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ABSTRACT 
   
Authors present an overview of the contemporary applications of acoustic emission method for 
the diagnosis of non-standard operating conditions of machines with rotating parts. The main 
attention is focused on operational diagnostics of axial and radial bearings. In part are reviewed 
also options of supplementary use of the AE method for the diagnosis of damage of gears and 
real gearboxes. This overview of published results is confronted with the practical experiences 
gained during the implementation of several projects at Laboratory of Acoustic Emission of the 
Institute of Machine and Industrial Design in Brno University of Technology. 
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1. Introduction  
   
Condition monitoring of technical devices with rotating parts forms a very important area of 
evaluating of the operational reliability of machinery. Bearings and gearboxes are significant 
parts of every means of transport or rotating machinery and the detection of their incipient fault 
is very important for the evaluation of a service life time and for safety operation of the whole 
device. Quality monitoring is a crucial element of the reliable and safe operation. In the spinning 
elements typically uses vibration measurements of the whole system, temperature, noise, etc. 
NDT methods, especially acoustic emission (AE), are applied very significantly in condition 
monitoring too.  
The acoustic emission as a phenomenon can be defined as transient elastic waves resulting from 
local internal micro-displacements in materials of the tested structures. AE method has become a 
common NDT method used mainly for testing of the stationary equipments - tanks, pressure 
vessels, reactors, pipelines, bridges, etc. In these applications, the AE method is fully accepted 
and standardized. The advantage of AE method is the ability of testing of the entire structure, 
locating of potential defects and assessment of their risk for the integrity of the structure. AE 
application brings significant economic benefit to all users. The partial disadvantage is the 
limited ability of precise identification of the defect type and it is necessary to use other NDT 
methods for their identification.  
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2. Application of AE testing for bearings 
  

An application of AE method in condition monitoring of rolling bearings has been the subject of 
interest of many authors since the beginning of this method application in engineering. 
Compared to monitoring of stationary equipments the monitoring of devices with rotating parts 
is much more complex. Rolling bearings consist of many parts which are in mutual contact 
during function. This leads to a gradual degradation of the contact surfaces. Very important issue 
in this area is the quality of lubrication. An important role is played by temperature changes 
during bearing operation. In such devices, there are many sources of AE signal. Nevertheless, the 
possibility of continuous monitoring of bearing health is extremely appealing. 
Information regarding the use of acoustic emission in this area can be found already in the 70s 
and 80s [1], [2], [3]. A significant development of AE applications appeared in the late 20th 
Century and continues to the present. Extensive works arise in a number of workplaces. Very 
significant results are mainly associated with the works of staff at the University in Telford [4], 
[5].  
Some work studied the possibility of the detection of artificial defects created on the raceway 
[6]. Elforjani et al. [4] proved the possibility to detect and localised the natural damage initiation 
and propagation. The AE method is more sensitivity to detection of this mechanism than the 
vibration based methods. The incipient damage detection in slow speed bearings using acoustic 
emission was studied by Elforjani et al. [7]. This study shows that low-energy transient bursts 
generated from incipient fatigue damage are not detectible using vibration monitoring. Nélias et 
al. [8] described the new methodology of rolling contact fatigue evaluation and studied the 
influence of dents on the endurance limit. In a review study about rolling bearing fault detection, 
it is suggested that out of the time domain statistical parameters, the Kurtosis value is the most 
effective one for defect identification [9]. At the initial stage of bearing failure, high-frequency 
techniques such as the vibration acceleration envelope analysis, the AE measurements, and the 
shock pulse method (SPM) have been successfully applied. 
AE application for the identification of contact involved damage started in our workplace (BUT 
FME) approximately from 2004 [10]. Unlike most of the other work our laboratory deals with 
real axial and radial bearings of small size at relatively high speeds. Diagnostics of creation of 
the damage in rolling bearings is already quite well developed and this methodology could be 
used for evaluation of the durability of bearings. Of course there are still a number of problems, 
particularly in the identification of the type of damage, localization of defect and potential 
automation of damage diagnostic.  
Example of a very promising application of this diagnostic method may be can the energy sector 
- monitoring the bearings of large steam turbines. When we talk about use in the production of 
electricity, one possible application is the monitoring of wind turbines, which uses non-invasive 
diagnostics and transmission of the information to the recording of the evaluation centre is 
provided by telecommunication technology [11]. One of the non-traditional usages can be the 
use for diagnosis of turbines of jet aircraft... 
Currently, monitoring and examination of various conditions of loading of bearings and bearing 
materials devotes a number of authors, e.g. Tandon et al. [12]. He gave a comparison of several 
diagnostic methods for condition monitoring of rolling bearings of induction motor. The authors 
used these monitoring techniques: vibration monitoring, stator harmonic currents, acoustic 
emission and shock pulse method (SPM). Manifestations of techniques have been observed on 
the defect of the outer ring of radial bearings. 
AE monitoring was carried out in conjunction with other techniques of measurement from zero 
loads to full load. Comparison of different monitoring techniques damage used in the experiment 
for different degrees of damage, and load is shown in Fig. 1, where the percentage increase in 
response is damaged bearings with respect to the average value of healthy bearings. As shown in 
these graphs, the highest share is always the AE method followed by SPM. Velocity 
measurement and stator currents are on the third, fourth, respectively. Although the method of 
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measuring of the stator currents appeared to be the least effective, this method has minimal 
equipment requirements and it is sometimes also referred to as non-sensor method. 
AE has for its higher sensitivity (in the time domain shooting) better placed to detect emerging 
damage sooner and easier than vibrating procedures, which is an important consideration 
identification of damage frequency analysis. However, either as a supplement or basis for 
monitoring of the device status is desirable the vibration monitoring for example, if the fault 
source generates low-frequency waves (e.g. unbalance of rotating components). 
 

