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Some main types of defects occurring in the ball bearings and diagnostics methods
are discussed in the paper. Preliminary results of diagnostic tests for turbine
generator ball bearings by differential laser vibrometry method are presented.

1. Introduction

It often happens to rotating elements of machinery that at long-term
equipment service time some defects appear in the form of excessive vibra-
tions. In electric power generators their bearings are believed to be the primal
source of such vibrations.

The most efficient diagnostic method of vibration testing is spectral anal-
ysis of movements of monitored machinery elements. In this paper we present
some main problems of ball bearing vibration frequency analysis and results
of preliminary diagnostic tests by differential laser vibrometry.

2. Ball bearings characteristics and diagnostic testing meth-
ods

Ball bearings are critical mechanically loaded components power genera-
tors. Corrosion of ball track or rolling elements, seizing, spalling and rough-
ness of ball track are some typical examples for bearing defects. They appear
not only because of bearing overload or ageing process of components but also
because of improper lubrication. Consequently the backlash may occur and
cause dynamic disturbances and changes in vibration frequency spectrum of
the generator. By measuring vibrations and determining its spectrum it is
possible to derive the estimates which describe technical status of equipment.
An example of such analysis is presented in Fig. 1.
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FIGURE 1. Spectral components of turbine generator vibrations as the result of
unbalanced rotor — fo, and increased loss — f1 and fa.

In the vibro-acoustic diagnostics of kinematic design system and espe-
cially in testing of bearings the following non-dimensional estimators are
used:

e shape coefficient:

ITRM
- R_ S’
I
e peak coeflicient:
I
C = :
TRMS
o differential vibration coefficient:
R=2zy—x,

where: ¢ — amplitude of the principal harmonic of vibration measured
in decibels, z; — amplitude of the first harmonic of vibration also
measured in decibels;
e directional vibration load coefficient:
T
Wy = 20log =2
Zj
where: xzg - effective values of vibration parameters at nominal load,
z; — effective values of vibration parameters without load.

3. Description of tested turbine generator

A turbine generator constitutes a part of an onboard system of a middle
range antiaircraft rocket. It is designed to power all rocket electric compo-
nents during the rocket operation. It supplies a three phase voltage at 400 Hz
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frequency and phase voltage 115 V. It is driven by 30 MPa pressurised air via
a reduction system. Pressurised air hits the blades of rotor which rotates at
the rate close to 16 000 revolutions/min.

FIGURE 2. View of assembled turbine generator (right) and its components (left).

Technical characteristics of the generator are as follows:
generated voltage: 115V, 400 Hz,
e maximum unintermitting operation time: 4 min,

pause between consecutive operations: min. 15 min,
e maximum operation lifetime: 1.5 hour.

4. Application of differential laser vibrometry for technical
status diagnostics of ball bearings

Because of the specific character of onboard turbine generator operation
the application of accelerometers or microphones is not useful because of
background noises generated by depressurised air noise and sounds generated
by turbine blades. Acoustic signal caused by faults occurring in bearings
propagates into the shaft. It is possible to detect that signal by means of
optical arrangement. A set up of this arrangement is shown in Fig.3 and
consists of:

e differential photodiode detector,

¢ low noise amplifier with high input resistance and controlled amplifi-
cation level, power supply unit for the receiver and laser, voltmeter to
control detector differential voltage,

¢ computer - PC 400 MHz equipped with the music Sondblaster 128 card,

software to record signals with sampling rate 44 kHz, software for spec-
trum analysis,
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e reference 4382V accelerometer,

o Hioki 8048 signal recorder and oscilloscope.

The differential laser vibrometry is a standard method which can be de-
fined as measuring of a differential electric signal picked up from an optical
detector which is lit by a modulated laser beam reflected from a vibrating
surface.

Laser beam is located at the
shaft face to measure the
vibrations occurring in the
bearings supporting the shaft

FIGURE 3. Experimantal set up. A differential laser sensor of vibrations and the
generator under test are seen at the right side of the Figure.

To perform the proper calibration and accuracy the measurement con-
sisted of several procedures listed below:

1. setting a distance to tested object,

2. preliminary evaluation of the reflected laser beam position accuracy by
means of differential voltage measuring at static state,

3. precise setting of the laser beam at dynamic state on the base of dif-
ferential voltage character,

signal amplification level adjustment,
digital signal registration into computer by the acoustic card,
Fourier spectrum analysis,

e e

spectrum decomposition.

