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Abstract 
In this paper are presented two nondestructive methods, acoustic emission (AE) and X-ray diffraction 
topography (XRD), which are used for investigation of damage cummulation and crack creation stages of fatigue 
process in strengthened wrought aluminium alloys EN AW-2017A/T4 and EN AW-6082/T6. All tests were 
performed on the resonant testing machine RUMUL Cracktronic 160 under the current recording acoustic 
emission signal. The X-ray diffraction was focused especially on the stages of material properties changes, 
where the AE signal had significant activity. The results show connection between the change in AE signal 
parameters and changes in microstructure, observed by X-ray diffraction technique. 
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1.  Introduction 
  
In the Fatigue and Acoustic Emission Laboratory of Institute of Machine and Industrial 
Design of the Brno University of Technology we deal with materials fatigue tests, contact 
fatigue tests of bearing materials and tests of durability of axial or radial bearings. This paper 
deals with the opportunities for evaluation of degradation processes that occur during cyclic 
loading test samples of aluminium alloys.  
 

 
Figure 1. Orientation of specimens (orientation effects) [2] 

 
 
The structure of both specimen's materials have a significant visual inhomogeneity 
(directivity), caused by used extrusion technology. Based on comparison of radiographs from 
different structural directions, it was found that the measurement of directional distribution 
mosaics blocks is the best samples from the direction of the TL.We have been able to identify 
from the AE signal and resonant frequency of the specimen the beginning of the main crack 
propagation, also structural modification in the cyclic hardening and nucleation of the first 
microcracks. In previous work [1, 2] we presented the AE signal processing and evaluation of 
XRD topography of the aluminium alloy EN AW-6082/T6. The results suggest that increased 
activity of the AE at this stage of loading may be associated with changes in the width 
direction distribution of the diffracted radiation (see Fig.7). The X-ray diffraction topography 
was used periodically after 10,000 cycles. Newly we began research on the aluminium alloy 
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EN AW-2017A/T4 to see how the influence of cyclic loading modified crystal structure and 
to further verify the repeatability of results from previous measurements using radiographic 
method [6]. The period of tests was estimated at 5×103 cycles with an expected fatigue life of 
120×103 cycles.  
 
2.  Method of testing 
 
The tests, which are presented in this work, consist of two phases. In the first phase were the 
specimens from all four directions loaded under alternating flat bending up to the fracture. 
During this test phase were recorded a resonant frequency of the test machine with tested 
specimen and an acoustic emission signal. In the second phase were the specimens from all 
directions after 5000 cycles (fatigue live estimated at 120×103 cycles) transferred to the X–ray 
department for diffraction analysis. When the diffraction analysis was finished the specimens 
were returned to the fatigue laboratory. And this procedure was repeated up to the specimens 
fracture. Finally were all X-ray diffractions measurements processed and then compared with 
AE signal, especially in the areas of the maximum structural modification. 
 

 
 

Figure 2. Schematic representation of the reference specimen site for X-ray diffraction 
observation (dimensions 70x15x5mm)  

 
 
2.1 Material and experimental equipment 
 
The specimens for this research were made of a strengthened aluminium alloy EN AW-
2017A/T4 and EN AW-6082/T6. Due to the directional structures were used specimens from 
different direction, see Figure 1. For all tests were used flat specimens with the shallow notch, 
see Figure 2. 
 
Tab. 1  Chemical composition of used Al alloys (%) 
 

 Si Fe Cu Mn Mg Cr Zn Zr+Ti Al 
EN AW-2017A/T4 0,2-0,8 0,7 3,5-4,5 0,4-1,0 0,4-1,0 0,1 0,25 0,25 rest. 
EN AW-6082/T6 0,7-1,3 0,5 0,1 0,4-1,0 0,6-1,2 0,25 0,2 0,1 (Ti) rest 

 
 
The fatigue test are realized at the resonant testing machine RUMUL Cracktronic 8204/160. 
Test conditions were set to alternating symmetric cycle (R = -1) at constant stress amplitude 
215 MPa. AE signal was obtained by two channel analyzer DAKEL XEDO. For detection of 
an AE hits were used two piezoelectric transducers type DAKEL MIDI. One was mechanical 
fixed near a shallow notch and the second glued to the front of the specimen. For the analysis 
of acoustic emission signal were used standard parameters in the time and frequency domain 
– RMS, ring down counts, count rate, rise time, duration, frequency spectrum of signal etc. 
For X-ray diffraction analysis was used a universal X-ray diffractometer D8 Discover 
produced by a Bruker AXS company. In this device we can analyse the specimen of 
maximum surface 80×80 mm and height 40 mm. 



3.  Experimental results 
 
The effective measurement of the directional distribution of mosaics blocks requires that the 
reference material had a significant texture and scratch pattern was analyzed against the 
texture correctly oriented. Thanks to the results described in [6] was found that for the 
measurements of directional distribution of mosaics blocks are the best specimens from the 
direction of the TL.  
In Figure 3 we can see in the power spectral density the frequency levels of around 50, 150, 
180, 200, 260 and 420 kHz, the intensity during the fatigue test changes (50 kHz level is 
unchanged). These changing in intensity corresponding to approximately time of the hits 
amplitude increase in Figure 4. (10th to 24th minutes). The turning point occurs at 30th 
minute when the record appears next (around 230 kHz, 310 – 380 kHz) and e.g. the initial 
level of 420 kHz decreases. At this point, however, the main crack is propagating and leads to 
a fracture of the specimen. The changes in the AE signal during fatigue tests – presented 
above, are also confirmed by record of the signal energy in time domain in Fig. 5. down. 
 

