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Abstract. In order to achieve a normal behavior of the bearing during exploitation, it is necessary
to study the characteristics of the rolling elements material. The experiments are meant to
determine the mechanical characteristics of the material used in ball bearing manufacturing (e.g.
tensile strength, fatigue). The trials conducted have been split into two different categories: in a
first stage statically tests have been performed, in which the bearing ball has been tested for
compression until breakage using a special device developed for this purpose. The second stage
has been dedicated to dynamical tests, using a specially designed fatigue test machine for bearing
balls. The experimental results have been statistically worked out, acquiring conclusive results
for the trials performed.

1. Introduction
Bearing analysis concerns a wide number of specialists from various engineering fields. Several
approaches can be identified: vibration analysis [1],[2], fatigue tests, lifetime assessments with different
lubricants, etc. Most of the scientific research is related to the bearing assembly, without highlighting
the importance of the bearing components (inner ring, outer ring, cage, rolling elements). If the bearing
components have defects, a shorter lifetime of the bearing is to be expected. The authors study in the
current paper the bearing balls mechanical characteristics in order to evaluate if they can have a
significant impact in the bearing

The analysis performed in the current paper is orientated in two directions: the first one is related to
mechanical compression trials performed with a specialized device executed for this task and the second
one is related to fatigue issues of the bearing balls.

2. Materials and methods

2.1. Mechanical compression device

The trials have been performed on a universal testing machine, [3]. Thus, there have been six sets of
bearing balls tested at compression (with five balls each set) with the diameters: Dy, = 6,8; 8.8; 12,7;
15,0; 17,8 and 20 mm.

For the mechanical compression trials, a specialised device was designed and executed (figure 1).
The bearing balls or semi balls are fixed in the device as shown in figure 2. The devices maneuverability
is facile and it can be mounted in the universal testing machine with ease. The force until breakage is
recorded by the universal machine. The whole ball can be tested for static trials and the semi ball can be
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tested for the stress and deformation study with the electric resistive tensiometry method, using the
adequate tensiometric stamps with a big measurement base [4]. However, in the current paper only the
necessary force until breakage was evaluated by the authors.

Section B-B

Section A-A
Figure 1. Specialised device for bearing Figure 2. Schematic of the specialised device for
balls compression test bearing balls compression tests

2.2. Fatigue trial machine
The bearing balls where tested on the machine presented in figure 3. In order to obtain similar results
during all the tests performed, several parameters had to be carefully monitored and maintained in a
narrow range of values. The tests performed where under constant load (F=3600kN/test chamber) and
the test chamber was permanently greased, using Mobil SHC Cibus 68. The oil flow was at around
1500ml/min. In every test chamber there were 6 balls tested in each trial, using the sudden death method
(until the failure of one of the balls). The machine stopped the test every time the vibration sensor
detected higher vibrations in the assembly, meaning one of the bearing balls had a material pitting.

The balls are located in a cage with 12 holes (figure. 4c), working in a vertical position (figure. 4.b.).
The horizontal load F, is shown in figure 4.a. The test chamber has two cages, allowing up to 24
simultaneous ball trials. The machine, described in detail in [5]-[9], is presented in figure 3.

Figure 3. Fatigue testing machine for bearing balls
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Figure 4. Schematic of the test chamber and the cage

The rolling elements of a bearing are made of chrome alloy steel: 100Cr6 for smaller bearings and
100CrMn6 for large bearings. The material used to conduct the trials is 100Cr6 with E=2-10° MPa,
Poisson coefficient p = 0,29 and admissible stress 6, = 6000 MP, also known as the admissible contact
pressure pa.

A total of 120 bearing balls with the diameter Dy, = 12,7 mm, without production defects have been
tested for fatigue at n = 200-10° rotations.

3. Results and discussions

3.1. Mechanical compression trials

The balls have been tested until breakage (figure.5). The balls had no manufacturing defects and no
wear. The force at the breaking moment Fr [N] has been validated as the arithmetic mean of the
individual values obtained for each ball in the respective set.

Figure 5. Ball tested at compression

It can be observed that the intensity of the necessary force in order to break the ball F; is dependent
to the ball diameter D,, and the value is increasing linear, as shown in figure 6, where the tendency line
is correspondent to the ball diameter/breakage force.
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3.2. Fatigue trials of bearing balls
After the testing of 120 bearing balls [10]-[12], a total of 60 balls have been randomly selected for the
analysis, shown in figure 7.

Figure 7. Bearing balls Dy, =12,7 mm after n = 200-10° rotations

Initial parametrical data for the bearing balls:
- Initial diameter: Dy, = D, = 12,7 mm
- Maximum section area: Ao = 506,7074791 mm?
- Volume: Vo= 1072,530831 mm’
- Material density: p = 7,80 g/mm?
- Initial weight: mo = 8,36570 g
The data has been measured individually for each ball tested after n = 200-10° rotations. The results
have been obtained by calculating the mean of the measured parameters:
- Final diameter Dyeq = 12,686567 mm
- Final weight myeq = 8,35238 g
The results after the weight measuring sequence of the balls highlight the loss of weight due to
fatigue:
Dued = Do - Dmea = 0,013433 mm
Mpmed = Mo - Mpmed = 0,01332 g
The fatigue becomes relevant only after a certain number of rotations (n> 100.000.000 rotations)[13]
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4. Conclusions

The current paper presents a study regarding the static and dynamic behavior of the bearing balls of
different sizes. The results obtained through the two test methods (mechanical and fatigue) emphasise
that the bearing balls have a high liftetime expectance, exceeding the lifetime calculated for the bearing
assembly according to ISO 281:2007 norm. [14] Thus, the breakdown of a bearing is not caused by the
rolling elements as long as they do not have production defects.
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