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Long and trouble-free operation of rolling bearings is largely dependent on their lubrication. Depending
on their properties, lubricants reduce the levels of vibration and noise generated by a running bearing to
varying degrees. Such an influence of the lubricant is usually desirable during operation. On the other hand,
from the point of view of post-production diagnostics, which uses vibroacoustic (VA) signals to evaluate the
quality of bearings, lubricants can lead to unwanted masking of damage and manufacturing defects. This is
due to a decrease in amplitude and/or a change in the spectral composition of the vibrations. Studies on the
influence of lubricants on bearing vibrations were carried out on a set of 10 new tapered roller bearings using
12 oils of different kinematic viscosity. On the basis of the test results, the influence of oil viscosity on the
level of vibrations generated by bearings and the nature of this relationship were determined. The sensitivity
of selected measures of acceleration of bearing vibrations to changes in viscosity of the lubricant used was
determined in this paper. On this basis, the premises concerning the criteria for selection of a lubricant for the
purpose of post-production diagnostics of rolling bearings were specified. Appropriate lubricant parameters
have been defined to guarantee the stability of the rolling bearing testing process and to reduce the masking of

manufacturing defects in the VA signal.
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WPLYW LEPKOSCI KINEMATYCZNEJ SRODKA SMARNEGO NA SZEROKOPASMOWE
DRGANIA LOZYSK TOCZNYCH W UJECIU AMPLITUDOWYM

Dhuga i bezawaryjna praca lozysk tocznych w duzej mierze uzalezniona jest od ich smarowania. Srodki
smarne, w zaleznosci od swoich wiasciwosci, w réznym stopniu obnizaja poziomy drgan i hatasu
generowanego przez pracujace tozysko. Takie oddziatywanie srodka smarnego jest zwykle pozadana na
etapie eksploatacji. Natomiast z punktu widzenia diagnostyki kontrolnej (poprodukcyjnej), wykorzystujacej
sygnaty wibroakustyczne (WA) do oceny jakosci tozysk, substancje smarujagce moga prowadzi¢ do
niepozadanego maskowania uszkodzen i wad produkcyjnych. Wynika to z obnizenia amplitud i/lub zmiany
sktadu widmowego drgan. Badania wptywu srodka smarnego na drgania tozysk przeprowadzono na zestawie
10 nowych tozysk stozkowych z zastosowaniem 12 olejow o roznej lepkosci kinematycznej. Na podstawie
wynikow testow okreslono wplyw lepkosci oleju na poziom drgan generowanych przez tozyska oraz
okreslono charakter tej zaleznosci. W pracy okreslono wrazliwo$¢ wybranych miar przyspieszen drgan tozysk
na zmiany lepkosci stosowanego $rodka smarnego. Na tej podstawie sprecyzowano przestanki dotyczace
kryteriow doboru $rodka smarnego na potrzeby diagnostyki kontrolnej (poprodukcyjnej) tozysk tocznych.
Okreslono parametry $rodka smarnego gwarantujace stabilno$¢ procesu testowania tozysk tocznych
i przyczyniajace si¢ do ograniczenia maskowania wad produkcyjnych w sygnale WA.

Stowa kluczowe: drgania tozysk tocznych, smarowanie, testowanie poprodukcyjne

1. INTRODUCTION

The primary function of the lubricant in
a rolling bearing is to produce a thin film separating
the metal rolling elements and raceways, which
results in a reduction in friction [1,2]. Lubrication
of the bearings leads to improved tribological
properties and increases the operational reliability
of the bearings [3, 4]. It is estimated that about 1/3
of premature bearing damage is caused by the use
of a wrong type of grease or by its insufficient
quantity [5, 6]. Generally, the denser/more viscous
the lubricant used, the lower the vibration and noise
levels of the bearing [7]. On the other hand, the use

