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Abstract 
Rolling-element bearings are reliable and widely used mechanical components whose life is in the case of 
correct operating conditions and compliance with the mounting procedures limited only by rolling contact 
fatigue. In the final stage, the rolling contact fatigue on surface of bearing race resulted in formation of pitting or 
spalling. This is influenced by many factors: homogeneity and structure of the material, lubricant properties, 
contact pressure, surface quality, etc. Conducting an endurance test series on full-scale bearings is expensive 
because numerous test specimens are required to obtain useful experimental life estimation. The flat washer tests 
allow obtaining in a short time and cheaper the information about durability of material under testing. The life of 
tested material is commonly determined by vibrodiagnostics. However this method detects only final stage of 
rolling contact fatigue – pitting and processes during the test are not adequately described. This paper deals with 
the processes before the onset of the final damage on the surface of the specimen during testing under different 
conditions (material and lubricant properties) using acoustic emission method. It can be concluded that method 
of acoustic emission is able to describe changes during rolling contact tests better than vibrodiagnostics and 
temperature monitoring. 
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1.  Introduction 
 
Bearings manufacturers continuously improve its products and need to verify new products 
and production technologies. The research and experiments are in addition to bearing life tests 
focused on the influences of lubricants, lubricating conditions, material quality and heat 
treatment on bearing life. For these tests, the test equipment is used in various design 
configurations and the vibration monitoring is commonly used for indication of the rolling 
contact fatigue. Detection sensitivity is dependent on the emitted energy of the defect and 
therefore the ability to detect the onset of rolling contact fatigue (RCF) is problematic [1]. 
For this reason, the new methods for detection of RCF are investigated. One possibility is to 
use an acoustic emission method. In the past decades, the acoustic emission method has 
grown in importance in condition monitoring applications. The acoustic emission method is 
used in many areas of non-destructive testing such as leak detection, structure monitoring, 
condition monitoring fatigue testing, etc. 
Acoustic emission has been studied by many researchers in area of condition monitoring of 
rolling elements and bearing. Rahman et al presented the monitoring and localisation of 
incipient RCF using acoustic emission monitoring. This experiment was carried out on a test-
rig based on two radially-loaded discs [2]. Yoshioka focused the study on the detection of 
subsurface cracks based on acoustic emission monitoring. A bearing-type specimen with a flat 
ring with three rolling elements was used for these experiments [3]. The flat washer test 
configuration is the most common experiment configuration, because the results can be very 
well compare with full-scale thrust bearing [3, 4, 5]. Elforjani and Mba studed the acoustic 
emissiom condition monitoring of low speed bearings. The main aim of this study was to 
observe natural degradation of bearing elements and observe relation between defect 
propagation and AE signal. In this study the correlation between AE signal parameters and 
degradation has been confirmed. In most of the application where AE is used to determine 
defect propagation or used for condition monitoring the signal AE can by disturbed by factors 



like grease contamination. In this case solid particles enter into the elastohydrodynamic 
contact and cause higher stress between surfaces of the contact that leads in accelerated 
contact fatigue. Hard particles can be also crushed into smaller pieces to enable them pass 
through the contact. This mechanism leads to other propagation of AE signal which 
influences signal from contact fatigue [7, 8]. The acoustic emission method is also able to 
describe by time and frequency signal parameters sliding wear or rolling contact fatigue 
process during four-ball testing [9]. The influence of lubricant during rolling is important and 
changes of lubricating regimes are reflected in AE signal [10]. 
 
2.  Methods and material 
 
2.1 Experimental test-rig 
 
The experimental RCF apparatus employed in this study is a flat washer type RCF test-rig 
with acoustic emission and vibration monitoring systems (AXMAT). The test-rig, see figure 
2, is designed for life tests of small thrust bearings to outer diameter of 70 mm and testing of 
material specimens. It consists of a mechanical loading lever, an electrical motor, a specimen 
holder, a catch driver, a supporting frame, and monitoring system [5].  
 

 
Figure 1. Test-rig layout [5] 

 
2.2 Specimens 
 
The disc shape specimens with the dimensions 28×10×5 mm (outer diameter, inner diameter, 
thickness) were made from three types of steels (100Cr6, 37Cr4 and16MnCr5). The 
specimens were heat-treated and ground at roughness Ra 0.2. They were loaded by maximum 
Hertzian contact pressure 5 000 MPa. The rotation speed was constant during tests at 
1380 min-1. The supporting bearings ZKL 51102A P6 had 21 balls with 3.175 mm in 
diameter and was lubricated by lithium complex soap based grease MOGUL LV 2-3 or grease 
with extreme pressure (EP) additives Metanova F1.5. 
 
 2.3 Instrumentation 

 
The acoustic emission signal was obtained by an AE monitoring assembly XEDO-IPL-
AESWITCH made by DAKEL company. It consists of two AE analyzers DAKEL-XEDO 
and DAKEL-IPL. DAKEL-XEDO analyzer was used for continuous monitoring of AE 
parameters (RMS, count rate, peak amplitude etc.) and DAKEL IPL analyzer for periodic 



sampling of signal during the test for more detailed analysis. The signal was sampled at a 
frequency 2 MHz. Two AE piezoelectric transducers (DAKEL type MIDI, see fig. 1) with 
frequency range 80-750 kHz and operating temperature -20 to 150 °C were used. The total 
gain of AE signal was set at 35 dB. The accelerometer with frequency response 2 – 10000 Hz 
(Wilcoxon ES-08100B), attached to the specimen holder, was used to measure the vibration 
levels [5]. 
 
3. Experimental results 
 
During the tests were continuously monitored acoustic emission signal parameters such as 
RMS and count rate. For periodic signal sampled signal were performed detailed analyzes in 
the time domain (e.g. crest factor, peak amplitude) and frequency domain – Fast Fourier 
transform. Significant signal change was observed in the first third test at the use of lubricants 
with EP additives compared to conventional lubricant. This is attributed to the reactions 
taking place in the contact during the process caused by these additives. These phenomena 
were best described by a dramatic increase in RMS or absolute energy values.  
 

 
Figure 2. RMS and Vibration level observation – EP additives 

 

 
Figure 3. RMS and Vibration level observation – MOGUL LV 2-3 



Figure 4 shows typical observation of four count rate levels, RMS, temperature and vibration 
level during whole test of 100Cr6 steel specimen. The AE parameters during the first 15 
minutes rapidly increased. This effect is caused by creation of track on the surface of the 
specimen by means of plastic deformation. After this stage, the AE parameters, vibration and 
temperature are constant. Slow increase of AE parameters (410 minute) indicated pitting 
initiation and propagation. The vibration level and temperature do not respond to these 
changes on specimen surface. After 440th minute, there is a significant increase of count rate, 
especially in Cnt 3 level, and vibration level. This is caused by the onset of spalling and its 
propagation. 
 

 
Figure 4. Observation of AE parameters (count rate levels, RMS), temperature and vibration level [] 

 
 

4.  Conclusion 
 
An experimental study of rolling contact fatigue of three types of steels (100Cr6, 37Cr4, 
16MnCr5) using the acoustic emission method was undertaken on a flat washer test-rig and 
the tests of material specimens under different lubrication conditions were compared. It can 
be concluded that this study demonstrated the ability of acoustic emission to describe the 
processes during lubricant additives reaction and initiation of pitting. The disadvantage of 
using acoustic emission monitoring is the need to observe the testing conditions as 
contamination of lubricants or geometric inaccuracies of support bearing negatively affects 
the ability to detect the initial defect. . Finally, it can be concluded that acoustic emission can 
be used as a tool for RCF testing and adds useful information to the standard parameters.  
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