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NONLINEAR VIBRATIONS OF A MILDLY
SLOPING PANEL UNDER THE EFFECT

OF WIND GUSTS

A.S. Vol'mir, A.F. Danilenko (Moscow)

The works of S. Crandall and Yu.A. Fedorov and a number of
others are devoted to the investigation of small nonlinear ran-
dom vlibrations of plates and shells. In this article an attempt
1s made to solve a similar problem without 1imiting the degree of

nonlinearity.

Conslidering vibrations of only the basic tone, for which
the effect of nonlinearity is the most significant, we find the
mathematical expectation and dispersion of the normal movements

of the nanel. Let us take, as in [1], the equations of the motion

of a vanel which is hinged suvported on a rib freely shifting in

the nlan.

Approximating the normal movements by the expression
@ (%, 9, 0) =] () sin (x x/a) sin (x y/b), M

where a and b are the length and width of the panel, from the
equation of motion [1] we find the stress function

@ (x, 0. 0) = (E/32) P (1) [\ cos (2 x/a) + A~* cos (2% p/b)) +
+ (B/R =) @ (1 4 A9~ / (1) oin (% x/a) sin (R g/b) —0,8p 8,

and for determining the generalized coordinate I we get the
equation

I+ al+agr=n. ®




Here H’k, ¢ - the propagation velocity of the longitudinal
waves: u - the coefficient of lateral deformation; the parameter

of curvature A= Mugh; the generalized force
N ;wm-ﬁ:ﬁ O+Ce () yo—An (1 +AY/160% =TSR A [1416/(1 + AMS)I 4,
- (]

the square of the basic frequency of the vibrations, taking the
longitudinal compressive load p into account,

)‘ (1 4- A% L2 A 1)
120 (1 —p) -(l+m= EMJ

Let us linearize the nonlinear equation (2) similar to [2]:

’-"0- ®

where fb is the linear solution, r - the constant; then we seek
]

the solution to it in the form [3] of ’“"J"""Q(‘)“-MM

— 0
- the 1impulse transfer function equal to the reaction of the sys-

tem at the moment of time t for a single impulse at the moment of
time . 1

By comparing the integral deflections of the nonlinear (2)

and linearized (2)-(3) systems, for determining the constant r
we find the equation

f
Jre—o[mRe+r RO +be@]dc=rp . “

Since an indirect determination of r from (4) is impossible, by

taking the onerations of averaging and finding of dispersion,
instead of (4) we get

l=tatoirp+ a3 =0 L4+ —1) 7} +arddarbradtard =0, ()

where

4 [ 4
o = (m,) jh(:—e)n[u«)]cs; o = (Vi) j Ae—9M[ R (9)]d=

(the remaining are determined similarly); M[...] is the operation
of averaging;

[4
A=t |AE=2al0dv m, =} j’w-cmmcnce.
-— —_—




By finding the actual roots of (5) and 'using (1), let us
determine the mathematical expectations and dispersions of the
normal movements

my (X, y) =my sin (7 x/a) sin (n y/b); Dy (x, y) = Dy sin? (n x/a) sin® (x y/b),
where
my=rmm;; Dy=rhD,.

Let us note that the normalized solution 1is the first approx-
imation of the modified method [2]; the auestion of the convergence
of the method of successive approximations for the case of period-
ic vibrations was discussed in work [4].

Examnle. Let us examine the case of the effect on a panel of
a velocity head ¢()=05¢ ¢ [me+v(f)], where g is the air density;
Co - aerodynamic coefficient; m, - average wind speed; v(t) - s
stationary Gausslan process with a zero average value and correla-
tion function [5] Ke(h t)=D, exp (—m.|tr—ti|/L) , Where D is the dis-
vpersion of the wind speed; L - the scale of the turbulence. Let
us take L = 600 my A = 13 8 = 0.01; n = 0.32; k = 12 (rise of the
panel is equal 1.5 h); D%5m,=0,1; the longit~?inal load b corres-
ponds to half of the uppner critical stress.

Results of the computations according to equations (3) and (5)
for the central point of the panel are given on Figs. 1 and 2,
where ¢*=005pcomiat/ERY; m®=myh; ©*=D}%h. The load directed toward
the center of curvature of the panel corresponds to positive values
of the parameter q¥, and the load from the center - to negative
values.

As is evident from the graphs, in a certain region of the
loads the phenomena of snapping and separation of the vibrations
are possible.
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