of high viscosity lubricants in most cases results in
masking defects/damage, which can be reflected in
the vibration signal emitted by the bearing.
Considering that the vast majority of rolling bearing
diagnosis methods are based on vibration and noise
measurements and analyses [8, 9], the type of
lubricant used is significant in terms of
defect/damage detection efficiency. Therefore, the
selection of an appropriate lubricant will be
important from the point of view of the methods of
operational  diagnostics and, in particular,
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vibroacoustic methods of post-production quality
control of new bearings. According to ISO
15242 [10] it is recommended to use oils with
viscosity 10 - 100 mm?/s for post-production tests
of new bearings. However, selection of a specific
type of lubricant and determination of the criterion
values of the vibration signal parameters used to
assess the quality of bearings have been left to the
manufacturer. He should take into account the type,
size and purpose of the bearing when selecting the
lubricant.

Many of research results presented in the
literature concerns thermal and/or friction
phenomena occurring in rolling bearings. It has
been shown that an increase in amount or the
viscosity of the lubricant results in a higher
operating temperature of the bearing [11, 12] which
is strived asymptotically [13, 14].

On the other hand, other authors state that the
use of lubricants with higher viscosity generally
slows down the bearing’s wear process [2, 15, 16].
Only a few papers report the results of research
related to the effect of the kinematic viscosity of the
lubricant on bearing vibrations. Jamadar and
Vakharia observed a decrease of amplitudes of
spectral components related to local defects of the
bearings along with an increase in viscosity of the
lubricant [6]. While Serrato, Maru and Padovese
have shown that changes in lubricant viscosity can
be detected through vibration monitoring [17].

However, we do not find detailed information
on the influence of lubricant parameters on the
detection/identification of manufacturing defects.
Such knowledge is indispensable for development
of effective post-production bearing diagnostics
methods based on VA methods.

2. RESEACH METODOLOGY

The aim of the study in the first approach was to
determine the influence of oil (lubricant) viscosity
on the level of bearing vibration acceleration
(in broadband to 50 kHz) and to determine
the nature of this relationship. The research was
carried out on a set of 10 new tapered roller
bearings type CBK-171.

- 115 o

Fig. 1. Bearing type CBK 171, view and
dimensions

During the 120-second testing of the bearings,
instantaneous rms and peak values of acceleration
of vibrations generated by the bearings were
determined. Vibrations generated by the bearings
were recorded successively for different types
of the lubricant used. Table1 shows the
designations and basic parameters of the lubricants
used in the tests.

Table 1 Parameters of lubricants used in the tests
(viscosity classification according to ISO [18])

Average Kinematic viscosity
Viscosity kinematic ranges at 40°C,
class ISO viscosity at [mm?s ]
40°C, [mmz/s ] min max
ISOVG3 3.2 2.88 3.52
ISO VG 7 6.8 6.12 7.48
ISO VG 12 12 10.8 13.2
ISO VG 22 22 19.8 24.2
ISO VG 32 32 28.8 35.2
ISO VG 46 46 414 50.6
ISO VG 68 68 61.2 74.8
ISO VG 100 100 90.0 110
ISO VG 150 150 135 165
ISO VG 220 220 198 242
ISO VG 320 320 288 352
ISO VG 460 460 414 506

The tests were performed on a research stand,
which enabled experiments to be carried out with
fixed working parameters. The bearing loads: 30 N
radial and 55 N axial (spring washer) were used to
compensate the clearance. The rotational speed of
the shaft and bearing inner ring was 1450 rpm.

Fig. 2. Bearing housing with the bearing,
vibration acceleration transducer and working
load setting system (part of the test stand)

Vibration acceleration was recorded in the
frequency band up to approx. 50 kHz. Within each
of the 120 tests carried out (12 oils with different
viscosities and 10 bearings), a 120-second signal
sequence was recorded and analyzed each time
(the first 120 seconds after start-up). To record
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vibrations, an accelerometer ICP® model M352A60
(PCB) mounted on a bearing housing, ensuring
linear processing of vibrations in the frequency
band under consideration was used.

Data acquisition module VibDAQ 4+ (24 bits,
sampling frequency 97.66 kHz) was used for
analogue-to-digital conversion of vibration and
tachometric signals. Digital signal processing of the
recorded data was carried out using a dedicated
application developed in the DASYLab® (Data
Acquisition System Laboratory) environment.

