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THE VIBRODIAGNOSTICS OF DAMAGED GEARS

OF PLANETARY GEARBOXES

This article deals with description of a diagnostic device used at the Department of Design and Machine Elements at the University of
Zilina which has been built in order to measure, diagnose and evaluate gearbox faults by vibrodiagnostics. The article describes methods and

damage creation process for tested gearboxes. Evaluation of different faults is also processed in this article as well as description of comparative
measurements between real and artificially created pitting. Comparison of all measured data with SPM methods is also included.
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1. Introduction

The Vibrodiagnostics is considered to be one of most
progressive maintenance methods. It offers possibilities to
diagnose status and conditions of devices while they are fully
operational [1]. The testing device has been constructed at the
Department of Design and Machine Elements in order to measure
and evaluate faults of components by analysing frequency spectra
of gearboxes (Fig. 1). Laboratory research primarily aims at
diagnostics of damaged gears of planetary gearboxes.

The testing device consists of one 15 kW electromotor
controlled by a phase shifter, two planetary gearboxes type A2000
mounted in series and also one dynamometer. Components

are coupled together by cardan shafts. The testing device is
supplemented with noncontact sensors HBM T10F for RMP and
torque measurement. Gearbox A 2000 is a planetary gearbox with
two planetary gearings with involute spur gears [2].

The diagnostic apparatus was purchased from SKF and it
contains six acceleration sensors with sensitivity of 100 mV/g,
on-line diagnostic unit type IMx-S and one PC equipped with @
ptitude analyst software. Both frequency analysis and envelope
method for signal processing are used to determine gearbox faults.

Gearbox A2000 was tested for fault response at 1470£10
RPM. Input shaft can rotate both clockwise and anticlockwise
according to current needs.

Fig. 1 The testing device used at the Department of Design and Machine Elements for diagnostics of planetary gearboxes ~ faults (left)

and placement of vibration sensors (right)
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Fig. 2 The frequency spectrum of enveloped accelerations filter 3 for tooth of the sun gear damaged by the notch on its face area

Preliminary measurements of undamaged gearboxes needed
to be done first in order to indicate key frequencies in spectrum
of undamaged gearbox. Some components of gearboxes were
artificially damaged later.

2. Measurements of gears with teeth damaged
by pitting

The sun gear of the first planetary gearing was first to be
damaged. First type of damage is represented by the notch on
face area of one tooth. This damage was done with assumption
of significant response within frequency spectrum. The damage
can be seen in vibrations velocity spectrum by analysing sideband
of gear mesh frequency of the first planetary gearing, because
first amplitudes significantly surpassed magnitude of gear mesh
frequency. Its effect was even more significant in enveloped

accelerations spectrum filter 3 (Fig. 2). Frequency 55 Hz of
damaged sun gear dominated throughout spectrum and its
harmonic frequencies showed up (marked as red). Sideband
was created around gear frequency with the delta equal to RPM
frequency 24.69 Hz of damaged gear (marked as blue). Sideband
can be clearly seen in vicinity of its harmonic frequency [3].
Small pitting was created on the opposite side of already
damaged tooth after first fault simulated by the notch was
evaluated. This type of fault showed similar effect when compared
to tooth damaged by the notch in vibrations velocity spectrum,
however amplitudes of sideband were not as significant. Fault
effect in enveloped accelerations spectrum filter 3 also showed
similar results as before and once again amplitude of the gear
frequency of the damaged gear was significant, but values were
lower when compared to those of tooth damaged by single
notch [4] - [7]. Its harmonic frequencies were not as significant;
however 2™, 3" and 4" harmonic frequency is clearly visible.

Fig. 3 Sun gear of planetary gearing damaged by artificially created pitting (left) and sun gear damaged by real pitting (right)
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Fig. 4 The comparison of frequency spectra of gearbox with sun gear damaged by artificially created pitting on half of gear’s teeth (blue) and sun

gear damaged by real pitting (violet)

Pitting was created on every single tooth of the sun gear as
experiments continued. Significant change occurred in vibrations
velocity spectrum where one more sideband appeared with the
delta equal to gear mesh frequency of damaged gear alongside
regular gear mesh frequency of first planetary gearing. 2" and 3
harmonic frequency of gear mesh frequency also showed up (Fig.
4). Fault effect in enveloped accelerations spectrum filter 3 was
similar to previous faults. Values of amplitude however increased
greatly and amplitude of gear mesh frequency of the gear
damaged by pitting on every tooth rose by 2100% when compared
to the gear damaged by pitting only on one tooth.

In order to compare all measured data, another experiment with
artificially created pitting on half of gear’s teeth (on the same face

area as damaged by the notch) took place (Fig. 3 left). Artificially
damaged sun gear was replaced by another sun gear damaged by
real pitting on half of gear’s teeth (Fig. 3 right). After both spectra
were measured and frequency spectra were compared, we came to
the conclusion that artificially created pitting has very similar effect
when compared to real pitting (Fig. 4). This comparison confirmed
that measured data match reality and test method was suitable for
this application as well [8] and [9].

