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Abstract: The paper studies the influence of the micro-profile of an antifriction bearing having a
micro-profile that influences its behaviour. It is considered that the micro-profile is a random
stationary process, with an index of regularity rapidly decreasing; the spectral composition is
obtained by a linear transformation. It is solved an isoperimetric problem that gives the
characteristic of transfer of the micro-profile. The behaviour of a shaft-bearing system modelled
as three degrees of freedom system is analyzed, in the conditions of the determined micro-profile.

1. INTRODUCTION

Taking into account the micro-profile of the baring represents in fact a
valorisation of an important excitation source appearing in the shaft-bearing
system, in the most of previously studied situations it was considered the bearing
having a sinusoidal shape.

The profile of the bearing surface is build of three distinct components: the
macro-profile, the micro-profile and the ruggedness, which influence in a different
way the behaviour.

The micro-profile is considered to be shaped by long and gentle
dislevelments. This one generates vibrations of the shaft structure, but because
of its small wave-lengths, they do not generate major modification on the working
regimes.

The use of the micro-profile as an excitation source has some specific
features. First of all, the amplitude of the micro-profile is limited. Then, it does not
contain variable components. It is a stationary random phenomenon with the
index of regularity rapidly decreasing. Thus, two arbitrary portions of the micro-
profile situated to a very close distance can be considered independent,
meanwhile like a profile it is a random phenomenon with a stationary increasing.

Let us consider the micro-profile h(l) whose spectral composition is obtained
by the linear transform Hg, defined by:

q(l)=Hgh(1) (1)
where:
0 for |2|<Ay,
Ho(id)=41 for A, <[A<iy zmzi—”, Ly :i—” (2)
0 for Ay <[ ) "
where Ly and L, are the maximum and minimum wave-lengths of the micro-
profile.

The transform Hq is named the transform of micro-profile [1], and so, the
micro-profile is determined by the following elements: the minimum parameters
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of vibrations, the limiting value of the amplitude of micro-profile and the limiting
value of the maximum frequency.

For the given micro-profile h(l), it is considered that A, is the deformation
of the elastic elements, during its displacement. If it is noted by A the
corresponding transform, then, like in (1), it results that A,=Ah. If A4 is the
deformation of the elastic elements in their motion on the micro-profile q, it
results Ag=Aq.

For the determination of the transform of micro-profile in the field of low
frequencies, it is necessary that:

laj < ay . |Ah —Aq| =min (3)
The variational problem (2) is studied considering the micro-profile h(l) as
a normal random generalized stationary process, and the transforms A and Hy,

as linear transforms.
The conditions that determine the form of the transform Hy become:

Dy=M {q|2}£ Dgmax Si M{|Ah —Aq|2}: min (4)
where Dgmax= (0,05-0,1)9%max [1] and M is the operator of mathematical
expectation [2].

By introducing the Lagrange multiplier, the variational problem consists in
the minimization of the functional, defined as follows:

f =M{|Ah—Aq|2+/1|q|2}:min (5)

where A is the Lagrange multiplier.

2. THE STUDY OF THE ISOPERIMETRIC PROBLEM

In order to solve the problem (5), it is supposed that the aspect of the
transform and the spectral density of the excitation proceed from the micro-profile
h(l), which in the field of low frequencies is determined from the relation:

Sn(@) =Ky, o™ (6)
where w is the pulsation of the random process h(t), K,-a coefficient depending
on the micro-profile, and v,-the speed of the vehicle, ne[2,4].

The limit cases in (6) are:

Sh(@)=Kyva0™ (7)
and

Sh(w)= K4Va?’af4 (7')

Because the transform Hq is considered only for the field of low frequencies
that are characteristic for the micro-profile of bearings, it is sufficient that the
transform A to have the same characteristic and, after calculus, it becomes:

. (iw)?

A(Ia))_(ia))2+2y/oa)oia)+a)02 ®)
where yy is the coefficient of relative damping of the vibrations, and wy is its
minimum proper pulsation.

The variation of the functional:
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f=2i+}n(|A|2+|AHq|2—|A|22Rqu+/1|Hq|2j8hda) (9)
T —0
in relation to Hg, leads to a functional equation that determines the characteristic

of transfer of the transform Hq, under the form:
Hy (A7 + 2, -[A7s, = F (10)
where F is an analytic function, defined in the right half-plane [3].