Earlier studies by the authors [19] have shown
that the quality of research results in the scope
under consideration is influenced by the proper
preparation of bearings for testing and the method
of supplying the bearing with the lubricant. With
this in mind, the bearings were subjected to
a careful preparation procedure prior to each test.
It consisted in cleaning bearings in an ultrasonic
washer in kerosene (3 min) and rinsing them in
benzine. The cleaning procedure was repeated
twice. Oils (1/4 ml) were dosed precisely with
a syringe (Fig. 3) to the bearing mounted on the
stand. Before starting the test, the oil was
distributed by turning the shaft several times by
hand.

Fig. 3. Method of supplying lubricant to
bearings

The basis for determining the influence of
a lubricant on bearing vibrations were measures
obtained as a result of parameterization of vibration
acceleration signals determined in the band from
20Hz to 50 kHz. Broadband measurements were
aimed at covering the vast majority of VA
phenomena occurring during testing of bearings. In
order to obtain information about the stationarity of
the testing process in terms of amplitude and
lubricant influence the short-time processing of
vibration acceleration signal was applied. As part of
it, the characteristics describing the changes in the
instantaneous rms values aprys(f) and peak values
apeak(f) during the test (where j is the successive
number of the short-time sequence being processed)
were determined. The rationale for such an analysis
and determination of characteristics was as follows:
- investigation of the extent to which the

kinematic viscosity of oils affects the transition

processes in the initial phase of the test, mainly

related to the distribution of lubricant and

stabilization of operating conditions,

- determination of the duration of the transition
phase for individual lubricants followed by the
stabilization of VA processes (it is expected to
take place in the shortest possible time),

- assessment of the extent to which the lubricant
used causes that the VA signal shows the
characteristics of a quasi-stationary signal.

The proposed representative parameters:
instantaneous rms values aprms and instantaneous
peak values appax determined for the consecutive
J-th short-time signal sequence (of about 0.084s) are

defined as follows:
1

I 2

1 2

AirMs,j = (72 aij) , (€9)

i=1

AipEAK,j = irilﬁ__%{aij}' 2
where:

i — successive number of the sample in the time

window (short-time sequence of the signal),

I = 8192, number of samples (size of the time

window),

J — the successive number of the processed signal

sequence.

The instantaneous peak values of vibration
accelerations should enable detection of phenomena
mainly of impulse nature related to, among others,
the following:

- movement of the cage and plays between it and
the rolling elements [20], which may generate
micro-impacts,

- instantaneous abrasions due to insufficient
lubrication [4],

- presence of contamination [21],

- defects and damage to the raceways and rolling
elements (e.g. scratches) occurring at the
production stage.

One can suppose that an increase in the
kinematic viscosity of the lubricant will have
asignificant impact on masking of the above
mentioned phenomena and their visibility in the VA
signal. Therefore, it will directly affect the value of
appeak a8 a measure sensitive to this type of
phenomena.

The instantaneous rms value of vibration
acceleration as an integral operator is less sensitive
to pulse phenomena:

- carries information mainly about signal
components (related to e.g. shape errors) and
about random components (e.g. noise related to
roughness of cooperating surfaces of rolling
elements and raceways),

- represents the energy of all components of the
VA signal (determined and random, including
pulse ones) within each short-time sequence of
the signal,

- can be used to determine the stationarity of the
signal in amplitude terms, e.g. to determine after
what time from the beginning of the test the
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signal acquires the characteristics of a quasi-

stationary signal,

- the variability of the ajrys value largely depends
on the adopted averaging time (size of the
short-time sequence).

The lubricant used will affect the apums to
varying degrees depending on its kinematic
viscosity. It can be assumed that the decrease of this
parameter due to the increased viscosity of the
lubricant may indicate the intensification of shape
error masking and the reduction of noise content in
the VA signal, which is dependent on the surface
condition. Then detection of such defects and
estimation of the surface condition will become
difficult or impossible.

