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ABSTRACT

This paper investigates the mechanism of origin of structural, structural and techno-
logical defects of rollers. The technique for integrated indicator of vibration working
surfaces of the rings to determine the level of life of the finished part to the operation
as part of the bearing and predict the vibroacoustic characteristics of rolling bearings.
It was established that technological defects cause low-frequency and high-frequency
vibrations. The question about the extent to which it is necessary to strengthen the
tolerances on the parameters of bearings on which vibration level is determined not
errors bearing parts and their structural properties. Calculated values of the amplitudes
vibroacceleration due to the rigidity of the bearing vibrations are so small that in some
cases adopted precision calculations turned enough to detect such vibrations. Thus,
when tested on the vibro-acoustic installations structural vibration does not play an
important role.

Keywords: vibroactivity, geometric undulation, structural vibration microtopogra-

phy, design and technological factors.

INTRODUCTION

One of the main tasks that domestic bearing
industry faces nowadays is to reduce the vibration
and noise of rolling bearings. The main direction
of solving this problem is to improve the technol-
ogy of bearings manufacture: improving geomet-
ric accuracy of rings and rolling bodies (balls and
rollers), reducing the roughness of the working
surface, using isotropic to elastic properties of the
starting materials, ensuring highly refined lubri-
cants and parts and assembly cleanliness, proper
conditions of installation and operation. Obvi-
ously, the implementation of the above mentioned
measures is expensive and must be economically
justified. Details of the modern high-precision and
low-noise bearings must meet high requirements.
To implement them in terms of mass and, more-
over, serial production is extremely difficult and
very expensive. Regarding this fact the question
arises to what extent it is necessary to strengthen
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the tolerances on the parameters of bearings and
where lower limit by which vibration level is de-
termined not by errors of bearing parts and their
structural properties.

It is known that even in cases when the bear-
ing can be considered ideal in terms of the ab-
sence of errors in geometry and isotropy of parts’
material, the presence of indissoluble elastohy-
drodynamic lubricant film between rings and roll-
ing bodies completely clean from contamination
of the lubricant, the bearing nevertheless vibrates.
This vibration is common not only to perfect but
also to ordinary bearings. The vibration is due to
their structure and is called structural vibration,
mainly due to two reasons [5, 8, 11].

The first reason is the bending deformation
of the bearing rings forces acting on them from
rolling bodies. Rings of bearing are folded under
contact loads from rolling bodies, taking a form of
a polyhedron that rotates with them. Such bend-
ing deformations are transferred to other parts of
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machines or distributed in the environment (for
example air) in a form of acoustic waves, i.e.
noise. The frequency of this vibration is the fre-
quency of rolling bodies passing through the ring
and multiple frequencies: gzf,, where ¢ = 1, 2, ...;
z — number of rolling bodies; f, — rotational speed
of the separator. Most machines and devices of
practical importance may have primarily bending
deformation of the outer bearing rings [3, 5, 9, 11].

The second reason of the structural vibration
is oscillation of stiffness of the bearing during ro-
tation as a result of the radial component of the
load. As the rolling bodies move to the line of the
radial load, the stiffness of the bearing varies pe-
riodically with frequencies multiple to frequency
of balls passing on non-rotating ring. Consider-
ing the most common scheme of rotating of inner
and non-rotating outer rings we observe that as a
result of fluctuations of stiffness relative displace-
ment of the bearing rings occurs on the same fre-
quencies as in the first case [5, 6].

It should be noted that despite the obvious-
ness of these mentioned causes of structural vi-
bration of bearings in scientific and technical lit-
erature there are no systematic quantitative evalu-
ations of its significance. It is clear that the level
of this vibration is relatively small because of the
high rigidity of bearing rings, small values of the
ratio of radial to axial load under conditions spe-
cific to the operation of most sizes of bearings.
In bearings of low precision this vibration is not
noticeable. At the same time, with increasing of
bearings precision, structural vibration plays a
much more visible role, and therefore, it requires
scientific and reasonable evaluation of its signifi-
cance [2, 4].

The assessment of the significance of struc-
tural vibration of bearings can be done in two
ways. Firstly, comparing the calculated values
with the values of the amplitudes, which are re-
corded practically. Second, comparing calculated
values of the amplitudes of the structural vibration
and the vibration caused by errors of bearings. In
both cases the amplitudes of the harmonics vibra-
tion at frequencies gzf, must be compared. There
are no difficulties with the first way of assessment
the causes if the problem of structural vibration
of bearing is solved and amplitudes of vibratory
acceleration of outer rings during practical mea-
surements are known. The second method re-
quires some explanation.

