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Abstract- Statistics say that bearings are this part of ¢gtidn motors which is most susceptible to
damage. That is why the issues connected with ditgs of bearings are so important. The equipment
employed for bearing diagnostics usually makes ofsevibrations as the criterion for technical
condition of the bearings.

This paper presents exemplary results of the reseamducted on bearings with artificially introédc
damages. A scanning laser vibrometer PSV-400 Rolgés been used for vibration measurements.
The research of technical condition of the sameithgawas simultaneously carried out with the usage
of DREAM - a vibration diagnostics system.

I. Introduction

Some damages of mechanical parts such as bearoigs, shaft or the damages in the elements of
electromagnetic system, for example in the wirihgtator, rotor or of the magnetic circuit can agpe

in induction motors. The methods used to diagnbsedamages in induction motors are based on
various physical phenomena. These methods mostbhia measurements of vibrations, temperature,
acoustic phenomena and current [1, 2, 3, 4].

This paper shows diagnostic methods which empleyattteleration of vibration measurements. The
appearance of a specific kind of damage in the msta source of additional forces whose charaster
oscillatory and which can be noticed in the damaayed. These forces result in vibrations which form
the basis for diagnostic research [5]. When thersmwf these vibrations is subjected to spectral
analysis, we obtain a nhumber of components relaiespecific types of damages. A scanning laser
vibrometer PSV-400 Polytec has been employed foration measurements. This device is not yet
commonly used for bearing diagnostics, due to biggts of research equipment. The research has been
conducted on a number of artificially damaged begri When damage is artificially introduced into
a bearing, it can observed, in the spectrum of dibeations, the appearance of not only those
components which result from the introduced damage,also components characteristic for other
bearing damages. It is to be assumed that thedinttimn of one type of damage into the bearing
results in quick development of secondary damagsrefore, in diagnostic research it does not
suffice to introduce a certain kind of damage iatdearing. It is also necessary, in the course of
research, to control the development of secondamyages with the usage of another verified
diagnostic system, such as the DREAM [6]. This pggesents exemplary results of testing damaged
bearings with the usage of laser viborometer PSV.-400

I1. The measur ement system
A. Scanning laser vibrometer PSV-400 Polytec

The scanning laser vibrometer PSV-400-M4 allowsniasure, simultaneously at numerous points,
vibrations of machines or appliances as well asdhadf their structural parts. It is possible toedetine

up to 512 testing points. The scanning laser vilat@mguarantees a contact-less measurement. Thanks
to it, the vibration picture of the tested constiart is not disturbed by the mass of measuring@sns
What is more, the measurement can be conducted dreonsiderable distance (about 50 m), which
allows us to protect the appliance from the infeerof harmful factors. At the beginning of the
measurement process we determine a grid of poousring the tested area and turn the scanner on.
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The measurement data is then sent to the acquisiiod of measurement signals and later to the
computer. In further stages of the research theatidn data is subjected to analysis with the usdge
special-purpose software which allows conductingcsal analysis, drawing diagrams or maps and
exporting the data in a variety of formats [7].

B. Vibrations diagnosis system DREAM

The vibration diagnosis system DREAM allows diagngsvarious rotating machines, including
rolling bearings, slide bearings, ventilators, psmmothed gears and electromechanical systems of
electric machines.

This system is composed of an analyzer — collectadata DC 11 with a vibration sensor and the
DREAM software for PC computer. The measurement ggodegins with the installation of the
vibration sensor on the tested object. The outpuh® sensor is connected to the input of the data
collector and the vibration spectrum is analyzed mygistered in the collector. In the further stagé

the research, the registered spectrum is trandfeasing RS232 interface, to the PC computer and
analyzed with the DREAM programme [6].

[11. Experimental research

The research has been made on induction motordheftytpe STg80X-4C, with the following
parameters: P= 1,1 kW, |} =380V, n = 1400 RPM, |=2,9 A.

The bearings installed in these motors were 62@&.tyfhe motors were supplied directly from
three-phase supply network, with the voltage of ¥00

The research has been conducted both on undamadeuligposely damaged bearings.

The damages were introduced separately into tHezeeats of the bearing, namely the outer ring, the
inner ring and the rolling element. A several begsi of 6204 type has been damaged and tested.
Undamaged units have also been tested for compari$® diagnostic research with the usage of the
DREAM system has been conducted in order to chbiekkind of damage and the stage of its
development. The system differentiates between dathand undamaged bearings, identifies the kind
of possible damage and the stage of its development

The laser vibrometer was programmed to conduct uneagents of acceleration signals on both the
front and one side of the motor. The range of spkemnalysis was assumed up to 400 Hz, with the
resolution of 0,001 Hz.

To present the results of measurement from lageowieter the program in LabVIEW was elaborated.
The results of the research conducted on an undainbgaring and on a bearing with artificially
introduced damage of the inner ring are presemeti@figures 1, 2 and 3.
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Figure 1. The vibration spectrum of the undamageatihg, obtained with the usage
of scanning laser vibrometer.
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Figure 2. The vibration spectrum of the bearindhwtiite damage of its inner ring, obtained with
the usage of scanning laser vibrometer.
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Figure 3. The compilation of vibration spectruntted undamaged bearing and of the bearing
with the damage of inner ring.

