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Abstract
The paper describes basic exposures of two Al and Mg alloys behaviour changes during the high cycle
fatigue loading, which were detected using acoustic emission (AE) method and analysis of load
frequency changes of the electromagnetic loading device. The electro-resonance fatigue test machine
works with loading frequency corresponding with resonance of the whole loading system. In case that
the rigidity of the tested sample is changed (cyclic hardening or softening in the initial part of loading,
fatigue crack initiation and crack spreading etc.) this frequency is changed. It means that it is possible
to estimate approximately the length of these stages. From practical point of view the most important
is the identification of the fatigue crack spreading phase of course, but in case of detailed analysis
some changes of frequency can be detected in the stage of “stable” mode.

Much more detailed information about changes of mechanism of cyclic damage is provided by AE
method application, which identifies plenty of damage mechanisms. In the case of basic study the
count of oversight of AE over predefined thresholds is captured. It is again possible to relatively
reliably determine the length of initial changes phase and the phase of fatigue crack propagation from
the records.

Keywords : acoustic emission, frequency of loading, fatigue, aluminium alloys, NDT

Résumé

Cet article reprend les expériences actuelles d´auteur relatives aux possibilités d´application de la
méthode de contrôle par émission acoustique dans le cadre de l´évaluation laboratoire du degré
d´endommagement en fatigue des alliages AlMg. Il comprend également une description d´utilisation
de changements de la frequency de sollicitation sur le machines électromagnétique pour observation
de la degrée d´endommagement des éprouvettes. Une attention particulière est portée sur la rélation
mutuelle des changements de la signal EA avec des changements de la fréquence en résonance de la
machine avec une éprouvette éxaminé.

Mots-clés : émission acoustique, fréquence de sollicitation, fatigue, alliages d´aluminium, essais non
destructifs
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1. Introduction
Al and Mg alloys present a very important group of construction materials, which are used because of their
specific properties in many different applications mostly in transportation area – for example in aircraft and
automobile industry. The requirements posed on these materials are constantly increasing and therefore it is
necessary to explore their properties in more and more detail and consequently purposely change some of these
properties. Understanding the progression of degradation processes that can occur during exploitation of
constructions made of AlMg alloys is very important. The reliability of machine parts in transportation often
makes the difference not only when it comes to material losses but more importantly human lives.

Among the mechanical tests of materials and constructions, the fatigue tests are ones of the most important,
because they give the information about fundamental material characteristics, essential for estimation of material
behaviour in real structures [1, 2, 3, 4, 5]. The process of cyclic degradation of properties of AlMg alloys differs
in some ways from the standard principles relatively well known at iron alloys.  For example damaging of AlMg
alloys proceeds even with loading amplitudes that correspond to standard fatigue threshold of current ferrous
materials and therefore reliable determination of fatigue threshold is very difficult. That is why a conventional
fatigue limite is defined at these materials, which is on the level of 108 loading cycles (currently 107 cycles).
Therefore the tests are very time consuming and it is necessary to use resonance loading devices, which allow
reaching the loading frequency up to hundreds Hz. The basic result of the experiments using this machines are
the dependencies of loading cycles to fracture on a given level of loading amplitude – S-N dependence  (Wöhler
curve) – Fig.1.

Fig.1 Example of S-N dependence with indicated basic stages of fatigue damage

The main disadvantage of these testing equipments is the limited amount of information about the actual process
of cycling degradation. Determining the period from appearing of fatigue crack to final failure of the sample,
eventually finding the instant of micro-crack appearance or interconnection, is also very important. For example
mutual comparison of the length of crack propagation stage to final fracture is one of the criteria that can decide
the suitability of the material for the construction of given device in practice – mainly in the area of transport
industry (see also Fig.1).
The dynamic bending moment in electro-resonant testing machines is generated by means of an electromagnetic
driven resonator.  The tested specimen itself is part of the spring/mass system and influences with its stiffness the
resonant frequency of the machine. In case that the rigidity of the tested sample is changed (cyclic hardening or
softening in the initial part of loading, fatigue crack initiation and crack spreading etc.) this frequency is
changed. It means that it is possible to estimate approximately the length of these stages. From practical point of
view the most important is the identification of the fatigue crack spreading phase of course, but in case of
detailed analysis some changes of frequency can be detected in the stage of “stable” mode.

Much more detailed information about changes of mechanism of cyclic damage is provided by acoustic emission
method application, which identifies plenty of damage mechanisms. As a part of extensive tests of AlMg alloys,
that are carried out at the Institute of Machine Design of Brno University of Technology is application of the AE
method on this type of mechanical tests. We suppose that this method should help us with more detailed
identification of different cyclic damage stages.



