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Abstract. In this work, the problem of exploring the stability of vibrations
of a hysteresis-type elastic dissipative characteristic plate with a liquid
section dynamic absorber under the influence of random excitations is
considered. Expressions of mean square deviations of the generalized
coordinates are presented, and the expression of the spectral density of the
base acceleration is obtained in the form of a wide band. The integral
expressions of mean square deviations were calculated, and the conditions
for the existence of vertical tangents transferred to the graph of the
function representing the mean square values of displacements of plate
points were determined. It is shown that these conditions are not fulfilled,
and the stability condition is determined depending on the structural
parameters of the system.
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1 Introduction

Nowadays, the problems of reducing harmful vibrations in mechanical systems and
identifying and eliminating the factors preventing their long-term perfect operation are
important tasks that require solving. In this regard, mathematical modeling of the motion of
the elastic vibration protected plate, taking into account the nonlinear deformation,
exploring its dynamics and stability are considered urgent problems.

There are several works devoted to nonlinear vibrations of plates of various shapes,
their stability and vibration damping. Among them:

The problem of finding and analyzing the solution of the Ito differential equation for
Weiner random excitations is solved in the article [1]. The condition that the solution of the
Ito differential equation does not change sharply is defined for non-autonomous system
parameters.
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In the article [2], the parametric stability of the motion of systems in real nois
excitations is studied. The Lyapunov exponent was determined and analyzed numerically.

The article [3] examines the problem of exponential stability of systems with hysteresis-
type connections under the influence of random excitations. In this case, the Ito differential
equation was constructed by the stochastic averaging method, and the Lyapunov method
was used to explore the stability of motion. In order to demonstrate the reliability of the
obtained results, several problems have been resolved.

In the article [4], a thin plate is studied as a wall of a building, and its hysteresis-type
elastic dissipative characteristic is numerically analyzed using the finite element method
depending on the change in the ratio of plate thickness to height.

In the study [5], the energy losses in the plate material with elastic dissipative
characteristics of the hysteresis type, with steel bars attached to all four ends, were
determined and analyzed based on analytical methods and experiments.

In the article [6], the nonlinear vibrations of a thin plate with a composite coating under
the influence of external forces and the stability of stationary motion were studied, in which
the effectiveness of the damping coefficient of the plate, the frequency and the influence of
the external force on the stationary motion of the plate and the stability of stationary motion
were analyzed. Numerical solutions for the amplitude-frequency characteristic were
obtained, compared with analytical solutions, and numerically analyzed.

In the study [7], the vibrations of the plate with elastic dissipative characteristics under
the influence of wide-band random excitations was considered on an experimental basis.
The analytical expression of the amplitudes was obtained as a function of the system
parameters and numerically analyzed for the aluminum material.

In the article [8], the hysteresis-type elastic dissipative characteristic of the composite
plate was analyzed and experiments were conducted for several types of materials. The
resonance frequency is expressed analytically.

The vibrations of a plate with elastic dissipative characteristics were studied in [9] under
the influence of various random excitations. Root mean square deviation and spectral
densities were analytically expressed and numerically analyzed.

In the work [10], the natural frequency and mode shapes of a plate of different shapes
were studied using finite differences, experiments and R-function methods for different
boundary conditions. It is shown that the use of the R-function method gives more
convenience in the determination and analysis of the characteristic frequency and
characteristic vibration forms. The influence of the geometrical dimensions of the plate on
the change of the natural frequency was numerically analyzed and the results are given in
the form of a table.

The transverse vibrations of a plate passing between two fixed axes rotating rollers were
studied in [11] using asymptotic methods. The relations between the forces representing the
influence of the materials on the surface of the rollers and the deformations of the plate are
expressed in the hysteresis type. The dynamic model of nonlinear forces is derived using
the Duffing equation. The damping and uniformity coefficients of the rollers were analyzed
and their optimal values for damping plate vibrations were determined.

The finite element analysis of energy to solve the problem of plate vibrations is
presented in the work [12]. It is shown that the energy equations obtained in this analysis,
averaged with respect to time and coordinate, represent the nature of vibrations.

The work [13-14] is devoted to determining the limits of failure of plate motion. In this
case, the equations of motion and boundary conditions are determined using Hamilton's
principle. Analytical expressions of uncertainty limits were derived from the Hurwitz
criterion, and the effect of damping coefficients on uncertainty areas was investigated.

