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Abstract: 
Twinning induced plasticity (TWIP) steels have a relatively short history of about 16 years only. These austenitic 
steels are used widely in many applications because of their excellent strength and ductility combined with good 
wear and corrosion resistance. The tensile curve of these steels has three well distinguished parts: in the first 
stage mainly dislocations cause the acoustic emission (AE) events; in the second stage the interactions of 
dislocations and twinning processes produce the majority effect in AE; while in the third stage twinning pairs are 
producing AE events. Our aim was to find differences in the AE events in different sections of hardening rate in 
these materials which have more and more importance in automotive industry. Differences were found in 
magnitudes, in the rate of events in the three stages, while general spectrum components were very similar to 
each other. Nevertheless we investigated also small differences in spectra as well, since they are important in 
classification of processes during treatment. Measurements were carried out using Gleeble simulator, which 
allowed performing tensile tests at different temperatures as well. Traditional AE parameters have been 
estimated with a new AE system developed by our laboratory. 
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Introduction 
 
This paper deals with acoustic signals recorded and analyzed during the tensile test of TWIP 
(Twinning inducted plasticity) steel at different temperatures. TWIP steels have high 
manganese content (17-24%) that results in a full austenitic structure at room temperature. A 
large amount of deformation is driven by the formation of deformation twins. This 
deformation mode leads to the naming of this steel class. The twinning causes a high value of 
the instantaneous hardening rate as the microstructure becomes finer and finer. The resultant 
twin boundaries act like grain boundaries and strengthen the steel. TWIP steels combine 
extremely high strength with extremely high ductility.  
 
The hardening rate changes during the tensile test. Generally the total tensile process can be 
divided into three sections according to the tendency of the hardening rate (see details in the 
second chapter). Since there are different interactions in the three different parts of the tensile 
test, it was interesting to find out if it would be possible to distinguish between AE events 
during different stages (sections). 
  
In this paper, we analyze and compare signatures of acoustic events registered during tensile 
tests at different temperatures (room temperatures, 100°C and 150°C), where 50Hz alternating 
current (AC) was used for heating the steel specimens and holding them at certain 
temperature. 
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Experimental procedures 
 
AE measurements were carried out during tensile test made on the Gleeble 3800 system [1]. 
Gleeble is a thermo-mechanical physical simulator, which has a fully-integrated, digital, 
closed-loop control system. It is suitable for various physical simulations of manufacturing 
processes, material testing and for thermo-mechanical treatments (Fig.1). 
 

 
Figure 1: Gleeble simulator 

 
During tensile tests, we examined specimens manufactured from TWIP steel. Our TWIP steel 
contains a big amount of manganese (23.9%) (see Table 1); because of that, TWIP steel is 
clearly austenitic at room temperature. TWIP steel is capable of massive deformation, due to 
the austenitic structure and the genesis of twin crystals. 
 

Table 1 

chemical composition [%] 

Fe Al As Si C O Ca Cu Mn Mg Mo Nb Ni Cr 

70.1 3.34 - 2.61 0.533 - - 0.105 23.9 - 0.00048 - 0.0165 0.0386 

Zn Ti P S Sn Pb V Zr H Na Cd N Co W 

- - 
0.005

6 
<0.0003 - - 0.0184 - - - - - 0.0097 0.0019 

 
The process of tension:  First we put the specimen (Fig. 3) in the workspace of Gleeble (see Fig. 2) and fixed it 

with the corresponding procedure.   We used a high tension transducer HZT to measure the deformation of the test section 
of the specimen (see on Fig. 2).  The specimen was warmed up from room temperature (RT) to 100 °C or 150 °C.  Finally we carried out the tensile test with velocity of 50 mm/sec. 

 
For detecting and analyzing AE events, we used a system, which was developed by our 
MAIDLAB. First, we needed a data storage system, which can sample with high frequency. 
Our choice was a PXIe embedded system produced by National Instruments. We controlled 
the measurements, set the options and analyzed the results with our own created software, 
named ViKTORIA [2]. ViKTORIA is capable of storing the data with up to 2 MHz sampling 
frequency on 4 channels, and we can also post-process the results with the same software 



package. In the AE measurement we used Sensophone A-15 AM AE sensors and a 
Sensophone amplifier [3].  
 

