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Abstract— Rolling bearings are machine components
widely used in mechanical engineering. They are used under
various operating and load conditions. Their widespread use
makes it necessary to test them under certain conditions to
study their behavior. This paper presents a methodology for
testing bearings using the damped oscillation method. A
specially designed test rig is used in accordance with the
method described. The bearing is fixed to the stand by the
inner strap and an axle with a movable weight, of the physical
pendulum type, is fixed to its outer strap. Decay oscillations
are read on an angular scale from 30° to -30°. Experiments
have been performed and results obtained with different
starting points (10°, 20°, and 30°) and different positions of
the weight along the axis. The results obtained are processed
using statistical software and presented in the form of graphs
and tables. The methodology described can be used both in
practice and for training students in laboratory conditions.
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1. INTRODUCTION

The damping oscillation method is a widely utilized
technique in laboratory-oriented ball bearing testing,
allowing the assessment of dynamic parameters such as
stiffness, damping coefficients, and the influence of
tribological effects. This method is particularly critical in
applications ranging from failure diagnostics to predictive
maintenance of rolling-element bearings. Despite its
importance, explicit research on the development of
standardized training methodologies and technical
frameworks for the damping oscillation method remains
sparse, demanding a deeper investigation into existing
experimental  setups, modeling techniques, and
standardization efforts.
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The reviewed literature provides a foundation for
understanding the state of experimental methodologies and
modeling approaches in ball bearing testing under dynamic
conditions. Early studies, such as Kraus et al. [1],
introduced an in situ modal analysis method as a pioneering
framework for identifying damping and stiffness in fully
operational rotor-bearing systems. This was later expanded
upon by works such as Dietl et al. [2], Wensing et al. [3],
and Lambert et al. [4], which developed experimental
setups and theoretical models that accounted for critical
damping contributions, including elastohydrodynamic
lubrication, bearing preload, and time-dependent system
stiffness. A major focus of these studies has been
controlling damping variability during testing, with
experimental designs such as monolithic bearing
assemblies [5, 6] and frequency-domain transfer function
analyses [7] addressing the influence of boundary
conditions and assembly errors.

In recent years, modeling efforts have emphasized
nonlinear and transient damping effects. Peng et al. [8]
proposed a multigrid method to incorporate lubrication and
load effects into comprehensive damping calculations,
while Kong et al. [9] linked lubricant viscosity and grease
effects to damping variations in defective bearings. These
theoretical and experimental advancements present
opportunities to expand the utility of the damping
oscillation method for failure mode recognition and
diagnostic purposes. Despite these developments, efforts to
unify such methodologies under standardized frameworks
are limited. Notably, Ratcliffe et al. [10] proposed general
vibration testing standardization strategies, but these lack
specific application to ball bearing damping oscillation
testing.
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The critical gap remains the absence of explicit efforts
to translate these methodologies into consistent training
programs for laboratory technicians and researchers. The
integration of dynamic modeling insights with hands-on
experimental setups could improve skill reproducibility
and foster standardization in this largely decentralized
field. This gap underlines the need for future research that
bridges experimental setups, advanced modeling
techniques, and technician-oriented training frameworks.

II. MATERIALS AND METHODS

A.  Materials

The testing methodology for bearings using the
damped vibration method was developed for the test rig
shown in Fig. 1. The design and construction of the test rig

used are described in detail in “DESIGN, PRODUCTION, AND
APPLICATION OF A STAND FOR TESTING FRICTION OF THE

BEARINGS* by Katsarova P. etal [11].
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Fig. 1 Bearing testing stand [11]

The stand is composed of the following elements, as

illustrated in Figure 1:
- A base (1) constructed from laminated fabric,
capable of fixed installation on a wall.
- A pendulum comprising an axis (2), a weight (3),
and a control nut (4), all manufactured from steel. The
position of the weight relative to the axis of rotation can
be adjusted by the control nut up to 100 mm. The tested
bearing bush (5) is fastened in the upper part of the
pendulum by a threaded joint (M8).The shaft (6) with the
bearing bush is mounted to the base by a threaded joint
(M18).The bearing bush is mounted on the bearing journal
with clearance fit H7/h6.The bolt and the nut (48, 49) are
used for axial fixation of the bearing. The parameters of
the stand area are as follows:

e  Overall dimensions- 67,5/400/600 [mm]

e  Mass of the pendulum (3, fig.1) - 0,5+1 [kg].

e  Length of the pendulum 7 - 0,38 [m];

e  Diameter of the tested friction surfaces D - 10+30
[mm] fig. 2.

