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Abstract 

The study involved samples of aluminum alloy Al-4Cu (2024). Heat treatment of samples - hardening and age-

hardening. Mechanical tests were conducted on uniaxial tensile test using INSTRON-3382 machine with a speed of 0.5 

mm / min, while the AE signals recorded on self-made AE-system. After 10% deformation of the loading was stopped. 

After a while the loading was continued until the destruction of the sample. Metallographic studies and microhardness 

tests were conducted after the tensile test. Identification of AE signals was carried out based on the AE signals 

frequency-energy analysis . After the analysis of acoustic emission signals identified four stages of deformation and 

fracture of aluminum alloy Al-4Cu. At the stage of hardening observed high activity of AE signals. This is due to the 

generation of dislocations at the particles of the dispersed phase formed during quenching. When loading after stopping 

is observed the localization of the radiation zone AE signals within a narrow mesoband and periodic motion mesoband 

from one edge of the sample to another. Metallographic studies have also shown periodic motions mesoband's 

deformation during stretching. 

Keywords: acoustic emission (AE), identification, microcrack, dislocation, localization of deformation, aluminium 

alloys 

 

1. Introduction 
 

The study of the kinetics of fracture of metals under the influence of tensile stresses, is related to 

one of the most important problems in physics and fracture mechanics of metals [1]. The 

deformation of the material is a complex multi-level multi-stage process involving various 

mechanisms of plastic deformation and fracture. Defect structure formed in the material prior to 

loading, largely determines the patterns of future behavior of the material in the deformation 

process [2]. In accordance with the general principles mesomechanics, plastic deformation of a 

loaded solid is associated with local loss of its shear resistance and by its nature is a relaxation 

process [3]. Acoustic emission during deformation and fracture of materials contains a significant 

amount of important information about changes in the structure of the material, machinery, power 

failure, strain rate, etc. In this paper we analyzed the characteristics of the destruction of certain 

structural materials using the method of acoustic emission to identify the types of AE sources and 

the corresponding fracture mechanisms [4]. 

 

2. Material and Methods of Research 
 

The object of the investigations were samples of aluminum alloy Al-4Cu (2024). Mechanical tests 

were conducted on uniaxial tensile tensile machine INSTRON-3382 with a loading rate of 0.5 mm / 

min. Samples in the form of a flat two-sided blades were produced by milling of the sheet material 

thickness 2 mm. Dimensions of the working part of specimens were 40 × 2 × 2 mm. During the test 

samples simultaneously recorded signals of acoustic emission in laboratory software and hardware 

complex, created by computer-based with built-in high-speed four-channel ADC with Software 

Acoustic Emission Pro v2.0 [5]. For completeness of analysis were carried out metallographic 

studies on the optical microscope and made measurements of the microhardness on a HMV-2. 

 

3. The results of experimental studies 
 

The data obtained registration of the AE was the classification of AE signals on the types of 

sources, which are generated by the group and moving defects with different activities at different 

stages of deformation. According to the obtained characteristics are building a two-parameter 
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distribution of AE signals in the coordinates of the energy E - the frequency coefficient Kf (Figure 

1a). 
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Figure 1. The deformation of aluminum alloy samples Al-4Cu: 

a - two-parameter distribution of AE signals, b - diagram of strain hardening dσ / dε = f (ε) and the accumulation of the 

integral N (t) of AE signals 

 

The diagram of strain hardening dσ / dε = f (ε) of the sample investigated alloy Al-4Cu can, as for 

most materials, divided into four main stages (Figure 1b). 

