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Abstract. In this paper, it is considered linear elastic vibration rod (bar Bernoulli-Euler) with concentrated mass M discrete points of
a mechanism R (RRR) with random excitation by the unknown. The mathematical models achieved vary over time, with weightings
given random function of time and thus directly obtain the statistical parameters of the dynamic response.
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1. INTRODUCTION

As demonstrated in the example treated in [5], the actual
calculation of the static characteristics of the dynamic
response — when the mathematical model is a system of
partial differential equations - it is difficult, especially
when it is considered decoupling of the equations of the
model and the condition rigid solid motion is complex.

In these situations, to solve the mathematical model vary
over time, we can use an iterative algorithm — successive
approximations - as follows:

- We removed from the structure of the mathematical
model those terms that give time-varying quality. Obtain
a time invariant mathematical model that can be solved
for most conditions, the limit of plane mechanisms and
spatial structure, using Laplace and finite Fourier
transforms one of sine and cosine.

This gives an algebraic transformation of the
mathematical model, which leads to full inversion

transforms, a solution =% .

It is sometimes necessary to remove from the structure
of the mathematical model terms of coupling in order to
use the finite Fourier transforms with respect to the
abscissa axis of the bar.

We decide Ti({u}40, Fa(ful®L0), Ta({ul®4t) are
removed terms.

- We calculate Ty(ful™t), T(ful®p), T;({ul®p
which is inserted — as the well-known - the
mathematical model found in the previous step. Is

obtained 1Y and so on.

6]

- Iterations stop when ||T _ e || <eg,Vx, Vt,

¢ is chosen according to the desired accuracy in the
calculation.

- Then u(x,t)= ul**+(x,t)

and with the solution ="**/(x,t), we can built — as in [5]
— the characteristic parameters of random dynamic
response.
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In this situation, the input can be random:
- arandom external load — as in [5]
- arandom excitation displacement type basis.

2. DEVELOPMENT SUBJECT

Mechanical models with finite number of degrees of
freedom is an approximation of the real mechanical
model (with mass distributed).

These models are built by focusing mass cinematic
elements at certain points, either empirically or on the
basis of equivalent conditions.

Mathematical models for these mechanical models are
systems of ordinary differential equations, which — as we
shall see below -is a great advantage for determining the
static parameters of the dynamic response.

It is considered linear elastic vibration rod — bar
Bernoulli — Euler — concentrated mass M discrete points
of a mechanism R (RRR) - figure 1 — with the basic
random excitation known.

Yo

Figure 1. The cinematic bar element Bernoulli-Euler with
the basic random excitation known

It is considered that the angular velocity ® = 1 of the
LTF]

crank 1 to base 0 of mechanism is constant:

e = ok 2
w Wik @
It is considered that the mechanism has a planar random
motion with kinematic parameters— E; — E; £ —0;
Vg Cig w
shuffle data.
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We calculate the next three formulas (3):
T B =vge(V) gty (O Jas

e

::: =agx(1) tg+agy (1) Ja ;
E_' o =wg(t) ks 3 E: ¢ =z(0) kg
(3)
It is considered that rototranslation instant flat rod 2
—E - E Ez
vt oa w )
We calculate the next three formulas (4):
— - -
T oEn® i+
—E —aq)i+tat)];
L=FY
Eo2 ek T 77 =0k
(M) £
(€]
It is obtained elementary (5), (6), (7), (8):
ay (D)= apy(t)*cos(¥:-9) - age()*sin(¥: -¢) -
Li(wgp + wp) Fcos(wgt+¥y);
(@)
a; (D= agg(D*sin(¥;-9) - agy()*cos(¥:-¢) -
Ly (woyp + ur}:*sin(me‘F:);
(6)
W(D)= wy(t) A yp(14+5)¥cos(wst) @)
z(t)=g4(t) +Xw§:(1+u7‘)*sin(m“t) ®)

We use the following notations:

X:? ;

=

W =arcsin [Asin(uisqt)+ pnl;
ot

PO=1; wy(u)

We have neglected terms in A%, k>2, 1 is assumed

small enough.

It focuses mass M of the element 2 in “n” concentrated
masses m, , foy M placed in the points M, , i=1.m.

