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The stability and post-critical behavior of plates under dynamic loading were
investigated in work (1) by means of the Bubnov—Galerkin method; the approx-
imating expression for the deflection contained one parameter. In the present
article, results are presented for a more accurate solution of this nonlinear prob-
lem by the finite-difference method using electronic digital machines. A square
plate with an initial deflection is considered, hinged along its edges and sub-
jected to dynamic loading by compressive forces in one direction. It is assumed
that, during deformation of the plate, the edges remain rectilinear; the unloaded
edges may freely approach each other. The variation of deflections and stresses
with time is determined.

Fig. 1

The initial equations in dimensionless parameters have the form (1)

VAV = w,xm(cl)’yy - p) + w,yyq)’mz - 2w,zyq),zy + CV2V2U}0 — Wt (1)

V2V2¢ = w?g:y - w,zxw,yy - (wgJy - w(],zzw(),yy) ; (2)

here the following notation has been introduced:
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w(z,y,t) and wy (7, y) are, respectively, the total and initial deflection; ®(z, y, )
is the stress function in the middle surface; ¢ and h are, respectively, the side
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and thickness of the plate; p(t) is the intensity of the compressive forces; V
is the speed of sound in the material of the plate; ¢ is time; the coordinates
z,y are measured along the sides of the plate; indices after a comma denote
differentiation with respect to the corresponding variable.

The boundary conditions for the edges = 0, x = 1 will be (?)

analogous conditions hold for the edges y =0, y = 1.

The initial conditions are taken in the form

w = wy = wj sin 7 sin 7y; w, =0 fort=0. (5)

Equations (1), (2) and conditions (4), (5) were represented in finite differences
using symmetric operators of second-order accuracy. The mesh domain con-
sisted of a series of planes parallel to the plane t = 0 and separated by certain
intervals in time. The deflection w at each mesh node is determined step by
step in time; after computing the deflections at each step, an iteration cycle was
carried out, as a result of which the values of the function ® were calculated.

Fig. 2

The computations were carried out on the M-20 electronic digital computer
with a mesh spacing in the z,y directions equal to 1/8. The time step was
chosen so as to ensure the stability of the solution of the difference equations.
Preliminarily, by the method described in [3], the static equilibrium forms of
the plate under supercritical deformation were determined, corresponding to
various “generating” deflected forms. The latter corresponded to eigenvalues of
the linear problem with the number of half-waves m = 1 and m = 3 in the =
direction and one half-wave along y.

Fig. 3

In Fig. 1, the dashed lines show the dependence of the deflection at the
center of the plate w* on the parameter t* = p/p,, for wi = 0.001, where
P, = m2/3(1 — p?) is understood as the parameter of the static critical stress.
The results of solving the dynamic problem are also given here for a load in-
creasing proportionally to time. In the case where the loading rate is relatively
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small (p/t = 2.15), a rapid increase in deflections occurs at a load p ~ 1.8p,,;
thereafter nonlinear oscillations begin about the static equilibrium forms. At
a higher loading rate (p = 5t), the deflections increase sharply when the load
reaches the value p ~ 2.6 p,,.; subsequently a change in the sign of the deflection
occurs. The motion of the plate is accompanied by a significant change in the
shape of the deflected surface.

Figure 2 presents the deflected shapes for the middle section, parallel to x, at
successive instants of time; they are marked in Fig. 1 by the corresponding
letters.

If the loading rate increases to p/t = 21.5, the buckling of the plate from the
very beginning occurs not in one half-wave, but in three half-waves.

Figure 3 shows the results of computations for a more complicated loading
program. It is assumed that in the first segment the load increases according
to the law p/t = 5; after reaching the value p = 1.67p,,., in one case it remains
constant (dashed straight line A), while in the other two it decreases to zero at
different rates (straight lines B, C). The solid lines marked by the same letters
represent the variation of the deflection arrow with time. Already in case B,
the deflection arrow does not exceed the plate thickness throughout the entire
buckling process.

To solve the dynamic problem by the method described, it is necessary to carry
out about 30 million operations, which takes 15 minutes on the M-20 machine.
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