Mathematically modeled transverse vibrations of a hysteresis-type plate with elastic
dissipative characteristics under the effects of harmonic and random excitations, studied its
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dynamics, and explored its stability in [15-19]. In this case, the hysteresis-type elastic
characteristics of the plate material were obtained based on the Pisarenko-Boginich
hypothesis. Based on the obtained results, numerical calculations were carried out and
analyzed, conclusions were drawn and recommendations were developed.

Solving the mathematical stability of the motion of elastic plates protected against
vibrations in random excitations, taking into account nonlinear deformation, is considered
one of the urgent problems.

2 Materials and methods

The main relationships of the theory of random processes are used when solving problems
related to the vibrations of mechanical systems under the influence of random excitations
[15]. Based on them, the mean square deviations of the generalized coordinates represent
the random vibrations of the considered systems.

0% = f |Hy ()2 (@)dao

o2 = f |Hy () [2S1y, (@) dev )

o2 = j |Hy (60)2Siy (@) dav,

where oy, is the mean square value of displacements of plate points; o3, and g,.are mean
square values of the displacement of the outer body of the liquid section dynamic absorber
and the solid body inside the liquid, respectively; Sy, (w) is spectral density of base
acceleration; H, (w), H,(w), H; (w) are system amplitude-frequency characteristics and are
defined as follows:
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my + my;

A= M;M, — M,M3; m, is the mass of the outer body of the dynamic absorber surrounding

the liquid; m, is the mass of the solid body of the dynamic absorber; m; is mass of liquid;
m, is mass of the liquid attached to the object with mass m,; by is damping coefficient; c;
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and c, are stiffnesses; my3, = m, + ms; m, is the mass of liquid displaced by a solid body
with mass m,; bs is the viscosity coefficient of the liquid; m;;, and c;;, are modal masses
and stiffnesses, expressed as follows (i, k = 1..n):

My = ff phub.dxdy ; cy. = |(1 + Do(=ny +J12)) ff phuZ.dxdy | +
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a,b and & are plate sides and thickness, respectively; p is the material density of the plate;
Wy = Uy (x,y) are mode shapes of plate; Dy, Dy, ..., Ds,, Ko, Ky, .., K5, are experimentally

determined parameters of plate material [20]; D = are cylindrical stiffness; E is

12(1-p2)
Young's module; wu, is Poisson's coefficient; g;,, are amplitude values of plate vibrations;
wj, are natural frequencies of the plate; 74,7,,,v1,V,, are statistical linearization
coefficients [15]; 7nypsign(w),v, = vyysign(w); o is vibration frequency; J? = —1;
Uiko = Uk (’2—C, 0),uika = U (;ﬁ,b) and uy; = U (xq1,y;1) are values of the mode shapes
at the points where the forces are applied and at the point where the liquid joint dynamic
damper is installed; ep, is the amplitude value of the base acceleration; ;. = Ujro + Uik1-

In order to analyze the stability of the system under consideration, the spectral density
of the base acceleration in the expressions of mean square deviations (1) is obtained as
follows [15]:

Dy, nv?

Sy (@) = (V% — w? + Jrvw)(V? — w? — Jxuvw)’ ®
where Dy, is the dispersion of base acceleration; » is a parameter characterizing the
spectrum width of vibrations; v is a dominant frequency of vibration.

After putting the expression of the spectral density of the base acceleration (3) into the
system of equations .

5 Dyyrv® (ype,epp)? Y2 4 2
Uik 2 2 d(l), (4)
T (v2 —w? + Jnvw)(W? — w? - o)X +Y5)
Dy 20° (Uikr€D0)? Wi+ W7
03* = 2 2 dw; (5)
T o (v2 —w? + Jnvw)(V? — w? = )Y +Y3)
Dy, »v° (U, € W2 4 y?
o2 = Wo *(UigenP0)? 5 6 _ —dw (6)
T oo (V2 — w2 + Jvw)(v? — w? — Jrvw) (Y +Y5)



E3S Web of Conferences 410, 03014 (2023) https://doi.org/10.1051/e3sconf/202341003014
FORM-2023

In order to find the values of integrals in expressions (4) - (6) using the calculation
method given in [21]. Calculations are stated for expression (4). To do this, it is necessary
to transform this integral expression into the following form:

I f P )
= —dw,
') e 2(w) L(-jw)
where P(w) = C_1w?" 2 + ¢,_,0?" ™ + -+ ¢ Z(Jw) = di(Jo)" + djy_ (Jw)™ 1 +
<+ dy.

