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Abstract: 
This article compares recent possibilities of the acoustic emission method (AE) application for more specific 
identification of the stages of “classical” and contact fatigue of materials. It focuses on examples of results 
obtained by a new acoustic emission analyser, which allows for continuous AE signal sensing. The results 
proved the AE technique enables reliable recognition of microstructural changes and fatigue crack creation for 
fatigue damage and of running-in period, stabilised run and exact definition of origin stage of surface damage, 
leading to pitting for contact fatigue tests. 
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1. Introduction and experimental equipment 
 

The mechanical testing laboratories of the Institute of Machine and Industrial Design of Brno 
University of Technology are targeted on fatigue tests of materials (actually AlMg alloys) and 
on contact fatigue tests of bearing materials. Very important area of our experiments creates 
the area of radial and axial bearings testing.  
The standard fatigue tests are realized with a test electro-resonant loading pulsators RUMUL 
CRACKTRONIC 160 and 80. These dynamic testing machines operate at their natural 
frequencies. They generate a pure bending load in the specimen. Specimens are loaded with a 
bending moment, which is composed of a dynamic and a static part. The electromagnet is 
integrated in a closed loop system and the machine can be controlled either by the bending 
moment or by the oscillating angle [1, 2]. The newest machine Cractronic 160 is operated via 
the PC running under Windows-NT. Generally this type of devices offers only a limited range 
of basic information about fatigue process. 
 

 
a) b) 

Figure 1 a) clamping part of Cracktronic 160 machine with a specimen (Type I) and two Dakel AE 
sensors (Midi and Magnetic), b) shape of used samples. 
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Three basic types of laboratory devices are used for contact fatigue tests of materials and for 
tests of bearings life (principle of these stations were described in other contributions [3, 4]):  
a) Axmat station – in this case, 21 balls are placed in guiding ring; they roll away on the 
surface of firmly fixed disc shaped sample from tested material. This device was modified 
also for axial bearing tests. In this case, ring, balls and material sample are replaced by the 
tested axial bearing (Fig. 2a). 
b) R-mat station (Fig. 2b) – two rotating discs roll away on the surface of cylindrical sample 
of tested material.  
c) SA 64 testing equipment (Fig.2c) is devoted for tests of radial bearings durability 
 

  
a) b) c) 

Figure 2 a) device Axmat with axial bearing, b) detail of working part of R-mat device, c) testing 
station SE 64 for radial bearings durability tests. 
 
The devices for contact fatigue tests fully meet current requirements from the point of view of 
mechanics, but their control systems, based on scanning of equipment vibration are rather 
obsolete. We need more complex and detailed information about fatigue damage stages for 
our research work and on this account we apply acoustic emission method for all types of our  
fatigue tests.  
Acoustic emission (AE) is usually characterized as elastic energy spontaneously released by 
materials when they undergo deformation and AE is defined as the class of phenomena where 
transient elastic waves are generated by the rapid release of energy from localized sources 
within the material, or the transient elastic waves so generated [5]. The complex of technical 
procedures based on this feature is designated as acoustic emission method. 
The acoustic emission signal is taken with measuring facility DAKEL XEDO in standard 
experiments. It concerns 2 and 4 channel systems with possibility to scan up to 16 free 
settable energy levels serving together with piezoceramic sensors MIDI, MICRO as well as 
with MAGNETIC ones for detection of acoustic emission in material and machine parts under 
investigation. Evaluation software DaeMon© has been delivered by the same company (i.e. 
DAKEL). With it one can set up various modifications of saving. To evaluation as well as to 
further processing the basic parameters measured samples, we use the program DaeShow© 
which enables all basic procedures of evaluation – ring down counts, AE burst rate, 
summation of AE counts, RMS etc. These applications in the area of contact fatigue were 
described in other our papers  [1, 2, 3, 4].   
In a part of experiments, we had the possibility to use the newly developed AE analyser 
device named DAKEL IPL®. It is a new state-of-the-art system for continuously recording 
and processing data from the AE sensors. The device has a total of 5 synchronous analogue 
input channels simultaneously and continuously sampling at 2 MHz. Out of which 4 channels 



are generally used to sample the AE signals and the one additional channel can be used for 
synchronous  monitoring  of any external  physical parameter that is used to excite the testing  

object (such as the loading force, pressure, 
temperature, etc.). This comes handy when we 
need to correlate the AE signals to some 
external events in time.  
Compared to the up to date commonly used AE      
analyser devices, the major advantage of the 
DAKEL IPL is that it is capable of 
continuously sampling and storing the whole 
AE signal for as long as there is a disk space to 
store it. And with the biggest currently 
available fast disks on the market having about 
1 TB – it is possible to store as long as 17 
hours of 5-channel recording and when using 
RAID arrays of such disks it can be much 
more. 

