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Abstract 

Experiments focused on identification of damage of bearings and automobile gearbox with usage of acoustic 

emission method is presented in this paper. The first group of experiments was carried out on durability test 

stations for radial and axial bearings. Sensing of AE signal on devices for radial bearings testing was 

complicated by the position of the tested bearing inside the station. As a solution, waveguides were used, with 

one end touching the outer ring of the bearing. Other sensors were placed on the surface of the testing station. 

The second group of tests consisted of measuring of signal of an intact and a damaged automotive gearbox 

during different functional conditions. In the gearbox the needle bearing, axial bearing and tooth wheel in fifth 

speed gear were artificially damaged. The goal of these experiments was to create the methodology of 

measurement and to compare the records of measurement of acoustic emission signal with level of vibration, 

noise emission and temperature. In article the first measurements that show the suitability of the chosen 

methodology for testing are presented.  
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1. Introduction 
 

Non-destructive inspections or healthy monitoring of technical devices lead to increased 

safety and optimization of company economics in industry, aerospace and in transportation as 

well. 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. The aim of this study is to 

describe some experiences with detection of early damage of bearings and partially of the real 

automotive gearbox using acoustic emission method.  

The acoustic emission (AE) method is used in many areas of technical diagnostics: leaks 

detection, monitoring of static structures (pressure vessels, bridges ...), corrosion detection, 

fatigue testing and many others. Application on the bearings and gearboxes monitoring is 

relatively rare because it is very complicated [1], [2], [3]. The common gearboxes consist of 

many rotating parts and evaluation of the obtained data is difficult due to complex structure. 

Many authors dealt with the simple single-stage spur gearbox [4] or single-stage helical 

gearbox [5]. Transducers are in these causes placed close the tested gear or directly on the 

wheel. The various methods are used for damage detection, for example noise emission, 

vibration levels, AE technique and temperature measurement. Albers et al. [6] 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, 

AE parameters – RMS, ring down counts, energy and a temperature [7].  

An important reason of loss of decisive properties of gears and bearings is the inception of 

point contact damage, so called pitting, on some of its elements – Figure 1. Contact damage is 

caused by cyclically repeating processes in surface layer of material by mutual dynamic load 

of two bodies. Damage of surface layers causes inception of micro-cracks in places of 
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maximum sheer stress, by progressive separating of damaged surface layers and by inception 

of holes on the surface. In the beginning, this fatigue damage results in decrease of functional 

properties of damaged part; however, emerged surface hole may gradually create a centre of 

fatigue crack, which successively enlarges to the whole section of the part.  
 

  
a) b) 

Figure 1. Example of contact damage (a) and a contact fatigue crack (b) on the bearing ring surface.  

 

The reliable disclosure of initial stadium of contact fatigue of rotating machines is very 

difficult. At present, some methods which are suitable for diagnosis exist, such as vibration 

method, shock pulse method, acoustic emission and others.  

Institute of machine and industrial design has laboratories with sophisticated stands for 

testing of contact fatigue of specific specimens in the radial and axial direction. Furthermore 

these laboratories contain the stands for testing of axial and radial bearings [8].  Results of 

AE application for diagnostics of radial and axial bearings and first experiments on the 

standard automotive gearbox with artificial defects are presented in this paper. 

 

2. Methods and material 
 

Three groups of experiments are presented in this paper. The first and second groups of 

experiments were carried out on durability test stations for axial and radial bearings. The third 

group of tests consisted of measuring of signal of an intact and a damaged gearbox during 

different functional conditions.  

The Axmat stand (Fig. 2a) was initially created for testing of circle specimens from various 

materials (steel, cast iron, plastics). The figure shows a modification for testing of the axial 

bearings. This change is possible by exchangeable bush and segment then we can test the 

circle specimens or axial bearings (ball bearings, roller bearing or needle bearings). The 

principle of axial bearing testing is relatively simple. The one bearing ring is put into bush and 

it is fixed by screw-bolt to prevention of rotation. Second bearing ring is placed in the rotary 

jaw, which is driven by electromotor. The static load is produced by weights on the cantilever. 

AE and vibration sensors are fixed on the non-rotating (upper) jaw.  

Second type test stands SA 67 (Fig. 2b) is used for determination of lifetime of radial 

bearings. Figure 2b shows a scheme of stands where there is visible the location of sensors. 

The tested bearing is situated on the shaft which is driven by electromotor. The outer ring is 

bended in bush with holes for waveguides. The hydraulic piston causes the loading force on 

the tested bearing. Sensing of AE signal on these devices was complicated by the position of 

the tested bearing inside the station SA 67, making it to place the AE sensors in its direct 

vicinity. As a solution, waveguides were used, with one end touching the outer ring of the 



tested bearing and the other end connected to the sensor. Other sensors were placed on the 

surface of the testing station. Despite these complications with AE signal sensing, an optimal 

setting was found for the measuring chain resulting in collection of high-quality data from 

damaged radial bearings. 