Fig. 2 Friction rig assembly [11]

B.  Materials

The testing methodology for bearings entails the use of
damping oscillations to assess their performance. This
approach is founded on the principle of measuring the
change in potential energy of a pendulum during its
oscillatory motion.

The stand employed in this methodology is designed to
ascertain the friction moment in different bearing supports
by means of the damping oscillation method. The
pendulum axis is suspended from the bearing support
under test and permitted to oscillate freely. Friction in the
bearing results in damping oscillations. The damping
oscillations are characterized by a gradual decrease in
amplitude with decreasing pendulum deflection angle (see
Fig. 3) [12,13].

The potential energy of the pendulum is associated
with the amplitude changes that occur during its motion.
A U=Gh=Gh(cos &, - cos &) 1
where:
U - the potential energy of the pendulum,;
G — weight of the pendulum;
h — length of the pendulum.

When the deviation angles are small (& < 8-10 0 ), cos
2

a
& can be replaced by 1-7 and the dependence (1)

acquire the following form:

A== =0) _ G o ya, @
2

The work of the friction forces during the specified
time interval of the pendulum from &, to &, can be

calculated by multiplying the friction torque M, by the
sum of the pendulum angles of oscillation:

Ap=Mup (@, + 20, +2a, + 20, +......2a, , +a,)3)
Taking into consideration that:
a,ta, = 2 mean and

o, +0, +0; +....... A, =(n—1)a mean (4)
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The work of friction is received by us:
A= Mip2 1 & mean )

The pendulum potential energy change is equivalent to
the work of the friction forces because the friction in the
bearing is the sole energy consumer. Subsequent to the
equalization of AU from (2) to Ay, from (3), the ensuing
dependence is obtained:

M = Gl M (6)
2n
or
o,—a,
My, = GIZ %)
where:

M7p — friction torque [N m];

G — weight of the pendulum [N];

[ — length of the pendulum [m];

h — difference of the pendulum height at initial and final
position. [m];

og + o, — angles of oscillation of the pendulum [rad];

n — number of the semi-periods;

N - number of the oscillation periods of the pendulum -

N:E;
2

The connection between the friction torque and the value
of the reduced friction coefficient is:

M, =F.fr ®)
where:
F —loading force [N];
f - friction coefficient;
r — bearing’s radius [m].

Fig. 3 Theoretical setup

III. FIGURES, TABLES AND EQUATIONS

In order to ensure the accuracy and adequate
interpretation of experimental results, it is essential that the
operator possesses a comprehensive understanding of the
theoretical framework and the methodology employed. The
bench methodology is delineated in eight points.
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1. The following text presents a theoretical exposition
of the method of damping oscillations. It includes a
comprehensive introduction to the operator within the
theoretical framework of the method of damping
oscillations, as outlined in the section entitled "Methods."

2. The operator is required to become acquainted with
the stand's design. This involves an examination of the
stand's characteristics, features, and capabilities. Refer to
Figure 1 for a visual representation of the stand.

3. A consideration of the bearing types is warranted,
given that the types of bearing pairs that suit the design
features of the rig are of paramount importance.

4. The following steps are taken in order to prepare the
stand for operation. At this point, the bearing to be tested is
mounted to the stand (see Fig. 2). Once the bearing is fitted
and the stand is assembled, the position of the weight is
adjusted. The weight can be placed at different heights
along the axis of the pendulum, which allows for a
multitude of experiments to be conducted. For the present
experiment, the NMB SSR-4HH bearing was selected.
Once prepared, the characteristics of the rig are as follows:

e Radius of the tested bearing » = 8,5 mm,;
e Weight of the pendulum G = 10 N;
e  Length of the pendulum / = 380 mm;

5. The experiment is meticulously planned, with a
detailed plan of the experimental part being formulated.
The heights of the weights and the initial angles are selected
with precision oo. In this example, two weight positions are
selected: 1) weight in the lowest position, and 2) weight in
the top position. For each pendulum weight position, three
experiments were conducted with starting angles oo = 10,
20; 30.

