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STATISTICAL ANALYSIS OF THE STABILITY OF IMPERFECT CYLINDRICAL
QURT T O

Wi lalao)

B. P. Makarov (Moscow)

This work examines the nroblem of stability of a thin cvlin-
drical shell, the middle surface of which has randam initial devia-
tions from the ideal shane, For a solution, we used the method of

\/

Ve V. Bolotin [1]. For the beginning, we use statistical character-
istics of initial errors obtained according to exnerimental data in
vwork [2]. We are trving to construct a solution to the stochastic

nroblen of stability of a cylindrical shell with a random calculated
number of random narameters which characterize the deviations of the

middle surface from the ideal shane. We selected for these narame-

ters coefficients of a double Foupier series, with the aid of which

he errors of initial errors are presented,




Let us first examine the deterministic problem of stability of
a cylindrical shell which has inltlal deviation from the ldeal shape.
Let us assume that the shell is under the influence of longitudinal
compressing load N (fipure), We will consider that the inltial and

additional sapging (wo and w]) are small in .comparison with the

thickness of the shell (h), and the stress-deformation state nuickly

changes.,

23— E-
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Additional movement of ¥y in the precritical stage with these sup-

positions must satisfy eauations of the Donnell-lushtar-Vlasov types

DAMwy m A 2 — N EEEE | Ay - P (1)

ere yp = function of additional stresses, E = modulus of elas-

tieity, D « cylindrical rigidity, R = pradius of the shell. Through

the Laplas operator 1ls designated.

Switehing to the solution equation, we obtain

DaAMMw: + v 53+ + NOA (353) = — W24 (5F)
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As boundary conditions, we take support conditlons:
=gt =0 (=01 (3)

ilere, L = length of the shell, Tangentlal conditlons will bLe

formed thusly:

Ny = =N, Ny=0(2,m0,L) . ()
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Let us assume that deviations of the middle surface of the

shell from the ideal evlindrical share can be presented In the for:

of a Touriler series:

Vo (e 20 = ZgQein Bp% + 3 T g sin 0 gig 2 4

+2 28"’8me (5)

iere, gu® faa™ gma® = coefficlents of breakdown

subseauently be examined as random,

/e will search for a solution in the form of a sert

to (5) and satisfies the boundary conditions of the probler

v (@ 2) = B/ in 272+ 3 3 fihsin B gin 52 4

\ ‘
(C) 1
maz,

Sk 2 Zf(vﬁulln ~—cos T

Por coefficients we o.)t&in expression 1
0, 1) e
0) '(.)T” 1 “m’]Tn (’) ‘(M'lTﬂl ( / )
,(m -]___r ’ ma-T—‘_,t" ’ / T_T-n
lere N N R
3 Tm= > Tmn = F—, 7~nn="m |

-'EHWTM + 512

. 5y ; (6)
Von = 7 [y 7 L+ R iat ]

&
Using the solutfon in (6), we can determine the precritical !

stress In the shell, Thus, for example, the surrounding stresses in

the middle surface will be eaqual to i
-N-‘Q-—_;.[z,‘:‘)'ln +2 E,‘ F‘%lh%'h%*‘
(9) ]
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Let us set up a problem on the stability of solution (6). The
equatlon of neutral eauilibrium will be obtalned btv linearization
near the undisturbed equilibrium, liere, as this 1s done normally in

the theory of elastic stability, we will consider the system "rigid",




disrepgarding the precritlical movements and initial deviations in
comparison with the deviations from undisturbed equilibrium wgz. As
experimental data showy, for shells which do not have specially cre-

ated defects, thils linearization is fully right. The equation for

deviations wy talte the form:

w

Eh 9%, I, :
DAMMAw, - g Gt =84 (N 5252 (10)

Precritical surrounding stress in the mlddle surface, deter-

mnined according to formula (9), enter into the right half of eaua-

2]

tion (10). For stre:

v

ses I, ,, we have expression:
B

Nn-—N‘i’%» N--%‘» Nu'”sx"—% (11)

Let us note that a similar approach was earlier used by S. N.

Kahn [3] for an analysis of the stability of shells which have axi-
symmetrical errors,

An exact analvsis of the equation of neutral ecuilibrium (10)
1s difficult due to the presence in the right half of multiplier
Ngne Therefore, for determining the critical forces, we will use a
variation of the Bubnov-Galerkin method.