 
 Figure 3.  IPL Analyzer 

 
 
2. Experimental results 
 

Continuously sampled signal obtained from DAKEL IPL device allows us to create so called 
“3D maps” of continuously evolving averaged spectrograms in time during the whole 
measurement (or any part of it that we like). The third dimension on these figures (Fig. 4a and 
8a) represents the spectral amplitude and is represented by the colour according to the 
displayed spectrum below or on the right side of the graph. Results are shown and shortly 
commented in the text and some examples of the processed data from fatigue and contact 
fatigue loading of material it is possible to see on the figures 4, 5, 6 and 7. First results 
obtained on radial bearings are collected on Figures 8 and 9.  

 

2.1 Fatigue tests 
 

Figures 4 and 5 shows the examples of records, which were obtained by analyser DAKEL IPL 
on fatigue tests of AlMg alloy EN-AW 6082. Changes of spectral amplitude (Fig. 4b) should 
be a very important parameter for differentiation of damage type stages. The possibility of 
displaying the progress of the amplitudes on selected frequencies in time is very useful - Fig. 
5 a and 5 b.  
Measurements were made in four point bending (symmetric cycle). In total, 3 sensors have 
been used. AE sensor MIDI have been glutted to the sample, 2 magnetic sensors have been 
fixed on the sample upwards down and downwards up. The load has been chosen according to 
the limited capacity of received data. So the testing has lasted several tens minutes. The aim 
was to get full characteristics of acoustic emission signal during the whole period namely 
during the beginning rise of micro-cracks in the material.  
 
 
 
 
 



 

 
Figure 4. Continuously sampled AE signal: a) 3D map of continuously evolving averaged 
spectrograms in time – frequency vs. time vs. spectral amplitude (represented by the colour),  
b) vertical cut of the 3D spectral map at selected times of loading – frequency spectra. 
 

 
Figure  5.  Records of the amplitude changes on selected frequencies in time (horizontal cut of the 3D 
spectral map):  a) lower frequencies (75 – 400 kHz), b) higher frequencies (460 – 750 kHz). 
 
Changes of AE signal spectral amplitude in different time (Figure 4b) should be a very 
important parameter for differentiation of damage type stages. The possibility of displaying 
the progress of the amplitudes on selected frequencies in time is very useful too. On Figure 5, 



time changes of AE signal frequency in the interval 75-400 kHz (Figure a) and 460-750 kHz 
(Figure b) are compared – these are horizontal cuts by the 3D plot from Figure 4a. From the 
record of lower frequencies (a) it is possible to identify creation and propagation of fatigue 
crack. Changes of structure in the period before the creation of this crack are however not 
well visible. On the record of higher frequencies on Fig. b, we can see an evident change of 
the character of AE signal source in the period between 6th and 15th minute of loading. 
Preliminarily we suppose that in this period the changes of microstructure occur. It is however 
very difficult to reliably identify the surce of these changes from AE signal and therefore it is 
necessary to use additional NDT procedures (at least at this stage of research). 

 

2.2 Contact fatigue tests 
 

Compared with classical material testing, contact fatigue is more complicated, as there is 
always mutual contact of at least two bodies. In case of development of contact damage, AE 
signal contains not only “standard information” about the activity of the defect itself, but, 
taking into account the change of quality of contact surface, the vibrations of the system grow 
and, of course, noise in the testing equipment grows as well; all this is reflected in the scanned 
signal. With respect to the sensitivity of AE method, the importance of quality of setting is 
apparent – choice of parameters, sensors, signal amplification, sensors location, quality of 
contact between sensor and surface etc.. 
 

   
Figure 6. Displays of a progress of the 
amplitudes on selected frequencies in time for 
carbon steel (the vertical cut of the 3D spectral 
map from Fig. 65 in this case at 116 kHz, 186 
kHz, 232 kHz, and 439 kHz frequencies). 

