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ABSTRACT: The paper considers the problems of natural vibrations of viscoelastic plates 

with different boundary conditions in magnetic fields. 

 The aim of the work is to study the oscillations of thin-walled structural elements in a 

magnetic field: to calculate the spectra of natural frequencies and vibration damping 

coefficients of rectangular viscoelastic plates with different conditions for fixing the edges, 

as well as to study the effect of the transverse and longitudinal magnetic field induction on 

the values of natural frequencies and damping coefficients, as well as their distribution. 

The validity and reliability of the results of the work is ensured by the correct statement of 

the problems, the use of applied mathematics metathemes, modern software and the 

comparison of the results with the results given in scientific publications. For calculations, 

mathematical packages MATLAB, software environment MAPLE-18 are used. 

The paper first obtained analytical solutions for calculating the complex vibration 

frequencies of viscoelastic plates with a different combination of boundary conditions. A 

numerical analysis of the oscillations of rectangular viscoelastic plates with different 

conditions for fixing the edges is carried out, the influence of the transverse and 

longitudinal magnetic fields on the spectrum of complex frequencies is studied. New effects 

that the magnetic field exerts on the distribution of natural frequencies and the damping 

coefficient of the plate element structures are found. 
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1. INTRODUCTION 

 The development of modern technology is closely related to theoretical and applied 

problems of the interaction of various bodies and fields [1,2]. Interaction problems are 

fundamental to the problems of motion of an elastic deformable electrically conductive body 

in a magnetic field [3,4,5]. The creation of optimal designs in many areas of modern 

technology is associated with the widespread use of structural elements such as thin-walled 

shells and plates, the elastic vibrations of which are significantly affected by magnetic fields 

[6,7]. This picture of the interaction of elastic and electromagnetic phenomena is quite 

complex and can be considered based on the analysis of a joint system of equations of motion 

of an elastic medium and equations of an electromagnetic field. 

A rather large number of publications has been devoted to the problems of vibrations of thin-

walled structural elements in magnetic fields, but the question of the influence of magnetic 

fields on the entire complex frequency spectrum remains incompletely studied [8, 9]. Based 

on the derived analytical relationships, a software package has been developed for designing 

and calculating the dynamic characteristics of elastic plates in magnetic fields. The article 

uses the main hypotheses and equations of vibration of elastic plates in a magnetic field. 

 

2. PASTEON THE PROBLEM AND THE MAIN RELATIONS 

Let rectangular plates with different boundary conditions oscillate in magnetic fields (with a 

given magnetic induction vector) (Figure 1). 

 
 

 

Figure 1  A rectangular plate in an external transverse magnetic field with a magnetic 

induction vector 

The geometric parameters and the magnetic induction vector are shown in Figure 1. 
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3. METHODS OF SOLUTION 

For integral term  

0

( ) ( ) ( )

t

f t R t f d   = −  the freezing method is applied, then it takes 

the following form       ( )( ) ( ) ( ) ( )с s
R Rf t i f t  =  +  , 
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При  собственных колебаниях  прогиб wk представится в виде  

                                    1 2( , ) i t

kw W x x e −= , 

где  1 2( , )W x x -амплитуды прогибы пластины, R Ii  = +  комплексная собственная 

частота .Тогда уравнение(2) прнимает  следующий вид  

2 0, (1 ( ) ( ))c s
к к к k R RD W М W hW D D i   +  − = = − −  . (5) 

To solve (5), the asymptotic method of V.V. Bolotina (AMB) allows one to consider the 

problems of oscillations of viscoelastic plates with different boundary conditions and the 

distribution of complex natural frequencies of oscillations of shallow shells in magnetic 

fields. In the first problem, we consider the oscillations of plates in a transverse magnetic 



 

                   European Journal of Molecular & Clinical Medicine 
                                                                               ISSN 2515-8260                 Volume 07, Issue 07, 2020             1112 

1112 
 

field with a given magnetic induction vector  ( )30,0,B B . Using the asymptotic method V.V. 

Bolotin, an expression is obtained for the natural frequencies of magnetoelastic vibrations of 

the plate 
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To determine the numbers k1 and k2  (the so-called wave numbers) for viscoelastic plates, 

the method of V.V. Swamps. Moreover, these numbers are considered valid positive value. In 

the general case, these quantities can be complex. Then, according to the asymptotic method 

of V.V. Bolotin should use the general procedure for joining solutions (taking into account 

the different types of edge fastening) [12] 
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где  1 2( , )m m B ,В- many targets, а1,а2- positive value dependent on boundary conditions 

, ( )11 1 2,U k k - the formation of vibrations of elastic plates. 

In the second problem, we consider the oscillations of rectangular plates in a longitudinal 

magnetic field with a given magnetic induction vector  ( )1,0,0B B . 

