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ABSTRACT 

The contribution brings out, in form of a summary, the results of acoustic emission method and 

loading frequency analysis applicable to identify the fatigue damages to samples in aluminium 
alloys EN-AW-6082/T6, EN-AW-7075/T6. The main target of our research in the field of light alloys 

is to determine experimentally the impact of mold materials structural direction on the fatigue 

properties. The rise and beginning of damage development has been realised methodically with 

analysis of loading frequency changes, standard AE signal treatment and the DAKEL IPL 
company’s new measuring equipment with continual signal sampling.

Key words: fatigue properties, acoustic emission, non-destructive testing, crack propagation, signal 
sampling.

1.   Introduction 

Scanning the acoustic emission signal (AE) is a rapidly developing non-destructive testing method 
applied to the material testing engineering. This method detecting the damages to constructions and 
many other non-standard effects becomes more and more applied in research labs and passes to 
usual practice in many industrial branches like defects in steel and concrete structures, pressure 
vessels, leakage of media, quality of technologic processes etc. Main advantage of acoustic emission 
signal scanning is its high sensitivity, possibility to detect the active defects in the whole mass of 
checked body and availability to measure the body under investigation even in operation mood. 
Since some time, scanning acoustic signal method has been used for precising the evaluation of 
various material characteristics namely to research the mechanical properties of construction 
materials. 
Laboratory of fatigue properties of the Institute of machine and industrial design at the Brno 
University of Technology (CZ) is for us the basis where we investigate mechanical and namely 
fatigue properties of iron and non-iron alloys. In cooperation with Laboratory of AE, we realise the 
part of our research programme concerning the basic fatigue parameters of aluminium and 
magnesium alloys and we try to precise our knowledge of rise and development of fatigue defect 
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using acoustic emission scanning methods AE. We presented our work concerning aluminium alloy 
EN-AW-6082/T6 and magnesium alloy AZ 91 [1, 2, 3]. Recently, we focused the interest to another 
compression-mold aluminium alloy EN-AW-7075/T6 featured with relatively high tensile strength. 
In the case of compression-mold alloys, it is the impact of orientation to the fatigue properties [4]. 
Here, in this contribution, however, we are comparing the courses of loading frequencies of the 
above alloys plus acoustic emission signal of the second one. Further more a swatch of experiments 
with fully continual sampling signal with a recently developed analyser DAKEL IPL. 

2.   Main characteristics of used aluminium alloys

As already mentioned, the experiments described here were made with aluminium alloys EN-AW-
6082/T6 and EN-AW-7075/T6. The material have been delivered by ALCAN D ÍN 
EXTRUSION comp. Ltd as compressed profiles.  

Table1: Chemical composition of tested materials (wt %) 

elem. 

mater.
Si Fe Cu Mn Mg Cr Zn Ti Al

6082 1,01 0,17 0,067 0,66 0,84 0,16 0,030 0,032 rest 
7075 0,4 0,5 1,6 0,3 2,4 0,2 5,7 0,2 rest 

During the production process technology, a distinctive structural orientation anisotropy rises in the 
material shows changing fibre structure in all directions (see Fig. 1). Mainly, it is however expressed 
with different fatigue properties during the high cycle stress   [1, 3, 4, 5]. 

3.     Samples and experimental instrumentation 

The above-mentioned alloys served for manufacturing samples in two different basic shapes (fig.2). 
They concerned so called   

Fig.1: Microstructure of EN AW 7075/T6 alloy 
and indication of “structural directions” 

Fig.2: The shape of tested samples (four point 
bending, R= -1, Cracktronic test machine) 
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flat samples (15 x 5 x 70 mm) with 2 side notches (radius 40 mm, specific section 10 x 5 
mm)
full samples (12 x 10 x 70 mm) with 2 shallow notches (on the upper and lower surface of 
the sample, again with 40 mm radius and, with the specific notch section 12 x 7 mm). 

The fatigue tests have been realised with a test electro-resonant loading pulsator RUMUL 
CRACKTRONIC 160 under the conditions of 4-point bend (see fig..4.). This equipment works with 
resonant frequency depending on sample stiffness. Any sample type has of course different stiffness 
so the basic loading frequency is also different. For the flat samples the frequency moves form 66 
Hz to 69 Hz, in the case of full samples it moves between 79 up to 85 Hz. When the consistence 
falls down of the whole system then the loading frequency sinks down too as a signal of arising 
micro-cracks in the test specimen. All changes of cycling parameters are monitored with the control 
personal computer and the operator can follow, evaluate and modified parameters of the test under 
process via programme “FATIGUE”. 

The samples have been loaded with alternating symmetrical cycle (R = -1) on several amplitude 
levels. The test output gives information of the cycle number up to the rupture under the given load 
(so called S-N diagram) or possibly report about the loading frequency and its growth or fall 
(consolidation or softening) during the test. 

