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In this work, spalling is naturally initiated on the bearing raceway during its operation on the test bench.
The experimental procedure used consists of monitoring the deterioration of the ball bearing until its
failure with an online acquisition of vibration signals. Vibration analysis is the method used to
characterize the damage. In order to obtain a significant trend curve, spalling surface has been
measured several times during the lifetime of the tested bearing. These measurements allowed plotting
the fatigue curve which has been found to follow a power law. The root mean square (RMS) indicator
has been used to follow the bearing’s degradation using vibration time signals. The RMS trend curve
has been established, and its reliability in following the spall growth has been discussed. Finally, the
RMS falling problem has been addressed and well discussed using experimental investigation.

Key words: Predictive maintenance, fatigue spalling, root mean square falling, vibration monitoring, rolling

contact fatigue.

INTRODUCTION

Among damages encountered in bearings, the
predominant one is rolling contact fatigue which is a
complex process that requires the skills of contact
mechanics and material science (Dudragne, 2000;
Fernandes, 1997). The industrial needs led us to
investigate the modelling of spalling damage. Progress
has been made to improve load capacity and reduce heat
using lubrication. This progress has led to establish new
models based on micromechanics and physical
metallurgy of metals. In these models which are based on
Weibull's probability theory (Gupta and Zaretsky, 2018),
the crack initiation is related to the presence of stress
concentration (ElI Laithy et al.,, 2019), and to the
dislocations, emission to the critical stress concentration
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area (Tallian, 1999); whereas, crack propagation results
from the emission of dislocations towards the crack tip
according to the applied stress field (Rycerz et al., 2017).
This new approach should ultimately allow a finer
estimation of the bearing’s life time; taking into account
both the intrinsic properties of materials and the real
tribological stresses on the contact surfaces. In general,
fatigue occurs without overall plastic deformation, but
threshold (Allison and Pandkar, 2018). The fatigue test
consists of subjecting each bearing to a load and to a
constant frequency, taking into consideration the resulting
cycles number or the operating time until bearing’s
failure. The most commonly used method for monitoring
a bearing defect is vibration analysis which we will use in
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Legend:

1- Electric motor, 2- Shaft,
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Figure 1. Thrust ball bearing fatigue test bench. (a) test bench, (b) vibration measurements displayed by a computer, (c) Test bench

environment.

this study (Alfredson and Mathew, 1985a, b; Lei et al.,
2018).

TESTING PROCEDURES

The tests are carried out on a batch of identical single row thrust
ball bearings. The purpose is to monitor the growth of a fatigue
micro-spalling until it reaches a large size sufficient to cause
bearing’s failure. The fatigue module of the test bench shown in
Figure 1 is used to perform experiments. During tests, a constant
axial load of 30000 N is applied on the bearing, while the rotation
speed is kept constant at 1800 rpm. The cooling lubricant flow rate
is also kept constant. Two piezoelectric accelerometers (8) of
references DJB3208 and DJB3209 are placed as close as possible
to the bearing in axial and radial directions. The test bench shown
in Figure 1 consists of three main parts: (i) a fixed base which is
composed of two plates (3) linked with four uprights (4); (i) a
rotating part that includes the main shaft (2) which crosses one
plate to allow positioning of the tested bearing on its end; and an
electric motor (1) which transmits the rotation movement to the
shaft by means of a coupling; (iii) the loading device which consists
of a cylinder (5) that applies a load on the press (6) which, in turn,
ensures a uniform distribution of the load applied on the bearing.
The load intensity is indicated by a display device (7). The used
thrust bearings are of reference FAG 51207 CZECH/ATK with an
internal diameter of 35 mm, an external diameter of 64 mm, and 12
balls.

SPALLING evolution

The evolution of the bearing spalling is illustrated in Figure

2. It is expressed by its surface denoted by s, and the
vibratory level defined by the root mean square (RMS)
value of the vibration signal measured at time (1)
(Bastami and Vahid, 2021; Manoj et al., 2008). The RMS
value of the signal is the normalized second statistical
moment of the signal. It is given by:

1)

where, N: is the number of samples taken from the
signal, S: is the average value of the time signal
amplitudes.

The RMS values indicated in Figure 2 represent the
energy of the vibration signal acquired at time t by the
axial accelerometer. Figure 3 illustrates the evolution of
spalling size (s) induced on the tested thrust bearing with
respect to time. The obtained trend curve shows that a
good correlation exists between the spalling size and the
spalling time, which follows a power law.