An example of a short-time sequence of
a vibration acceleration signal (approx. 0.084 s) is
shown in Figure 4a. It is worth noting that during
this time the bearing inner ring (movable) performs
more than 2 revolutions. This is indicated by the
consecutive pulses of the tachometric probe (see
Figure 4b). It follows that each sequence of signals
will take into account the VA phenomena generated
when rolling elements come into contact with the
whole circumference of the raceway.

o [miled]

O 5 10 15 20 25 3 35 40 45 50 55 €0 65 70 75 80 t(ms)

% — |

1

0D 5 10 16 20 25 30 35 40 45 &0 &5 B0 E5 70 75 €0 t[ms]
Fig. 4. Example of vibration acceleration
signals (a) and from the tachometric probe (b)
within one short-time sequence

Short-time sequencing of the signal was
obtained as a result of its windowing by means of
arectangular window with a duration of 7 = A¢/
(where At— sampling time, / — number of signal
samples in the sequence). The shift of the time
window Ar was equal to the size of the time
window 7, so there was no overlapping and no
fragment of the recorded signal was omitted.

Figures 5a and 5b show examples of discrete
characteristics of changes of instantaneous arys
and apppak values for the same bearing and lubricant
type obtained for consecutive short time sequences
j (G = 1...J, where J number of processed signal
sequences). In order to better highlight the trend of
changes, the characteristics arusi(/) and
arppaxx(f), were determined and averaged for
K=10 bearings included in the test set.
Characteristics arrms (/) were averaged on a root
mean square average and apeak (/) averaged on an
arithmetic average basis according to the following
formulae:

1 K
Qrpeak,j = EZ rgax{auk} 4

where:

k — consecutive number of the tested bearing,

K =10, number of bearings in the test set,

J=1430, number of signal sequences processed in
a 120-second test.

Arrps 150
[m/s]

a) e MWWWMWWWWMMM*

50

o 10 20 30 40 50 60 70 ) S0 100 M0 t[s]

AipEak 125
[m/s?]

100

b):WuMh hkidiiied

25

0

10 20 30 40 50 60 70 éﬂ 90 100 10 t[s]

Fig. 5. Example of changes in instantaneous
rms (a) and peak values (b) of vibration
accelerations during a 120-second test;

characteristics obtained from 1430 sequences

As a result of the tests carried out, a set of
characteristics ~ ajpysjx and  Gpgagjr  Was
obtained. On their basis, the following measures of
bearing vibration acceleration have been
determined for each lubricant tested:
arms — the result of the root mean square averaging
of the rms values obtained from the tests of a set of
K bearings; the averaged rms values were obtained
from a signal covering the full duration of the test
(120 s),

] K
B 1 1 5
apms = 72 Ez A1rMS, j k
j=1 k=1
1
1 ! ’
= _Z aIZRMS,j ’ (5)
] &
j=1
airvs — the root mean square average of the

maximum instantaneous rms values obtained when
testing each bearing,

1
2

1
K =

212
1
Ez (maxk{aIRMS,j,k}> l , (6)
Jj=1...]
_ k=1

dirms — the root mean square average of the
minimum instantaneous rms values obtained when
testing each bearing,

AirMs =

1

1 K 212
dirms = [EZ (mink{alRMS,j,k}> ] ) ™
=1 Jj=1...J
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appax — averaged instantaneous peak values
described by characteristics ajppak(j) determined for

the tested K-bearing set,
K J J
_ 1 I
Aipgak = _KZ Z AIpPEAK,jk — _Z AIpEAK,j » (8)
JK £ £ J £
=1j=1 j=1
appak — the arithmetic mean of the peak values
obtained from the tests of a set of K bearings; the
peak values were obtained in this case from a signal

covering the duration of the test (120 s),
K

_ 1 _
Arpgak = X § r_naxk{aIPEAK,j,k} = dpgak, (9)
= j=1..]

dppak — the arithmetic mean of the lowest
instantaneous peak values obtained when testing
each bearing,
K
- 1
dippak = Ez mink{aIPEAK, j,k}-
j=1..]
k=1
The aim of the multi-variant parameterization of
vibration acceleration signals was to determine for
which measure the test results - obtained through
short-time processing (formulae 6, 7, 8 and 10) or
for the entire 120-second test (formulas 5 and 9) -
can be better approximated with a modelling
function. It will allow to determine the nature of the
relation between the kinematic viscosity of the
lubricant and the level of bearing vibrations, thus
indirectly the masking bearing defects and damages
in the VA signal.

