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RESEARCH OF THE NONLINEAR FREE VIBRATION OF THE FULLY CLAMPED
COMPOSITE LAMINATED PLATES OF AN ARBITRARY PLANFORM

Galina N. Timchenko!, = ABSTRACT
Irina O. Morachkovska,

Nikolay A. Budnikov The method of investigation of the geometrically nonlinear free vibra-

) ) . tions of the clamped laminated plates with complex form is proposed.
Na_t|ona'l Technical Method is based on using R-functions, variational method by Ritz and
University “KhPI”, projection method by Bubnov-Galerkin. Mathematical formulation is
Kharkov, Ukraine fullfilled on base of the first order shear deformation theory of the
plates, which is likes to the theory by Timoshenko.

INTRODUCTION

Nonlinear vibration problems of the laminated plates are very essential for practice because
plates are common structural elements in many engineering structures. In spite of the practical impor-
tance of these problems, asurvey of publications on nonlinear vibrations of plates shows that the theo-
retical investigations of these problems are insufficient and remains actual up to now. Due to mathe-
matical complexity of the problem the majority of scientists take into consideration only simply sup-
ported plates with the rectangular form of the plane. In the given paper we propose the numerical-
analytical approach, which can be applied to plates of the complex form.

1. PROBLEM STATEMENT
The mathematical statement of this problem in the framework of the first-order shear deforma-
tion theory is based on the hypothesis of a straight line, which was adopted for the whole package.
The governing system is nonlinear one of the differential equations with partial derivatives written
below [1, 2] in displacements,
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Thelinear differential operators Lj; i, j =1,2,3in the equations (1)-(5) are presented in [5, €].
Nonlinear operators Nly, NI, Nl3 are defined as follows:
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where Cj;, Dy; arerigid characteristics [2], which are defined by the elasticity constants Bijkfor every

i —thlayers.
In a case of the clamped edge the differential equations (1) — (5) are supplemented by the fol-
lowing boundary conditions:

u=0, v=0, ¥y =0, ¥, =0, w=0. 9
Theinitial conditions are taken as follows:
W:Wmax’ %:0 (10)
ot

2. METHOD OF SOLUTION

The first step of the proposed method is a solving of the corresponding linear problem of the
laminated plates free vibration. In detail the solving algorithm of this problem has been described in
[7].The distinctive feature of the proposed method is application of the R-functions theory and varia-
tional methods. Namely, such approach allows find natural frequencies and functions in analytical
form for any domain and kind of the boundary conditions, which are very important to solve the non-
linear problem. The natural modes corresponding to linear vibrations of the plates have been chosen
as basic functions for the representation of unknown functions.

On the next step the unknown functions w,y,y y are presented in the form
w(x,y,t)= a(t)- Wi, y), wy(x y.t)= yalt) wsa(x V), wy(x yit)=nlt) wylxy)  (12)
here wi(x,y), wya(X Y), wy(xy) are the components of the eigenfunctions vector. It's obviously

that equations (4) and (5) will be satisfied. In order to satisfy the equation (1) and (2) let us present the
unknown functions uand v in the following form:

u(x y,t)= ¥£(t)-uz(x y)
V(% y,t)= yE (t)-va(x, y), (13)
where (u,,V, ) is solution of the following system of the equations
L11(Gij Juz + Lio(Cij 2 = —NI4 (G

L2(Gi iz + Loa(Cij V2 = =N, (G (14)

The last system coincides with the similar system for 2-dimensional e asticity problems for

which theright parts play the role of mass forces. The boundary conditions are the same with (9). The

RFM is applied to find these functions [3, 4]. We will ignore the inertia terms in equation (1) and (2)
thenit’s easy to check that they be satisfied after substitution of the expressions (13).
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Substituting the expressions (12), (13) for u(x, y,t),v(x, y,t), WX, y,t),w (X, y,t),z//y(x, y,t) in move-

ment equation (3) and applying the method by Bubnov-Galerkin one obtains the nonlinear ordinary
differential equation in unknown functions y(t):
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Let us present the unknown function in the form: y(t)= Acoswyt. Then after application of
the method by Bubnov-Galerkin to the equation (15) it is possible to get the explicit dependence

—N, of theratio of the nonlinear frequency to linear one on the vibration amplitude A [1]

ON_ 1,3 w2 p A2 (16)
W

As we noted the finding of functions (u,,v,) is connected with solving the system (14). Ob-

viously the system is supplemented by corresponding boundary conditions. Taking into account that
we consider fully clamped plate, it is possible to prove, that this problem may by reduced to the find-
ing point of stationary of the following functional
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where U, = Uol +vom,\Vo, = —Uom+ Vol .