The equation of plate oscillations at k = 2 has the form  
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Using the asymptotic method V.V. Bolotin, an expression is obtained for the natural 

frequencies of magnetoelastic vibrations of the plate                        
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As in the case of a transverse magnetic field, for the determination of wave numbers and for 

plates with different types of edge fixing according to the asymptotic method of V.V. We will 
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use the general procedure for the conditions for joining solutions [12] (6). 

By constructing a system of transcendental equations to determine the unknown so-called 

wave numbers, one can calculate the spectra of the complex vibration frequencies of the 

plates in a transverse magnetic field with any combination of boundary conditions. The 

transcendental algebraic equations with a complex input parameter are solved numerically by 

the Mueller method 

 

4. THE CALCULATED RESULTS 

Natural frequencies were determined for square viscoelastic plates made of aluminum  ( 

32700кг/м= , magnetic permeability 
51 1,510 −= +  , elastic modulus  65ГПаE= , 

Poisson's coifficent 0,25= ) at various values of the transverse magnetic field induction, as 

well as the rheological properties of the material  
 

1,0;05,0;048,0 === A . When 

analyzing the vibrational frequency spectra of viscoelastic plates with different boundary 

conditions, it was found that the transverse magnetic field reduces the real and many parts of 

the natural vibration frequencies of the plates. A sharper decrease in the real (and many) parts 

of the frequencies with increasing magnetic field induction is observed in the articulated 

 
Fig. 2 The effect of transverse magnetic field induction on the natural frequencies of the 

vibration of a square pivotally supported plate 

at various values of the relative thickness of the plate  2h a    

(
1 1 1

11 12 221 ,2 ,3I I I  − − − – 22 1,510h a −=  , 11 12 224 , 5 , 6II II II

I I I  − − − –

22 110h a −=  , 11 12 226 , 7 , 8III III III

I I I  − − −  – 32 1,010h a −=  ) 
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Fig. 3 Dependencies of dimensionless console frequencies and pivotally supported square 

plate with parameters  

32 1 10 мh −=  , 1 2 0,2 мa a= =  

( 1

111 I− – 42 1,510h a −=  , 112 К

I− – 42 110h a −=  , 

3 3 2

11 11 113 2 1,5 10 , 4 2 1,5 10 , 5 2 1,5 10К

I I Ih a h a h a  − − −− − =  − = =  − = =    1

116 2 1,010I h a −− − =  ) 

 

Articulated supported viscoelastic plates, as well as plates with combined conditions for 

fixing the edges. Smoother - reducing the natural frequencies and damping coefficients of 

rigidly clamped and cantilever viscoelastic plates. 

For the cantilever viscoelastic plate, there is a slight increase in the real and imaginary parts 

of the first natural frequency with increasing transverse magnetic field induction. Moreover, 

the thinner the plate, the more reducing the effect on the real and imaginary parts of the 

vibration frequency is exerted by the transverse magnetic field (Fig. 2), which corresponds to 

the results of other authors published in the literature. By constructing a system of 

transcendental equations for determining wave numbers, it is possible to calculate the spectra 

of vibration frequencies of plates in a longitudinal magnetic field with any boundary 

conditions.The natural frequencies were determined for square plates made of aluminum with 

different fixing conditions at different values of the longitudinal magnetic field 

induction.When analyzing the spectra of complex vibrational frequencies of viscoelastic 

plates with different boundary conditions, it was found that the longitudinal magnetic field 

increases the real and many parts of the vibration frequency of the articulated (dashed lines in 

Fig. 3) and pinched viscoelastic plates.For a cantilever plate, a longitudinal magnetic field 

lowers some real and imaginary parts of the frequency (solid lines in Fig. 3). 
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5. CONCLUSIONS 

 

1. Built using the asymptotic method VV Bolotin solutions of the type of dynamic edge 

effects for rectangular viscoelastic plates with an arbitrary combination of conditions for 

fixing the edges in a transverse and longitudinal magnetic field. 

2. The spectra of complex eigenfrequencies of oscillations of viscoelastic plates with various 

conditions for fixing the edges in a longitudinal and transverse magnetic field were 

calculated. It has been established that a transverse magnetic field lowers the real and many 

parts of the complex oscillation frequency of the plates, and a longitudinal magnetic field 

increases the real and many parts of the complex oscillation frequency. 

3. Asymptotic estimates are obtained for the density of the real and most parts of the complex 

frequencies, for assessing the effect of magnetic fields on the entire spectrum of natural 

frequencies (real parts of the complex frequencies) and the damping coefficient (many parts 

of the complex frequencies) of the plate vibrations. The main effect of the transverse and 

longitudinal magnetic fields is exerted on the lower eigenfrequencies and the damping 

coefficient of oscillations. 

In the region of high frequencies (real parts of complex frequencies), the asymptotic density 

tends to the frequency density of the oscillations of the elastic plates in vacuum (Courant 

density). 
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