Let us find function wg in the form of an expression whilch sa-

tisfies conditions on the edres of the shell:

W = fysin L5 gin 22 1/, sin L7 cos 2t (12)

where J and k - wave numbers which characterlze the form of loss of
stability. Expression (12) was selected with conslderation of the

shift of phase in the surrounding direction.
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Let us place (12) into eaquation (10) and demand 1t so that it

will be satisfied in terms of the Bubnov-Galerkin method. Setting

to zero in order to determine the systems of equations with respect

to Pl and _, we obtain a relationship which connects the eritical

value of the load parameter with the coefficients of breakdown of

the “unction of initial errors

i s

[ g b

[2 308 ]' [ ; bm ]l £13)
" Vm (1 _T ne) e Ymr, (1= T, )
Here
2O 1‘12 Emm Emae W
- SRR N R mn, = T

V=N = g R s
=T S N R v
n, = 2k, Vmn, = Vmuln.—:ln Ymn. = Ymn I ne=gh
Coeflicients 2y and bm depend on the wave numbers,

Relationship (13) can be sipnificantly simplified if we consi-

der the following ineaquality:

7m<1v 7n‘u.<i (15)

In thls case, Tor v, we obtain an explicity expression

(16)
vevi/(1+ X+ VT F X0

wvhere

Xe=3 B x‘-z“';"‘-::-. - _‘:_9"4

v ' (17)
'mne

Let us note that in the expression for v, the wave numbers }
and k remained random. Tor thelr determination in the future, ve
nust minimize v,

Let us employ the apnroximation relationship (16) for studying

the statistical tie between critical stresses and random deviations

from the 1deal shape

O R DTSN S st o e ]
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e will treat breakdown in (5) as a spectral presentation of

randon function wy. Then the set of values §a, Ean 882 will describe

the random spectrum for Ve Let us assume that these coefficients
form the system of normal random values. In this case, the probabi-

7

11ty functions for coefficlents Xy, X;, and X, are compositions of

normal laws, For their determination, it is sufficient to have

a
correlatlion matrix of the spectrum of inltlal errors.
e must determine the mathematical expectation of critical load.
Averaging relationship (16), we obtain in the first approximation 1
. 1
vy = i/ (1 + < Xo) + YV T Xob) (18) {
The mathematical expectatlons: in the right part are expressed i
|
throurh the characteristics of the coefficients from series (5) in J
the following manner: '
0)\ &
(Xo) = EH -2
m
m
), _b 3)
K= Do, (X =Tt 5o (19)
m mnis mne
o A & X F X exp{— 31—
GXFFXT =\ VX + Xfexp{— 31— >
 [(X1—=X0P 2wu(11—<X;>)(I|—<Xs)) +(X.—<X.)) J]dX,_dX.
[ 010
A 3 £
Dispersions oy and 0", and also coefficlent of correlation
Wi1oy Tepresent linear combinations from the elements of the correla-
tion matrix of the srectrum of Inlitlial errors. |
A particularly simple result 1s obtalned 1n the case where
function wy 1s uniform in the elrcular directlion. The expression v
for [v] takes the form: »

V) = v/l + <X> +V2<1 X4 ) (20)

:
|
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In the final stare, we nust minimize value [v] according to

the wave numbers J and k, accomplishing a computation for the

‘ Ve
range whlech corresnonds to the approximate shape of loss ir stabi-
lity

Relationships like (16) can be used also for determininj
probability density of critical load. Following work [1], we obtatl

4 Y+

che following expression for p(v):

po) =cf{pie( Xu, X0 X, X 0TI 4x,0%, (21)

‘here ¢ = normalizing multiplier, and function g(v, X1 XZ) equals

g, X1 Xy) = wr—1—YV X=X}
Let us briefly stop at some numerical results, Let us examine,
for example, the series of cylindrical shells, for which similar
experimenatal investigations were conducted in work [2]. llominal

values of parameters were as follows:
2
ho=0.018 cx, R = 10 cx, L = 30 cx, E = 2.4 400 kg/em
The computations, conducted with various values of wave nunmbers,

provided the following results:

k=3 4 5 [} 7 8
(M=1.12 0.92 0.85 0.42 0.44 0.31 (Ayk==1) _
(W»=1.10 1.21 0.95 0.81 0.70 0.58 (Ay/k=1,5) I
The smallest value [v] corresponds to k=8, Ay/k=1, According g
to the data in the experiment, [va]=0.23.
The difference between the theoretical and experimental values ¢
was 30%, which attests to the satlsfactory congruence of results, ;
For constructing the distribution of crltical forces, we can }
use relationship (21). Integration in the form of (21) 1s easlest "

to accomplish numertcally.
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