The theory of no ideal ball bearings with geo-
metric errors of the working surfaces of the cones

and balls allows to link errors spectrum with the
spectrum of vibration [5, 11]. Since the structur-
al vibration occurs only at frequencies gzf. To
compare with the spectrum of vibrations of non-
ideal ball bearing it should be highlighted that
these harmonic components. The theory shows
that the vibration at frequencies gzf, is caused
only by the geometry errors of the outer ring (as
summing isotropy of the elastic properties of
the material) and the harmonics of errors with
numbers 4 = gz + 1. Average value of amplitude
of vibratory displacement of out erring as a rigid
body in this case is [3]:

_ [ 2 2
Apegey, = \/a/lzq ata, g,

2 2
Ay = \/ Ujog 1T g 1 M

first harmonic of vibratory displacement that is
the most important (at a frequency of passing
rolling bodies in the outer ring zf)) is specified by
harmonic geometry errors of the outer ring with
numbers A =z + 1 and 4 =z — 1 that regardless of
phase emerge in (1) mean-square.

Thus, to assess the importance of structural
vibration of roller bearing with another method
we should calculate the amplitude of the first har-
monic of the structural vibration of the two con-
sidered sources and compare them directly with
amplitudes of harmonic waviness of the outer
ring of numbers A=z + land A=z — 1.

We solve the problem of structural vibration
of roller bearing, specified by two above-men-
tioned reasons based on that decision and calcu-
late the amplitude of vibratory accelerations and
vibratory displacements of surfaces of the outer
rings, the most commonly used in machinery and
tool engineering of roller bearings with their char-
acteristic operating conditions at frequencies gzf,
and make comparison of calculation results with
actual according to the accuracy of the rings and
vibration levels for the same bearings. Experimen-
tal studies of the vibration level were conducted
on automated measuring complex DVK [4].

VIBRATION FROM CHANGES OF
STIFFNESS OF ROLLER BEARING

To solve the problem of structural vibration
of roller bearing, caused by variability of its ri-
gidity during rotation under combined loads we
should solve the problem of static of perfect
bearing, which involves determining the posi-

69



Advances in Science and Technology Research Journal vol. 8 (23) 2014

tion of the inner ring as to the outer under the
applied load. A characteristic feature of a roller
bearing as no rigid deformation system is static
uncertainty, and therefore, the direct analytical
solution of the direct problem of statics in gen-
eral case is impossible [1, 11]. Thus, in the cal-
culation of the roller bearing initially the inverse
problem is solved: the reaction vector is deter-
mined R = [an F,F,m, mZ]T by responses
to the vector of relative displacement of the rings

A= [x, ,2,0,, QZ]T then by approximate ana-
lytical methods [11] or numerically [1] the direct
problem of statics is solved.

Nonlinearity of dependence R = R (Z) makes
it impossible to exact the solution of the direct
problem of static roller bearings under condi-
tions of combined loading. During the solution of
the inverse problem the bearing is divided into z
mutually independent contact groups, where z is
a number of rollers, each of which consists of a
roller and two rings. For each roller on the rela-
tive position of the rings contact force is calcu-
lated if defined model of the contact group, and
then by summing over all the rollers the vector of
responses is calculated.

We use a generally accepted Hertz model of
contact group roller [10] — the ring that connects
the contact force Q with the contact deformation
@ with following dependence:

Q(a)) = I<Ha)l’5 >
where: K, — Hertz coefficient [11].

The placement of j-th roller as to the fixed
point of the outer ring is defined by angle
@, =y+2x(j—1)/n, where @, angle of the
separator bending on the outer ring. We introduce
the denotations and also basic rule of signs [10].
In this case, the deformation of the j-th contact
group @; is determined by the vector relatively
to displacement of rollers in the following way:

- ~ HL(@)Z—T J HL((ij—I_'M>O
KO(A,%)—{ 0./ “L(%Z—l"]‘so

b

where:
L( ) I 0 0 —Rycosp, —Rysing,
?7)= o sing, cosp, 0 0

. [sinzg, ]|
[ =1
COSsT,

/" —initial distance between the inner and
outer rings is defined in the radial cutting
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plane passing through the axis of the j- th
and the center of the inner ring.

cost=(R, +r,)—(R. +.)/I',
where:
l'=r.+r,—d,;

ms
@ — contact angle;

7, , ¥, —in accordance the initial radius of
the outer and inner rings;

R_, R, — finite radii of the outer and in-
ner rings;

d, — diameter of the roller.

Working contact of the angle of j-th roller of
rings is calculated by the formula:
_ r (go)K
T(A, (pj): arctg( 1=
where: L'- the first and L* — second row of the
matrix L(p).

