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ABSTRACT

This article examines the effect of normal load on an infinite piecewise homogeneous two-layer plate when
the materials of the upper and lower layers of the plate are elastic. The transverse displacement of the
points of the contact plane of a two-layer plate is determined, satisfying the approximate equation obtained
in the work, replacing only the viscoelastic operators with elastic Lame coefficients, respectively. For a
rectangular infinite two-layer piecewise homogeneous plate under non-zero initial conditions, the
frequencies of natural oscillations are calculated, and an analytical solution to this problem is constructed.
The theoretical results obtained for solving dynamic problems of transverse vibration of piecewise
homogeneous two-layer plates of constant thickness, taking into account the elastic properties of their
material, make it possible to more accurately calculate the transverse displacement of the points of the
contact plane of the plates under normal external loads.

KEYwoRDS

Vibration equations, two-layer plate, displacement, elastic, viscoelastic, boundary conditions, initial
conditions, operator, Lame coefficients, differential equation.

INTRODUCTION
In real structures, the destruction of their In this work, a solution is constructed on the
elements is usually accompanied by impact loads. vibrations of an infinite two-layer plate under the
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action of a normal load applied to the surface of a contact plane of a two-layer plate of constant
two-layer plate [5-12]. The problem is reduced to thickness, obtained in [1] and [2].

solving an approximate equation for the

transverse displacement W of points of the

Q, (‘Qﬁ\/}QZ( 0 WJ+Q3(A w)+Q4(aatW]+

2] 429, )

Here the coefficients Q; are determined by the formula obtained in [2-4].

Assuming the load F(x,y,t) to be even in (X, y), the transverse displacement W will be sought in the form
of the Fourier integrals

W = _[ : J :WO cos(kx) cos(qy)dkdq (2)
Substituting (2) into equations (1), for W, we obtain the ordinary differential equation
W' +AWY + AW, +AW, =F, (k, a, t), (3)
where the coefficients A; and Fy(k, g, t) are equal:

Q-7Q 5, T(Q-7Q%) , v(A%-rQ)
A = AE——— A - ——= =
Q, Q, Q,
k q, t j I x y, cos(kx) cos(qy)dxdy,

and the coefficients Q; are determined by the formulas
Q. =P} (1+hp)’;
Q; =~2P(2(P,D, +hD,)(1+hp) (P, ~1)((1+h) (D, + hip)):
Q, =4(P,-1)(P,D, +h’D, +2hP,D, );

(1)

Q, = _%pj((gth2 +(1+4hp))(2-D, )+ +h*P, (3+hp(hp+4))(2-D,)); (4)
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Q, = —% P, ((2F>2 (4D, (1-Dy)+1)+(P,-1)(4- Dg))—
—P,h?p? (2(4D12 ~-4D, -1)-(P, —1)D1(2—D1))+
+6h°(p(4(P;D, +D, )+ (P, ~1)(2P, (1-D,)~P,D; (2-D, ) +
+D, (1+D,))) +P, (1+p°))+ +2h(2P,p(2+4D, - D} ) -
—h?(2P,-P,D, +5D, -D; )) + (P, ~1)(4-3D, ) +
+2D, (4-Dy)) +2P,hp’D, (4-D, ));
Q, =%F>2 (ZD0 (3P, - 4D, —1)+(P,~1)(2+9D, —3D§))+
+h{P,p(4D, (1-2D,)-4D, +(P,-1)D, (3-D, ) )+
+3h*(4P,D, (P, (1-D,)-D,)-(P,-1)(2(P,~1)D, (1-D, ) -
—P,(2—-D,—4D,D,))+P,p(4D, (1+ D, +P,D; ) —
—(P,-1)(6D,D, (P, ~1)-6P,D, +D, ))) +
+2hP,(2(2D, (1+2D, ) +(P, ~1)(1+ 2D, - D3 )) +
+h? (2(P, =1)+D; (P, +3))—4P,pD, (1+hy* (2(P, ~1)(1-D, )+ P,D; +(1+ D, )) ));
Q, =§(P2DO(4DO ~5(P,-1)+h;D, (4D, - (P, -1))-
—3h? (8P2D0D1 +(P,-1)(3P,D, —(2P, +1)D,D, - D, (1- Dl)))—
—4hP,D, (2D, +(P, -1))+h? (2(P, -1)+ (P, +1)D, ));
and vy is determined by the formula
v* =hg (k*+q),

and immeasurable parameters were introduced:

helpoPipop top 1 o 1
h, po. b T 2(1-vy) T 2(1-vy)
For € from equation (3) we obtain the frequency equation

EP+AL +AE+A, =0 (5)

frequency equation (5) has purely imaginary roots, i.e., frequencies of own fluctuations.
Then, the common decision of the homogeneous differential equation (4) is equal
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W,, = C, cos(&;t) +C, sin(&;t) + C, cos(&,t) +C, sin(E,t) + )

+C, cos(&,t) + C, sin(E,t).
Applying a method of a variation of any constants, for C]-' we will receive:
1

‘L@ gE-g e
“E —éil)(éf =) kg
A = Eg) o " -
L3 # E-g)
& = —e:él GRS
R e R

private decision of the differential equation (3) we will write down in a kind

- L &8 'R (k,q,0)sinfz, (-0
EE-aEa) g Jrlead -k
#5575 ' (k,q,5)sinE, (t-C)ldC+ ®)

&
+§1§;§z [ R (k,q,0)sinfE, (t—)1dg).

Satisfying with a zero initial condition, i.e.,

oW, o°W, o°W,
w,=20 % 9% g 9
oot dt ot° ©)
We find that C; = C) =...= Cgz = 0. then, the decision of a problem for displacement W looks like
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I I cos(kx)cos(qy) & §3
E,, 52 &3)(&3 E—'l) &,

xj F (k,q,g)sin[al(t—g)]dg+

i _g? (10)
e 25 ['F, (k,q,0)sin[€, (t—)ldg +
e & 58 ' (kg,L)sinle, (t-0)ldC)dkdg
Let, if
F(X,y,t)=0,8(x)3(y)d(2),
Here - a o, constant of dimension of pressure;
8(Q) - delta - function of Diraka.
Then, problem decisions will register in a kind
cos(kx) cos(qy) {éi = ]
; &t |+
” @ aEa)Egl & iy

+—é3§_ S sin(&,t) + éla—_gg +sin(&,t)]dkdq

2 3

ConcLusIoNs

From the analytical decision of a problem on influence of normal loading on a surface of a two-layer plate
follows that the deflection depends on geometrical and mechanical characteristics of a material of a plate,
and also allows to describe precisely enough tensely - the deformed status of a plate in its any point
eventually.
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