Vibrations velocity frequency spectra with different pitting
affected area of the sun gear of the first planetary gearing can be
seen in Fig. 5. The upper part of spectra represents only one tooth
damaged by pitting, middle part corresponds to all teeth damaged
by pitting and lower part represents the gear damaged on half
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Fig. 5 Frequency spectrum of velocity of vibrations with differently damaged sun gears of first planetary gearing by pitting

COMMUNICATIONS 3A/2014

* 09



COMMVINICIONS

of its teeth by real pitting. Straight lines between measurements
reflect time when the testing device was offline.

3. Measurements of gears with teeth damaged by
breaking

Another phase involved sun gear with one tooth partially
broken and later with whole missing tooth. Measurements were
made on gears which were previously damaged by pitting on half
of their teeth (Fig. 6).

There was no significant change in vibrations velocity
spectrum (Fig. 7) compared to the sun gear damaged by pitting
on half of its teeth [10]. Enveloped accelerations spectrum filter
3 - from 5 Hz to 1kHz (Fig. 8) also had similar characteristic
compared to same sun gear with no missing teeth, but amplitude

of gear mesh frequency and its harmonic frequencies had higher
values compared to pitting damaged sun gear.

4. Comparative measurements of two different methods

Comparative measurements were made in cooperation with
vibrodiagnostic specialists from SPM Instrument s.r.o. SPM HD
and SPM Spectrum methods were used to examine current status
of the gearbox. The gearbox was damaged by missing tooth and
pitting on the sun gear and notch type damage was made on the
satellite gear.

Frequency spectrum measured by SPM HD method is shown
in Fig. 9. Teeth frequency of damaged gear (54.976 Hz) and its
harmonic frequencies within spectrum are marked by numbers.
Figure 10 contains data measured by enveloped accelerations
method filter 3 where teeth frequency (55 Hz) and its harmonic
frequencies of damaged gear are also marked by numbers. Spectra

Fig. 6 Sun gear with one missing tooth

Waterfall

A2000-A2000.1 Y A2000-Z1-vel, Channel X

A2000-A2000 1\ A2000-Z1-vel, Amp- 0.000003927, Freq: 5000, Order: 200, Date/Time- 5 9 2013 10:10:43

074 ‘

05
04
03
02
0.1

mmys - Peak

S et R i e 3 sl 28 11 2012
e Ko A i
28.11.2012
sl i S il R
28 112012
AL 0 OO R0 OO 1 M i b Sk
el lwl PRI WY I & l—L x TR ki - 3 i

28. 1. 2012

4 @
£
m 5.9.2013 o
05T IUBC e TR g Cor I 59 2013 c?
T B e h L]
i 5.9.2013
TR . (e I e o TR O, L0 o W e, |

b bk

5.9.2013

wdaadou PN T o 0 o

i L

il dbaikal il

sl 5 9 2013
“i/ 5.9.2013

0 250 500 750 1000 1250
Frequency - Hz

1500 1750 2000 2250 2500

Fig. 7 The comparison of frequency spectra of vibrations for pitting created on half of teeth of sun gear (upper part) and for gear damaged by same

pitting with one missing tooth (lower part)
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Fig. 8 The comparison of frequency spectra of enveloped acceleration filter 3 for pitting created on half of teeth of sun gear (blue) and for gear
damaged by same pitting with one missing tooth (green)

in both figures are very similar with small difference of amplitude | is in amplitude magnitudes. Spectra in both figures highlighted

magnitude for 6%, 7% and 8" harmonic frequency because | amplitudes of sideband with the spacing of teeth frequency of

these harmonic frequencies have much lower amplitudes with | damaged sun gear (55 Hz) and amplitude of sideband of gear

enveloped accelerations method. mesh frequency of the first planetary gearing which has high value
Vibrations velocity frequency spectrum obtained by SPM | of amplitude dominating through whole spectrum.

Spectrum method can be seen in Fig. 11. Spectrum’s shape is very

similar to SKF methods in direct comparison (Fig. 12), difference
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Fig. 9 Frequency spectrum measured by SPM HD method
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Fig. 10 Frequency spectrum measured by enveloped accelerations method (SKF)
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Fig. 11 Frequency spectrum of vibrations velocity measured by SPM Spectrum method
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Fig. 12 Frequency spectrum of vibrations velocity measured by SKF diagnostic methods

It is necessary to mention that influence of damaged planet
gear has not been detected either in vibrations velocity spectrum
or in enveloped accelerations spectrum [11], [12] and [13].

5. Conclusion

Measurements we made so far clearly show artificially

developed faults of the sun gear in high frequency vibrations
velocity spectrum and enveloped accelerations spectrum for given
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