 
Figure 2: Specimen in Gleeble 

 

 
Figure 3: Shape and sizes of the specimens 

 

For detecting AE events, we had two different methods. The first one is a detection using 
threshold. In this method, the algorithm selects those events from the sampled signals which 
exceed a pre-defined (not always symmetrical) threshold level. The second method is the 
Sequential Probability Ratio Test (SPRT) presented in more details in [4]. This method 
processes the recorded time signal step by step. The decision-making function is called 
lambda function and it is estimated as: 
                                                                               …………………………………………….(1) 

 
where xi are the sampled and filtered data and in the denominator there is the probability that 
they belong to a process with probability density of hypothesis H1 (distribution of hits), while 
in the nominator we have the probability that the same samples belong to a process with 
probability density of H0 hypothesis (background distribution).  
 



If the lambda function tends to negative values then that part of the signal is classified as 
background, where it goes to positive and hits the decision-making level there the signal 
contains event different from the background. Before creation of the lambda function with the 
SPRT, the software runs an auto-regression (AR) filter. After we get the lambda function, we 
can find the events. (see cf. Fig. 4 and 18) 
 

 
Figure 4: SPRT event detection: black line is the measured signal blue line is the lambda function 

 

After the preparation of the signal (filtering and/or cutting) it was possible to retrieve classical 
AE parameters (rate of hit, rise time, duration, oscillation, maximum amplitude), which are 
part of the experimental results presented next in this paper. In the case of application of 
SPRT much more hits can be found, since due to statistical nature of the method it can find 
hits having the same amplitude or even less than the background level (cf. Fig.15). Then the 
number of hits can be converted into Rate of hits (ROH) as it is shown on Figs. 7 and 9. 

Measurement results 
 
The tensile curve of the TWIP steel could be divided into three different sections during these 
experiments with the following method. Using the actually measured force (F) versus 
elongation (Δl) curves which depends via elongation from the true strain (φ), the dependence 
of true stress (σ) versus true strain can be estimated step by step with growing true strain.  
 
The derivation of the      curve gives the hardening rate (dσ/dφ). Due to uncertainties 
leading to rather high scattering in the estimated dσ/dφ curve we had to smooth the curve. For 
smoothing we used MATLAB “polifit” function, and finally we arrived to a smooth 
hardening rate curves (see e.g. Fig.5). Typically we got a curve, which fall rapidly at the 
beginning (we named it I. section) then we got a slowly rising part (II. section) finally 
hardening curve descended (III. section). This agrees rather well with a recent publications 
[5,6] 
 
At the first section, the dσ/dε curve decreasing drastically. In this part, there are no twinning 
impacts[6], but we can detect AE events because of the shift of dislocations. In the second 
section, we can see the effect of the germination. The dσ/dε curve typically does not 
decreasing. In the last, third part, the dσ/dε curve decreasing again, and we detect the impact 
of the twin-twin interaction[6].  
 
 
 



 
Figure 5: Above: The real tensile chart (blue) and the hardening rate (dσ/dφ) curve (black). It was used for 

selecting the sections in the AE experiment (time signal is at the bottom blue curve).  
 

 
Figure 6: Time signal (upper) and Rate of Hits (ROH) detected by SPRT method (bottom) during tensile test 

performed at 100 oC 
At 100 °C (Figs. 5 and 6), during the section I we have got quite a few AE events of medium 
(500-1000mV) amplitude, mainly before the plasticity had been reached. At the local 
minimum of the hardening curve between section I and II where the plasticity had been 
started the material was always very still not giving any AE. With again growing hardening 



rate AE events returned but with somewhat smaller amplitude (less than 500mV). Also few 
AE events had been observed with rather large amplitude (almost 2V). We assume those are 
due to starts of crack initiations. Turning to the section III few AE events with large amplitude 
could still be observed, but all the other AE events had much smaller amplitude until the last 
part of the tensile test, i.e. the real rupture of the material initiated AE events of absolutely 
large amplitudes. 

 

 
Figure 7: Time signal (upper) and Rate of Hits (ROH) detected by SPRT method (bottom) during tensile test 

performed at 150 oC 
 

Following the events during the tensile test at 150 °C (Fig.7) many similar statements can be 
repeated. Preheating took place in the first 10 seconds. Then we had rather high activity of AE 
events during section I until the turning point of the hardening curve and a minimum activity 
at turning point. Few AE events could also be observed with rather high amplitude. But the 
amplitude of AE events generally became smaller in the second section in comparison with 
the test performed at 100 °C and the same is true for the section III. The number of AE events 
became also smaller, but this might be the consequence of the smaller amplitudes also, since 
the events were popping out less. (Here we do not discuss the AE events at the very end of the 
measurement, due to their different nature since those AE are caused by starting cracks.) 
 
