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Abstract: The oscillation’s theory of a geometrically nonlinear micropolar orthotropic
meshed plate under the action of a normal distributed load is constructed in this paper.
The plate’s material as a Cosserat continuum with constrained particle rotation
(pseudocontinuum). As a result, an additional independent parameter of length 1
associated with the symmetric bending-torsion tensor will appear in the model. The
panel consists of n sets of identical edges, what allows to apply the continuous G. I.
Pshenichnov's model. The equilibrium equations for the plate element and the
boundary conditions are obtained from the Ostrogradskyi-Gamilton variation
principle on the basis of S.P.Timoshenko's kinematic hypotheses. Geometric
nonlinearity is taken into account according to the Theodore von Karman model. The
system of differential equations in partial derivatives is reduced to theODE system
using the Bubnov-Galerkin method. Using the establishment method,theinfluence of
the normal load, an additional length's parameter 1, and mesh's geometry on the
orthotropic plate's behavior consisting of two families of mutually orthogonal edges
has been studied.

1. Formulation of the problem

In this paper the mathematical model of the geometrically nonlinear microdimensional anisotropic
cylindrical mesh panel oscillations based on the Tymoshenko’s hypotheses is constructed. The panel
consists n families of densely spaced edges of the same material, which makes it possible to use the
G. L. Pshenichnov continuum model [1]. Thus, the original mesh panel is replaced by a continuous
layer. In the general formulation, it is necessary to consider the anisotropic material of the panel.
Consider a panel assigned to the orthogonal coordinate system, consisting of two families of rods
located at angles ¢ =—¢, to the Ox axis.This mesh geometry allows us to consider the panel material
as orthotropic, in which the directions of orthotropy coincide with the directions ofcoordinate

lines.For a structurally orthotropic panel, we can write the relationship between Young's modulus ( £,
, E, )and Poisson's ratio (Vv,,, V;, )through the reduced Young's modulus and Poisson's ratio for the
isotropic case ( £,V )[2]:

E v
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where m,, m,, n, n, are constants depending on the panel material. Due to mathematical and

computational difficulties, many authors [3,4] apply an additional restriction on the shell material

when they study orthotropic shells. The shear modulus is not an independent parameter, but is

expressed through Young's module and Poisson's ratio, as in the case of isotropy: G,, = ﬁ

Micro size plates and shells are actively used as elements of NEMS and MEMS. Thus, the
development of reliable mathematical models is necessary to study the modes of their operation in
statics and dynamics. The application of classical mechanics methods in this case will lead to a high
error of the result since they do not take into account scale effects.To take into account scale effects at
the micro and nano level, many papers use micropolar (moment, asymmetric theory) [5-12]. For
continuous shells, a theory was constructed in [13] that takes into account the orthotropy of the
material. In this paper, we also use a modified moment theory. That is, along with the usual stress

field, moment stresses are also considered.It is assumed that the fields of displacements and rotations

are not independent.Given [14] and assuming », =m, and n, = m, we write the defining relations:
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The non-zero components of the strain tensor can be written in the form:
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The components of the symmetric bending-torsion tensor will take the form:
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Here u,v,w - are the axial displacements of the plate middle surface in the directions X,),z

0 0 2 2
Izz :1[_}/}’4_ 67.\']7 ny :1[ 7." + 67/* +M6M}],

respectively. 7, and y, are the panel cross-section angles, k, - is geometric parameter of panel’s
curvature, o, - are components of the stress tensor, m,; -are components of the tensor of higher order,

[ is additional independent material length parameter associated with the symmetric bending-torsion
tensor. The equations of motion, boundary and initial conditions for an equivalent smooth panel were
obtained from the variational principle of Ostrogradskiy-Hamilton. Then the forces and moments
acting in the smooth panel were expressed in terms of the forces and moments acting in the original
mesh panel [15].

As a result, the equations of motion of the micropolar mesh cylindrical panel elementtook the form:
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of j-th set, &, is the edge thickness of the j-th set, ¢, —is the angle between the x-axis and the edge
axis of the j-th set, stresses with index j refer to rods, p - is the density of plate material, # - is the
thickness of the panel, &, - is the function that characterizes the lawdistributionof shear stresses across

the panel thickness.
In this model, the bending stiffness of the rods in the plane tangent to the median surface of the

panel is not taken into account, therefore, the orders of the differential equations systemsdescribing
the behavior of mesh and solid panels coincide. The formulations of the boundary conditions of the

corresponding boundary value problemsare coincide[1].

2. Numerical results

The purpose of this work is to study the effect of the materialmicro polarity and mesh geometry
on the behavior of arectangular in plan cylindrical panel. The boundary conditions are therigidly

clamped along the ends. The cylindrical panel is under the action of a normal distributed load

q(x,y) = const .
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The equations of motion, boundary and initial conditions are reduced to dimensionless form
2

using the following parameters: x:2c;c, y :2b}, w=hw, y, :iyi, 7, :if, u=—1u,
2" 27 2c
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v:h—v,ézhé',a:ha,lzhl, ky=ikwt: - \/;f,8=h —&, 9 :%q’
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where ¢, b - are plate’s linear dimensions in x and y direction, p - is the panels material

density, & - dissipation coefficient.