  
a) b) 

Fig. 1: Comparison of monitoring techniques for the minimum size of the defect) and the 
maximum size of the defect b) [12].  

 
One of the most active in this area at present is D. Mba and his research group. This team 
published numerous articles dealing with the detection and localization of damage, especially for 
the axial bearings [4], [7], and [9]. In the published works authors deal with the application of 
AE as a tool to detect the emergence and development of contact damage on samples of bearings 
and bearing materials, such as complementary and comparative measurement is used vibration 
accelerometers.  
An example of standard results of the damage identification which has been obtained in our 
laboratory is shown in Fig. 2, 3 and 4 [13]. The axial bearing was tested in Axmat stand, the 
applied load in this test was 2660 N. During the first fifteen minutes of the test, an increase in 
AE activity was detected, see figure 2. This corresponds to running-in phase of test, after this 
period (15 min) count rate levels, RMS, and vibration parameters were constant. It was observed 
that after 180 minutes into the test count rate levels began to increase steadily and the vibration 
acceleration or temperature do not response. On the termination of the test (500 min) the count 
rate, RMS and vibration increased to the significant activity. After 180th minute of test AE 
counts levels and RMS were slowly rising. This is caused by the initiation and propagation of 
pitting in the track on the upper ring (material specimen). Next stage after 420th minute correlate 
with the vibration level monitoring shown in Fig. 3. A step-level change is caused by tearing of 
the material from the surface and followed by a development of spalling. 
The vibration observation and temperature monitoring during the test is presented in Fig. 3. After 
the running-in stage of specimen N1, the temperature remains steady at 42 °C. The temperature 
drop of 1 or 2 °C in the final phase of testing is caused by lowering the temperature of the air 
around the test-rig. In this case, the test was terminated after the creation of small pitting and 
therefore was recorded only a slight increase in temperature as a response on final damage. The 
vibration level was during running-in stage and steady-state constant. The increase in level of 
vibration after 420th minute corresponds to spalling propagation. This was observed also in AE 
monitoring. 
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Fig. 2: Observation of N1 test – AE count rate (4 levels), RMS [13]. 

 

 
Fig. 3: Vibration level and temperature during test N1 [13]. 

 

 
 

Fig.4:  Comparison of AE signal intensity in different frequencies in the starting stage of test 
(upper plot) and in the final stage of test (bottom) - test of radial bearing 6204 [14]. 

 
Currently is available already a considerable amount of experimental data and research teams 
consideration is focused on finding of suitable parameters of AE signals to distinguish the 
different types of damage. Example of changes in AE signal intensity in different frequencies 
(the frequency spectrum) is plotted in Fig. 4. - Higher frequencies were identified in the final 
stage of the test [14].  
A separate but very important, area of problems forms a question of an effective filtering of 
interfering signals. 
 