Evidence of first micro-cracks rising in the tested specimen and the time of final rupture completion 
is important for evaluation of material resistibility against high-cycle fatigue. Under standard 
condition this can be found only with one possible way, i.e. with the first clear over-time fall of the 
loading frequency following the period of its steady value. Under our conditions, the frequency 
analysis results are completed with acoustic emission method. The entries are compared, such 
common elements are sought that correspond to the changes of defect in material during and due to 
fatigue tests. 

The acoustic emission signal is taken with measuring facility DAKEL XEDO. It concerns 2 and 4 
channel systems with possibility to scan up to 16 free settable energy levels serving together with 
piezzo-ceramic capture MIDI, MICRO as ell as with MAGNETIC ones for detection of acoustic 
emission in material 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 DAE 
SHOW ©. 

3.   High cycle fatigue measurements with AE measurement and its experimental results 

The tested specimen is placed to the loading apparatus. The acoustic emission sensors are fixed on 
the specimen surface in the expected zone of rupture. Considering the dimensions of specimen we 
use preferentially sensors DAKEL MIDI with diameter 6 mm. At the beginning, they had been 
sticked with second glue, but it has been not quite reliable in consequence of vibrations. Therefore 
actually we do use a set of purpose built mechanical clamps. Picture of the clamping system is found 
on figure 3. Another acoustic emission sensor, usually magnetic one, has diameter 13 mm and is set 
on the upper part of the fixed chucking jaw of the Cracktronic facility. The aim is, to arrange it so all 
sensors will be in touch with the sample and the whole sample-generated undulation will suffer by 
minimum possible losses. 
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Fig. 3: Used fixating jig for MIDI AE sensor 

The figure 4 shows example of acoustic emission activity entries, completed with the diagrams of 
loading frequencies for EN-AW 6082 material [6]. Actually, it concerns the parameters of count 
levels corresponding to various signal intensity. Particular entries show clearly the cyclic softening 
(or hardening) stage, rise and development of the first micro-cracks and the course of cyclic 
softening in tested material. The plot of loading frequency (above) indicate some changes in the 
period of damage cumulation but it is not very conclusive. The creation and propagation of  fatigue 
crack is registered unambiguously at app.100 thousand loading cycles. The higher acoustic emission 
activity confirm this result. Changes of AE signal before the final period gives the chance to see the 
beginning rise of first micro-cracks and other changes of microstructure. 

These relatively “simple” and basic records of changes of loading frequency and particularly of AE 
signal enable to estimate the basic description of the damage stage of fatigued material. But detailed 
description of the type of damage is impossible yet. 

In 2008 was finished the project “IMPULS” of the Czech Ministry of Industry and Commerce. This 
project included also the construction of a unique acoustic emission analyser DAKEL IPL with fully 
continuous AE signal sampling. This facility has been of course applied as well as to evaluation of 
fatigue damages in our laboratory. The alloy EN-AW 7075 served as a sample for the application of 
DAKEL company’s new system of uninterrupted sensing the acoustic emission with the IPL 
analyser. 
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Measurements were made in sample with TL structural direction under load 310 MPa and four point 
bending (symmetric cycle). In total, 3 sensors have been used. Acoustic emission 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 choosen 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. An 
example of results is presented in figure 5.  

Fig. 4: The plots of loading frequency change & the acoustic emission counts rate from fatigue test 
of aluminium alloy EN-AW-6082. 

Continuously sampled signal allows us to create a “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 the figure 5b represents the spectral amplitude and is represented by the colour 
according to the displayed spectrum below of the graph. Fig. c) - this is a horizontal cut of the 3D 
spectral map from Fig. 5b and it displays of a progress of the amplitudes on selected frequencies in 
time for AlMg alloy (the horizontal cut of the 3D spectral map) in this case at 75-80 kHz 
frequencies. Changes of spectral amplitude (Fig. 5b) 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.  
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Fig. 5: Comparison of  the counts rate from standard two levels AE measurement (a) with 3D 
spectrogram from IPL analyser (b) and exemple of horizontal cuts of the previous spetrogram (c) – 

this plot starts from 6th minute of test measurement.  
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4. Conclusion

The acoustic emission method seems to be suitable for identification of material changing phase 
during the high-cycle fatigue. This method and the entry of loading frequency makes possible to 
approximate the length of cyclic stiffening and softening as well as the starting moment of rising the 
fatigue crack. The acoustic emission is able to draw the attention to possible structural changes 
during the phase of material stiffening as well as during the damage accumulation. For example, it 
can unhide processes relieving great energies without any changes of the loading frequency. This 
can result from regrouping the dislocations etc. 
Also the possibility to apply the new sensing equipment DAKEL IPL with fully continuous acoustic 
emission signal entry has been verified as reliable and beneficial. The profound evaluation of entries 
makes possible much more detailed analysis of the damage during and due to fatigue tests. 
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