Figure 7. Record of the amplitudes on selected 
frequencies in time for grey cast iron is shown for 
comparison. Frequencies 59 kHz, 66 kHz, 88 kHz, 
155kHz and 468 kHz are presented in this case.  

 

Two examples of amplitude changes on selected frequencies in time for two materials are 
plotted and compared on Figs. 6 and 7 (from AXMAT testing device). In this case it is clear 
that for identification of contact damage origin in steel, it is suitable to observe the change of 
higher frequencies (in this case from app. 180 kHz) in time. For comparison, also the record 
obtained during grey cast iron contact fatigue test is shown (Figure 7). In this case the 
mechanism of damage is considerably different from steel. As a result of relatively soft 
material, a deep trail with a plenty of small damages appears. Gradually the contact pressure 
decreases and the period of stable damage appear. Records on levels 50 to 70 kHz correspond 



to this. However unlike in the case of steel, the higher frequencies do not provide any 
information about damage propagation.  
 
 

2.3 Bearing durability tests 
 

At the end of the year 2008, the analysers with continuously sampled and stored AE signal  
were used also for tests of radial bearings properties on stations SA 64 (Fig. 2c). Because the 
tested bearing is located inside the testing station, we have to use sensors placed on 
waveguides, eventually magnetic sensors placed on the surface of the station body. That is 
why it is necessary to amplify the AE signal more than is usual and so it can contain 
undesirable noise. Despite that even in this case it is possible to observe significant changes of 
signal during creation and propagation of bearing damage. The changes are perceptible much 
earlier than they can be recorded by standard vibrodiagnostics or thermography. Examples of 
the records of AE signal are shown on Figs. 8 and 9. 
 
 

 
a)                                                                               b) 

 
Figure 8.   a) Continuously sampled AE signal (3D map) spectrograms in time (see also Fig.6a) 
during the final part of real bearing (type 6204) measurement.  
b) The record of the amplitudes on selected frequencies in time for the same part of the measurement 
as in a).  
 
 
 
 
 
 
 
 



 

 
a)                                                                               b) 

Figure 9.  Example of comparis horizontal cuts of the 3D spectral maps from various test times of real 
radial bearings (type 6204) – bearings with different type of damage. 
 

3. CONCLUSIONS 

In our experiments, AE method succeeded in distinguishing the characteristic stages of 
process of material damage - by fatigue and contact fatigue, which verified the possibility of 
improving tests of fatigue resistance of materials.  

The mentioned experiment results make clear that the resonance pulsators with acoustic 
emission application are able to identify the processes appearing in material during the fatigue 
charge. The acoustic emission method identifies even changes passing in the material mass 
during the damage accumulation period. Here the main problem, of course, is to define the 
type of change. We suppose that we shall get more information through the acoustic emission 
signal parameters, its individual counts whose features change, among others, with the signal 
source. The results of present experiments indicate the connections between changes of 
acoustic emission signal and changes of so called mosaic blocks of the crystal structure 
identified by means of x-rays [2]. If these connections will be demonstrated on broader 
spectra of samples, then it will be possible to evaluate the scope, intensity and features of the 
degradation processes in the period of the fatigue crack rise as well as in the stage of damage 
accumulation what there was no method here up to date. 

AE method succeeded also in distinguishing the characteristic stages of process of material 
damage by contact loading, which verified the possibility of improving tests of contact fatigue 
resistance of materials.  

The situation with AE diagnostics of real bearings damage is much more complicated, as the 
bearings are composed from many parts which are in contact and especially it is usually not 
possible to place the AE sensors directly on the bearing surface. For this reason, the signal 
contains more undesirable disturbances, which makes adjusting of measuring chain more 
difficult. Nevertheless the example shown in this paper suggests that it is possible to identify 
the condition of bearing and to identify the bearings with damaged parts. 

Due to long run of fatigue and contact fatigue tests, complete recording of the continuous 
sampling of AE signal is difficult because of its extreme volume. The expectation is, that with 
the use of short-term records of these complete AE signals from different stages of damage, it 
will be possible to identify some simple parameters, which change due to damage 



propagation. This simplification will result into one-purpose analyzers that will be a part of 
permanent diagnostic systems used on some important bearings, e.g. in transport technology, 
in technological lines and energetic devices – in order to optimize intervals of planned 
maintenance and temporary putting out of operation connected with it (e.g. turbines mounting, 
rolling lines, etc.).  
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