)2)} =0
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IV. NUMERICAL RESULTS
The natural frequency of vibrations of the system was
determined by numerical solution of the (9). For the
problem parameters were accepted r =160mm,

r, =85mm longitudinal bar of the corner profile with

sites 5x5x1 (o mm), k; =32, m=1 A =0.034,
¥=0.05. The longitudinal bars were attached to the inner
surface of the shell. The associated mass whose value
varied in the research process was attached in the middle
of the shell at diametrically opposite points. In (9), the
desired o is a complex value: =@, +iw,, moreover

@, corresponds to the natural frequency of vibrations of
the system, w, characterizes the damping of vibrations of
the system in time. Figure 2 depict the curve reflecting
the dependence of the natural frequency f~ =aw /27 of

vibrations of the shell with associated mass medium in
the amount of waves n in peripheral direction. If it is seen
that with increasing the number of waves n in peripheral
direction, the frequency vibrations of associated mass
medium shell at first decrease, attaining minimum it
befits to increase.
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Figure 2. Dependence of the natural frequency of shell vibrations on
the number of waves in the circumferential direction

Figure 3 depicts the curves reflecting the dependence
of minimal natural frequency of vibrations of the system
on the value of the associated mass with respect to the
rigidity of springs € =c/D for §=q/D=0.1 and also
0o /gq=0.5.

The analysis of curves shows that the influence of the
associated mass on minimal natural frequency of
vibrations of the shell is very substantial. With decreasing
rigidity of connections between the mass and also shell,
this influence increases.
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Figure 3. Dependence of the natural frequency of shell vibrations on the
magnitude of the attached mass

REFERENCES
[1] Kh.M. Mushtari, “On Stability of their Shelled
Comical Shells of Circular Motion at torsion by Pairs”,
Collection of Scientific Papers KAI, Kazan Aviation
Institute, Kazan, Russia, pp. 39-40, 1935.
[2] “Under Dynamic Loading: Mathematical Modeling,
Numerical Methods and Program  Complexes”,
Interuniversity, Theme, Collection of Books, St.
Petersburg, Russia, pp. 127-132, 2004.
[3] A.A. Ovcharov, “Computer Technology for
Researching Stability of Panels of Ridge Conical Shells”,
Bulletin of Civil Engineers, pp. 104-111, 2007.
[4] V.V. Kaprov, “Mathematical Model of Deformation
of Stiffened Orthotropic Rotation Shells”, Engineering
Construction Magazine, No. 5, pp.100-106, 2013.
[5] R.A. Iskanderov, H.Sh. Matanagh, ”Free Vibrations
of Lateral Reinforced Conical Shell with Spring
Associated Mass in Medium”, International Journal on
Technical and Physical Problems of Engineering (IJTPE),
Issue 32, Vol. 9, No. 3, pp. 48-52, September 2017.
[6] R.A. Iskanderov, H.Sh. Matanagh, “Free Vibrations
of Longitudinally Reinforced Conical Shell with Spring
Associated Mass in Medium Problems of Computational
Mechanics and also Strength of Structures”, Oles
Honchar Dnipro National University, Dnipropetrovsk,
Ukrine, Vol. 26, 2017.
[71 A.A. Semenov, A.A. Ovcharov, “Mathematical
Model of Deformation of Orthotropic Conical Sells”,
Inner Engineer Dona, Vol. 29, No. 2, pp. 45-50, 2014.

92

[8] F.S. Latifov, R.A. Iskanderov, K.A. Babaeva,
“Vibrations of Nonhomogeneous Medium-Contacting
Cylindrical Shell Stiffened with Rings and Subjected to
Action of Compressive Force”, International Jurnal on
Technical and Physical Problems of Engineering (IJTPE),
Issue 31, Vol. 9, No. 2, pp.1-5, June 2017.

[91 F.S. Latifov, R.N. Agayev, “Oscillations of
Longitudinally Reinforced Heterogeneous Orthotropic
Cylindrical Shell with Flowing Liquid”, International
Journal on Technical and Physical Problems of
Engineering (IJTPE), Issue 34, Vol. 10, No. 1, pp. 41-45,
March 2018.

[10] V.G. Palamarchuk, A.M. Noshachenko, “Free
Vibrations of a Ridge Conical Shell with Spring
Associated Mass”, Applied mechanics, Vol. XVI, No. 4,
pp. 40-46, 1978.

[11] I.Ya. Amiro, V.A. Zaruckiy, P.S. Polyakov, “Ridge
Cylindrical Shells”, Scientific Thought, p. 245, Kiev,
Ukraine, 1973.

[12] L.M. Bunich, O.M. Paliy, I.A. Piskhovitina,
“Stability of a Truncated Conical Shell under the Action
of Uniform External Pressure”, Engineering Bulletin, No.
23, pp. 89-93, 1956.

[13] N.N. Buchholds, of

“Fundamental Course

Theoretical Mechanics”, Sciences, p. 467, Moscow,
Russia, 1972.

BIOGRAPHY

Aynur llyas Khudiyeva was born in
Sadakhlo, Georgia, on October 8,
1985. She received the Bachelor and
Master degrees in Mathematics from
Baku  State  University (Baku
Azerbaijan) in 2007 and 2010,
respectively. She received the Ph.D.
degree in Mathematics from Institute
Mathematics and Mechanics (Baku, Azerbaijan). Since
2013 to the present, she has been working as Senior
Lecturer in Azerbaijan University of Architecture and
Construction (Baku Azerbaijan). She is author of a
monograph in Germany, 4 patents and more than 15
articles.



