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Abstract 

Rolling-element bearings are a significant part of every rotating machine and its fault leads to critical malfunc-

tion of the whole device. The vibration-based condition monitoring is commonly used to bearings damage detec-

tion. However, the bearing fault diagnostic using acoustic emission (AE) technique is more sensitive to incipient 

defects. This paper presents the results of the experiments on the grease lubricated thrust bearings, where the 

artificial dents were created on flat raceway to initiate rolling contact fatigue. The AE parameters, vibration level 

and temperature were used for description of the bearing condition. A comparison of the acoustic emission signal 

(parametric analysis) obtained on dented and non-dented bearing is presented. It is concluded that the acoustic 

emission parameters indicate incipient damage early compared to the vibration-based condition monitoring. 
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1.  Introduction 
 

The acoustic emission (AE) method is used in many areas of non-destructive testing such as 

leak detection, a structure monitoring, a condition monitoring, a fatigue testing etc. The 

acoustic emission phenomenon can be defined as transient elastic waves resulting from local 

internal microdisplacements in material. The significant parts of every rotating machine are 

bearings and its failure leads to critical malfunction. The life of the bearings is defined by the 

ability to perform its function. The most widely used bearings are currently the rolling bear-

ings. In the case of rolling bearings a failure is considered to occur, when the bearings are un-

able to perform rotation or the rotation takes place with unacceptable vibrations or noise. The 

rolling contact fatigue is common type of failure in well-lubricated bearings and the final state 

of fatigue process is pitting. It is influenced by many parameters, for example material proper-

ties, contact pressure, lubricant properties, surface roughness, microstructure, residual stress 

and so on [1]. Many authors have confirmed the ability of acoustic emission to detect the sur-

face damage [2-4,6]. Some work studied the possibility of the detection of artificial defects 

created on the raceway [4]. Bearing life is typically declared by conducting rolling contact 

fatigue tests on full-scale bearings. However, the tests of bearing material can be performed 

using accelerated tests. Elforjani et al. show the possibility to detect and localised natural 

damage initiation and propagation [2]. Nélias et al. described new methodology of rolling 

contact fatigue evaluation and studied the influence of dents on the endurance limit. It was 

concluded that the influence of conical dents depends on the material of specimen or bearing 

and the applied normal load has limited effect on the endurance limit [5]. 

This paper presents experimental results of rolling contact fatigue tests on grease-lubricated 

thrust bearings. There are preliminary results of the acoustic emission analysis and the com-

parison with vibration condition monitoring and temperature measurement. 
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2.  Experimental procedure and equipment 
 

2.1 Test-rig 
 

The special test-rig, as shown in Figure 1, was used for this experimental study. It was mainly 

developed for testing of bearing materials. The disk shape specimens are usually tested in this 

test-rig. However, the bearings of various type and size can be tested using additional equip-

ment. The acoustic emission, vibration, and temperature sensors monitor condition of speci-

men. These sensors are placed on the surface of the sensor segment, see Figure 1.  

 

             
 

Figure 1 AXMAT – RCF test-rig layout (right) and detail of testing area (left) 

 (A, loading lever; B, AE and vibration sensor area; C, specimen and clamping cup; D, motor; 

1, sensor segment – AE sensor and vibration sensor; 2, vibration sensor; 3, driving shaft and 

specimen; 4, loading element) 

 

2.2 Testing condition and specimen characteristics 
 

The subject of testing was the thrust bearing of type KG 51102. The bearing parts were made 

of bearings steel ANSI 52100. To accelerate the initiation and propagation of defect develop-

ment the one race of ball bearing was turned on the flat side. The testing arrangement is 

shown in Figure 2. This caused higher contact pressure on track relatively to grooved race. 

The Hertzian pressure for this condition is presented in Table 2 and the parameters of the test-

ed specimens are in Table 1. 

 

Table 1. Parameters of specimens 

Parameter   

Young’s modulus  (GPa) 207 

Ball number (-) 12 

Ball diameter (mm) 4,67 

Surface roughness  Ra 0.23±0.015 

Average hardness  HRC 63.75 

 

The bearing is placed between the rotating shaft and stationary sensor segment. It is mechani-

cally loaded by a lever and weights, see Figure 1. 



 
 

Figure 2 Testing arrangement 

 

Three dents were created in ball track and marked LAp2, LAp3 and LAp4. In presented 

tests, conical dents were artificially performed on the contact surfaces of 

the specimens with a Rockwell hardness tester. Its load was set as follows 

LAp2 (98.07 N); LAp3 (294.2 N); LAp4 (588.4 N). 