 

  
a) b) 

Figure 2. Test station Axmat (a) for testing of axial bearings and scheme of stand SA 67 for measurement of 

radial bearing lifetime [8]. 

 

Third type of presented experiments were conducted on the gearbox MQ 200 that is designed 

for the Volkswagen GROUP cars and can transmit up to 200 Nm of engine torque (Škoda 
VW Fabia). It is five-speed manual gearbox with the magnesium housing. 

  

a) b) 

Figure 3. Tested gearbox (a) with sensors (vibrations and AE) and the cross-section of the automotive gearbox 

MQ 200 with marked tested parts (VW Manual gearbox 02T). 
 

The test rig used in experiments consisted of a coupling flange, a direct current motor (50 

kW), a belt transmission, an eddy current dynamometer with maximum 500 Nm of torque and 

power of 125 kW, a supporting structure and a control unit. The temperature was contact-free 

measured using an infrared pyrometer aimed on the surface of the fifth gear steel cover. If the 

temperature of the housing over the limit value (90 °C), an external axial fan is used due to 
protection of AE sensors. In all cases were the sensors fixed to the surface of the housing by 

the gel cyanoacrylate adhesive. The experiments were divided into a several series. First two 



series dealt mainly with damages of fifth gear. The third series was aimed at the differential 

bearing defects. The tested parts of gearbox are marked in Fig. 3b.  

All tests of gear box were focused primarily on the determination of the test methodology and 

comparison of the AE testing with others diagnostic methods as a noise emission and a 

vibration. Initially was obtained AE signal on the gearbox without artificial damage. Then a 

piece of the fifth gear tooth was removed by grinding. In the same step was created the 

artificial damage of a needle bearing in the same gear. Finally the large damage was created 

on the same wheel. Hort et al. described this series of experiments in detail in their paper [8].  

The second series was aimed at a damage detection of fewer radical defects. First the AE 

signal was obtained on the new gears. Then an artificial defect was created by the electrical 

discharge machining on the side of a tooth. In the third measurements of this series was the 

smoothing defect recreated and added a new defect of the same type at the opposite side of the 

wheel see [9]. 

The third series of measurements was focused on the identification of the damage of the 

bearing. The subject under testing was a tapered roller bearing in the gearbox differential. 

First the acoustic emission signal was obtained on the bearing without damage. In the second 

phase was the outer ring cracked. Finally the other bearing was artificially damaged using a 

testing station Axmat. During this step bearing was damaged by overloaded and in last phase 

the corundum powder was used to accelerate the damage.  

AE signal was sensed and treated with DAKEL-XEDO
©

 and DAKEL-IPL devices (ZD Rpety 

- Dakel company). Xedo is a universal measurement and diagnostic modular system with all 

standard functions is system. Time bases of all input units in system are synchronized via 

Ethernet and hi-speed bus with 1 µs accuracy. New designed device IPL is intended for 
synchronous and continuous 12-bit sampling and digitizing of 4+1 input signals. Data from all 

input channels are continuously stored to 

computer hard disc. All data are stored to hard 

disc with speed cca 16 MB/sec, i.e. cca 56 

Gbytes per hour. Total measurement time is 

limited by disk capacity only. Continuously 

sampled and stored acoustic emission signal 

allows use of modern mathematic-statistic 

methods oriented for emission sources 

identification. Evaluation of signal features can 

be many times repeated with different 

parameters. Additional measuring and data 

acquisition is not necessary. That is the main 

difference between IPL and conventional 

instruments.                 Figure 4. AE analyzers Dakel Xedo and IPL. 

 

3. Results 

In this chapter there are presented only selected examples of records that were obtained in the 

application of AE method to damage monitoring of axial and radial bearings, or only the first 

results from the field of damage diagnosis of different parts of gearbox. 

3.1 Axial bearings 
 

Measurement of acoustic emission on Axmat stations creates a relatively simpler group of 

measurements. With the sophisticated analyzers and software it is possible to record and 



evaluate the obtained signal. Some of results can be seen in next figures. Figure 5a shows a 

record of counts which belongs to the axial bearing. Commonly, the records are separated to 

short time lengths (max in days) for the reason of a good resolution. The next figure 5b shows 

a record of obtained events which are distributed according to maximal amplitude. In this case 

it is possible to evaluate event duration time, rise-time and the maximal amplitude and their 

filtering according to user requirements. 
 

 
a) 

 
b) 

Figure 5: Selected AE counts a) during test of bearing lifetime and distribution of amplitude b) during test of 

axial bearing lifetime [5]. 
 

 
Figure 6 Record of the selected levels of AE counts from the final part of the axial bearing test. 