 
Figure 3. Spectrogram from the fatigue test 

 

 
Figure 4. AE hits record throughout the fatigue test 

 



 
 

Figure 5. Comparison of recording AE signals and directional distribution of mosaic blocks 
 of aluminium alloy AW-2017A/T4 in the direction TL 

 

      
 

a) b) 
Figure 6. Propagation of main crack a) and area of this main crack b) 

 
During the fatigue tests was perform observation of the specimen surface structure using 
scanning electron microscopy In the Figure 6. is shown propagation of main crack with a 
characteristic zig-zag shape a) and the area of this main crack with secondary crack b) after 
135,000 cycles. 
 
 
 
 



 
a) 

 
b) 

Figure 7.  Results presented in our precedent paper [1] for EN AW-6082/T6 alloy:   
a) comparison of AE activity against loading cycles, b) records of real change of X-ray K 

factor vs. time of fatigue loading.  
 
Figure 7b shows the records of the X-ray K coefficient changes, which were measured during 
fatigue tests of four samples made from alloy EN-AW 6082 (with various orientation relative 
to forming direction) with same level of cyclic loading. So, at a cyclic loaded aluminum 
alloys was found correlation between the increased acoustic emission activity and the growth 
of regions (so called mosaic blocks of the crystal structure) independently reflecting x-rays. 
Cyclic deformation, unlike unidirectional deformation, does not spread uniformly through a 
grain but tends instead to concentrate cycle after cycle in preferred zones. These dislocation 
sinks, which finally turn into micro-cracks, reduce the grain into a disoriented cell structure, 
which is readily proved by the so-called „diffraction imaging“ or „grain by grain“ x-ray 
diffraction technique. The interior of a cell, being relatively free of dislocations, scatters the x-
rays coherently giving rise to a diffraction spot.  
These changes of microstructure can be the cause for local amplification of AE signal in the 
stage of damage accumulation (see f.e. Figures 5 and 7). 
 
 
4.  Conclusions 
 
The paper presents the results of both NDT techniques – AE method and X-ray diffraction, 
which were used during fatigue tests of Al alloys EN AW-2017A/T4 and EN AW-6086/T6. 
The detection of AE signal by the transducer on the surface of specimen was carried up to its 
fracture. Because it was impossible to measure the AE signal simultaneously with XRD, the 
entire methodology is divided into two phases. Modification in the structural orientation of 



mosaic blocks (Figure 5 middle) during fatigue test may be connected with changes in the AE 
signal in Figure 3 and Figure 4. 
To make a relevant analysis and to verify the results from [1, 2] is necessary to provide 
measurements with similar conditions as soon as possible, but XRD technique cannot be use 
in parallel with AE data acquisition. The results can therefore be absolutely the same as in the 
case of continuous measurement. The comparative analysis was performed to measure of the 
results presented in figures 3 to 5. It was found that new approaches to AE signal processing 
to detect other manifestations of cyclic degradation of the material. A good example is the 
record of the power spectrum density in Figure 3, where are during the time slowly increasing 
and depression intensity of frequency levels and the increase or decrease of the AE signal 
energy. So far, we are not able to specifically identify, using AE, what modification are in the 
microstructure of material. However, we can reliably detect the origin of main crack 
propagation. This is graphically demonstrated in Figures 3 to 5, where is after 30th minute a 
rapid increase in signal monitored parameters of acoustic emission. 
 
Acknowledgements 

Works presented in this paper have been supported by European Regional Development Fund 
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).  

 
References 
 
1. MAZAL, P., VLASIC, F. Applications of selected NDT procedures for more detailed 

identification of crack initiation stage at fatigue tests of aluminium alloys. In Fatigue 
design 2009. 1. Senlis, Francie, CETIM Senlis. 2009. p. 68 - 75.  

 ISBN 978-2-85400-908-8. 

2. VLASIC, F., MAZAL, P., HORT, F. Comparison of Acoustic Emission Signal and X-
ray Diffraction at Initial Stages of Fatigue Damage. In 29th European Conference on 
Acoustic Emission Testing 2010. Vienna, Austria [CD-ROM]. TUV Austria, 2010. 
ISBN: 978-3-200-01956-0 

3. LEE, D. S., LEE, J. H., LEE, M. R. Fatigue crack detection in coldworked aluminum 
alloys using acoustic emission technique. Advances in Nondestructive Evaluation, PT 1-
3. Vols. 270-273, Part 1-3, 2004, pp. 537-542. ISSN: 1013-9826. 

4. NAM, K., MAL, A. Characteristics of elastic waves generated by crack initiation in 
aluminum alloys under fatigue loading. Journal of Materials Research. Vol. 16, No. 6, 
2001, pp. 1745-1751. ISSN: 0884-2914. 

5. BARSOUM, F. F., SULEMAN, J., KORCAK, A., HILL, E. V. K. Acoustic Emission 
Monitoring and Fatigue Life Prediction in Axially Loaded Notched Steel Specimens. 
Journal of Acoustic Emission. 1 January 2009, Vol. 27, pp. 40-63. 

6. FIALA, J., MAZAL, P., KOLEGA, M., LISKUTIN, P. Rentgenografické zkoumání 
únavového procesu (X-ray Examination of the Fatigue Process). In NDE for Safety / 
Defektoskopie 2010. Pilsen: Czech Society for Nondestructive Testing, 2010. p. 49 - 56. 
ISBN: 978-80-214-4182-8. 