(10)

3. INFLUENCE OF OIL KINEMATIC
VISCOSITY ON THE VALUES OF
AMPLITUDE MEASURES

Figure 6 shows averaged (for 10 bearings)
characteristics showing changes in instantaneous
values of vibration acceleration dirums, (3) for the 12
lubricants used with kinematic viscosity from 3 to

14,0

460 mm?/s and designations from ISO VG 3 to ISO
VG 460 (see Table 1).

Analogous characteristics of dipgak,; for the oils
tested turned out to be illegible, so their graphical
form has not been included here. However, these
data have been further parameterized.

Observation of changes in the instantaneous
values of the rms values of vibration acceleration
arws (see Fig. 6.) allows us to state that the level of
bearing vibrations significantly depends on the
viscosity of the lubricant. It can be seen that with
increasing viscosity the characteristics ajrys(f) are
located lower and lower (decrease in vibration
level).

Moreover, different trends of changes in the
arms parameter can be observed.
decreasing trend for oils with the
lowest viscosity (3 and 7 mm?/s). It can be
assumed that this is related to the process of
lubricant distribution in the initial phase of the
test [22] and the stabilization of operating
conditions; it can be estimated that for
ISO VG 3 oil such stabilization only takes place
after 40 seconds.
slightly increasing trend for oils with a higher
viscosity (from 150 to 460 mm?s). Parallel
studies conducted by the authors give reasons to
state that during the 120-second test the bearing
oil temperature increases in the contact zone of
rolling elements and raceway by 10-15°C. The
same increase in temperature was reported by
Zhou et al. [13]. It is also known that an
increase in oil temperature lowers its viscosity
[3,23].
linear trend of almost constant value for oils
with viscosity range from 12 to 100 mm?*s;

which  means  that the  acceleration
parameterization results do not change
significantly during the entire

120-second test, oils with such viscosities can
be used for post-production testing of bearings.

—ISOVG3

13,0
£ 120 0 ———1ISOVG7
2 > 'JW\M
s ¥ WWM Wbl [ L 1 ‘ ——1SO VG 12
= 2 o Il T A TR T Bl 1sove
e 10,0
22 90 b -~ ISOVG32
52 7Y WL NV O T B T TR T ™~ i
=S g0 R L Ry e T i A P bt g S s ISO VG 46
> % L T TIWATETRY PTTANS I Y QmyALR ITERMTRY ST CUT RS LT e [ —ISO VG 68
é 'ﬁ 7,0 gl ORI Aji . P T T SR e
25 60 AR ST kil —ISO VG 100
g ° > " e e el g g TATEATIN T WYY 1 e
£% 5o t N MW Nl ISO VG 150
E’ < 5 I AN TR Ty
<
z; 4,0 ISO VG 220
- 3.0 —ISO VG 320

2.0 ISO VG 460

0 10 20 30 40 50 60 70 80 90 100 110 120

time ¢ [s], = Atyj
Fig. 6. Changes in instantaneous rms values of vibration accelerations of bearings (occurring during 120 s of the test)
lubricated with oils of different kinematic viscosity (average values from a set of 10 new bearings)
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On the basis of the analysis of the stationary
signal, the minimum duration of the
post-production test (averaging time or the number
of averaged short-time sequences) that gives
aresult with the required measurement uncertainty
should be determined.

The analysis of trends in changes in the dpgax
parameter for the considered oils showed that they
are similar to trends in ajrys changes, however, the
deviation of values around the trend line is much
larger.

