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KEYWORDS ABSTRACT

Free Vibration, This research examines the problem of vibration of the cylindrical shells of multilayer metal fiber
Cylindrical Shell, laminate with embedded piezoelectric layers that have fluid-structure interaction (FSI) based on
F'befj !V|9t3| Laminate, the theory of three-dimensional elasticity. With a combined approach of the differential quadrature
EE:AUCIW Theory, method (DQM) and the state space of the equations for the boundary conditions of the simple,

restrained and free support, it is obtained. The natural frequencies of the laminated metal fiber
cylindrical shell have been calculated by solving the special frequency equation, which is obtained
by using the boundary conditions in this state equation. The effect of different boundary
conditions, length to radius, fluid effect, fluid velocity and ambient wave number parameter and
radius to thickness for carbon fiber reinforced aluminum (CARALL) are investigated
(composite/metal volume ratio is considered constant). The consistency and convergence of the
results of the present research is confirmed by comparing the natural frequencies in the literature.

Extended Abstract

|. Introduction

he so-called shell is an elastic object that is limited between two curved surfaces that are located at a

small distance (compared to the rest of the dimensions). Among all structures, thin shells are the most

widely used in the design of civil engineering, architecture, aerospace, mechanical and marine
engineering structures. Examples of shell structures in architecture and civil engineering are large span roofs, water
tankers, liquid storage structures, concrete dams, and nuclear power plant tanks. In mechanics, shells are used in
piping systems, pressure vessels, and heat exchangers. Ships, missiles, airplanes, ships and submarines are
examples of the use of shells in aerospace and marine.
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One of the important goals in the design of the shell of the structure is to reduce the thickness to the minimum
possible size so that in this way a light structure can be made with economic savings. The analysis of the shells
has complications due to their curvature, the load bearing capacity of the shell is determined based on this
curvature. And the occurrence of changes in it completely changes the strength of the structure, the shells mostly
have large displacements compared to the thickness, and the thinner the shell becomes, the displacements will be
larger in proportion, the important reason for using the non-linear plane theory and the shell is the same issue when
analyzing the stability of the shells.

The idea of purposeful materials was first presented in 1984 by some material science scientists in the Sendai
region of Japan. Composite materials are formed by the combination of two or more different materials that show
different and sometimes incompatible physical properties. The lack of uniformity in the behavior of composite
materials causes disintegration and concentration of stress in the boundaries of the layers due to thermal and
mechanical loading. Limitations in the properties of pure materials. Composite materials are a type of advanced
materials in which the combination of simple materials is used to create new materials with better mechanical and
physical properties. The components retain their properties and are not dissolved in each other. They do not
combine. In other words, the need for new materials that have more complete and extensive properties led man to
combine pure materials with each other and produce composite materials. In the same way, composite materials
were made by combining pure materials, which had very good advantages, but due to discontinuity of properties,
they had weak points and did not meet many needs. For this reason, the idea of making a new type of composite
material in which the properties change continuously and does not have the problems related to delamination,
discontinuous distribution of stress, stress concentration of the previous composite materials, leads researchers to
the construction and production of metal fiber composite materials. Lamination led.

Composite materials can be divided into the following three categories: 1- Natural composite materials 2-
Microscopic composite materials 3- Macroscopic composite materials, the properties that are optimized by
combining materials are: 1- Light weight and volume reduction 2- Mechanical resistance 3- Resistance to wear
and corrosion 4- Resistance to moisture factors 5- Prevention of heat emission 6- Prevention of sound emission 7-
Durability against fatigue 8- Hardness 9- Economy, naturally, all these advantages cannot be obtained at the same
time. . Rather, it is based on the prioritization of needs. Composite materials are the ideal material in cases where
the ratio of strength to weight and hardness to weight is very important. Airplanes and spacecraft are examples of
light and hard structures in which composite materials are very important

Shells are usually subjected to dynamic loads that cause them to vibrate. In most cases, the fluctuations of the
shell are limited to small, common and common displacements, most of the air structures such as airplanes are
made of the shell. In engineering studies, the aircraft body is considered as a cylindrical shell, this assumption
helps to gain a better understanding of the vibrations and vibration behavior of the aircraft body. In addition to
reducing the life of its parts, body vibrations are also considered as one of the factors that cause noise that disturbs
the peace of passengers. In order to solve the problems caused by body vibration, it is first necessary to know the
frequencies of the cylindrical shell. To achieve this, the vibrational behavior and the shape of its modes should be
analyzed and the effect of different parameters on it should be studied.

This research investigates the problem of vibration of cylindrical shells of multi-layer aluminum laminated
metal fiber reinforced with carbon fibers, which has fluid-structure interaction, based on the theory of three-
dimensional elasticity. With a combined approach of the differential quadrature method and the state space of the
equations for the boundary conditions of the simple, restrained and free support, it is obtained. The natural
frequencies of the laminated metal fiber cylindrical shell have been calculated by solving the special frequency
equation, which is obtained by using the boundary conditions in this state equation. The effect of different
boundary conditions, length to radius, fluid effect, fluid velocity and ambient wave number parameter and radius
to thickness have been investigated for aluminum reinforced with carbon fibers (composite/metal volume ratio is
considered constant). The consistency and convergence of the results of the present research is confirmed by
comparing the natural frequencies in the literature.
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