2. Experimental equipment and material

All results presented in this paper were obtained on RUMUL Cracktronic 70 and 160 testing stands (Fig.2).
These dynamic testing machines operate at their natural frequencies. They generate a pure bending load in the
specimen. Specimens with machined notches are stressed with a bending moment, which is composed of a
dynamic and a static part. Between the grips there is a constant bending moment. 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. The newest machine Cractronic 160 is operated via the graphical display of a PC running under Windows-
NT.

Usually used test samples can be seen in Fig.3 – type A, flat blocks with dimensions 15 x 5 x 70 mm with two
lateral notches 40 mm in diameter and 2,5 mm deep milled in the central part, type B 12 x 10 x app.70 mm with
two notches on the upper and bottom surfaces (diameter 40 mm and 1,5 mm deep). All sample surfaces were
grinded. Loading frequency on this type of equipment depends on sample rigidity and the used Cracktronic test
machine; in our case it was somewhere between 65-75 Hz for type A and 80-90 Hz for type B.

Fig.2 The whole setting of the clamping part of
Cracktronic machine with a specimen and two

Dakel “Midi” AE sensors.

Fig.3 Typical specimens used for tests whose
results are presented in this paper

Four and two-channel AE systems Dakel Xedo© were used for presented experiments. Measuring channel units
of this equipments were, for the purposes of measuring of acoustic emission parameters, fitted with piezoceramic
sensors of type Midi and standard (magnetic), the signal of which was, after boosting in preamplifier, sent into
analyser and processed by PC. The information from data files were subsequently processed by software
DaeShow©, which enables all basic procedures of evaluation – ring down counts, AE burst rate, summation of
AE counts, RMS etc. The possibility to divide measured signals into up to 16 pre-adjustable levels (with
independent detection thresholds) provides very useful results.

The results presented in the next part of this paper were received on Al alloy ISO EN 6082/T6 and Mg alloy AZ
91. The composition is described in Table 1 (the material was supplied heat treated to status T6) and with Mg
alloy AZ 91 (Table 2) prepared by squeeze casting technology (pressure 50 and 150 MPa).

Tab.1 Chemical composition of tested Al alloy ISO EN 6082/T6
Chem. element Si Fe Cu Mn Mg Cr Zn Ti Al

% (wt) 1,01 0,17 0,067 0,66 0,84 0,16 0,030 0,032 rest

Tab.2 Chemical composition of tested Mg alloy AZ 91
Chem. element Al Zn Mn Fe Ni Cu Si Mg

% (wt) 9,21 0,71 0,20 0,0058 0,0036 0,0032 ≤0,002 rest



3. Experimental results

Examples of records of frequency change in the process of fatigue loading are depicted in the Figures 4 and 5.
Figure 4 a) presents an overview of the whole situation of loading a sample with durability app. 112 000 loading
cycles. After a more detailed analysis in Figure 4 b, we can see not only the initial hardening, but also the change
of the loading frequency in the area of 30- 45 000 cycles and the beginning of propagation of the magisterial
crack.

Fig.4 An example of loading frequency changes
during a fatigue loading test of AlMg alloy (Nf –
1,2.105 cycles):  a) the whole test b) detail of the

initiation and propagation of a crack period

Fig.5 Second example of loading frequency
change during a fatigue loading test of AlMg alloy
(Nf app. 1.9 .106 cycles) – lower amplitude:  a) the
whole test, b) detail of the area of the initiation of

a crack period

A similar record of another sample is depicted in Figure 5. In this case the lower loading amplitude was used and
the fatigue durability was app. 2.106 cycles. From the record overview, the frequency rise is apparent, which
means slight hardening of the material up to app. 1,1.106 cycles. Detailed image of this area shows the change of
damage form and a very obvious decline of loading frequency from 1,2.106 cycles.
Much more detailed information about changes of mechanism of cyclic damage is provided by AE method
application, which identifies plenty of damage mechanisms. An example of the simplest record of AE activity
can be seen in Fig. 6.

Fig.6 Number of overshoots (counts) over the preset signal levels during a fatigue loading test of ISO
EN 6082 alloy (see Fig. 4), a) all measured levels (16), b) only selected levels No 7-16.



In this case the count of AE overshoots over predefined thresholds is captured. It is again possible to relatively
reliably determine the length of initial changes phase from the record – here stabilization and the phase of fatigue
crack  propagation.  It  is  however  evident  that  the  AE  signal  changes  also  in  the  period  between  these  basic
phases, notably the relatively important activity rise in the phase of app. 30-40.103 loading cycles (app. 30% of
this sample lifetime). Examples of more detailed treatment of AE signal from this first period of fatigue loading
is presented in Fig. 7 – see also the plot of the frequency changes in Fig. 4.