Figure 7 provides a synthesis of test results.
It shows the dependence of measures of rms values
of vibration accelerations: Grys, Gmrms and dmrms
described by formulae (5, 6 and 7) on the viscosity
of the lubricant. The figure is complemented by
functions interpolating the results. The best
adjustment to the measurement results was
demonstrated by power functions. The value of the
determination coefficient R? at the level above 0.9
proves that the model curve was well matched to
the test results. It can be seen that increasing the
viscosity of the oil from 3 to 100 mm?/s causes
almost twofold decrease in values of these
parameters.

It is worth mentioning that the measures used
for the parameterization of vibration acceleration
have specific detection properties.

- The measure drys 1S determined for an
averaging time equal to the duration of the test.
Therefore, it covers all phenomena occurring
during the test, both stationary and transient,
related to the stabilization of working conditions
(frictional and thermal).

- To determine the measure Grms proposed by the
authors, the signal sequences in which the VA
signal energy, for each of the tested bearings,
was the highest, are taken into account. High
signal energy within the given sequence can be
associated with short-time phenomena, e.g. of
an impact nature.

- Another measure defined in the paper, drus,
takes into account the most advantageous
moment (signal sequence) of the test. For low

viscosity oils, signal sequences are preferred in
which the final testing phase when bearing
lubrication conditions are stabilized (see Fig. 5,
ISO VG 3). For oils with viscosity above 100
mm?”/s signal sequences are taken into account
in the initial phase of the test, in which the
thermal phenomena do not have a significant
effect (see ISOVG460 in Fig. 5.). To
determine the value of this measure, those
signal sequences are taken into account, where
the energy contribution of impulse events will
not be significant. Therefore, this measure will
well reflect other signal components, such as
mono-/poly-harmonic and/or random noise
signals, from which it is possible to detect shape
errors and/or estimate the condition of the
raceway surface and rolling elements.

The rms averaged apys values and standard
deviations ¢ obtained from the tests of a set of K
bearings (Table 2) allow to properly assess the
influence of Ilubricant viscosity on bearing
vibrations and to estimate the stability of the testing
process. The data from the initial 120 seconds after
the start of each test were used for this assessment.
Normalization of standard deviations to mean
values o/arms can be the basis for estimating the
influence of oil viscosity on the stationarity of the
VA signal during bearing testing. This is illustrated
in Fig. 8. It should be added that o/apys takes into
account both the variability of instantaneous rms
values and the trend of these changes.

The following conclusions can be drawn from
the graph in Figure 8 and Table 2:

- the highest stability of the testing process was
obtained using oils with viscosities of 22 and
32 mm?/s,

- high value of a/arys obtained for the ISO VG 3
oil is caused by the decreasing trend of ajrps in
the initial phase of the test resulting mainly
from the stabilization of lubrication conditions
in the bearing (see Fig. 5), to a lesser degree it is
influenced by the variance of arys with respect
to the trend line,

y =15,431x0175

R2=10,95

y = 11,034x0.191

R2=0.97 dirus

y=11,884x013| ® Qrys

[m/s?]

R2=0,97

averaged values of measures
parametrizing vibration acceleration

0 50 100 150 200

oil viscosity x [mm?/s]

300 350 400 450 500

Fig. 7. Dependence of parameterization measures of rms values of bearing accelerations on oil kinematic
viscosity and functions interpolating this dependence
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- high value of o/agys obtained for oils with
densities above 100 mm?%s is related to the
growing trend of aprvs as a result of thermal
processes; the increase in vibration level results
from the decrease in oil viscosity with the
increase in temperature during the test.