The analysis of the above figures shows that tmebmsu of components in the spectrum of acceleration
signals for the undamaged bearing is smaller thahe case of the bearing with artificially intraeal
damage of its inner ring. The new frequencies, slibwn figure 3, are: 1 - 150 Hz, 2 - 176,7 Hz,
3-256,9 Hz, 4 - 303,4 Hz, 5 - 316,9 Hz, 6 - 32373 7 - 350,3 Hz. It can be notice that amplitudes
some harmonics which appear in the vibration spettof the motors with damaged and undamaged
bearings are higher in spectrum, measured on maetith damaged bearings. The researches results
of bearings with damages of inner ring, made wigtage of vibration system, obtained different
frequencies in vibration spectrum. The diagnosyistem DREAM reported the damage of the inner
ring and showed the frequency of 113,08 Hz, whicbhiaracteristic for this type of damage. However,
a component of this particular frequency does ppear in the vibration spectrum obtained during the
research with the usage of the laser vibrometer.

The research has been conducted for other kindsarfng damages.
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The results of the research on a bearing withicigify introduced damage of the outer ring are
presented on the figure 4, and figure 5.
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Figure 4. The vibration spectrum of the bearinchwiite damage of its outer ring, obtained
with the usage of scanning laser vibrometer.
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Figure 5. The compilation of vibration spectrunttod undamaged bearing and of the bearing
with the damage of outer ring.

The analysis of the figures 4 and 5 shows that rthmber of components in the spectrum of
acceleration signals for the undamaged bearingmaller than in the case of the bearing with
artificially introduced damage of its outer ringhd new frequencies, showed on figure 5, are:
1-89,7Hz,2-1548Hz, 3-191,2 Hz, 4 — 237795 — 324,4 Hz, 6 — 393,1 Hz. It can be noticd th

amplitudes of some harmonics which appear in theation spectrum of the motors with damaged and
undamaged bearings are higher in spectrum, measarethachine with damaged bearings. The
researches results of bearings with damages ofr outg, made with usage of vibration system,
obtained different frequencies in vibration speetrurhe diagnostic system DREAM reported the
damage of the inner ring and showed the frequeh®®@® Hz, which is characteristic for this type of
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damage. This particular frequency does not appedahe vibration spectrum obtained during the
research with the usage of the laser vibrometer.

The results of the research on a bearing withicigily introduced damage of the rolling element ar
presented on the figure 6, and figure 7.
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Figure 6. The vibration spectrum of the bearinchwiite damage of its rolling element, obtained
with the usage of scanning laser vibrometer.
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Figure 7. The compilation of vibration spectruntted undamaged bearing and of the bearing
with the damage of rolling element.

The analysis of the figures 6 and 7 shows that rtbmber of components in the spectrum of
acceleration signals for the undamaged bearingmaller than in the case of the bearing with
artificially introduced damage of its rolling elente The new frequencies, showed on figure 7, are:
1-81,4 Hz, 2 — 194,2 Hz, 3-214,2 Hz, 4-223A4 5 — 303,6 Hz, 6 — 313,9 Hz, 7 — 349,7 Hz,
8-385,6 Hz. It can be notice that amplitudes @fne harmonics which appear in the vibration
spectrum of the motors with damaged and undamagadngs are higher in spectrum, measured on
machine with damaged bearings. The researchedsesubearings with damages of rolling element,



16" IMEKO TC4 Symposium
Exploring New Frontiers of Instrumentation and Meth for Electrical and Electronic Measurements
Sept. 22-24, 2008, Florence, Italy

made with usage of vibration system, obtained whfie frequencies in vibration spectrum. The
diagnostic system DREAM reported the damage ofitimer ring and showed the frequency of
91,2 Hz, which is characteristic for this type @htage. This particular frequency does not appear in
the vibration spectrum obtained during the resewaiitihthe usage of the laser vibrometer.

V. Conclusions

The research conducted on a number of bearingstiéthusage of laser vibrometer allows drawing
general conclusion. Additional harmonic componemikich are not visible in undamaged motors,
appear in the vibration spectrum of the motor wiitmaged bearings, obtained while conducting
measurements with the usage of a laser viborom&texrse harmonics may carry information on the
type of damage and the stage of its developmemguencies characteristic for certain types of
damages, presented by the vibration diagnostidersyPREAM, do not appear openly in the vibration
spectrum, which was measured by laser vibrometés.tb be assumed that, in case of laser research,
the components characteristic for certain kindsdafmages have different frequencies than those
calculated on the basis of dependences known fitemature [5]. Therefore, it becomes necessary to
elaborate a set of components to be used in bedragmostics made by laser vibrometer. Since the
introduction of one damage into bearing resultgapid development of secondary damages, it is
necessary to conduct comparative research withighge of advanced vibration diagnostics system in
order to determine correctly the harmonics chartie for certain kinds of damages.

The results which have been obtained so far wilkh®e object of further research, with the aim of
elaborating a set of components to be used in dEtgns.
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