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Abstract: The EA Signal tests registered during the static stretching of the X6CrNiTi18-10 steel (according to EN 10088)  have been 
included in the work. The tests were done in the room temperature and in the high temperature of - 400oC on the universal strength (tensile) 
machine   ZDM-5 with the range  of 0-50 kN  equipped with the digital registration of the strength and  stretching. The analysis of the EA 
signal intensity has been conducted, depending on the deformation of the sample and test temperature. On the basis of the EA signal there 
have been the own characteristic oscillation frequencies of the samples designated, being the effect of the degradation of the structure as a 
result of the increased load.  
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1. Introduction 
 
The EA method allows to register the signal in real time,  

generated as a result of the rising stresses caused by the outer 
mechanical load or/and thermal  [1,2]. The behaviour of cracks– 
their initiation and development  under operation of mechanical  
(tensile stresses, compressional stresses, oscillating, constant and 
variable) and thermal outer loads can be quantitatively described  
through the EA signal parameters (duration time,count numbers, 
energy and signal amplitude). 

Presenting the relationships between the internal stress caused 
by the outer load, crack mechanisms and qualitative and 
quantitative indicators describing signal of acoustic emission, is the 
subject of many publications [3-7]. The widely used FFT analysis 
for the description of the EA signal. Due to the character of the EA 
signal (huge changes of the amplitudes within short time and lack of 
periodicity) the wavelet analysis has been used more often. 

There are tests undertaken in order to define the characteristic 
signal frequencies generated during the spring strain and plastic 
strain for materials used in TBC coatings  [2,3]. 

The key problem of the qualitative evaluation of the EA signal 
is the selection of the measurement signal processing method. The 
commonly used Fourier transformation practice and also wavelet 
transform which is applied more often, allow for receiving the 
qualitative description of the frequency spectrum of the EA signal, 
directly dependent on the types of the cracks, their size and 
arrangement. In specific conditions that is high and low thermal 
loads, the qualitative evaluation of the process of creation, 
connecting and penetration of cracks will allow for defining the life 
span of the layer in a specific conditions of the thermal load on the 
basis of the chosen EA signal parameters [2].  
The authors of that work [3] performing the test in the room 
temperature, determined the characteristic EA signal frequencies 
generated as a result of the cracks of the marked layer. The specific 
types of cracks have been correlated ( crosswise, longitudinal and 
layer delamination) with the corresponding signal frequences for the 
used TBC layers.  

 

2. Material and test methodology  
 

The samples of austenitic steel X6CrNiTi18-10 (according to 
EN 10088) were used to the static test of stretching in the 
temperature of 20oC and 400oC, in the annealing state, made of 
metal sheet of the thickness - 4 mm and other sizes as in the fig. 1. 
The requirements of the binding standard PN EN ISO 6892-1 have 
been considered while matching the sizes. Tensile test part 1.   
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Fig. 1 Shape and size of the flat samples  used in the static tensile test 

 
The measurement path of the EA signal was tested during the 

static tensile test in the room temperature.The static tensile test was 
done at the universal strength machine ZDM-5 of the  0-50 kN 
range equipped with the digital registration and strength record and 
extension (fig. 2). 

  
Fig. 2 A test with the EA sensor in the strength machine handles before and 
after breaking  

 

The EA signal has been registered with the use of the EA 
Kistler 8152B sensor. It ensured receiving the needed sensitivity 
and resonance characteristics. The signal from the EA sensor was 
connected to the standard signal conditioner- Piezotron Coupler-that 
included the preamplifier, amplifier and lower and upper bushing 
filters. The reinforced and filtered  initial signals that were sent to 
the 12-bit measuring card RT-DAC4/PCI of the test frequency up to 
0,5 MS/s/ch.  

In order to register the signal sent from the card to the 
computer, the application had been made in the   Microsoft Visual 
C++ 2010 language. The application had the possibility of the 
assumption of: test frequency, reinforcement coefficients and 
formats of the output data record of the measured EA signal. The 
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data was developed in a numerical form to the file *.txt in two 
columns: time (s) and level of tension. The Fourier FFT 
transformation was done with the use of the applications in the 
Matlab/SIMULINK environments.  

In case of using the National Instruments card, the application 
has been prepared in the  LabVIEW system, which allows for the  
stream measurement data record of the EA signal for the test 
frequencies 140 kS/s within 240s time. The application diagram has 
been presented in the fig. 3. The Advanced Signal Procesing Toolkit 
package  tools and FFT transform have been used to the analysis of 
the EA signal.  

a) b)

 
Fig. 3 Application diagram - LabVIEW: a) used in measurements , b) 
used in the EA signal analysis. 