Table 2. Dependence of the averaged rms values of
vibration accelerations dryg on kinematic viscosity of oil

Oil kinematic viscosity according to ISO VG
[mm?%/s]
3 7 12 22 32 46

9RMS | 10,86 | 8,42 | 7,70 | 6,77 | 6,37 | 6,41

041 | 0,17 | 0,15 | 0,11 | 0,11 | 0,16

olarms | 3,74% | 1,98% | 1,97% | 1,58% | 1,74% | 2,46%

Oil kinematic viscosity according to ISO VG
[mm?/s]

69 100 150 220 320 460

AR 6,27 | 5,64 | 532 | 493 | 490 | 4,29

0,19 | 0,13 | 0,17 | 0,19 | 0,20 | 0,26

olapys | 2,99% | 2,29% | 3,27% | 3,92% | 4,14% | 6,16%

[%]

olagys

S = N W kA U N
t
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1]
|
1
:

«+— stability —» &

HHHH:H H AL LT high
3 7 12122 32146 68 100 150 220 320 460
oil viscosity x4 [mm?/s]

Fig. 8. Estimation of the influence of oil
viscosity on the stability of the bearing testing
process on the basis of parameter o/agys

Analogous analysis as for instantaneous rms
values was carried out for instantanecous peak
values determined by formulaec 8 and 10. The
values of measures @ppax and dprax as a function
of oil viscosity are shown in Figure 9. For the @pgax
measure, the best approximation was obtained for
the power function, but it was not satisfactory
(R? < 0.65). Other modeling functions have shown
an even smaller fit.

On the basis of Figure 9, a decrease in the
values of measures parameterizing peak values
(apeax and EIPEAK) with an increase in kinematic
viscosity of oil can be observed. A significant
decrease was recorded in the viscosity range from
3 to 100 mm?/s.

The measure dppax takes into account the
sequence where the peak value was the lowest
during the entire test. This means that this measure
refers to the sequence in which the share of
impulsive phenomena was the smallest. Therefore,

it can be assumed that, like drys, this measure will
well parameterize noise phenomena.

60 ‘
3 » y =52,262x 0137 5
§.§~ 50 _Re=082 | © dmwEak
15 W _
£ :-‘E E y=38,86x 18| o QrpEAK
5= =40 2=096 |
Z5E 30 },., !
§E 320 -
§ a
© 10

0

0 50 100 150 200 250 300 350 400 450 500
oil viscosity  [mm?/s]
Fig. 9. Dependence of parameterization
measures of peak values of bearing
accelerations on oil kinematic viscosity and
functions interpolating this dependence

On the other hand, the measure @ppax
determined on the basis of all signal sequences will
well represent the average intensity of impulse
phenomena in the whole testing process. This will
allow to detect local damage such as scratches,
micro-impacts,  instantaneous  abrasions  or
contamination.

A summary of parameters for peak values is
given in Table 3.

Table 3. Dependence of the averaged peak values of
vibration accelerations apgax on kinematic viscosity of oil
Oil kinematic viscosity according to ISO VG

[mm?/s]
3 7 12 22 32 46
GIPEAK 56,22 | 39,28 | 34,95 | 30,19 | 27,95 | 29,05
[m/s7]
o [m/s?]| 4,45 | 2,89 | 2,16 | 1,77 | 1,55 | 1,85

o/apark | 7,91% | 7,36% | 6,17%] 5,86% | 5,54% | 6,36%

Oil kinematic viscosity according to ISO VG
[mm?/s]
69 100 150 | 220 | 320 | 460

‘7H’EA2K 29,12 | 26,64 | 28,40 | 26,00 | 26,37 | 22,70
[m/s7]

o[m/s?| 2,11 | 1,93 | 2,53 | 2,03 | 2,11 | 2,34
o/apeak| 7,26% | 7,25% | 8,91% | 7,80% | 8,00% [10,31%

The analysis of the data contained in Table 3
allows to draw similar conclusions as in the case of
measures parametrizing rms values.

When selecting a lubricant for post-production
testing of bearings, two criteria must be taken into
account. In vibroacoustic testing procedures it is
expected that there will be significant changes in
the values of measures parameterizing vibration in
case of defects/damage. The lubricant used should
not mask these defects.

On the other hand, it is also important that the
entire testing process is devoid of clear trends
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(influence of temperature and stabilization of
lubrication conditions).