 

3.2 Radial bearings 
 

Sensing of AE signal on SA 67 devices is complicated by position of the tested bearing inside 

the testing station. In this cases were used waveguides connected with the AE sensors.  Next 

sensors were placed on the surface of the testing station. Despite these complications with AE 

signal sensing, we have managed to find optimal setting of the measuring chain and process 

some record of high-quality and damaged radial bearings. The comparison of records from 

sensors placed on waveguide and on the surface of test device is shown in Figure 7. 

 

Figure 7. Basic comparison of RMS and two AE count levels treatment from sensor on waveguide a) and on 

surface of test station SA 67 b). 



Records in Figure 8 show AE signal changes in long term test of radial bearing. It is clear that 

changes in loaded bearing are very intensive. Very interesting seems to be cyclical changes of 

the AE signal in the final stage of the test. Their origin, however, is not yet known. 

 

  

  

  
AE Sensor on the waveguide AE Sensor on the surface of SA 67 station 

Figure 8: Comparison of AE Counts and summation of AE Events from the sensor placed on the waveguide 

(left) and on the surface of the test station SA67 (right). 

 

3.3 Gearbox 
 

The example of the gear testing results is shown in figure 9. This figure describe example of 

parameters (rise time and peak amplitude) during test C in second series. During the 

experiments, several starting tests (increase in speed from 950 rpm to 5000 rpm) revealed a 

significant step change in the values of individual parameters. The acoustic parameters 

respond together with the temperature at the growing damage. After the fifteenth minute, 

there is a rapid growth in peak amplitude and rise time [9]. 

 

 
Figure 9: Peak amplitude and rise time during gearbox test C [9].  

 

The figure 10 shows a ring down counts and RMS value during third serie of gearboxe tests 

(new and damaged bearing of gearbox differential). The values of RMS and counts levels 



throughout the first test increased slightly, probably due to run in the new bearings. The 

extreme fluctuations during first minute and in the end of this test are the result of the strating 

tests.  

During test M_B were the values of counts level and RMS up to 39th minuts of test at the 

similar level as in the test M_A. The significant step increases of count level are probably 

caused by the damage. After an speed increase the AE levels started decrease. The cause of 

this phenomenon is not known to the authors, but it is hypothesized that this could be the 

result of changes in the oil viscosity. These conclusions will be verified by other experiments. 
 

  
a) b) 

Figure 10: AE counts and RMS value during tests M-A of new (a) and damaged M_B (b) bearings of gearbox 

differencial. 
 

With modern mathematic software it can be easier to evaluate the obtained data in more 

details by the user's requirements. Figure 11 shows a 3D graph of measurement in the final 

stage of the test. There are three axis (frequency, time and intensity) and scale of z-axis with 

color bar. The figure 11a shows the 3D graph of measurement with changes of AE signal 

(PSD) in the time duration of measurement.  
 

a) b) 
Figure 11: 3D graph of measurement in frequency domain (a) and 2D graph of measurement in frequency 

domain (b). 
 

The figure 11b shows a top view on the 3D graph. This view is better for the changes 

presentation during the measurement. This global view can help to target on an interesting 

area which could be investigated in detailed next. Furthermore, this graph shows main 

frequencies which are characterized for tested specimen or bearings. 

 

4. Conclusions 
 

The paper presented results of experiments aimed at evaluation of possibility of application of 

acoustic emission method for diagnostics of creation and propagation of damage of axial and 

radial bearings. It also showed results of preliminary experiments implemented on real 

automobile gearbox. In all the mentioned cases the use of this very sensitive method is 



relatively complicated, as machine components with many rotating parts create a lot of 

sources of AE. Further complicating factors include quality of lubrication of contact surfaces, 

changes in temperature and of course lack of suitable places for attachment of sensors. 

Application of AE in the area of axial bearings tests on test machines AXMAT already allows 

for reliable identification of damage creation. The advantage of this application is the 

possibility to place the sensors on the static part of the testing unit with firm attachment of the 

bearing ring. In this area, a methodology for evaluation of bearing state has been 

implemented, which allows for the use of this method in ordinary testing. 

The testing of radial bearings is significantly more complicated by the placement of the tested 

bearing inside of the R-mat testing unit. It is necessary to attach the sensor to a waveguide, 

which touches the bearing. Alternatively the sensors are attached to the surface of the testing 

unit. The received signal can be significantly distorted due to the distance of the source from 

the sensor. However, also in this case, significant changes in some signal parameters (RMS, 

frequency, etc.) manifesting damage creation and propagation were identified 

Usage of the AE method for diagnostics of real automobile gearboxes is currently very 

preliminary. Also in this case the AE method can signalize damage creation. However, it is 

not yet possible to identify the location and type of the damage. It will be necessary to 

implement a lot of additional tests, which will be aimed at differentiation of the signal 

characteristics typical for damage creation of bearings, gear wheels, or problems in 

lubrication, etc. 
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