Boundary conditions:

%,
Ox Ty
Initial conditions are equal zero.

7, =0, =0 at x=-1, x=1, y=-1, y=IL

We will consider a panel formed by two systems of identical mutually perpendicular edges ¢, =45
and ¢, =135, a,=a, =a, 6, =05, =0.(Figurel)

The behavior of the system will be investigated using the establishment method. The dissipation
coefficient is £, =1. The system of differential equations in partial derivatives is reduced to the ODE

system using the Bubnov-Galerkin method. To satisfy the boundary conditions, we choose the

functions w, v, w, y,, 7, inthefollowing form:
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Figure 1. Plate grid geometry.

The Cauchy problem is solved by the Runge — Kutta method of the 4th order of accuracy.Experiment
Parameters: v=0.3, 6=/=0.002.
Table 1 shows the "deflection - load" dependences obtained by the Galerkin method and the

finite difference method for a Timoshenko cylindrical micropolar mesh panel in the case of an
isotropic material( E=1 TPa). The results obtained by various methods are in good agreement.From

the data of the table it is seen that the consideration of moment stresses leads to an increase in the

bending stiffness of the panel.

Table 1
"Deflection - load" dependences obtained by the Galerkin method and the finite difference method
/=0 /=0.5
q FDM Galerkin FDM Galerkin
50 1.00688 0.93281 0.85688 0.90181
100 1.23579 1.20664 1.09991 1.18192
150 1.34555 1.39576 1.27119 1.37414
200 1.46420 1.54522 1.41382 1.52557
250 1.56740 1.67087 1.51180 1.65262
300 1.63434 1.78036 1.63388 1.76319
350 1.78429 1.87805 1.77992 1.86174
400 1.99430 1.96668 1.93685 1.95107
450 2.02916 2.04808 2.01818 2.03307
500 2.19714 2.12357 2.14709 2.10907
550 2.26987 2.19411 2.26537 2.18007

In the Figure 2 shows the dependences of the "deflection-load" for otrotropic and isotropic
cases ( £, =839.4GPa £, =964 GPa. E=1000GPa. v=0.3)
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Figure 2. The dependences of the "deflection load" for otrotropic and isotropic cases. Blue line —

otrotropic, yellow line -isotropic, green line- 6 =a, redline- a =0.856

3 500 1000 1500

Figure 3. Figure 2. Comparison of a solid panel with a grid, depending on the distance between the
edges of the lattice. Blue line —solid panel, yellow line - a =26, green line- 6 =a, red line

-a=0.856

Taking into account the orthotropic properties of the material leads to an increase in deflections, that
is, to a decrease in the bending stiffness of the panel. The greater the difference between the values of
the simplicitymodulus, than more noticeable will be the described effect.When obtaining numerical
results, an important issue is their reliability. Mathematical models of vibrations of smooth shells
were repeatedly compared with the results of other authors and numerical experimenters. It is shown
that, as the distance between the edges of the family of the rod core decreases, the deflections of the

grid approach the deflections of the continuous (Figure 2). Under these experimental conditions, their
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full agreement was achieved with the following values of the geometric parameters of the grid
h=6=0.6a.

In Figure 3 shows the load-deflection graphs for various values of the curvature parameter (

k, = {0;16;24}) of the mesh (9= 0-002) micropolar (l: 0.3 ) panel. In the case of plate (ky =0 ),

the graphs are in qualitative agreement with those for smooth plates.In the case of continuous

k,>12 . .
shellswhen , an increase in load leads to the phenomenon of "cotton". In the case of a mesh
micropolar panel, the phenomenon of "cotton" was not detected.
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Figure 4. Dependence of the "deflection-load"graphs on the panel curvature parameter.Blue line -

ky =0, yellow line - ky =16, green line- ky = 24.

W

1 1 1 1 1 L 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 q
100 200 200 400 500

Figure 5. Dependence of the "deflection load" graphs on the distance between ribs. Blue line -

a=0=0.002, yellow line - @ =0.004, green line- a =0.008
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In Figure 4 shows dependence of the graphs w(q) for the micropolar panel with the curvature
parameter k, =16 and the additional length parameter value /=0.3 on the distance between ribs

a=1{0.002;0.004;0.008}. The figure shows that an increase in the distance between the ribs leads to a
decrease in the bending stiffness of the panel.

3. Conclusions

On the basis of Pshenichny’s continuum model and Timoshenko’s hypotheses, the mathematical
model of vibrations of flexible orthotropic micropolar cylindrical mesh panels is constructed.The
influence of the additional length's parameter 1, and mesh's geometry on the plate's behavior has been
studied. The panel consists oftwo families of mutually orthogonal edges. It was revealed that, in
contrast to smooth cylindrical panels of large curvature, the phenomenon of “cotton” is absent in
mesh micropolar panels. Taking into account the theory of the microfield leads to an increase in the
rigidity of the panel. Increasing the distance between the edges of the lattice leads to a decrease in the

bending stiffness of the panel.
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