In order to explore the stability of the transverse vibrations of the vibration protected
plate under influence random excitations, the integrals will be made in the expressions (4) -
(6) to form (7) and determine the mean square deviations.

3 Results and discussion

In order to explore the stability of the transverse vibrations of the vibration protected plate
in random excitations, first the integral will be made in the expression (4) into the form (7).
For this, the expression YZ(w) + Y2 (w) writes in the form

YZ(Jw) + Y (Jw) = (V;(w) + Y, () (1 (w) = JY,()) @
The expressions will be analyzed Y; Jw) + JY,(Jw) and Y; Jw) — JY, (Jw).
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Y,(w) =Jps(w)® + ps(Jw)* + Jps(Jw)* + p,(Jw)? + 1 Jw) + ¢o,
where Ty = 2¢,¢,C1i1; T1 = (bscy + 2¢,bp) Coixs
Ty = 2¢1C,(Myye + ufiey M) + (2, My + ¢; My + bpbs) ey T3 = (bsMy + bpMy) o
T4 = (2c,My + e My)my + (mye + ufiy M) bpbs + Acyye + ¢ ufir);
Ts = 0; T = Amy; o = 261650445 d1 = —(bscy + 2¢2bp)cyyp
¢z = (2c;My + 1My, + bpbg)cay;
¢z = _((b5M1 + bpMy)cyye + (Mye + ufe, M) (bsey + ZCsz));

b4 = Acai; b5 = —Abpufy; — (bsMy + bpMy)my,;

According to the method of calculating the integral mentioned above, expressions (9)
should have real coefficients, but they contain complex coefficients. In order to eliminate
these complex coefficients, expressions (9) will be put into expression (8) and, replacing it
in the integral (4), multiply the numerator and denominator of the fraction by the following
multiplier:

€))
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where
Yia(J0) = 7(J0)°® + s (w)® + 7o(Jw)* + p3(J0)* + 12(Jw)? + P1(Jw) + Tp;
Y2aUw) = —¢p,(J0)* + 13(0)* — p(Jw)? + 1.(Jw) — ¢o;
Yip(J0) = 1(Jw)® — ¢ps(0)® + 1,(Jw)* — ¢p3(Jw)? + 1,(Jw)? — ¢p1(Jw) + 7o;
Yo, J) = paJw)* + 130 w)* + p,(Jw)? + 7, (Jw) + ¢y
Then, the integral expression (7) will be

P(w) = (W7 + ¥3)Re(P,(Jw));
Z(w) = (Y (w) + Y, (@) (Y1aU@) = Vo)) (v + J0)? + rxv(w));
Z(—jw) = (Y, (w) = ], (J0)) (Y1, (@) = Y25 ) ) @* + (w)* = xv(w)),