 

554



3.  Application of AE method for testing of gearboxes 
 
Much more complicated is the situation in the application of AE method for diagnostics of the 
status and possible damage of gears and gearboxes. Standard gearbox consists of many rotating 
parts and evaluation of the obtained data is very difficult due to complex structure. 
Many authors dealt with the simple single-stage spur gearbox [15] or single-stage helical 
gearbox [16]. Transducers were in these causes placed close the tested gear or directly on the 
wheel. The various methods were used for damage detection, for example noise emission, 
vibration levels, and AE technique and temperature measurement. Albers et al. [17] dealt with 
comparison the AE with laser vibrometer. The results of this work indicate that the obtained data 
can be correlated only in frequency range from 20 to 60 kHz. The others authors dealt with 
experiment on the spur gear and for evaluation used parameters such as vibration levels, 
temperature and AE parameters – RMS, ring down counts, energy. 
Authors of the paper Identification of the acoustic emission source during a comparative study 
on diagnosis of a spur gearbox [18] tried to ascertain and validate the applicability of AE to 
seeded gear defect identification. As a direct consequence of the experimental programme, the 
relationship between temperature, oil film thickness and AE activity were investigated. 
Lixin Gao et al [19] made a basic analysis of the AE data from the faults of on-spot low-speed 
heavy-duty gears. The application of redundant second generation wavelet and AE testing in 
gear fault diagnosis was investigated in this study. Through the analysis of on-spot cases, the 
following conclusions were obtained: a) AE testing diagnosis could be applied to the fault 
diagnosis of on-spot low-speed heavy-duty gears and was a crucial supplement to the vibration 
testing diagnosis. b) The length of the approximation signals and detail signals obtained after the 
decomposition of redundant second generation wavelet was the same as that of original ones, so 
the amount of information was twice that of the original. Such a characteristic of redundant 
second generation wavelet guaranteed that it could achieve an effect better than conventional 
wavelet and second generation one. With the denoising technique based on redundant second 
generation wavelet, all fault shock information could be preserved, which was unmatchable for 
other denoising techniques. c) The validity of the algorithm of the redundant second generation 
wavelet transform during the processing and denoising of acoustic emission signals was verified.  
Chee Keong Tan and David Mba published the study Limitation of Acoustic Emission for 
Identifying Seeded Defects in Gearboxes [20]. This paper reviews recent developments in 
application of AE to gear defect diagnosis. Furthermore, experimental results examine and 
explore the effectiveness of AE for gear defect diagnosis. It is concluded that application of AE 
to artificially seeded gear defect detection is fraught with difficulties, particularly for fault 
identification. In addition, the viability of the AE technique for gear defect detection by making 
observations from non-rotating components of a machine is called into question. Nevertheless, 
guidance is offered on applying the technique for monitoring the natural wear of gears. 
While vibration analysis on gear fault diagnosis is well established, the application of AE to this 
field is still in its infancy. In addition, there are limited publications on application of AE to gear 
fault diagnosis. Siores et al. [21] explored several AE analysis techniques in an attempt to 
correlate all possible failure modes of a gearbox during its useful life. Failures such as excessive 
backlash, shaft misalignment, tooth breakage, scuffing, and a worn tooth were seeded during 
tests. Siores correlated the various seeded failure modes of the gearbox with the AE amplitude, 
RMS. standard deviation and duration. It was concluded that the AE results could be correlated 
to various defect conditions. Sentoku [22] correlated tooth surface damage such as pitting to AE 
activity. An AE sensor was mounted on the gear wheel and the AE signature was transmitted 
from the sensor to data acquisition card across a mercury slip ring. It was concluded that AE 
amplitude and energy increased with increased pitting. 
This paper has demonstrated that artificially seeded gear defect detection with AE is fraught with 
difficulties. Experiments to identify seeded defect identification with AE RMS and energy were 
not satisfactory. The influence of oil temperature on AE activity has been presented. 
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Some examples of our results are plotted on Fig. 5 and Fig. 6 [23], [24]. In collaboration with the 
Laboratory of gearboxes testing (BUT FME) we carried out several experiments focused on the 
possibility of AE signal sensing from automotive gearbox. The experiments were carried out on 
the automobile gearbox used by the Volkswagen Group. It was a gearbox bearing MQ 200 used 
in vehicles with engine torque to 200 Nm (e.g. Skoda Fabia). On this transmission was 
artificially created damage to the driven wheel (helical wheel) of the fifth gear. For experiments 
was used the test station consisting of drive flange for mounting gear, eddy dynamometer with 
maximum torque of 500 Nm load simulating. During all tests was used as filling mineral gear 
oil. We have obtained many interesting results, but due to the complexity of real gearboxes it is 
still very difficult to prepare a unified methodology for these parts testing.  Examples of AE 
signal recording during the load change of gearbox is shown in Fig. 6.  
We can say that in general, that the most significant source of AE is the inequality in contact. 
This is usually caused by either dents of foreign bodies into the surface of the tooth flank or by 
erosion of the material during pitting. The most sensitive AE parameter in damage detecting is 
the effective value of the signal (RMS). To extract suitable parameters from the raw signal is 
therefore necessary to use an advanced signal processing. An example might be an application of 
wavelet transform, which improved the ability to detect damage acoustic emissions. 