Stage I (ε = 0 ÷ 0,5%) from the beginning of elastic deformation is high values of dσ / dε = 7,2 ÷ 

7,8 MPa, which shows a high level of elastic properties and high resistance to deformation of the 

material. Acoustic signals are beginning to register immediately after the onset of deformation. The 

activity peaks of AE. At stage II (ε = 0,5÷1,5%) decline in activity occurs AE. This feature is key to 

aluminum alloys. Lack of registration or a low level of activity of the AE does not indicate a 

complete absence of signals, as plastic deformation in the implementation of any mechanism (slip, 

twinning, etc.) accompanied by the emission of elastic pulses and the low amplitude and the energy 

emitted by the acoustic emission signals. Indirectly, this may be due to the predominance of the 

mechanism of plastic deformation by slip and sufficiently small values of the mean free path of 

dislocations. Stage III longest (ε = 1,5 ÷ 17,5%). Feature is the stage of plastic deformation, 

accompanied by increased levels of activity of AE and strain hardening, which manifests itself in a 

recession, and the AE activity associated with a decrease in the mean free path and the formation of 

a "forest" dislocations. The deformation of the sample material occurs fairly evenly. The final stage 

IV is characterized by the localization of deformation with the formation of the neck. Moment of 

prefracture not accompanied by increased activity of the AE, which indicates the absence of AE 

activity depending on the strain rate for alloy Al-4Cu. 

In Figure 2, one-time shows: deformation curve σ = ƒ (ε) (Figure 2a), the distribution of AE sources 

in the working part of the sample (Figure 2b). 

Strain curve is used to bind the parameters of acoustic emission to the degree of deformation of the 

sample. As seen in Figure 2, and, in the range of 2% strain (zone of the proportional deformation) 

observed bursts of acoustic radiation with low energy. In this case the radiation centers are 

uniformly distributed on the working area of the sample. In the range from 2% to 10% deformation 

observed increase in the active centers of emission and a sharp increase in the total energy of AE 

impulses registered. As seen in Figure 2b, the distribution of AE sources is uniform with a very 

dense packing, against which it is difficult to establish any regularity. This behavior is due to the 

processes of micro- and maсroyield in selected areas of the sample material. 

In the range between 10% and up to failure (20% strain) observed slower growth in the number of 

AE signals and their power. At the same time on a background of uniformly distributed centers of 

acoustic emission is clearly distinguished band of localized deformation at a constant rate of 

movement from one seizure to another, as evidenced by the presence of the linear part of the 

radiation scatter plot of AE signals, which is located at a certain angle to the axis of time (Figure 2 

b). Thus, we can assume that the band appears in the localization of the end of the go-as-you-please 
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dislocation formation processes in the material microstructure, which in the end, lead to 

fragmentation and destruction of the sample. 
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Figure 2. Localization of deformation of the specimen alloy Al-4Cu: 

a - deformation curve σ = f (ε); b - distribution of acoustic emission sources on the working part of the sample 
 

After studies of AE analyze the microstructure and microhardness. According to our data we 

construct graphs of the average of the organization structure of the degree of deformation and 

microhardness of the region (Figure 3a, b). 
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Figure 3. Plots of aluminum alloy for Al-4Cu:a - index of the organization structure of the degree of 

deformation, b - microhardness measurement of the sample footprint 

 

The graphs show that Qc deformed portion of the more than 2 times higher than in the 

undeformed. This is explained by the fact that the deformation of the material structure refinement 

is due to what is hardening. The graphs show that the microhardness with distance from the 

undeformed to the deformed area increases, which confirms the hardening of materials during 

deformation. 
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4. Conclusions 
 

On the basis of the experiments the following conclusions: 

• According to the schedule of strain hardening were identified 4 stages. Using the 

methodology of identification of AE sources, based on the analysis of wavelet coefficients  and 

energy of  AE signals compared the activity of the sources of various types at different stages of 

deformation. 

• It is established that  when loading after stopping is observed  the localization of the 

radiation zone AE signals within a narrow mesoband  and periodic motion mesoband from one edge 

of the sample to another. Metallographic studies have also shown periodic motions mesoband's 

deformation during stretching. 

The signals emitted during deformation due to the generation of dislocations at the particle 

of the dispersed phase formed during quenching. 

• It is shown that the deformation of metals is structure refinement, as evidenced by the 

significant increase in the organization structure and microhardness. 
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