A sufficiently accurate solution is obtained for the points
M m,‘=E , dividing the segment AB in the (n+1) equal

parts.
We can write now (9):
TEMam B E o LB BTy
a a E rj w w r
— - d—
a —
N N
drt w at
E-=2 E—-2 E=2
+ X = X ( X =)
£ u o W w u;

(€))
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Linear elastic displacement of point M is (10):

—S = —h = . — = (1) = (1) = - 1
Ty AM; i i’ uy ut() i+“L()J N ( 0)

Is noted F—~=X ing =+ ¥in, (t) —; inertia force associated
=y I 1
with the mass m.

We calculate the next two formulas (11), (12):

H N ¢ Y -
e (8] = g 11 4= cosles..
a g Wit ) i
R P L T S I A S S IO S S ¥ N VO A
et + Awiy {1+ ) sintwygti |w; + jwg + 8w~ - + 00 cos gl - it g iZ

s

an

Vp, = m; [-aw sin(¥; = @) - agy cos(¥; = @) + Ly (wyy + o) sinlwy t + ;)

S 1) Fw,
- [fc(t) + Awiy {\1 +;g‘]sin(wwt] x;-—?:‘—l

£, () + Awly (1 + %)sin(wm:)

u;

+ |y + gy v 24+ .u‘)‘ cos“(wyt) —ay ® ~ gy 2449 cos(wm:)]w[}

12)

If it notes to a;;, F;;, coefficients that influence the

transverse w;(t) and longitudinal u;(t) vibrations, we
can write (13):

0

]
=Y

o L vl
Tin: b

P
Yk ting T

E4
=

El

e = Z B (K, + ) s

(13)
where Fi = X,7+ V,J is the external force applied to the

mass m.

Transport of an external force or an external couple in
the points M is done by dynamic equivalence procedures
known in mechanical dynamic systems material points’
equivalent to a rigid solid.

We use the following notations:
¥ = -y sinl¥, - 0) - agp oW, - p) 4 Lyl

1

st +9) - ) 1 143 sl

&, = —agy o5, - ) - oy sin(W - 0) 4 L Ly 4 00p - sl t ‘I”

+

R TR i
wylt) +;i‘w;[l.’ +12F cos* (g t) - 1) - gy (1 +T)cas(u<_[.t}]x‘

u 3
wy () = Aoy (1 + T) cos(wgyt) Py
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GyMyi i My gmat =1 e agme
:"ﬂ:l : la]: . .
gy 0 Lty g’ gyl
Bumg; - By Buma’ =1 = fyma®
=] : 5 M= :
Buty =1 By Bma®s  p Bymyu’ -1
By, i B @y "5 Ay
[E]= ; M=L ;l
T pyi " Oy

w} = bwgswgs w1 up )’
[} = E¢::¢::...'¢n}r

¥} =¥,V b ),

{u} = fugug; s
W ={v:9. .¢F
W=k .nF

From (13) we obtain the mathematical model system,
consisting of (14) and (15):
(100} + 2 - (4100} - [B){w} + AlGd =419} + [FI0VE (14)

()i} - 20lC10i} - <Clw} - (DI =(c)ta) + [F)RY (15)

Solving mathematical model vary over time, consisting
of systems (14) and (15) is a difficult problem for n > 3.

If (14) - (15) we neglect the influence of deformations,
we obtained immediately the following linear system in
hopes mathematics (16):
(Al ) + fmy 3 = [F]{my }
[C}mi,}+ fmy,} = [Fl{my)

(16)

and that following the dispersion system (17):

[41{B,}+ 0,) = (F1F(D,)

w )
[c1{B.} + (D} = [E(Dy)
(17)

where:

{'":1.1'} = {'":1.1'1: Wigz+ }

e 1T,
eI Wy &

{mu} = {H’:;ur L B m“}‘

Eﬂw} = {g'.l". ; Dn': Teeed Dn'r: }:_'-
Dy={0, DD, ¥
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3. CONCLUSIONS

From (16), (17) are directly obtained statistical
parameters dynamic response without prior resolution of
the mathematical model, which is an obvious advantage.

If there are no simplifications previously announced, is
going directly from the model (14) and (15) vary over
time, with weightings given random function of time.
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