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Abstract. This paper intends to post a cinematic element Bernoulli — Euler plane moving with constant section, to obtain
mathematical model displacements, which are random variables with known statistical characteristics (mathematical expectation,
dispersion, correlation function) and to determine the statistical characteristics of the dynamic response.
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1. INTRODUCTION

It is considered a cinematic bar element Bernoulli -
Euler, moving flat, constant section (fig. 1).
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Figure 1. The cinematic bar element Bernoulli-Euler,
moving flat, constant section

We use the following notations:

o I Jj :k - unit vectors associated with its landmark

P);

ay, =ag (t)i+ay ()] h
acceleration against an external reference inertial
coordinate planes one of the landmark exterior (E),
coinciding with the plan at any time of the landmark
xOy own Cartesian (P);

° E
Vo
Cartesian coordinate system to the outside (E);

¢ fal = - angular velocity of cinematic

an extremity

=y (it vy, (D] speed extremity a

o (t)k
element in its rigid body motion;

e "’ —e()k = w(t)k - angular acceleration
kinematic element, the rigid body motion;

®  F = f(x.t)i+ f,(x,t)j - the external force per
unit length (Nm ') ;

e El—flexural rigidity;

e E- Young's modulus;
® P - specific mass volumic;
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® u(x t)=u, (x 0)iHu,(x,0))" linear-elastic
displacement of a point M of the geometrical axis of

the bar.
2. DEVELOPMENT SUBJECT

It neglects the influence of axial forces N and consider a
mathematical model decoupled sufficiently precise
current technical applications, obtained by neglecting
terms intercooled.

Mathematical model is obtained in displacement:

’u 'u
02872_?4_(02”1 TVp@—ay, +a)2x+£=0; M
X t
d'u u,
Ela;7+pA v +w Apu, + pAay, + pAav,, + pAex— f, =0;

(@)

The system (1) - (2) are considered random variables
with known statistical characteristics (mathematical
expectation, dispersion, correlation function, etc.).

We propose to determine the statistical characteristics of
the dynamic response of determining a priori adopting
STI strategy.

The homogeneous initial conditions are:

0 (60 = 2 (0 = u, 1,0y = 22 (x0y=0 B
at ot
and limit conditions are:
2 2
 O.0) = 1t (L1) = sty (0,1) = L 0.0 =uy(Lot) = Ot (11y=0
ox ox”
(C)]

expressing the double articulation of the bar at the ends
A and A’ of rigid kinematic elements.

In order not to unnecessarily complicate the process
description, it is considered the particular case of a plane
translation: @ = £ = 0.

The mathematical model (1) - (2) becomes:
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Applying in (5) and (6) the Laplace transform with
respect to time and Fourier finite sine compared to x, we
obtain an algebraic system, after solving and reverse
successive integral transformations, mathematical model
provides the solution:

Lea,fi+™]

o 1
ul(x,t):iZ{Cz"X{(n,r)sinca”((t—r)dr— e

n=l
t

x [ ay sinca, (t=r)dz}sin@, %)
El

0
0, (6, 1) = Q%L i{ %afj[ £ D)sin Eaj (t—0)dr—

-2 aij L [1+( 1)"“]X J ay,(7)sin /;a (t-7) dz’}sm(a x)
(3
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We use the following notations:

np

® ne Nja, ="+,

fia(n,t) = j fio(x,t)sin( @, x)dx.
0

It is obvious that », . and », o data are obtained from
1 J

m ., and m . with relationships definition of finite

f1
Fourier sine:

f2

L .
mgr =f"m, _sin(a,x) x dx. ©)
If My,  are time functions, is obtained:
m 1-Cy™ 10
¥ =i -
mer =My . (10

Using the definition of mathematical expectancy are
obtained mathematical hopes of 1¢4 and 124 (11), (12):

_Z xan can 4 .- 3 = -
m, =] Enzi{—;xfo mf:(‘r)sul cer, (-1)dt

N af_qimt
fo; m,_(0) sin ca, (t-1)dT} sin(a, X)
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Tdr-
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J: n-pA—[1+( J_)ﬂ""-]XJ m, (D cin I:E a2 (t
z J7 &=
Tdr} sin{'_a:,__X)

12)

It is known correlation functions

N, I ' I
f‘:f:(T,T ), ﬁc:_ f;(T,T )s Kﬂn: (T,T), ;‘i};‘(TsT )s ‘E‘Frn._-f,_:(
1,T r).
We use the following notations (13):
Si(x,t,t)=§ T, 25 gin ca, (FD)SIN(,X);
rer_ 140110+
SE(X,T,t)—_ = N ez, [1+0-1 gin cex_(t-
+ nmr o
T)sin( X, X);
2 fer . ey
Sant0="2 37, [Daisin [Fall
AL P 3=
t)sin(ﬂ,,x);
& >
5 xt)=— ., [=al
pAL T 41 04
. L or. o oawmal !E-‘.-.:...,_
pA—[1+ (—1)*"]sin |—&3(sin{a,X)
nm -] -
(13)

Using the definitions of the functions of correlation (or
auto correlation respectively) was obtained following
formulas (14), (15):

K, (L= 1 (Imer (@ ma(T )+ (TS, (xT0x

2 @T)] 5,(T0x
(T s

@k, (T s, (xTox

: .. (-r) 5.(xT0x

Q) Sg(x,ri')]-

D:ET) Syt Ix
(@S2l

e:(r) S, (xThx

L Sa(x )] de de’

x5, (x, T ,t)+ m, (O m(T “)+K;

x5, (T EDH ma(O m,_ (T, (X TOX

XS 2(x,T,E )+ m, (0m,
x5 :(x,T",I")— [mr (D) S;(XT.0+m
x[.mf;(r) sl(x,r,t")+,m
[ (o) Sy(xtt)+m

L
[mf: (1) 5y(x,t.0+m,

[ (D) Sy(xT,E ) m,

() 51(X T t)+m

(14)
(D) m ,(T ')+H ,(1: x5 3(x,T,0x
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xS Tt H m, (0 m, (TH+E,_@T)] Sixnox
x5 4(x,T ",r’)-[mf; (0 S;(xt0+m, () S.(x,1,0]x
Lrre o (D S50 Ybom (1) Sy(x.t.2)]-

[ me(0 Sixathm, (D) Sixnt)lx
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[ .,:(T) 53 X T+, (D 54(X7T7t)]+

[mf:-'(’f) 53 (X,T’t)+m &on (T) SQ(X’T’t)]X
LoD Szt M, (D Syt e ae’
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Dispersions will be:

D, xp=K_, tp, D, (xt)= K, (tp (16)

Manner is the same as for other types of instant
rototranslation cinematic element, including spatial
movement.

3. CONCLUSION

As seen in the example treated, the actual calculation of
the statistical characteristics of the dynamic response —
when the mathematical model is a system of partial
differential equations — is difficult, especially when it is
considered decoupling of the equations of motion of the
model and the condition rigid solid is complex.
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