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ABsTrACT

In this work, in a general three-dimensional formulation, the problem of vibration of two-layer piecewise
homogeneous viscoelastic plates of constant thickness is formulated. General equations of vibration are
derived, expressions are given for displacements and stresses at the internal points of the plate through
functions that describe the displacements and deformations of the points of the contact plane.
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INTRODUCTION
Plates are one of the main elements of many methods for calculating such plates is an urgent
technical and building structures. problem in structural mechanics [5-9].

Let us consider a piecewise-homogeneous

In many cases, the plates are non-uniform in . . .
y ’ p viscoelastic plate of constant thickness, as a

thickness, in particular, piecewise homogeneous
(two-layer, etc.) [1-4].

At present, there is practically no theory of
vibration of piecewise homogeneous plates, and
therefore the development of the theory and

piecewise-homogeneous layer of the same
geometry, with the thickness of the upper

component being equal to h,, and the thickness

of the lower component h;. The plate occupies the
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area - ©0<(X,y)<o; —h <z<h,, while the

homogeneity interface coincides with the plane

z=0.

THE MAIN PART
The movement of the material of the constituent layers of the plate in Cartesian coordinates (X,Y,Z)is

described by the equations of motion in stresses [10-16].
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Where o;;" "are the components of the stress tensor; u("), U(K), W(K)are the components of the

ij
displacement vector.
In this case, stresses, displacements, and density in each of the layers will be denoted by the corresponding
index “0” or “1”, i.e., k takes the values “0” and “1”.

(k) (k)

on deformations &;;' “at points of the plate are described by linear

ij
operator equations, that is, we will assume that they are specified in the form of Boltzmann relations:

o =L (") +2M, (&\));
of) =M () (i=]; 1,j=xy,2).(2)

Where are the viscoelastic operators L, and M —linear integral operators of the form

The dependences of stress oj;

Lk(c:)=/1{é(t)—j fl(k)(t—g‘)g“(f)dg};

Mk(c)=uk[:(t)—j) f;“(t—f:)é(g)dg}(s)

where f j( K )(t ) are the kernels of viscous operators, 4, , 1, - elastic constants or Lamé coefficients.
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Let us introduce the potentials @and P longitudinal and transverse waves according to the
formula:

U :grad@(k) +rotg ()
G =GOL® y® Wiy (4

Where U™ - vector of movement of plate points.
Then, instead of equations (1), we obtain integro-differential equations:

N(4000)= p, TP a0y TP
ot? ot?

where the operator N, is equal

N, =L +2M,

A - three-dimensional Laplace operator

Qg 0,0 0

+ +—.
x> oy?  oz?

By virtue of the Helmholtz theorem /4/, in the absence of internal sources, the vector potential y/( Vof
transverse waves must satisfy the condition

diow (k) =g wk) _ (k)(sv(k) (k) S”(k)) (6)

Condition (6) for the vector components l/7 ) takes the form

0 (k) 8 (k) 8 (k)

6x 8y 82

That is, we obtain a closing equation for determining the vector potential i/

(k)
Equations (5) and condition (6) are sufficient to find general solutions for the scalar and vector potentials

@Y and ).

Vibrations of a viscoelastic piecewise homogeneous plate are caused by external forces applied to the
surfaces of the plate. Therefore, the boundary conditions take the form:

at Z = hy (on the upper surface of the plate)

0 0 i 0 0 0 0 )
o-gz): fz(z )(X’y!t)’ O->(<z) = fx( )(X y.t); O-( )= f( )(X,y,t), (8)
at Z =0 (contact plane)

(0) _ (1) (0) _ (1) (0) (1)

O =0z Oy s yz yz ’
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u'9) = u(l); (0 zu(l); WO = b, (9)
atz = —h, (on the bottom surface of the record)
o) = tI(xyt); o) = £P(xy1); ol = £P(x,y.1).(10)

The initial conditions of the problem are zero, that is

@) wk)
_5 =@(k)=—a =y -, (11)
ot
Displacements u(k), ') strains gi(jk)and stresses Gi(jk) in Cartesian coordinates through the potentials

@M of 1/7( “) both longitudinal and transverse waves are determined by the following formulas /5/ .

For travel:
o) ayls(k) ayjz(k) ) optk) alpl(k) a%(k) .
BN ey Y V. F
OX oy 0z
oK) agjz(k) ay/l(k)
= -+ —
0z OX
For deformations:
g(k) B 82@('() " 82%(“ 3 aZEUZ(k) -
“ Ox? X3y dyoz
() _ o2p(*) ¥ 625111“() - 52%(“ -
W dy? oyoz Oyox
82@0() . aZEUZ(k) i 82%(” .
oz? oxoz dyoz
LK) _ ZaZQ(k) . 82?’1“() _82?’2“() . 825”3(k) _82_‘1’3(“
X oxoy  oxoz dyoz oy? ox?
o2 825y2(k) 82g/2(k) 82%“() 5251/1(k) .
+ N + e oy? ’
0yoz oxoy OX0Z 0z
o2p¥) . 525U3(k) - aZg/Z(k) . 625”2“() _525111(k) _

Uy

k e i)

k
ggz):

» (13)

k
ggz):Z

) =2
X X0z dyoz oz° ox? oXoy

For voltages:
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2,7(k) 2ur (k) 2y (k)
) ) a cD 2K a2k
O'>(<x) = Lk(A@( ")+ +2M, ( + - );
oxoy OX0Z
qj(k) ZSU(k) 2y/(|<)
o} = Loy oM, (C 2+ TR OB,
Z
(14)
2, 5(k) 2ur (k) 2ys (k)
K K oD 8 v. o0°Y, :
o) = L (A0™M) ) +2M, ( A )
oz° OX0zZ oyoz
k k 2y (k 2ur(k 2ur(k
(k)_M(zaQ)()_ayfg() 5?13()_'_85”1()_85”2())_
OXdy ox? y? oxoz dyoz
2 5 (k 2y (k 2y (k 2y (k 2y (k
S(K) _ k(28 @' )_a 1P1( )+a g/l( )+a v[jz( )_5 5U3( ))_
Oy dyoz oy? oz® oxoy  oxoz
(K) _ ZGZQ)(k) aZg/Z(k) hy asz(k) \ 821[/1(k) 82T3(k) .
Oy, = k( + 2 2 4 )'
OXoy OX 0z OXoy 0yoz
Thus, the exact three-dimensional problem of for a homogeneous plate of constant thickness
vibration of a  viscoelastic piecewise becomes the product of two integro-differential
homogeneous plate of constant thickness is operators describing longitudinal and transverse
reduced to solving the vibration equations (5) in vibrations.
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