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ABSTRACT: To study the effect of tensile forces on the frequencies of free vibrations, consider a rectangular plate,
two parallel edges of which are hinged, and the other two are supported by thin-walled ribs of an open profile.
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Problem statement and literature review. As far as we know, the free vibrations of the reinforced plates,
taking into account the torsion of the reinforcing ribs, are still insufficiently studied. This is especially true
for plates supported by thin-walled open profile rods. Taking into account the specificity of constrained
torsion of thin-walled ribs, as will be shown below, significantly affects the stiffness parameters of the
“plate-rib” system and, as a consequence, the frequencies of its natural vibrations.

The literature [2, 3, 4, 6] describes the following method of drawing up the boundary conditions along the
line of contact of the plate with the reinforcing ribs. The loads transferred by the plate to the ribs (rods) are
considered equal, but opposite in direction to the forces in the corresponding sections of the plate. Then, the
kinematic conditions of equality of displacements at the points of contact of the reinforcing rods with the
plate are introduced into these force conditions.

In publications [1, 5], a technique is proposed for drawing up refined boundary conditions on the line of
conjugation of the plate with the rod, which makes it possible to take into account the constraint in the
warping of the end sections of the ribs. In this case, the degree of constraint of warping is taken into account
by some parameter. This parameter is included in the expression for the generalized coefficient of elastic
pinching of the edges of the plate and depends not only on the geometric and mechanical characteristics of
the bar and the plate, but also on the force transmitted to the edge and on the shape of the buckling of the
plate.

Solution method. As it is known, a closed solution to the problem of free vibrations of a rectangular plate
can be obtained in single trigonometric series only when two parallel edges are hinged, while the other two
edges can be fixed in an arbitrary way (M. Levy's solution).

To study the effect of tensile forces on the frequencies of free vibrations, consider a rectangular plate, two
parallel edges of which are hinged, and the other two are supported by thin-walled ribs of an open profile.
Longitudinal forces of intensity Nx are applied to the unsupported hinged edges (at the level of the median
plane) and to the ends of the reinforcing ribs (Fig. 1).

Let us write down the well-known differential equation of motion of the curved surface of a compressed
plate for small deflectionsthe solution of which is presented in the traditional form,

2
szvzw-Nx% +p %—t‘g’ = 0,
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w(xyt) =3, f (y)sinA x coswt,

satisfying the boundary conditions of hinge support at the edges x = 0,a.

Vnpyroe samesmienne
-
N, -
-

-
-
-
-
-
-

Vaopyroe sameMiIeHHe |
| >r b
| >
a -

y

Fig 1. Plate, two parallel edges of which are hinged, and the other two are supported by thin-walled ribs of
an open profile.

Substituting (2) into (1), we obtain the equation for determining the desired function f = ,(y):

N
IV_ ey 2¢ll 2i32, xloaRle o h
fr-20f + NN+ fwlf =0, = |2
D
where,
We represent the solution of equation (3) in the form

a, = fA§+ [WHAIN/D, B, = | [wPAIN,/D-A2

To concretize further calculations, we introduce a particular simplifying assumption that the ribs reinforcing
the plate and the conditions for fixing their ends are the same. This assumption makes it possible to use the
symmetry of the curvature of the plate and to accept in equation (4) the constants C. = C4 = 0 for symmetric
and C: = Cs = 0 for skew-symmetric vibrations with respect to axial modes.

Thus, the conditions of elastic pinching eraevy = + b/ 2 are assumed to be the same.

We now subject the function f,, (y) to the boundary conditions

£ = (uNF )/t N2D; fn(ﬂ) -0

The absence of a trivial solution f, (y) = 0 in the resulting system of homogeneous equations leads to the
equality of the corresponding determinant to zero. Its expansion leads to the following particular equation:
for symmetrical vibration modes
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(nsinn+&th§cosn)t A’b + 2(¢%n%)cosn = 0,

for skew-symmetric shapes

(gsinn-nth€cosn)t A’b-2(€*n?)thEsinn = 0

The values of the parameters &, 1, and ty are given

ab B b

=N n=In"
€=2-n="3

2

kC, A2 GJ
=3 k(_n = —K
Y, W T G b

The relationship between & and 1 and also the expression for the vibration frequency follows from (5):
41°D
3 b2

where - the critical value of the intensity for a square plate hinged at all edges.

€20 = IA%h2, wb? = 2 j(§2+n2)2+n2Aﬁb2E‘,

2 NN

Let us further concretize the coefficient t. ¢ taking into account the influence of longitudinal forces
transmitted to the reinforcing ribs. We will assume that the “plate - ribs” system is in a uniform stress state,

N P

= X =
“"hTF

where h is the thickness of the plate

F is the cross-sectional area of thin-walled ribs.
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N F i BL + K2

P= 2 EJ

Substituting the value h into expression
2 GJ
- K
k EJ

W and then the last - in (10) we get

2 4V N _|C
- nrm K __._X —k
V) * e N e

Here Vi = J, / hb3 is a coefficient that determines the share of the total load transferred to each of the ribs. J,
is the polar moment of inertia of the rib section, calculated relative to the point of contact of the rib with the

plate.
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2 Fig. Graph of the dependence of the vibration frequency of a square plate on the tension intensity

To illustrate the wobbling of forces Ny acting at the level of the median plane of the plate along the
reinforced edges, we present some results of numerical analysis (Fig. 2).
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To plot the graphs, transcendental equations (8) and (9) were used, which were solved together with
expressions (11) and (13).

Note that the lower curve corresponds to the case of the plate hinged along the entire contour; the upper
curve is plotted for a plate rigidly clamped at the edges y = + b/2.

A natural conclusion follows from the graph that the frequency decreases with increasing plate stretching
and that it vanishes when Ny reaches the critical value. With an increase in the parameter Cy, which
characterizes the torsional stiffness of the ribs, the frequency of free vibrations increases significantly. This
regularity, which is quite natural (because with an increase in Cy, the total bending stiffness of the plate
increases), can be traced both in the case of an unloaded plate (Nx = 0) and under the action of forces Ny of
various intensities. Note that an increase in the intensity of tensile forces is accompanied by a noticeable
increase in the frequency of free vibrations.

Conclusion. Used in solving problems of free vibrations of reinforced plates, dimensionless coefficients
reflecting the degree of elastic support and elastic pinching of the edges, take into account the mechanical
and geometric characteristics of the plate and ribs, constructive methods of restraining deplanation and
attaching ribs to the plate, as well as the influence of longitudinal forces perceived by the ribs. An essential
feature of these coefficients is their dependence on the number of half-waves of the plate curvature formed
in the process of oscillations.
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