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ABSTRACT 
 

Acoustic Emission signals are commonly used for corrosion damage detection, and subsequently 
analysed by using techniques both in time and in frequency domain. All of these techniques are 
based on the assumption that acquired waveforms are representative of the ones emitted by the 
Acoustic Emission bursts. Unfortunately, any alteration in the transmission medium, including 
the progression of the corrosion phenomena and changes in the stress distribution, influences the 
Acoustic Emission waveform, distorting the originally emitted one. 
Aim of this work was to evidence in which extent corrosion phenomena could influence the shape 
and propagation speed of the AE waves during in situ monitoring. Tests were performed using U-
bend specimens. A continuous recording was carried out, in order to acquire the acoustic events 
generated by the corrosion phenomena, in addition to some specific test waveforms with pre-
determined shape, periodically emitted by one sensor and acquired from the other. 
It was observed that the changes of the acquired waveforms during time could be considered as 
an affordable and reliable indicator of the specimen degradation. On the basis of these 
observations the traditional patter analysis of the AE signals generated by the progression of 
corrosion mechanisms was reconsidered. 
 
Key words: Acoustic Emission, Time domain analysis, Waveform, Modelling, Stress corrosion 
cracking. 
 
 
 1  Introduction 

 
Acoustic Emission (AE) is one of the most appreciate Non Destructive Test (NDT) for in field 
health monitoring of structures [1], in particular for corrosion damage detection [2]. Its 
advantages relies on the capability to provide information about the origin of the signal source, 
in addition to the possibility to deduce the relevance of the existing structural discontinuity. 
These reasons, coupled with the easy of execution, made this test widely used in industrial 
application. 
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Stress Corrosion Cracking (SCC), among all the corrosion forms, is one of the most critical [3] 
but also the easiest to be detected by AE [4]. 
Acquired AE signals are generally analysed by using techniques both in time and in frequency 
domain, with univariate or multidimensional analysis. Advanced analysis techniques as Artificial 
Neural Network (ANN) algorithms are also applied with satisfaction [5]. 
All of these techniques are based on the assumption that acquired waveforms are representative 
of the waveforms of the emitted AE bursts. But any alteration in the transmission medium, 
including changes in the stress distribution, influences the AE waveform, altering the originally 
emitted one. So, any surface or bulk defect in the material could affect the recorded AE 
waveform, introducing some distortions that could be more evident with the progression of the 
corrosion phenomena. 
Aim of this work was to evidence in which extent corrosion phenomena could influence the 
shape and propagation speed of the AE waves during in situ monitoring. A multivariate approach 
was used to analyse results from Acoustic Emission acquisition, both without and with the 
application of the corrective speed variation. The analysis of the test waveform changing was 
also reported as indicator of the occurred medium degradation. 
 
 
 2  Experimental part 
 
Test was performed in standard condition, repeating it three times, with very good 
reproducibility. All test duration was about 160 hours. For the sake of clarity, in the following all 
data and images are related to a reference test. 
 
 2.1  Specimen preparation and environment 
Tests were performed on super-martensitic stainless steel (17-4PH) samples in suitable corrosive 
media (FeCl3 solution). Specimens were machined in a U-bend shape, in order to promote stress 
corrosion cracking occurrence during the test, as specify in the ASTM G30 normative and 
reported in Fig. 1. 
 

 
Test conditions were established by international normative, the ASTM G48 related to the 
solution preparation and the ASTM G49 related to the SCC test conditions. Selected solution 
concentration was in accordance to the standard method A (aqueous solution containing 10% by 
weight of FeCl3*6H2O). Test were performed at room temperature (23°C). Cell was composed 
from a Pyrex vessel and a Teflon top used as specimen holder. 
 
 2.2  Instrumental set-up 
Acoustic emission signals were acquired by using an AMSY-6 Vallen equipment, coupled with 
high sensitive acoustic Fuji AE105A sensors. Two sensors were applied at the U-bend specimen 
extremities, in order both to perform a source localization and to acquire specific test waveforms. 