 
Before measurements, the EA sensor has been checked with the   

Nielsen and Hsu method, meeting the ASTM standards- ASTM 
E976-84. The sensor has been screwed to the steel plate of the size  
- 250x250x30 covering the contact element of the sensor with the 
silicone grease. At a distance of 50 mm from the sensor, the 
graphite lead refill -2H hard, 0,5mm diameter, slipped off of 3 mm, 
The support case has been put on the lead refill, that ensured the 
proper inclination angle. The collected signal was the effect of 
spring strain of the steel plate due to the graphite lead refill breaking 
– the tension value in the time function was given to the FFT 
transform, and the frequency spectrum of the measured signal was 
received.The test was done 5 times. The example of the result 
received in the first, second and third test was presented in the fig. 
4.  

 
Fig. 4 The example of the EA signal course together with the enlargement 
of the chosen fragments.  

 

3. Test results 
 
During the test, time, extension, strength, AE signal was 

registered. On the basis of the collected data, the graph of nominal 
tensile in the extension function and the corresponding  course of  
the EA signal level change have been presented for each of the five 
tested samples.  
The source of the acoustic emission signal in a matter are among 
others, the processes of defects relocations such as the dislocation 
movement, microcrack propagation that can lead to the permanent 
shape change and size of the object. The amplitude and the impulse 
energy change within the huge range because  they can come from 
relocation of single dislocations, and also from the propagation of 
the cracks in a material. The example of the change course of the 
level of the EA signal registered together with the enlargement of 
the chosen fragments have been presented in the fig. 5. 

 
Fig. 5 The example of the EA signal together with the enlargement of the 
chosen fragments  

 
As a result of the plastic strain of the tested steel, the characteristic 
EA signal spectrum has been received during the static tension test 
that can be the result of rising of the crystal network defects such as 
dislocations,Cottrell’s atmosphere,Lüders' line. There has been the 
considerable increase of the event counts generating EA signal on 
the tested samples during stretching in the temperature of 20oC after 
crossing the symbolic border of plasticity  (fig. 6, B area). During 
the further plastic strain, at the time of stretching, the number of 
events generating EA signal has been decreasing (fig. 6, C area). 
After crossing the maximum strength during the narrowing, another 
increase of the EA signal level change has been registered in the 
sample. The differences in the EA signal quality has been also noted 
down during the tests of stretching conducted  in the high 
temperatures. During the sample stretching in the temperatures of   
400oC and 650oC the lower number of events generating the change 
of the EA signal amplitude have been registered  (fig. 7).   
On the basis of the EA signal, the characteristic frequencies of the 
sample own oscillations have been designated, being the effect of 
the structure degradation as a result of the increased load that was 
presented in the table 1. 
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Fig. 6 Curve-tensile steel strain  X6CrNiTi18-10 received.in the temperature of 20oC and graphs  of EA signal registered in the A,B,C areas together 

with the example FFT graph. 
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Fig. 7 Curve tensile steel strain X6CrNiTi18-10 received in the temperature of   400oC and EA signal graphs  registered in the D, E, F areas together 

with the example FFT  graph . 
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Table 1: Typical frequencies of the signal generated during the static 
tensile test of the steel   X6CrNiTi18-10 conducted in the temperature of    
20oC and 400oC. 

Test 
temper
ature   

0C 

Typical frequencies  
designated from the tested areas   

area Hz area Hz area Hz 

20 A 

4286; 

10823; 

17076; 

17882; 

31772 

B 

4280; 

10607; 

17165; 

17910; 

31685 

C 

4275; 

10689; 

17221; 

17800; 

31660 

400 D 

4087; 

10442; 

16561; 

17455; 

30674 

E 

4087; 

10403; 

16605; 

17367; 

30652 

F 

4209; 

10655; 

17157; 

17842; 

31512 

 

4. Conlcusions 
 
The Fourier's FFT analysis of the EA signal in case of the 

measured signals, especially short-time aplitude change turns the 
result loaded with the certain imperfections.  

 New possibilities within the field of frequency-time 
analysis are given by the wavelet analysis. The designated 
coefficients of constant wavelet transform can be presented in the 
form of time-scale signal graph. It is a different image of the signal 
data than the time-frequency Fourier's image.  

 An important thing in the wavelet transform is the proper 
selection of the filter bank. It guarantees the getting  out information 
essential for the identification. It depends on the type of the 
information processed and is the individual matter for each case. 
The wavelet choice is done experimentally.  

 It is planned to conduct FFT analysis and the wavelet 
analysis of the EA signal received within the range of the plastic 
strain in the static tensile test in another research.   
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