The component of the vector load on roller
bearing F' is caused by the contact forces from
the j-th roller,

Fo,=[F.FFomm] ¢, =E()0(0) @
where:

E(r)=[-sinz,0,~cosz, Rysinz, Rycosz, — 7, |

Let us denote by T{ (goj) ‘matrix that relates the
coordinates of the vector F’ @; in the basis OXZ
with coordinates of the same vector in the basis
0 X0, Vo0

1 0 0 0 0
0 cosp, sing, 0 0
T( j): 0 —sing, cosg, 0 0
0 0 0 cosp, sing;
0 0 0 —sing; cosy,

Then the solution of the inverse problem of
static roller bearing has the form:

R(8)=27(p,)Flp,)= %T(%)F(T)Q(w) 3)

Direct static problem, which involves de-
termining the vector of relative displacement of
rings A at angle of separator bending and vector

of load P=[P,P,P,G,,G.[ that should be

x2 Lys g

considered as a problem of determining the root

A of the equation R (K) = P . Numerical solu-
tion of this problem is convenient to carry out us-
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ing the method of Newton-Raphson. To this end,
for this purpose at each step of iterations as to the
known rules of differentiation tangent stiffness
matrix of the form is calculated:

2—2: x7(p, P 2) % p,. 8) 0lw) +

— 0 o _
) Z0) %2, A)}

The calculations terminates when |[R (Z) — P H
becomes less than 0.01 (in the units of H, mm).
The implementation of this algorithm for so-
lution of the problem of static on the computer
proved its high efficiency — the number of itera-
tions required by the proper choice of the first ap-
proximation does not exceed 7. As calculations of
many types of roller bearings have shown signifi-
cant value is only the first harmonic vibration in
the frequency spectrum zf, harmonics of higher
or small amplitude and practice do not matter.

The comparison of the calculated values of
the vibratory acceleration amplitudes of roller
bearings due to bending vibrations of the outer
ring in the axial load characteristic for testing of
bearings for driven units [4] with the values es-
tablished by standards for low-noise vibration of
roller bearings shows that the calculated value is
at 11-23 dB below established standards for the
relevant frequency range. Calculated values of
the vibratory acceleration amplitudes due to the
rigidity of the bearing vibrations are so small that
in some cases adopted precision calculations were
not enough to detect such vibrations. Thus, when
tested on the vibroacoustic installations structural
vibration does not play an important role.

To assess the importance of structural vi-
bration of roller bearing value of its amplitude
should be compared with the tolerances for am-
plitude of harmonic undulation of bearings com-
ponents. At present, the general tolerances for
the undulation of tracks of rolling outer rings,
for example 2-class accuracy, reaches 0,1-0,2 m,
depending on the size of the rings. Thus, the
structural vibration is significant if its ampli-
tude is larger than 0,1-0,2 microns. As it follows
from [11], parameters that define the structural
vibration during measurement of vibration on
the vibro-acoustic setup always at least one or-
der less than specified undulation tolerances,
and therefore, structural vibration in this case
does not play any role. The amplitudes of the
structural vibration of roller bearings caused by

bending deformations of the outer ring under
severe axial tension are equal or approximately
equal to the tolerances for undulation of rolling
ring tracks of bearing accuracy class 2. Struc-
tural vibration amplitudes caused by fluctuating
rigidity under severe tension and a very high ra-
tio of radial stress to axial in most cases have
much lower tolerance for waviness.

The performed analysis shows that the vibra-
tion of roller bearings under the characteristic
conditions of control and exploitation conditions
is due not to the design (structure) peculiarities
of the bearing but technological errors, lubrica-
tion conditions and other factors. The level of
structural vibrations of modern precision roller
bearings does not exceed the level of vibration
caused by technological reasons, including errors
of macro geometry of tracks of bearing rings, and
the undulation of working surfaces.

The most important is the structural vibration
of roller bearing due to bending vibrations of the
outer rings as a result of their loading by roll-
ers that move. Oscillation amplitude of surfaces
of outer rings in these cases can be quite large;
such fluctuations may have a significant source of
acoustic noise.

The vibration of the bearing due to fluctua-
tions in its rigidity during rotation under com-
bined loads in real bearings is very small and is
the source of vibrations in machines and devices
that can be ignored [5, 10, 11].

CONCLUSIONS

The mechanism of origin of constructural,
structure and process defects of roller bearings is
investigated. The relationship between the defect
and performance indicators is determined on the
example of changes of vibro-acoustic character-
istics of the bearing. This fact served as the basis
for development of a strategy of quality of com-
ponents prediction and performance indicators
of bearing on the stage of the design process. To
diagnose common causes of vibrations, general
spectrum of fluctuations of bearing is advisable
to divide into three bands — low frequency oscil-
lations (frequency from 50 to 1500 Hz), medium
(1500-3000 Hz) and high frequency vibration
(1500-10 000 Hz). It was established that tech-
nological defects cause low-frequency and high-
frequency vibrations. The proposed technique
according to integrated indicator of vibration of
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working surfaces of the rings determines the level
of life of the finished part for the exploitation as a
part of the bearing and predicts the vibro-acoustic
characteristics of roller bearing.
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