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ANNOTATION 

At in the present work, a mathematical model of coupled dynamic problems of a viscoelastic 

shell located in a temperature field is obtained. 
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A mathematical model and formulation of dynamic problems for a viscoelastic orthotropic shell 

are considered, taking into account the interconnectedness of temperature fields and strain 

fields. 

We proceed to the derivation of the equation for the oscillation of a viscoelastic shell. 

Let the shell be heated unevenly over the thickness and in the middle surface to a temperature 

( , , , )T x y z t varying with time. Let us direct the axis z along the normal to the middle surface 

towards the center of curvature, and choose the origin of coordinates at the point of the middle 

surface. The axes Ox and Oy let coincide with the directions of the lines of the main curvature 

of the shell. Let us denote the thickness of the shell through h , its dimensions along the axes 

Ox and Oy - through a and b . 

The dependence of temperature T with strain , ,x y xyL L L and stress components , ,x y xy   in the 

case of a plane stress state has the form 
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where 1 2,E E are the moduli of elasticity of the material in the direction of the axes Ox andOy  

respectively; 1 - coefficient of transverse compression in the direction Oy when stretched in the 

direction Ox when stretched in the direction Oy ; 
1 2,a a − coefficients of linear expansion in the 

direction of the axes Ox and, Oy respectively; there is a dependence 1 2 2 1; *ijE E R = between 

the characteristics 1 2 1 2, , ,E E   - integral operators with relaxation ( );ijR t kernels 
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For the component of deformation and changes in the curvature of the middle surface of the 

shell and displacements of its middle layer, the following relations take place [1-4]; 
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where 
0 ( , )W W x y= - initial deflection. 

According to the hypothesis of direct normals, the deformations , ,x y xyl l l for a layer separated 

from the middle one by a distance can be written as z  

, , 2x x x y y y xy xy xyl z l z l z     = + = + = +  

We calculate ,x yN N - normal, xyN - tangential forces, - ,x yM M bending moments. H -torque: 
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and substituting them into the equations of motion [ 3-5,8 ] 
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we obtain the following system of nonlinear integro -differential equations: 
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The resulting system is fairly general . 

Let's turn to some special cases. 

1. If the dynamic process can be considered without taking into account inertial loads 

corresponding to displacements U and V , then equations (1)-(3) are simplified. The result 

obtained in [ 9 ] can be used to substantiate the assumption made . The system of equations 

obtained in this case will not be presented here.2. When 
1 20, 1/ ,k k R= = where R is the radius 

of curvature of the middle surface, we obtain a system of equations for a circular cylindrical 

shell. 

3. At 1 2 1/ ,k k R= = , we will have equations for a spherical shell. 

Starting to work similarly to [5-7, 9,11] to determine the temperature distribution, we obtain 

the coupled heat equation for orthotropic solids in the form 
2 2 2

1 2 2 2 1 1
1 2 32 2 2

1 2 1 2

,
1 1

yx
T

a a a aT T T T
a a a pc

x y z t t t

 

 

+ +   
+ + − = +

    −  − 
 



 
 

 

GALAXY INTERNATIONAL INTERDISCIPLINARY RESEARCH JOURNAL (GIIRJ) 
ISSN (E): 2347-6915 

Vol. 10, Issue 12, Dec. (2022) 
 

302 

where - 1 2 3, ,a a a thermal conductivity coefficients in three mutually perpendicular directions, Tc

- specific heat capacity. 

If the right side of this equation is written with respect to displacement, then it takes the form 
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The resulting systems of equations (4) and (5) are interconnected. Thus, this system of 

equations describes the deformation of a viscoelastic orthotropic shell arising from non-

stationary mechanical and thermal effects, as well as the inverse effect - a change in its 

temperature field due to deformation. Such a problem is called the coupled dynamic problem of 

thermoviscoelasticity . 
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