The discretization of functional (11) and (17) isfulfilled by RFM and Ritz method.

The proposed method is numerically realized in the framework of software “POLE-RL” and
widely tested on many nonlinear vibration problems for plates at large amplitudes. The proposed me-
thod can be applied not only for composite plates with identical elasticity constants of layers but also
for the plates of "sandwich" type.
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3. NUMERICAL RESULTS
Let us consider the geometrically nonlinear free vibration of the laminated plates (Fig. 1) with

geometric sizes: | =0.75u,a=0.4u, h =8-10° u.

The shell is carried from the material with the physical
o2l 2 Characteristics:
7| Facelayers
E; =1.35-10° MIla, E, =8-10° MIla, Gy, = 6-10° Mlla,
Vi2 = 0286,
Core

E, = 0.7264-10° MIla, E, =1.4528-10° Mila,

Gyp = Gp3 =1.1622-10° MITa, G5 = 0.5811-10% MITa,
Vi2 = 0,2552

Fig. 1. The laminated plates

The obtained backbone curves for dif-
ferent lamina scheme of the layers are pre- I
sented in Fig.2. Here the backbone curve L; 15

corresponds to lamina scheme of the layers
[00/900J2 core [QOO/OOJZ. Curve L, is

backbone for [J_r 80° J2 core l¢ 800J2, curve Ly

o o

is backbone fore |_i 60° Jz core [1 60° Jz' curve

L, is backbone for [J_r SOOJZ core li 300J2_ _ =
From the presented results it follows that the = 10 beemm==¥ 200

a0 06 12 1.8 2.4 30
curve L, is more rigid. The obtained results w_/h
can be used at designing of similar elements Fig. 2. Backbone curves of plate for different
under the transverse |oad. values of packing layers
CONCLUSION

In this work, the method of investigation of nonlinear free vibrations of the symmetrically la-
minated clamped plates with an arbitrary plane form is proposed. This approach is based on R-
functions theory, variational methods, and the Runge-Kutta method. The software “POLE-RL” is ap-
plied to obtain the numerical results. The investigation is carried out for the “sandwich” plate. The
investigation is carried out for the “sandwich” plates. The ratio of the nonlinear frequency to linear
one depending on amplitudes of vibration (wma/h ) of laminated plates pack with various face layers
arereceived.

REFERENCES

[1] Vol'mir A.S. Nonlinear Dynamics of Plates and Shells,Nauka, Moskow, 1972 (in Russian).

[2] Ambartsumyan S.A. General Theory of Anisotropic Shells, Nauka, Moskow, 1974 (in Russian).

[3] Rvachev V.L. The R-Functions theory and its Some Application, Naukova Dumka, Kiev, 1982
(in Russian).

[4] Rvachev V.L., KurpaL.V. The R-Functions in Problems of Plates Theory, Naukova Dumka,
Kiev, 1987 (in Russian).

[5] L.V.Kurpa, G.N Timchenko, Investigation into nonlinear vibrations of composite plates using
the R-function theory, Srength of Materials 39 (5), pp. 529-538, 2007.

[6] KurpalL.V., Timchenko G.N. Investigation geometrically nonlinear vibrations composite plates
with complex form, Dynamics and Srength of Machines 21, pp.113 — 118, 2006 (in Russian).

[7] KurpalL.V., Timchenko G.N. Investigations of vibrations of laminated plates of an arbitrary
form, In: Proc. of the 8 th SSTA Conference, Jurata, Poland, pp. 371-375, 2005.

430



	p.001.         First Page
	p.002
	p.003.         Preface
	p.004.          Sci. committee
	UOrganizing Committee