  

Fig. 5: Gearbox Skoda Fabia and the 3D plot of changes in frequency domain of AE signal 
during the load change [23]. 

 
 

Fig. 6 Changes of peak amplitude and rise time of AE events during the different load regimes of 
the tested gearbox [24]. 

 
The way of transmission of AE signal in this case is too complicated and is subject to significant 
or inhibits the occurrence of unwanted noise signal. However, despite these complications AE 
method could detect the damage at a level comparable with vibrodiagnostics. Detection 
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capability is dependent on the degree of smoothing unevenness in contact obliterated damage 
was not possible, as mentioned above, to identify the acoustic emission signal. Examples of 
changes in the frequency of AE signals that occur during changes in load transmission are shown 
in Fig. 5. 
 
 
4. Conclusions 
 
The presented results show the extensive possibilities application of acoustic emission method in 
this field. Most of the work is still performed in laboratory conditions. Is relatively well mastered 
methodology sensing signal, especially in the area of thrust bearings and partially also radial 
bearings. The situation in the diagnosis of gearboxes is still very complicated. It is necessary to 
focus on the area of signal processing, the identification of suitable parameters of the AE signal, 
which can be used for repeated measurements in real conditions. Very important is the 
development of methods for the elimination of interferences. Already now, however, acoustic 
emission can be used as a very useful complementary method for vibration diagnostics (AE 
method can signalize the damage creation). However, the potential of AE is large, and certainly 
in the near future this method will be among the basic diagnostic procedures in the field of 
rotating machinery. 
 
 
Acknowledgements 
 

Results were created in the framework of the research project NETME Centre under the 
Operational Programme Research and Development for Innovation (reg. No. CZ. 
1.05/2.1.00/01.0002) supported by European Regional Development Fund and project MPO CR 
TIP FR TI4/602 "Diagnostics complex for detection of leaks and material defects. 
 
 
5. References 
 
[1] Balerston H.L.: The detection of incipient failure in bearings. Mater. Evaluation, 1969; 27;  

p. 121–8. 
[2] Roger, L.M.: The application of vibration analysis and acoustic emission source location to 

on-line condition monitoring of anti-friction bearings. Tribology Internat., 1979; p. 51-59. 
[3] Yoshioka T, Fujiwara T.: Application of acoustic emission technique to detection of rolling 

bearing failure. American Society of Mechanical Engineers, Production Engineering 
Division publication PED, 1984, 14, 55-76. 

[4] Elforjani M., Mba D.: Detecting the onset, propagation and location of nonartificial defects 
in a slow rotating thrust bearing with Acoustic Emission,  Insight, Vol. 50 No 5, p. 264 – 
268, May 2008 

[5] Mba D.: The use of AE for estimation of bearing defect size, Journal of Failure Analysis 
and Prevention, American Society for Metals (ASM), Vol. 8, No. 2, April, 2008, 188-192. 

[6] Bhadeshia H.K.D.H.:  Steels for bearings, Progress in Materials Science, Vol. 57, No. 2, 
pp. 268-435, February 2012. 

[7] Elforjani M., Mba D.: Accelerated natural fault diagnosis in slow speed bearings with AE, 
Engineering Fracture Mechanics, Vol. 77, No. 1, pp. 112-127, Januar 2010. 

[8] Nélias D., Jacq C., Lormand G., Dudragne G., Vincent A.: New Metodology to Evaluate 
the Rolling Contact Fatigue Performance of Bearing Steels With Surface Dents: 
Application to 32CrMoV13 (Nitrided) and M50 Steels, ASME Journal of Tribology, 2005, 
Vol. 127, pp. 611-622. 