4. MASKING OF DEFECTS AND DAMAGE

With functions modelling the dependence of
vibration parameterization measures on oil
viscosity, it is possible to define indicators for
estimating the intensity of masking bearing faults
and defects in the vibration signal related to the
change in oil viscosity: DMF — dimensionless
Defect Masking Factor showing the multiplication
of changes and DML - Defect Masking Level
expressed in dB,

_ aX(ref)
DMF(u) = L 1y
DML(y) = 20logy, (Z(E;f))) (12)

where for ax are taken Gpus, Girms, GIRMSs GIPEAK
and dppak respectively.

Figure 10 shows the DML(ux) dependencies
determined on the basis of the above mentioned
modelling functions (see Fig. 7 and Fig. 9). The
reference values for ay(rop) were ay,=3) (for oil
with a kinematic viscosity of 3 mm®/s). DML(u)
relationships were determined for all parameters for
which the power model showed coefficient of
determination R* > 0.8.
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Fig. 10. Masking level of signal characteristics related to faults and defects in the vibration signal generated by
the tested bearings as a function of oil kinematic viscosity

On the basis of Fig. 10 it can be clearly stated
that the level of masking of defects increases with
the increase in viscosity of the oil. Figure 11 shows
the two extreme characteristics of DML(u). The
upper one, determined on the basis of dirms is
related to the masking of information about the
surface condition (roughness) which is manifested
by a reduction of noise level in the VA signal. The
lower one, determined on the basis of @ppak, 18
related to the masking of local (point) damage of
raceways / rolling elements (decrease in peak
values of impulses in the VA signal along with
increase of oil viscosity).

With the data from Tables 2 and 3 and
Figure 11 it is possible to determine what viscosity
of oil will be optimal for the testing process. The oil
used should guarantee both the stability of the
testing process and a low level of defect masking.
Based on the test results, it can be concluded that
the oil viscosity should be in the range of
20-30 mm?/s. The characteristics presented in
Figure 11 can also be the basis for a more detailed
analysis. For example, the use of ISO VG 22 oil
instead of ISO VG 3 will increase the level of
defect masking by an average of 2.9 dB, but on the
other hand it will guarantee better stability of the
testing process. (see o/agys in Table 2). The use of
higher viscosity oil, e.g. ISO VG 150 instead of
ISO VG 22, will not be advisable. This will
increase the level of defect masking by an average

of 2.8 dB and lower process stability (the o/arus
parameter increases). This is related to the influence
of thermal phenomena during the test.
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Fig. 11. Example of estimating of the increase in
the level of masking of defects and faults in the
VA signal due to a change in the kinematic
viscosity of the oil used in the process of
post-production testing of bearings.

5. CONCLUSIONS

The conducted research allowed to state that the
vibrations of rolling bearings depend on the
viscosity of the lubricant used. An increase in
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viscosity results in a decrease in the values of the
vibration acceleration parameterization measures in
the aspect of broadband measurements.

The highest sensitivity to the change in the
viscosity of the oil used was demonstrated by the
averaged (for the set of test bearings) minimum
instantaneous rms value dirys. It can be assumed
that this measure, as an integrating operator, well
reflects the presence of mono-/poly-harmonic
and/or random noise components in the VA signal.
In addition, drys shows little sensitivity to the
presence of impulse phenomena.

On the other hand, the average instantaneous
peak value @pgax reacting to short-time impulse
events in the signal shows the lowest sensitivity to
changes in oil viscosity.

It follows from the above that the increase in
viscosity of the lubricant used will mask the
low-energy signal components related to the surface
condition (roughness) and shape errors (waviness)
to a greater extent than the local defects of the
raceways and rolling elements.

The Defect Masking Level DML(u) indicator
defined in the work may be useful for estimating
the effect of oil viscosity on masking the defects of
new bearings during their post-production testing.

The results of the conducted research confirmed
the importance of the procedures for preparing
bearings for the tests shown in previous works
[19, 24].

Taking into account the criteria: stability of the
testing process and low impact on masking of
bearing defects, oils with viscosity in the
22-32 mm?s range will be optimal for use in the
post-production testing process.
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