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NC~N L I N E A R  V I P R A T T O N S  O!~’ A M I L D l Y

SLOP IN G P A N E l  UN PE ~ THE EFFE CT

OF WIND (‘IT JSTS

A . ~~. Vo l  ‘mlr , A . F .  Pnn ~ 1en~~o (~~~~;co w \

The works  o f  • ‘ i’u nd : r  11 and Yu.  A .  Fedoi ’ov and  :i : iumbei ’  of ’
ot hers are devoted  t o 1 he I n v e s t  ~at ion of smal  1 nonll  n ea r  ran-

dom v h r a t  I ons  0!’ n a t  ~‘:~ an d s i r e l  1 . In I h i s  a rt  I c  le an a t  I e ru p t

1~ made t o  s o l v e  a s i m i l a r  p r o b l e m  r~ 1 I h o ut  l i m i t  in~ t h e  de~~ree of
n o n l l n e ar i l  V .

(‘on s ¶ do r l  n~ v i Hr  a t I on s of o n ly  t h e  H a s  I c tone  , for  wh I oh
I r e  e f f e c t  of’ r ron l i near it v  is t h e  most  s t~ ni t ’i c a nt  , we f in d  the

mat  h e m a t i c a i  e xp e c t  at  ion and d i sp e r s i o n  of I he norma l movemen t s
of  the rand . Let us t ake , as in [1 1. t h e  e q u a t  I on s  of t h e  mot  I o n
of a n an el  w h i c h  i s  hInged sun p o r t~ed on a r ib  f r e e l y  s h I f t i n ~ i n
the n an.

Anproximat -ing the normal movements by the expression

•(x . w. O—1 (S)~ N(**)sIn (*Wb). (I)

where a and b are the len~th and width of ’ the panel , from I l i e

e q u a t i o n  of m o t i o n  ti] we find t h e  s t ress  f u nd  t on

+(Rhl$’) (I +&~~~~&) sIi (~ z~ ) sin (*~~~~— S,$p~~ ,

and for determ Ining the generalized coordinate / we get the
equation 

T+’p~~?+41—Q~~. (‘)
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Here p.i~ ’1~s, ; c — the propagation velocity of the longitudinal
waves; ji — the coefficient of lateral deformation ; the parameter
of curvature *—I~~~~~ the general ized force
QQ) —~PV)+(F(n+$, (S) — (I+L lI m .c~~!..h~~tl+,~c(I + JflhV3b’;

the square of the basic frequency of the vibrations , takinR the
lon gitudinal compress ive load p into account ,

, cak~’~~~~~ (I -f4~~ _ _ _ _ _ _  
pF

~~~~IJ Lia~’o— ~ 
+

~~~ Q+~~)I E5a

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

1—’,.’ (3)

where f Is the linear solut ion , r — the constant ; then we seek
the solu tion to it in the form [3] of 

~~~~~~~~~~~~~~~~~~~~~~
— the impulse transfer function equal to the reaction of the sys-
tem at the moment of time t for a single impulse at the moment of
t ime ‘r .

By comparing the integral  de f l ec tions  of the  nonl inear  ( 2 )
• and l inear ized  ( 2 ) — ( 3 )  sys tems , for de te rmining  the  cons tan t  r

we find the equation

5* ( I—~) [‘s~ 4(~)÷ ,a:4(,) +e,(~)J d ,~~ ,4 (,) (4)

Since an indirect determination of r from (11 ) is Impossible , by
taking the onerations of averaging and finding of dlsnersion ,
Instead of (4) we get

a+ +i.’-’O l+ (~—l)i4 +~ 4+.srL+.,r~~~o (5)

where

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~

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

i~o~~I 5 * s — ~).ti d~; Iu,,uu.I J*(s_~)Nc,(~)IIe.
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By finding the actual roots of ( 5 )  and using (1), let us

determine the mathematical expectations and disnersions of the

normal movements

m~ (x . y) = ni1 sin (nx /a) sin (n y/b); D~ (x . y)~~ D,sin’ (n x/a) sin ’ (n y/b) ,

where
m , =r m m,1; D,=4D,.

Let us note that the normalized solution is the first aporox—

imatlon of the modified method [ 2 ] ;  the question of the convergence

of the method of successive acoroximations for the case of period-

ic vibrations was discussed in work [4].

Exam nle. Let us examine the case of the ef fect on a nan el of
a velocity head •(I) =0.S P. C. [m .+v(f) J ’. where p 0 is the air density;

C
0 

— aerodynamic coefficient ; m
~ 

— average wind speed; v(t) — a
stationary Gaussian process with a zero average value and correla-

tion function [5] ~~~ 12)=D . exp (—m .I t,---E, I/L) , where D is the dis—

nersion of the wind speed; L — the scale of the turbulence. Let

us take L = 600 m ; X 1; B = 0.01; p = 0.32; k = 12 (rise of the

oanel is equal 1.5 h); D~’ 5/m ,, ...O, 1; the 1ongito’~ inal load o corres—

nonds to half of the urmer critical stress.

Results of the comoutations according to equations (3) and ( 5 )
for the central point of the panel are given un Figs . 1 and 2,

where q = O .5p, c,m~a’/E h4 ; ,n’=m,/h; u = D ~’5/h. The load directed toward

the center of curvature of t he panel corres ponds to pos itive va lues
of the narameter q*, and the load from the center — to negative

values.

As is evident from the graohs , in a certain region of the
loads the ohenomena of snapping and separation of’ the vibrations

are possible .
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