L, mm M, mm W, mm T, mm D, mm X, mm Y, mm R, mm α, rad 

140 120 9 3.0 7 45 38 16 1.57 

 
Fig. 1: Specimen shape and dimensions 
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An acoustic insulator, (a rubber ring) was applied between U and the fixing screw to avoid 
acoustic alternative paths. Using this configuration, a continuous recording was performed, in 
order to acquire the acoustic events generated by the corrosion phenomena. 
 
In addition, some specific test burst with pre-determined wave shape were periodically emitted 
by one sensor and acquired from the other, in order to evaluate changes in the transmission 
medium. This emitted waveforms, called calibration waveforms, had a known amplitude, 
frequency and duration [6]. In Fig. 2 an emitted test waveform is reported. Temporal 
parameters show a well-defined shape, with an exponential decay, short duration (8 counts, i.e. 
about 150 us), constant peak amplitude (82.6 dB) and Risetime (7.1 us). Its FFT analysis shows a 
peak frequency equals to 150kHz, with a very narrow frequency spread. 
 

 
 

Fig. 2: Emitted test waveform (on the left) and its frequency spectrum (on the rigth) 
 
 2.3  Data elaboration 
AE data were submitted to a pre-processing stage before to perform any statistical analysis. This 
stage is composed by a three step de-noising approach, in order to remove all undesirable events 
[7]. 
• First step removes instrumental noise, or even bad defined acoustic events: every acoustic 

event that overcomes specific limits in duration value (lower than 10 us or higher than 
9000 us), in Risetime value (less than 0.4 us), or shows a too low counts value (at 
minimum it should be 3) are discarded. 

• Second step removes all the spurious events: each acoustical events heard only by a single 
sensor were classified as spurious, in the same way as all the events heard both to 
specimen sensors and guard sensor. All spurious events were then removed from database. 

• Third step removes de-localised events: this step requires a localisation procedure to be 
applied before. The Time of Arrival (TOA) of each sensor was used with the source 
position algorithm [8]. All events that results from a source position external to the 
plunged side of the specimen were discarded. 
 

Test waveforms (emitted and received) are specifically marked by instrumentation, and are 
managed in a slightly different way respect to the normal acoustic events. Localisation algorithm 
was applied using velocity as the computing variable, with the source position (it is the distance 
between the two sensors) and the TOA as input data. Test waveforms were periodically emitted, 
and each emission is composed by three burst from each sensor: so the two sensors act both as 
emitting sensor and sensing sensor, obtaining six waveforms for each emission. Two data trends 
are collected: velocity and received amplitude (computed as the mean value of six waveforms for 
each emission). 
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 3  Results and Discussion 
 

In Fig. 3 the corroded surface of the sample after corrosion test is reported. Specimen showed 
only localised corrosion type as predominant degradation form. In a first stage SCC occurred 
with the formation and propagation of cracks in the stressed surface. A large amount of cracks 
was showed during this phase, in analogous way to a similar test carried out with the same 
material, shaped in a different way and stressed with the same environment [9]. After this 
phase, probably due to the loss of stress load induced in the U-bend, some other localised 
corrosion type developed on the persistent surface defects, just like pits and crevice. Ultimately, 
corroded surface showed a large amount of cavernous pit like corrosion attack (probably 
generated from cracks), encircled by dispersed small pits. At the air to aqueous solution 
interface, some crevice developed. 
 

 
 

Fig. 3: Specimen after degradation process 
 
Test waveform velocity and amplitude vs time are reported in Fig. 4. 
 

 
 

Fig. 4: Velocity and amplitude variation of test waveform 
 
As it is possible to note, calculated average velocity exhibits a considerable reduction during test, 
with a final value of approximately 1700m/sec, that is 2.5 times less than the initial velocity of 
4200m/sec. This reduction affects considerably the location procedure, introducing a not 
negligible error in source localisation. This error could lead also to discard a large amount of 
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acoustic events erroneously located outside the plunged side of the specimen. Fig. 5 shows 
localisation map either with initial waveforms velocity and step by step calculated waveform 
velocity. 
 