When, for a certain micro-profile, there are not imposed conditions, physically
feasible, from (10) it results:

Hq([A|2+z)sh—|A|zsh:o (11)
A
whence H;=—7-—.
|A"+2
For the particular case from (7), taking account of (8) and (10), it results:
_ (1+ANio)* + 420 — 4y i) + da* K, ~
T i@ + 2ppapio+ ol |(i0)? -2y mio+od | (i0+0)-iw+0) (12)
(iw+0)*(-iw+0) K,

oy 2vempio+ g (i) - 2pgmio+ o] (iw+0)-io+0)
where, from [3],

(iw+0)" = (Li_r)‘r})(ia) —a)t= % — 76(o)

w ; 1 pentru t>0
iy (iw+0) e dw=] "
27 —o 0 pentru t<O

27 -

® ; 05 entru t>0
i* (ia))flela)tda)= p >
-0,5 pentru t<O

Knowing that the Lagrange multiplier A<<1, it results:
1+ 2)io) +/1(2a)02 — 4y )(ia))2 + Aoy = [(ia))2 +ﬁ%woiw+ﬁa)02][(ia))2 —ﬁ%a)oia)+\/za)§]

and from (12), it results the simplified form:
N (ico)2 )
Hq:(iw)2+ﬁWw0iw+ﬁwg (12)
If instead of minimizing the deformation of the springs, it is minimized the
difference of vertical accelerations, it obtains the transform A of form:
(Zy/oa)oia) +af Xi a))2
(ia))2 + 2 mpie + wf
i.e. the vibrations are very little different.
The dispersion of q(t) is determined with the relation [3]

Aliw) =

1 2
D, :§_£O|Hq| Spda (13)
. K,v K, v
which, for the forms (7) and (7’), becomes: D, =——=22  and D,=——2412
( ) ( ) q 2&4\/}(00 q 2\/54 ﬂ,ga)g

In the situation of a characteristic of transfer of form:
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H = (Iw)z

‘ (ia))2 + 2y i+ 0f
The expressions for the two particular cases become:
Kevpy 1 K, 1

T2 e, 2 29,0,

D, = 1:K41

! 2 e’ 2 29467

where 6, =L is estimated from the condition of limitation of Dy,

a

91 =V_12 3 L
Va 2'2‘//1quax

where @1=.05 , and Dgmax is the maximum admitted value of the micro-profile.

From the effected analysis, it results that, when the ratio: o,/ w, =0.3-02, i.e.
the frequency of the section of transform of micro-profile Hy is of 3-5 times
smaller than the frequency of proper vibrations, the vibrations of the shaft-
bearing system on the profile and micro-profile have important variations.

(15)

3. MODEL FOR THE STUDY

One of the cases, more frequently encountered, is the one of a dynamic
system, like in the fig.1. It is considered that the frictions are negligible.

Z z, The differential equations of the motion
I ms my [ i are:

kgii |C2 kziE [ Cs MZy —205(2; —23)—Ka(2 — 21 )+ ky (2, =) =0

1 ' | 2 MaZs +203(23 — 21 ) —Ky(23-2,)=0
E._ Lt (16)
k% where m, is the mass of the load, z», z;
! and zs-the vertical coordinates, ko, ki, ks-
the rigidities of the springs and c,, cs-the

Fig.1 coefficients of the dampers of the model.
This system of linear differential
equations can be transformed in an
equivalent system, by introducing the following notations:

dz

, . dx
A=17,-1; Ai=z3—zl;d—t2=—2¥’2w24|+xl; 1

dt

dx d d t (17)
X2 2 2 .. 023 .. 0X3 2

—~ =wi(h=2;)taws4;—= = 2¥,00: A4 + X5, —> = 2w A
dt 1( l) 2 dt 3934 3 dt 34
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The output signal A; determines the characteristic of transfer of the dynamic
transformer of micro-profile, which has the form:

H(p)= (mrp2+202p+k2)c1 ' m;p? (18)
' m,m; p* +2¢,(m, +m, )p> +(m,k, +mk, + Mok, )p? +2c,¢,p+kok;, Mg +2C3p+K;,

or
2 2

Hi(p)= (p2+2!//2a)2p+a)22)wl ) p
I p4 + 2y, (0, +aw, )p3 +(0“022 JrC')zz Jr0)12 )p+2(//20)2p+a)220)12 pz +21//3w3p+a)32

This can be transformed in the product of functions of transfer of three

vibrating elements, of the form:
Hi(p):pz+2‘//2a)zp+w2§_ g of — p’ . (19)
P™+2p30,P+ w5 P +2Y,0,p+@; P+ 2p305P + @3

This relation characterizes the field of low frequencies, as well as the one of
high frequencies.

So, the problem was again reduced to an isoperimetric problem, like in
section 1, i.e.

M{Ja-a;|* 3 = min
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