RMS FALLING ANALYSIS

Figure 4 shows the entire evolution of RMS used to
monitor the thrust bearing degradation. This includes the
normal operating phase (without defect) and the spalling
phase. We can observe that RMS had small values
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Figure 2. Different phases of spalling on a thrust ball bearing ring.
3 direction of rotation, ®: direction of spalling.

before spall initiation, which increased monotonically until
it reaches a point where it decreases abruptly, and then
starts increasing again until bearing failure. The RMS
trend curve stalling is well indicated in Figure 5 by three
points T1, T2, T3 corresponding to three tested bearings.

Through the fatigue tests carried out on thrust ball
bearings, we have seen that the fall in the RMS value
corresponds to a spalling defect size close to 59 mm?
(Figure 7). This defect extends over the entire width of
the raceway which is equal to 5mm, and therefore
corresponds to an arc length equal to 12 mm. Using the
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Figure 3. Spalling size evolution.

geometrical specifications of the tested bearings, the
distance between two consecutive balls can be found as
follows:

27
po 27k

v @

Where pis the distance separating two balls, N is the

number of balls which is equal to 12, and R_is the
bearing average radius given by:

_R+R,

2 ©)

R,

Where R, is the bearing’s inner radius, and R, is its
external radius.

We find: R =24.25mm. Using Equation 1, we find:

p=12.7mm.

We can see that the distance separating two
consecutive balls is almost equal to the defect arc length.
Therefore, it was concluded that the RMS fall would be
due to the presence of two balls in the defect
simultaneously; one exiting the spall and the other
entering it as illustrated in Figure 6.

DISCUSSION

The appearance of spalling on the raceway of the thrust
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Figure 4. Evolution curves of vibration level from: (a) radial accelerometer, (b) axial accelerometer.
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Figure 5. Evolution of the RMS indicator with indicated stalling points.

ball bearing causes shocks when the balls hit the defect.
These shocks are due to spalling surface irregularities,
and result in peaks of positive and negative amplitudes
corresponding to the simultaneous entering and exiting of
two successive balls in and out of the defect. These
amplitudes give rise to the sinusoidal function amplitude
at the passage frequency of the balls on the external
raceway (BPFO). This is illustrated by phase 2 of Figure

6.

In fact, when the spalling size reaches an arc length
corresponding to the distance between two consecutive
balls, these rolling elements become both inside the
defect surface. Thus, ball 1 will create a positive
amplitude shock because it is entering the spall, while the
exiting ball 2 will produce a negative amplitude shock.
Therefore, the effects are offset. This is illustrated by



40 Sci. Res. Essays

Load l

.___
—_

OO

1 |
Phase 2 (\] : : (‘1
Phase 3 (‘1

| Jj By

Bearing’s ring
raceway

Balls

Figure 6. Graphic process of the spalling evolution. Phase 1: Crack initiation, Phase 2: Passage of a ball through the defect, Phase

3: Passage of two balls simultaneously through the defect.

phase 3 in Figure 6.

The value of the indicator undergoes a fluctuation (stall
phenomenon) at the points T1, T2 and T3 corresponding,
respectively, to the RMS trend curves of bearings 1, 2
and 3 as shown in Figure 5. The results show that the
vibratory level changes linearly with respect to the defect
size along a great part of the spalling phase, and then
stabilizes slightly undergoing some fluctuations when the
spalling reaches a significant size, and finally increases
abruptly before bearing failure.

The RMS falling gives us an important indication about
bearing life’s limit. As shown in Figure 5, for all the tested
bearings, the evolution curves undergo systematically an
abrupt decrease after a spalling duration which

approaches 85% of the spalling phase time and
corresponding to an average spalling size of 55 mmZ. To
ensure a best health monitoring of bearings, establishing
a threshold for the vibration indicator RMS should be
considered based on the results obtained in this study.
This, in turn, helps with creating reliable models for
bearings remaining useful life prognostics.

Conclusion

In this study, the problem of RMS falling when the thrust
ball bearing approaches failure was discussed.
Experimental results showed that this is due to an
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Figure 7. Final state of the spalling surface on the thrust ball bearing ring.

excessive spalling size whose length approaches the
distance between two successive balls. Hence, an RMS
threshold should be set to avoid such misleading
indications.

Through this work, it was concluded also that the best
monitoring of the bearings spalling evolution depends on:

1) The vibration indicator reliability as long as there exists
a variety of statistical indicators used in vibration
monitoring such as kurtosis, RMS, crest factor. Some
indicators may be more sensitive; therefore, more
accurate to describe the spalling evolution;

2) The trend of the vibratory indicator with respect to the
spalling time before its stalling.

It was also figured out that spalling evolution in thrust ball
bearings with respect to operating time follows an
exponential law. Thus, this work still needs more efforts
to establish a spalling growth model which leads to
predicting of the remaining useful life of thrust ball
bearings; and therefore reduce unplanned maintenance
operations.
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