  

Fig. 5: Localization graph, without velocity correction (on the left) and with velocity correction 
(on the right) 

 
A comparison between the two localisation map allows us to recognise how acoustic source 
position changes sensibly appling the velocity correction. A large amount of acoustic events, 
expecially above 40 h (the moment in which velocity degradation trend slope reach its maximum 
value) were previously been discarded. With the use of the velocity correction, all of these 
acoustic events are now properly displaced along the plunged surface. 
This involves the possibility of analyzing the correct amount of acoustic events in order to 
recognize the corrosive phenomenon in progress, as well as for the correct localization of the 
current damaging phenomenon. 
In Fig. 6 is reported the localisation error that is obtained without considering changes in 
velocity. Positioning error reaches 47% of the actual value. 
 

 
 

Fig. 6: Localisation error among time, as function of the specimen position. 
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Furthermore, some undesired consequences could affect other waveform parameters, just like 
Amplitude, Risetime, Duration, Energy, and so on. These parameters, considered to be affordable 
criterion for relating acoustic event to specific corrosion type [10], undergo a significant 
change as result of the media degradation. 
Such modifications can involve erroneous attribution. This phenomenon is not simple to evaluate 
and to deal with. In order to evaluate the parameters distortion, it is possible to use test 
waveforms as evaluating indicator. 
In Fig. 7 the received calibration waveform at the beginning of the test is showed. The frequency 
spectrum is also reported. Shape is bell-like, with a high rising edge and hyperbolic descent 
front. Rise-time is 1.7% of the overall waveform duration. Spectrum reveals some well-defined 
peaks, one of them at 150kHz and related to the emitted waveform, the other at higher frequency 
and related to high frequency noises. 
 

 
Fig. 8 shows the received calibration waveform and its frequency spectrum at the end of the test. 
A visual comparison with the same one at the beginning of the test shows the relevant shape 
modification over time. Waveform has an eyed-shape, with linear rising and descent edges. Rise-
time lasts more than 32% of the entire waveform. The frequency spectrum shows a disturbed 
trend, with occurrence of peaks even at low frequency. The overall FFT magnitude is roughly 30 
times smaller than the beginning one. 
 

 
 

Fig. 8: Received test waveform (on the left) and its frequency distribution (on the right) at the 
end of the test (corrupted medium) 

 

 
Fig. 7: Received test waveform (on the left) and its frequency distribution (on the right) with 

intact medium 
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In Fig. 9 the overlay of three calibration waveforms at different time is reported. Shape 
modification is evident, making clear the attenuation and distortion process induced by corrosion 
stages. 
 

 
 

Fig. 9: Received test waveform shapes 
 
The use of waveform descriptive parameters allows us to quantify the shape modification 
induced by medium degradation. Table 1 reports the values alteration occurred to the principal 
descriptors at the end of the test, comparing them to the initial ones. As is possible to note, the 
percentage of modification is relevant, high enough to make possible a mistake in waveform 
identification. 
 

Table 1: Received test waiveform parameters: modification during time 
 

Parameter Amplitude [dB] Risetime [us] Duration [us] Counts Energy [eu] 

Actual value → 
value at 

maximum 
degradation 

71.9 → 35.5 34.2 → 183.8 2009 → 500 623 → 50 16100 → 7.27 

Percentage 
variation 

-51% +437% -75% -91.97% -99.59% 

 
 
 4  Conclusions 
In this paper, the effect of media degradation on martensitic stainless steel 17-4 PH specimens 
during SCC test in FeCl3 medium was evaluated. Acoustic emission recording is used as 
evaluating technique. For the purpose of this analysis, an acoustic test waveform, of proper time-
constant parameters, was used. 
It was observed that the changes, both in propagation velocity and descriptive parameters, of the 
acquired waveforms during time could be considered as an affordable and reliable indicators of 
the degradation in specimen surface. 
On the basis of these observations, the traditional patter analysis of the AE signals generated by 
the progression of corrosion mechanisms must be reconsidered. 
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