Spectral analysis 
 
As a part of our new program package we are able to estimate the auto power spectral density 
(APSD) of the events (hits) registered by either of the method. It is not very complicated to 
estimate APSD of a single event using fast Fourier transform (FFT), but in that case the 
uncertainty is very bad. However, it is not very easy to average them to achieve better 
uncertainty level, since averaging all the detected hits (or events) can mislead us, since a non-
AE event of large amplitude can distort the average very much. Therefore we took the event 
selected by either of the methods and transformed it via FFT to APSD using internal averages, 
averaging the neighboring spectral lines. This can also decrease the uncertainty.  
 



All spectra have large wide band 150 kHz peak due to resonance character of AE150 type 
sensor. We have to look for other (smaller) but physically more important spectral 
characteristics. In the following we present the typical AE burst and their spectra measured at 
different temperature and sections of tensile test. 
 
Measurements at RT 
 

 
Figure 8. An AE event and its spectrum (RT, section I) 

 
Figure 9. An AE event and its spectrum (RT, section II) 

 
Figure 8. An AE event and its spectrum (RT, section III) 

 
Here we do not pay attention to the main peak at 150 kHz and its side peaks since it is due to 
sensor resonance. We have two small but significant peaks: one near to 50 kHz the other at 
about 220 kHz.  

Measurements at 100 oC  
 

There is an explicit peak at about 35 kHz in the spectrum of the most frequent burst in the first 
section (Fig.11). Probably this is the same peak, which had been observed near to 50 kHz at 
RT. This peak was clearly shifted below 20 kHz in the second section (Fig.12) signalizing that 
there was some change in the nature of the bursts.  
 



 
Figure 11: An AE event and its spectrum (at 100 oC, section I) . Note the clear peak at about 35 kHz. 

 
Figure 12: An AE event and its spectrum (at 100 oC, section II) 

 
Figure 13: An AE event and its spectrum (at 100 oC, section III) 

 
That low frequency peak remained below 20 kHz in the third section (Fig.13), but the peak, 
while a peak at about 220 kHz has been grown. 

 

Measurement at 150oC 
 
At this temperature the 220 kHz peak appears even in the first section (But the 35 kHz peak is 
not very much pronounced at all (see Fig.14) 

 
Figure 14: An AE event and its spectrum (at 150 oC, section I) 



In the second section we can notice the 35 kHz peak together with the 220 kHz ones 
 

 
Figure 15: An AE event and its spectrum (at 150 oC, section II) 

Only in the third section the low frequency component has been shifted below 20 kHz (while 
at 100 °C it was shifted in the second section). The 220 kHz peak is still very strong 
 

 
Figure16: An AE event and its spectrum (at 150 oC, section III) 

 
Discussion and conclusions 
 
How can we explain those not very large but significant differences observed in spectra? We 
found a few very interesting curves on a Brazil site [7] (see Fig.17) 

 
Figure 17: The stacking faults energies of TWIP steels as a function of temperature (from [7]) and for our 

calculations 
 

It is assumed that the dislocation slip is more stabile in case of high stacking fault energy. 
That means the twinning mechanism occurs much rare when the temperature grows. We 
could see that at RT we had spectra with 50 kHz in all three sections while at higher 
temperature the 50 kHz component gave place to 20-30 kHz components.  
 



Before we started the real tension we had to heat up our samples. We had resistance heating 
of 50Hz for that. It can be noticed, that SPRT detects AE events even before the real tensile 
start in the section I (see Figs. 6-10). Those are very weak event detected only by SPRT see 
an example on Fig.18. When real tensile starts and the hardening curve is descending rapidly, 
the first well noticeable peaks indicate the beginning of the tension.  

 
Figure 18: A very weak event, chosen by SPRT before the tension started 

 

At threshold detection, there is no event before the beginning of the tension. We only see the 
events which have much higher amplitude than the magnitude of background noise. 
Obviously, the number of event found by SPRT method is almost ten times higher than by the 
threshold method. 
 
We believe that results are good contribution to results published in [5] and [6]. We also think 
the spectra can be used for classification of AE events from different source in the near future 
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