After simplifications, the result is:
n = 14; P(w) = m (Ci302° + cj,0?* + - + ¢f);
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where ¢y = AAp; €] = AAg + AyAp; ¢ = MDAy + D40 + Dy
G5 = AAg + DyAy + DyAg + Ayhs; € = AAg + DA, + Ay, + AyA, + A2A;
Ct = MA, + DAy + DA, + AzAL + A2Ag; ¢ = A TE + ALA, + A0  + AsA, + A%A;
ch = A TE + DA, + D30y + A2Ag; ¢y = D12 + AgA, + A2Ag;
C5 = AgTé + A?A; i = A8 ¢y = ¢ = ¢i3 = 0;41= (2¢1.02.)%
Ay= 4cic,A + (2¢,My + ¢y My + bpbg)? — 2(bgcy + 2¢,bp) (bsMy + bpM,);
Az= —2A(2¢, My + ¢, My + bpbs) + (bsM, + bpM,)?;
Ay= —4cic,(2c,M;y + ¢;My + bebs) + (bscy + 2¢,bp)?; Ap= 1§ + $5;
Dg= =17 + 27T, — 7 + 20025 Ap= T5 + 2ToT4 — 27175 + PF + 20hs — 261 Ps3;
Ac= =15 + 2776 + 27,74 — §5 — 215 + 20,0045 Dg= T + 27,76 + $F — 2¢35;
Ap= 2141 — PZ;dy = V2As; df = a0y — 2¢,0%; d5 = Ar — 200, + PpU7;
di = =2¢g + 1vpy, + 2¢,0?%;d; = ¢y + 2300P, + Pav?;di = 2, + wvpy — 2¢,V%;
di = g — 200, + Pv%5dy = =20, + npy + 20,07 dg = Pp + 200, + PV
ds = 2¢g + vy, — 2(Tads + Teh3)v?;
dig = ¢n — 210(T4ps + Teh3) + (P& + 27,7607
diy = =2(T4s + T63) + (g + 27,476) — 275507
di, = V278 — 20uTe s + P2 + 2T,74; A3 = HUTE — 2T4Ds;
dis = T8 P = Tod1 — T1dos Py = TF + 2797, + OF + 200¢;
be = T1hy — ToPs + T3P — 12015 Pg = T3 + 27074 + 27175 + @5 + 2Py + 201 h3;
e = ToPs = T14 + T23 — T3, + TuPy;
bp =75 + 2ToTe + 21,74 + G5 + 20105 + 20, ¢s;
g = T3y — Tos — Tap3 — TePy; Pp = Ts + 27,76 + §F + 2¢3¢5.

If the value of the integral (7) is calculated based on the determined coefficients of the
expressions (11) according to the method presented in [21], it will be as follows:

Ci3 Ciz Ci1 €] €

-di, dij, -—-di, dg .. O

0 —-di; di; —-dy .. O

0 d;, -—di, dio 0

0 0

2

Ml 0 . —=d; dj
I*= * * * * . 12
2 d14 d13 _d11 d9 0 (12

—d:, di, —di, dj .. 0

0 —diy di, —dj .. 0

0 d:, —-di, dig .. 0

0 0

0 v —dy dp

So, based on the value of the integral (12), the mean square value of the vibrations of
the hysteresis-type plate with elastic dissipative characteristics under the influence of
random excitations is as follows:

Oix = T 12*. (13)
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The determined mean square values (13) allow to analyze the dynamics and stability of
transverse vibrations of a hysteresis-type plate with elastic dissipative characteristics under
the influence of random excitations, depending on the system parameters. For this purpose,
using the expression of mean square values (13) and the method of vertical tangents, the
stability of the transverse vibrations of the hysteresis-type plate with elastic dissipative
characteristics under the influence of random excitations will be explored.

For this, the condition of existence of vertical tangents transferred to the graph of the
function oy, are analyzed. In this case, the condition for the existence of vertical tangents
transferred to the graph of the function gy, is as follows:

3 2
20, _DW(,%U (Ui, €po)* 01, —o (14)
T doy,

Equation (14) has a solution when the condition 212* > 0 is fulfilled. Values of the

9ik
dominant frequency v that satisfy the equation (14) represent the border of stability of the
considered system.

aL,, 210y,
= 3 > (15)
day,  Dwynv® (uk.epo)
By the nature of the vertical tangents method, if there are no vertical tangents
transferred to the graph in question, this motion takes stability. Therefore, it is enough that

Ay, . . . . . . .
P 2 is negative definite so that the condition of existence of vertical tangents (14) is not
o;

ik
fulfilled.
al,,
doy,

The obtained condition (16) is considered as the stability condition of transverse
vibrations of the hysteresis-type plate with elastic dissipative characteristics under the
influence of random excitations, and it allows to determine different values of system
parameters corresponding to stable and instable vibrations.

<0. (16)

4 Conclusion

1. The stability of nonlinear transverse vibrations of a hysteresis-type elastic dissipative
characteristic plate combined with a liquid section dynamic absorber under the influence of
random excitations was investigated.

2. Based on the method of vertical tangents, the stability condition was determined, and the
condition for its solution was determined.

3. The stability of the transverse vibrations of the hysteresis-type plate with elastic
dissipative characteristics under the influence of random excitations can be analyzed
depending on the system parameters according to determined stability condition.
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