In order to secure the same measuring conditions signal was recorded each
time during 10 seconds at the sampling rate 44 kHz and 8 bit resolution. The
spectral characteristic of measured signal was generated 10 times of each
1 second of recording and then the results were averaged.
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FIGURE 4. Generator #1, with no detectable faults, unloaded. First harmonic

level remarkably greater than the second one.
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FIGURE 5. Generator #1, with no detectable faults, under load. First harmonic

level remarkably greater than the second one.
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FIGURE 6. Generator #2, with no detectable faults after ca. 30 min period of

operation, unloaded.



154 P. ONISZK

A [dB re 2 mVpp] moc 0-15kHz: 976ju moc 1.5- 3kHz: 112 u. moc 3- 45kHz : 47 ju moc > 4.5 ggnz-ﬁ
20 2420 Hz=-10
2448 Hz=9
4 2475Hz= 3
250.3Hz=8
18 253.0Hz=-7
255.8Hz=-5
258.5 Hz= -4
12 261.3Hz= 2
2640Hz=0
3 266.8 Hz=3
269.5 Hz=8
0 272.3Hz=18
275.0 Hz=17
. 277.8Hz=8
: 2805 Hz= 3
2633Hz=0
12 286.0 Hz= -2
268.8 Hz=-4
A8 | . — . T — 291.5Hz=5
0 250 500 750 1000 1250 1500 Fikbiz

FIGURE 7. Generator #2, but after next 30 min of operation under load. First
harmonic level slightly lower than the second one.
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FIGURE 8. Generator #3, after short period of operation (ca. 15 min), unloaded.
First harmonic remarkably higher than the second one.

4 [dB re 2 mVpp) moc 0+ 1.5kHz: 719ju moc 1.5- 3kHz: 42 u. moc 3- 4.5kHz: 1.u. moc > 4.5kH gug nf }g
0 217.3Hz= 18
220.0Hz=-18
24 2228Hz= 17
225.5Hz= 18
18 228.3Hz= 15
231.0Hz=-13
2338 Hz= 11
12 2365 Hz= 8
239.3Hz=3
3 242.0Hz=9
2448Hz=4
0 2475Hz= 5
250.3Hz=-9
253.0 Hz=-12
§ 255.8 Hz=-14
2565 Hz=-16
12 261.3Hz= 17
264.0 Hz=-18
18 —— B2668Hz=18
0 250 500 750 1000 1250 1500 fIkHz1

FIGURE 9. Generator #3, after 30 min of operation under load, measured loaded.
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FIGURE 10. Generator #4, after 40 min of operation under load.
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FIGURE 11. Generator #4, after 70 min of operation under load.
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FIGURE 12. Generator #5, after 40 min of operation under load.
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Ficure 13. Generator #5, after 70 min of operation under load.
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FIGURE 14. Generator #6, after 40 min of operation under load.

A[dB 1 2 mvpp) moc 0-1.5kHz: 1657 ju moc 1.5- 3kHz: 190 ju moc 3- 45kHz: 45ju moc > 4, :;ggn: g
0 4758 Hz= 6
478.5Hz= -4
24 481.3Hzx 2
484.0 Hz= 0
18 - o |4868Hz=3
4895 Hz= 9
492.3 Hz= 24
12 “ T |495.0Hz=13
497.8Hz= 6
6 ——~{500.5 Hz= 2
503.3 Hz= -1
0 506.0 Hz= -3
508.8 Ha= -5
& 511.5 Hz= 6
514.3Hz= 7
517.0 Hzx -8
12 5198 Hz= -9
522.5 Hz= 10
18 — . . . 'ﬂﬁ 3Hz=-1
1] 250 500 1250 1500 1 (kHz)

FIGURE 15. Generator #6, after 70 min of operation under load.
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5. Test results

Results of measurements done in six turbine generators are presented in
Figs.4-15 and are summarised in Table 1.

TABLE 1. Experimental results of tests made on six generators.

Differential vibration coefficient R
Generator #
before operation | after 30 min of operation
1 14 10
2 11 -2
3 18 -9
4 3 -9
5 -9 -15
6 1 -2

6. Conclusions

Presented results indicate that the strongest effects of wear of bearing ap-
peared in turbines #3 and #5. These bearings have reached also the highest
temperatures, being the result of improper lubricating and excessive loosing.

It was assumed that the change of the differential vibration coefficient

from positive to negative values indicates that defective process in the bearing
appear.

The differential laser vibrometry method confirmed its efficiency for de-
termination of quality of airborne power generator.
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