6. The collection of experimental data is to be carried
out by conducting the requisite number of experiments, as
outlined in Section 5. The resulting data shall be presented
in tabular form, and the results of the experiments are to be
displayed in Figures 4, 5, 6, and 7.

Weight in top position

Semiperiod n

Angle, |0 1]2)3]4|5]6|7]8]9]|10]11)12]{13]14|15|16|17|18|19|20|N|12| %3 | N[>

30 | 30|-30)28|-26(26 (-24) 24|-22| 20 |-20) 20 |-18| 18 |-16) 16 |-16| 14 |-14| 12 |-12| 12|-10| 10 |-10

e
da

20 | 20|-20{18|-18|16 |-18| 16 |-16| 14 |-14| 12 |-12| 10 |-10{ 10|-10) 8 |-8 | B | 6| 6 |-4|4 |4 |42

10 |10|-10[ 10j-10| 8| -8 8 -8] 6) -6 6 6| 6 4] 4 -4 2 -2 2] -2 2 -2 2 -2 0O 0

Fig. 4 — Weight in top position — part 1

Weight in top position
Semiperiod n
Angle; | 26 |27|28]29{30(31]32(33|34|35(36|37|38|39[40|41|40|43|44|45|46 |47 48(49|50
0 |8|-6|6|6|6|-6|4|-4)4|-4|2|-2|2|-2(2|2]0]0f0]0]0j0jO]O]0O

0 |2(2)2|-2|2]-2|2|0]|0|0|0)0O[0]0O]0| 0 0O 0 0 o 0 0 0 0 0

10 0] 0] 0 0] 0 0 0 0 0 0 0 0/ 0] 0 0 0 0[ 0 0 0 0f 0] 0 0] 0

Fig. 5 — Weight in top position — part 2

Weight at lowest point
Semiperiodn
Angle, |0 1020345678 9|0|0|0 13|14 ].5|16 170181920 |21 |22 |23 | 4|25
30 | 30|-30| 28|-26| 26 |-24| 24 |-22| 22 |-20] 20 |-20{ 18 |-18) 18 |-18| 16 |-16]| 16 |-14| 14 |-12| 12 |-12| 10 |-10
20 | 20(-20|18|-18| 18 |-16| 16 |-16| 14 |-14] 12 |-12{ 12 |-10) 10|-10{ B -8 | 8 |-6| 6|6 |6 |-4 |4 |4
10 | 10|-10) 10]-10] 10 -8] 8| -B 8 -6| 6 -6| 6 -6 6 -4 4] -4 4 -2 2] -2] 2| -2 2| -

Fig. 6 — Weight in lowest position — part 1
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Weight at lowest point
Semiperiod n

Angle; | 26 27|28 |29]30]31(32(33 |34 3536373839 |40 |41 42|43 |44]45(46(47|48|49]50
30 |10)-8|8|-B[8|-6[6|-6(4|-4]4]4]2(-2(2|-2|2]2]2|-2|2]|-2]2[0]0
0N |44\ 4)-2(2]-2(2]-2|2|-2{2]-2[2|-2/0] 0 0] 0O o 0 0 0 0] 0] 0
10 2 -2] 0 0 0 0 0] 0] 0 0 0 0 0f 0 0] 0 0f 0 0f 0f 0 0 0 0] 0

Fig. 7— Weight in lowest position — part 2
7. Data Processing

Following the execution of the experimental phase, the
collected data must undergo processing. This processing
involves the construction of graphs depicting damping
oscillations, alongside the calculation of the MTP
coefficient values utilizing Formula 7. The calculation of
the friction moment is performed by employing the
relationship between 0o - On = Omean. The graphical
representation of the results is illustrated in Figures 8 and
9. The values of the friction moment are enumerated in
Table 1.

Weight in top position

Fig. 8 Weight in top position chart

Weight at lowest point

Fig. 9 Weight in lowest position chart

Table 1 Friction torque Mrp

Friction pair — Steel/Steel

ag; | M, N;
Top position 30 0.012
20 0.006
10 0.003
Lowest position | 30 0.014
20 0.009
10 0.010

8. Analysis

The data obtained from the experiments and
calculations are subjected to rigorous analysis.

IV. CONCLUSSIONS

1. The methodology presented herein can be utilized in
both teaching and practice settings.

2. The obtained results demonstrate the reliability of
the methodology and the efficacy of the rig.

3. The methodology presented herein can be applied to
the study of friction in different pairs of bearings.
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