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Abstract. The low quality of the new rolling bearings leads to additional costs for electric motor repair,
and additional expenses connected with the technological process, value of which can reach from several
thousand to tens of thousand dollars. To increase detection, the reliability of rolling bearing defects of
asynchronous motors, complex vibration diagnostics was used at informative frequencies in the vibration
frequency and amplitude in the range of 5-5000 Hz. Based on the diagnostic model of rolling bearings the
software program "Tayamnitsa" is developed, which allows to calculate the diagnostic frequency
corresponding to certain defects, determine the defect level and form a diagnostic table for defects.
Vibration diagnostics of new and used rolling bearings have been conducted for various regional enterprises
and power plants. It has been determined that 40-50% of used bearings are removed in good technical
condition. When new bearings were diagnosed in the 500-5000 Hz range, only 48.4% of the bearings are
considered serviceable due to the low accuracy class of metal processing and unacceptably high vibration

level.

1 Introduction

Rolling bearings are elements of rotary mechanisms and
their most vulnerable parts. Currently used methods for
monitoring the technical condition of asynchronous
motors during operation and repair involve complete or
partial equipment disassembly [1, 2, 3, 4, 5]. This
procedure disrupts the unit running-in and reduces the
trouble-free operation period. The damage caused by
periodic electric motor repair during operation is so large
that the relevance of diagnosing rolling bearings of rotor
mechanisms without their dismantling is of no doubt.
One of the most important tasks to improve the electric
motor efficiency is operation and maintenance due to
actual condition, based on the data analysis and control
of the technical condition parameters according to
vibration diagnostics results. This is intended to
eliminate unexpected breakdowns, ensure reliable
mechanism operation and cost savings [6].

One of the main problems of electrical equipment
vibration diagnostics is the choice of a method for
assessing the technical condition.

There are manufacture and operational defects of
rolling bearings [6, 7, 8]. The manufacture defects
include rolling element out-of-roundness; inner ring
ovality; clearance non-uniformity between rolling
elements and rings (different diameters of the rolling
elements), increased ring waviness.

The operational defects include: manufacture defects
that lead to intensive wear of the rolling bearing units;
outer ring skew; cracks on the inner ring; wear of the
separator; non-uniform radial tension; wear of the rolling
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elements; grease contaminant; scorings; dints; corrosion;
brinelling.

Nowadays six methods of assessing the technical
condition of rolling bearings are used in practice.

In the research [6] theoretical bases of technical
diagnostics of rolling bearings on a direct spectrum in
the range of 5-5000 Hz are stated. Detection of defects in
rolling bearings using the envelope method is described
in details [9]. Technical diagnostics of rolling bearings is
described based on the shock pulse analysis [10]. The
problem solution of rolling bearing technical diagnostics
on the general level in the range of 10-1000 Hz will
inevitably lead to errors [11]. There are a number of
articles in which the method of sparse wavelet
decomposition of signals is used to analyze vibration
spectra [12, 13].

The research objective is to test rolling bearings (new
and used) on a diagnostic stand to identify their defects
and the possibility of further operation based on the
vibration spectrum analysis. The research method is the
complex vibration diagnostics based on vibration
frequency and amplitude.

2 Methods

The special vibroacoustic diagnostic stand for testing
rolling bearings with an inner diameter of 25-160 mm is
designed and manufactured. The stand can test new and
used bearings based on frequency and amplitude. The
stand consists of a frame, induction motor, slide bearing
housing, which bolted to the frame. The rotation from
the motor is transmitted with a belt drive to the sliding
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a) Rolling bearing diagnostic stand:
1- asynchronous motor with pulley:
2 — slid bearing housing:

3- testing rolling bearing;

4 — clamping nut.

Fig. 1. Vibrodiagnostic complex for diagnosing rolling bearings.

bearing shaft. The rolling bearing inner ring is clamped
with special discs with a nut. The outer ring is clamped
with two levers. On the stand, you can create a radial and
axial rolling bearing load. Vibration acceleration sensor
(5-5000 Hz or 5-20000 Hz) is mounted on the outer ring
with a magnet. The sliding bearing shaft is fitted with
mandrels for each rolling bearing size (Figure 1, a).

The signal from the vibration acceleration sensor is
transmitted to the computer through the charge amplifier
and the matching device (Figure 1, b). A single-phase or
three-phase asynchronous motor can be installed on the
stand (depending on the place of the experiment).

b) Computer multichannel diagnostic complex:
1 - multi channel matching device;

2 - acceleration vibration sensor;

3 - computer with the program "Tayamnitsa"
(registration of signals, processing, issuing
protocols).

3 Results

Using the minimax criterion [6] a diagnostic model of
rolling bearings and asynchronous motors has been
developed. A mathematical model for the calculation of
informative vibration frequencies is presented in table 1.

These spectra (Figure 2) can be analized using a
special software program "Tayamnitsa" [14] with the
defect report readout (Table 2).

The authors verified the -effectiveness
diagnostic program during field experiments.

The vibration diagnostics of the used bearings
showed that 40-50% of the bearings are removed in good

of the

Table 1. Defects of rolling bearings and vibration frequency.

