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ABSTRACT – Fatigue life in the ball bearing under the 

vibration operating condition is calculated by multiplying 

a dynamic equivalent load to a load factor, which 

corresponds to the vibration condition. However, a 

quantitative condition to determine the load factor is not 

described in the standard.  In this research, endurance test 

of small ball bearings was conducted with applying 

external vibration in axial direction with the aim of 

accurate determination of the load factor value. 

Consequently, in case of applied vibration acceleration 

less than 5m/s2, it was confirmed that the bearings rotated 

without abnormalities up to three times basic dynamic 

rated life. 

 

1. INTRODUCTION 

A rolling bearing is a mechanical element that 

guides rotary motions while supporting loads applied on 

axes and is used in a broad range of machinery. Vibration 

of specific frequencies are generated on each bearing 

during rotation because the inner and outer rings always 

make contact with rolling elements despite the presence 

of an oil film between them. In addition, there are 

vibration sources in machines including bearings that 

support multiple gears or rotation axes and motors. 

  Yet, many pieces of data on testing a bearings life 

that are given by bearing manufacturers come from 

experiments conducted in stationary environments [1]. 

Bearing life tests are assumingly held individually for 

customers depending on their operating environments. 

But not many pieces of data are publicly disclosed due to 

confidentiality agreements. 

  In past study [2], in case of applied radial 

directions vibration acceleration less than 10m/s2, it was 

confirmed that the bearings rotated without abnormalities 

up to three times basic dynamic rated life. Meanwhile, it 

was observed that the wear at the loading area of outer 

raceway became larger with increasing vibration 

acceleration. However, the vibration of the machine is not 

necessarily applied to the bearing in the radial direction 

but may also be applied from the axial direction. 

Vibration in the axial direction causes shaking of rolling 

elements. This vibration is a vibration in the direction to 

exclude the grease from the raceway surface and it is 

thought that this vibration has a bigger influence than the 

vibration in the radial direction. 

 Thus, this study aims to experimentally clarify how 

bearings receive damage in endurance tests where 

external vibrations are given to small ball bearing 608 in 

the axial directions. And, this report explains the case 

where a fixed vibration frequency is applied in the range 

of vibration accelerations up to 5 m/s2. 

 

2. EXPERIMENTAL METHOD 

2.1 Experimental instrument 

The experimental instrument used in this study is 

shown in Figure 1. This instrument is a rotation 

endurance test device for bearings with vibrator. 

 

 
Figure 1 Photograph of experimental instrument. 

 

 
Figure 2 Method to give external vibration. 

 

Figure 2 shows the mechanism used to excite 

vibrations. We set up circular pulleys (for excitation) with 

a partially cut off shape on motor shafts and rotated them 

in an imbalanced state to give external vibrations. The 

pulleys were sliced in thin layers from the outer periphery 

with a wire cutter and the level of imbalance was 
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adjustable by changing the number of slices to install. 

Furthermore, vibration frequencies could be adjusted by 

altering the motor’s rotational speed. 

 

2.2 Experimental conditions 

Table 1 shows the rotating conditions of the test 

bearing for this study. Deep-groove ball bearings 608 

lubricated with grease were used as test bearings. The 

basic dynamic load rating (Cr) was 3300 N. The radial 

load on the test bearings was set as 660 N, which is 20% 

of the basic dynamic load rating, because the test 

bearings often are used in home appliance motors and 

very high loads are seldom involved. The test time was 

set three times longer (1,563 hours) than the rating life 

that was calculated with a radial load of 660 N. 

Table 2 shows the vibration conditions in axial 

directions as external vibrations for this study. The 

experimental instrument in Fig.1 had two exciters that 

can give vibrations in any given direction. But, as the first 

part of the experiment, we started with vibrations in 

radial directions only to check the effect of external 

vibrations. The revolution period of rolling elements of 

the test bearings was used as the excitation frequency. 

 

3. EXPERIMENTAL RESULTS 

In case of a stationary condition with no external 

vibration applied, there was no sign of an increase in 

vibration acceleration in any of the nine bearings (nine 

simultaneous experiments) after 1,563 hours of rotation, 

which is three times longer than the basic rating life. 

Figure 3 presents a result of the experiment when 

external vibrations, 5 m/s2, were applied in axial 

directions. These results can be summarized as follows: 

the vibration acceleration rose slightly when higher 

levels of external vibration were given, but there was no 

rise in the vibrations that could be caused by fatigue 

fractures. In conclusion, no bearing damage occurred to 

a level that meant the bearings were no longer usable due 

to an increase in the vibrations in the range of the external 

vibrations given for this study. 

However, when the vibration acceleration was 

increased, some running traces appeared on the inner ring 

raceway surface, and some of them could confirm things 

like extremely light flaking (Figure 4). 
 

Table 1 Experimental conditions. 

Test bearing 608 

Rotational speed 4000 min-1 

Environmental 
temperature 

23±3 degree-C 

Lubricants Grease 

Radial load 
660 N 

(0.2×Basic load rating) 

Number of simultaneous 

experiments 

9 bearings 

(per every condition) 

Basic rating life 521 hours 

Maximum test time 
1563 hours 521 

hours×3  

 
 
 
 

Table 2 Experimental conditions for external vibration.

Vibration direction Axial direction only 

Frequency [Hz] 24.75 ± 0.5 

Vibration acceleration[m/s2] 

0.0  

2.5 

5.0 

 

 
Figure 3 Relationship between experimental time and 

vibration acceleration. 

 

 
Figure 4 Surface of inner ring after running. 

 

4. CONCLUSIONS 

Aiming to collect basic data that helps designers and 
such like to more suitably choose bearings, we conducted 
an endurance test with small ball bearings 608 under the 
condition where a radial vibration was externally applied  
and observed changes in vibration acceleration for this 
study. The following lists the things that we learned. 

(a) No apparent increase in bearing vibration 

acceleration was confirmed in the external axial 

vibration range (vibration acceleration of up to 

5 m/s2; frequency of 24.75±0.5 Hz), and there 

was no damage found that affects functions. 
(b) With an external axial vibration applied, 

traveling marks became visible on the raceway 
surface on the load side of the outer ring or the 
fixed ring and grew wider and clearer as the 
external vibration intensified. 
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