Fig.7   More detailed treatment of AE signal parameters changes (specimen from Fig.6) in the first 8
minutes of loading (cumulative number of AE counts, relative amplitude history, events duration and

rise time history).

The change of acoustic emission activity roughly corresponds to the change of loading frequency. Classical
techniques of optical observation of surface do not provide any obvious reason for this phenomenon. On the
basis of analogy with other observations it is possible to expect that the reason of emission activity can be for
example accumulation of energy sufficient for loosening of dislocations captured in structural obstacles,
occurrence of micro-cracks and eventual connecting of existing micro-cracks. The reason of increased emission
activity during the so called stable mode can be also the changes of material substructure – emphasizing of sub-
seeds, mutual rotation of suitable areas in frame of individual seeds of material etc. can appear [6, 7].

Further selected overview records of AE activity on Mg alloy AZ 91 are shown in Fig. 8.

Fig.8 Number of overshoots (counts) over the preset signal levels during a fatigue loading test of Mg
alloy AZ91 (slot 01 and slot 02 - two sensors with different amplifications on the same specimen).



In Fig. 9, we have depicted the points, which correspond to periods of risen AE activity before
creation of the magisterial fatigue crack (marked ○), further the places where a change in loading
frequency appeared (marked □). The points ● mark  the  end  of  the  test  –  fatigue  failure  of  the
specimen.

Fig.9   S-N dependence of Mg alloy AZ 91 - with indicated areas of higher AE activity○ and

beginning of changes of loading frequency□.

4. Discussion and conclusions

The undertaken experiments have proven that detailed analysis of loading frequency change allow for
approximate determination of periods, where the character changes of the material damage process occur. It is
possible to reliably determine whether softening or hardening of the tested material occurs and it is possible to
determine the length of this period for different levels of loading amplitude. It is also possible to approximately
identify the length of the period of main crack propagation. The exact beginning of interconnection of short
cracks and appearing of main crack cannot unfortunately be unambiguously defined on the basis of these
analyses. It is however possible to extrapolate the relative length of crack propagation to the total sample
durability. These relative values can then be mutually compared and used as a basis for the optimal material
determination for the given practical application.

The measuring of damage progress by acoustic emission method is significantly more exacting on experimental
technique, but it provides much more detailed information about the instants of damage character changes. AE
method application proved a possibility of the basic identification of individual stages of fatigue processes of
AlMg alloys on electro-resonance fatigue testing machines. The technology of acoustic emission enables
monitoring of the state in the whole loaded volume of the material and it could enable monitoring of cracks that
spread under the surface of the specimen.

The fact that every measuring is unique is still a great problem for repeatable application of AE method. This is
caused by very difficult ensuring absolutely identical conditions of every measuring (often long-lasting). Before
all, various materials differ significantly in their “acoustic activity” and its character. The possibility of mutual
comparison  of  results  strongly  depends  on  used  sensors,  on  the  way  they  are  fastened  to  the  sample,  on  the
contact medium between the surface of the material and the sensor, etc. The shape of the samples and the
distance between the sensor and the place of monitored defect play an important role, too.

Beyond these restrictive factors, the method of acoustic emission has its indisputable justification for the
identification of fatigue degradation stage. It is necessary to work out standard procedures, including rules for



setting parameters of AE analyser, location of sensors, and, of course, the way of evaluation of acquired signal.
Extensive experimental work is necessary to work out general procedures of evaluation. Searching for congenial
parameters and their fitting into the evaluation programmes will require considerable effort. For qualified
estimate of real sources of acoustic emission in material, it is necessary to make use of much more demanding
signal processing, using suitable mathematics methods. It is necessary to take off characteristic shapes of events
in individual stages of damage and to provide detailed frequency analysis.

The AE method application proved a possibility of basic identification of individual stages of fatigue processes
in tested AlMg alloy. This method can further enrich knowledge about individual stages of fatigue damage. It is
however not possible to expect from AE method the exact identification of AE sources. That is possible only by
connecting AE with further laboratory procedures capable of identification of processes in material substructure
(e.g. with X-ray diffraction analysis) [7]. These commonly gained experiences will contribute to identification of
processes, which take place in AlMg alloys even in loads which correspond to very high lifetimes and which are
very difficult to identify by common material testing procedures.

This paper originated with support from a Grant Agency of the Czech Rep. project nr.: 106/07/0508 -
Detection and research of the development of cyclic damage of modern AlMg alloys with the
application of specific NDT procedures.
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