 

     
a) b) c) 

Figure 3 Indentation of specimens LAp2 (a); LAp3 (b) and LAp4 (c) 

 

Table 2. Testing parameters 

Operating parameter  

Applied load 3000 N 

Peak Hertzian pressure 4,84 GPa 

Spindle speed 1380 rpm 

Lubricant RENOLIT EP2 

 

2.3 Instrumentation 
 

During measurements AE signal was obtained by a four-channel analyzer DAKEL XEDO 

and a continuous sampling analyzer DAKEL IPL. One piezoelectric sensor was fixed on the 

surface of sensor segment. In experiments were used the AE sensor DAKEL MIDI, vibration 

sensor Wilcoxon and a thermocouple Pt 100. Used AE piezoelectric sensors had a tempera-

ture ranging from -20 to 75 °C. The obtained signal was amplified by external preamplifiers 

(35 dB). The acoustic emission waveforms (at a sampling rate of 2 MHz) and the AE parame-

ters such as count rate, RMS and peak amplitude were recorded. 



3.  Results 
 

3.1 AE observation 
 

The experiment was performed on four specimens. The results in following graphs represent 

characteristic rolling contact fatigue monitoring by acoustic emission and their correlation 

with vibration and temperature measurement. 

 

 
 

Figure 4 AE parameters during bearing test - RMS, count rate, event - LAp1 specimen 

 

The root mean square, count rate and AE event from the first specimen without any dent 

(LAp1) are shown in figure 4. The running part of experiment is characterized by increased 

AE activity during the first six hours of test. The acoustic emission parameters, RMS and AE 

event responded very well on this process. The second phase of the test is steady state and the 

AE parameters are in this part constant. The last phase of the test started after 33 hours. In this 

part the damage is initiated and pitting is formed. This is characterized by RMS oscillation in 

short periods and increasing the number of AE events. The experiment was ended when the 

vibration exceeded over the limit. 

 

 
 

Figure 5 Observation of AE parameters in the third test (LAp3) 

 

In figure 5, the observation of the AE parameters from LAp3 specimen test is presented. The 

same three phase of rolling fatigue process are distinguishable. However, the test took only 

102 minutes. This is a consequence of dented surface that in this case fundamentally affects 

the life of specimen. The count rate and RMS describe the start of damage very well. 



 
Figure 6 Temperature and vibration during test of LAp3 specimen 

 

Figure 6 shows vibration level (moving average) and the temperature of sensor segment dur-

ing LAp3 specimen test. Temperature reacts on the damage progression very slowly and with 

delay. The vibration monitoring indicates the damage with a short delay than acoustic emis-

sion method. Figure 7 shows a similar record of LAp4 specimen test. Behavior of these pa-

rameter is identical to the previous case. 

 

 
Figure 7 Temperature and vibration during test of LAp4 specimen 

 

 
 

Figure 8 Observation of AE parameters in the fourth test (LAp4) 

 



The last experiment is shown in figure 8. The shape of parameter curves is generally the same 

as in previous cases. However, the AE parameter oscillates in very short periods and at the 

end grows very intense. This is a result of large indentation that produces progressive damage 

propagation. 

 

 
 

Figure 9 Observation of AE parameters in the second test (LAp2) 

 

The observation of LAp2 test is described in figure 9. The whole test duration was 24.7 hours. 

The first part of this test in not shown here. The figure 9 shows the second part, which de-

scribes AE parameters after maintenance stopping. The initiation of damage is shown before 8 

hour of testing and the last phase start after 11 hour. 

 

3.2 Microscopy observation 
 

Figures 11 and 12 show the final state of specimen surface. Figures 11 a) and 12 include 

whole surface damage - pitting and cracks. The original dent is recognizable in figure 11 c). 

  

     
a) b) c) 

Figure 11 Observation of final pitting in specimen a) LAp1; b) LAp3; c) LAp4 

 

 
 

Figure 12 Observation of final pitting in specimen LAp2 



4.  Conclusion 
 

It can be concluded that this study demonstrated the ability of acoustic emission to detect in-

cipient surface damage early compared to the common vibration condition monitoring. The 

four tests with different condition of specimen surface were compared. The durability of spec-

imens depends on the size of indentation. The test of LAp3 specimen took significantly short-

er time then test of specimen with larger indentation (LAp4). It was probably influenced by 

others parameters such as surface roughness, microstructure and homogeneity of specimen 

material. Finally it can be concluded that acoustic emission can be used as tool for bearings 

material and its homogeneity testing. 
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