The vibration frequency to

identify a defect Type of defect

Formula The explanation of the formulas

1.Rotation frequency of
the separator around the
shaft center

Separator's wear

f:v:ﬁ' Rir/Z'(Rir+Vs)

fr- the rotation frequency of AM rotor,
Hz. Adopted 24,4 Hz.;
Rir - working surface radius of the rolling

2. Rotation frequency of
rolling elements relative to
the outer ring

Cavity on the outer
ring, different sizes
of rolling elements

bearing inner ring, mm;

3. Rotation frequency of
rolling elements relative to
the inner ring

Cavity on the
working surface of
the inner ring

for=fsZrk rs - the radius of the rolling elements,
mm.
i =fifs fs - rotation frequency of the separator
relative to the center of the shaft, Hz;
fre = fir"Zrka Zr - number of rolling elements;

4. Rotation frequency of

the rolling element (all Cavity on the

ﬁ] :f;‘)'Rir /27

ki - the ratio of the working surface
circumference of the outer ring to the
ball circumference;

elements) around its own
axis

rolling elements

feo=frRi/ 2:rsZR

fir' - movement frequency of rolling

5. The rotation frequency
of the rolling elements with
the outer ring skew

Outer ring skew

ﬁsz ZﬁZR

elements relative to the inner ring
working surface;

fre — the rotation frequency of rolling
elements relative to the inner ring
working surface;

k2 - the ratio of the working surface
circumference of the inner ring to the
rolling elements circumference.
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Fig. 2. The spectrum of bearing vibration Ne309.

Table 2. Vibration spectra and defect protocol of rolling bearing Ne 309.

Nurrnbe Frequency, | Amn | Aar | Amo | ear Defect Risk level
1 24.400 64.00 [67.614| 75.00 | Normal |Balance defect 0.329
2 48.800 64.00 |77.540| 75.00 |Emergency|Inner circle is oval 1.231
3 110.961 64.00 |77.183| 75.00 |Emergency|Defect of inner circle 1.198
4 152.00 64.00 |82.00 | 75.00 |[Emergency|Cavity on the outer ring 1.63
5 220.00 64.00 | 84.00 | 75.00 |Emergency|Cavity on the outer ring 1.81
6 325.669 64.00 | 87.00 | 75.00 |Emergency|Defect of rolling parts 1.83

technical condition. Possible residual resource is
estimated to 20000-30000 hours. This situation can be
mainly found at the enterprises where the repair services
do not have vibration diagnostics and adjustment groups
(table 3).

Table 3. Quality control results of new bearings.

Condition of bearings Vlbga_t;(())r(; frequencgor gflsgoe 60H z
Usable 43 (69.4%) 30 (48.4%)
Not usable 14 (22.6%) 29 (46.8%)
Conditionally usable 5 (8%) 3 (4.8%)
Total, pc 62 (100%) 62 (100%)

When diagnosing new bearings (19 bearing plant
sample) of the chemical enterprise (table 3), it was found
that in the range of 5-500 Hz 69.4 % of the sample were
recognized as serviceable. In the range of 500-5000 Hz
48.4% of bearings are considered to be serviceable due
to the low class of machining accuracy and unacceptably
high vibration level.

Experiments were conducted to reduce the influence
of microwaves of rolling bearing’s surface on their
vibration level and their length of service using various
lubricants (Figure 3). The methodology of the
experiment included several steps [15]:
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Fig. 3. Vibration diagnostics (frequency up to 5000 Hz): 1 —
bearing Ne 409 before processing (recovery); 2 — after
processing (t = 25 min) and lubricant MANNOL LC-2.

1) removing the primary vibroacoustic characteristics
(spectrum 1, Figure 3);

2) removal of factory lubracant using diesel fuel;

3) preparation of a mixture consisting of glycerol and
abrasive material (5—10 microns);

4) lubrication with a mixture of the circumference of
the bearing race rings;

5) creating a uniform load of about 1 kg and ensuring
the frequency of rotation of the 24,4 Hz inner race for
25-30 minutes with a 60 ° movement of the outer race
relative to the inner every 5 min;
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6) washing glycerin out of the rolling bearing with
abrasive powder using diesel fuel,;

7) laying a lubricant MANNOL LC-2, Ol MOL KSC
WR2, Litol-24 and ensuring a given frequency of
rotation of the inner race for 25-30 minutes;

8) repeated removal of the
characteristic (spectrum 2, Figure 3).

After removing the old lubricant and filling the new
lubricant, the vibration of the old bearing was
significantly reduced (spectrum 2, Figure 3).

vibroacoustic

4 Conclusions

Industrial enterprises bear huge losses from both the
poor quality of new rolling bearings coming to the
enterprises (due to the lack of input control), and bearing
removal during the repair of technically serviceable
bearings with a large residual life.

Modern  methods of  technical diagnostics,
supplemented by appropriate equipment and software
products, will allow to repair electric motors not
according to the regulations, but according to the results
of diagnosis, and secondly, to significantly reduce the
cost of electrical equipment operation.
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