557



[9] Al-Dossary, Hamzah R.I.R., Mba D.: Observations of changes in acoustic emission 
waveform for varying seeded defect sizes in a rolling element bearing. Applied Acoustics, 
Jan 2009, vol. 70, no. 1, p. 58-81. 

[10] Mazal P., Zykova L., Pazdera L.: Identification of Contact Fatigue Stages with Acoustic 
Emission Method. In 9th ECNDT 2006, Berlín, DGZfP, 2006, p. P4 (8 p.). ISBN 3-
931381-86-2.  

[11] Timmerman H.: Monitoring the Winds of Change. Evolution Business and technology 
magazine from SKF [online]. 2006, Vol. 3, no. 3/06, [cit. 2011-03-12]. 
<http://evolution.skf.com/zino.aspx?articleID=14982> 

[12]  Tandon N., Yadava G.S., Ramakrishna K.M.: A Comparison of Some Condition 
Monitoring Techniques for the Detection of Defect in Induction Motor Ball Bearings. 
Mechanical systems and signal processing. Vol. 21, No. 1, INDE: ITMME Centre. New 
Delphi, 2005, pp. 244-256, ISSN 0888-3270. 

[13] Nohal L., Hort F., Mazal P.: An Experimental Study on Damage Monitoring of Rolling 
Bearings Using Acoustic Emission Method, The Tenth International Conference on 
Condition Monitoring and Machinery Failure Prevention Technologies, Krakov 2013, p. 
133 -140. 

[14] Mazal P., Hort F., Drab, M., Slunecko T.: Some Possibilities of AE Signal Treatment at 
Contact Damage Tests of Materials and Bearings. In: Jour. of AE 2008, vol. 26, p. 189-
198, AE Group, CA, USA, 2009, ISSN 0730-0050.O2 – 50. 

[15] Toutountzakis T. et al.: Application of acoustic emission to seeded gear fault detection. In 
NDT &amp; E International, Vol. 38, Issue 1, January 2005, Pages 27-36, ISSN 0963-
8695 

[16] Eftekharnejad B., Mba D.: Seeded fault detection on helical gears with Acoustic Emission, 
Applied Acoustics, 70 Issue: 4, p. 547-555, 2009. 

[17] Albers A. et al.: Validation of AE - signals recorded with conventional equipment using 
3D Scanning-Laser-Vibrometer. In: 29th Europ. Conf. on AE Testing 2010, Vienna, 
Austria, 8 pages, CD edition, NDT.net - The Open Access NDT Database, Germany, ISBN 
978-3-200-01956-0. 

[18] Tan Ch.K, Mba D.: Identification of the acoustic emission source during a comparative 
study on diagnosis of a spur gearbox. In: Tribology Int., Vol. 38, Issue 5, May 2005, p. 
469-480. 

[19] Lixin Gao, Fenlou Zai, Shanbin Su, Huaqing Wang, Peng Chen and Limei Liu: Study and 
Application of Acoustic Emission Testing in Fault Diagnosis of Low-Speed Heavy-Duty 
Gears Sensors 2011, 11, 599-611; ISSN 1424-8220 

[20] Tan Ch.K. and Mba D.: Limitation of Acoustic Emission for Identifying Seeded Defects in 
Gearboxes Journal of Nondestructive Evaluation, Vol. 24, No. 1, March 2005, Springer 
Science+Business Media 

[21] Siores E. and Negro A. A.: Condition monitoring of a gear box using acoustic emission 
testing, Material Evaluation pp. 183–187, 1997. 

[22] Sentoku H.: AE in tooth surface failure process of spur gears, J. Acoust. Emiss. 16 (1–4), 
pp. S19–S24 (1998). 

[23] MAZAL P., NOHAL L., HORT F., KOULA: Possibilities of the damage diagnostics of 
gearboxes and bearings with acoustic emissions method, 18th World Conference on 
Nondestructive Testing, 16-20 April 2012, Durban, South Africa 

[24] Nohal L., Mazal P.: Identifikace poškození součástí automobilové převodovky metodou 
AE. In: NDE for Safety 2011. Brno, ČNDT, 2011. p. 107 - 114. ISBN 978-80-214-4358-7 
(in Czech).  

 

558


