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Acoustic emission from pitting corrosion in
stressed stainless steel plate

C. K. Lee?, ]. ). Scholey?, S. E. Worthington3, P. D. Wilcox**, M. R. Wisnom?,
M. I. Friswell®> and B. W. Drinkwater*

The acoustic emission (AE) technique is used to detect and study the AE signals emitted from
pitting corrosion on 316L stainless steel plate samples subjected to different levels of surface
stress. The tests are performed in a four point bend using accelerated localised salt water
corrosion driven by a potentiostat. The AE event rate and the corrosion rate are both found to be
affected by the different surface stresses on the plate. After an initial stress dependent phase that
lasts around two hours, the AE event rate reduces to a fairly steady rate that is independent of the
applied stress. The statistics of the AE data collected from pitting in these specimens is used as
the input into a model of an AE corrosion detection system in a larger scale structure. Such a
model can be used to estimate the performance of the system as a function of parameters such

as threshold level and sensor separation.
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Introduction

Acoustic emission (AE) testing is a well known
technique for detecting defects such as fatigue cracks'
and stress corrosion cracking® in structural components.
Acoustic emission is generated by a rapid release of
energy within a material and propagates through a
structure as a transient elastic wave. The basis of AE
testing is to detect these elastic waves using sensitive
transducers attached on the surface of the structure.

In a typical commercial AE system used to monitor an
industrial component,® signals are recorded from multi-
ple sensors and when the amplitude of signals satisfies a
predefined threshold criterion, the system records what
is termed an AE ‘hit’. The time delay between hits on
various sensors may be used for triangulation to
estimate the location of the event that caused the hit.
Various empirical parameters may be extracted from the
waveform causing a hit, including maximum amplitude,
energy, rise time, etc. The cumulative number (count)
and intensity of AE hits may also be considered.* The
overall goal is to use the AE system to detect, locate and
quantify damage. Acoustic emission for structural
health monitoring (SHM) has been widely used’ to
monitor, for example, industrial oil tanks,® pressure
vessels’ and aircraft.®

Pitting corrosion has been the subject of numerous
electrochemical studies. In this work a standard
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electrochemical potentiostat circuit was used. Pitting
corrosion was induced in stainless steel working
electrodes stressed in four point bend by isopotential
polarisation to 500 mVgcg (standard calomel electrode),
i.e above the pitting breakdown potential E,,, which was
determined to be 400 mVgcg in 1000 ppm CI.

Rettig and Felsen® applied the AE technique to the
problem of corrosion detection and initiated some work
in correlating acoustic emission with corrosion pro-
cesses. Methods were developed to follow corrosion
reactions and to monitor the corrosion of actual
structures. A difference in AE activity was observed
for a metal immersed in various different corrosive
liquids. This work clearly showed that the AE technique
could be used to detect corrosion processes.

The correlation of acoustic activity with the rate of
corrosion in mild steel using dilute hydrochloric acid
was investigated by Seah er al'® It was shown to be
possible to detect different stages of corrosion (mainly
uniform corrosion, non-uniform corrosion and intense
localised corrosion) based on the observed AE count
rate. The corrosion rate was increased by using more
concentrated hydrochloric acid which in turn caused an
increase in AE events. The correlation between the AE
count and corrosion rate was presented and the results
showed that a higher AE count was detected with higher
corrosion rate.

A good correlation between AE activity and pitting
damage on austenitic stainless steel in acidified saline
solution was also found by Mazille ez al.!' The corrosion
rate was controlled by a potentiostat whereby an
increase in the applied anodic current density of the
potentiostat increased the corrosion rate and the number
of pits on the stainless steel plate. Again, the results
showed that the total number of recorded AE events was
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in good correlation with the applied polarisation
potential.

Cakir et a measured the AE signals from a
rectangular bar of 316L stainless steel during slow rate
tensile testing at a constant strain rate in a corrosive
solvent. It was found that no AE was detected if the
polarisation potential of the potentiostat was below the
pitting potential even though a plastic deformation
beyond necking of the sample was obtained. Acoustic
emission activity was only detected if the polarisation
potential was increased above the pitting potential. The
increase in polarisation potential above pitting potential
accompanied by the increase in AE activity indicates a
close correlation between pitting corrosion and AE
events. When the polarisation potential was held above
the pitting potential, a burst of AE signals was detected
at an early stage of homogeneous plastic deformation of
the specimen during tension. Although there was an
increase in the AE activity, the amplitude of the AE
signals remained unchanged. This sudden increase in AE
signals during plastic deformation was speculated to be
due to the rupturing of caps of corrosion product that
form over corrosion pits.

Fregonese et al.'> used the AE technique to study the
development of pitting corrosion on AISI 316L auste-
nitic stainless steel. Using different polarisation poten-
tials at different intervals, the initiation and the
propagation stages of the pit formation was studied
separately. Low levels of AE activity were recorded
during initiation of the pits but the level increased
during the propagation stage.

The literature shows the development of the AE
technique for corrosion monitoring, including some
work performed on pitting corrosion in stainless steel.
Previous work has correlated AE activity with corrosion
rate under varying conditions. The aim of the present
paper is to provide a quantitative investigation into the
AE signals from localised pitting corrosion on the
surface of a stainless steel plate under stress and to show
how this data may be used as the input to a quantitative
model of a complete AE system for corrosion detection.

The first part of the present paper examines the AE
signals emitted from corrosion of stainless steel plate
samples subjected to different surface stresses levels,
introduced through bending. The studies provide an
understanding of the effect of surface stresses on the AE
from pitting corrosion, the corrosion rate and the
resulting surface morphology of the corroded area.
The results from this study are used to estimate
statistical parameters of AE from the pitting corrosion
process.

1.12
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Of course it is relatively easy to obtain AE data from
corrosion using small samples in a laboratory environ-
ment. However, in order to use AE testing to detect
corrosion in a real structure, it is necessary to under-
stand how parameters such as background noise level,
threshold level and intersensor affect performance.
Before this can be attempted it is also necessary to
decide how the performance of an AE system should be
quantified, the challenge being the stochastic nature of
AE events and their locations. Olin and Meeker'*
highlighted a collection of statistical models that could
be applied to non-destructive evaluation (NDE) using
ultrasonic and eddy current methods, but there is
currently no equivalent for AE. In the second part of
the paper, the framework of a statistical model of the
AE process is proposed that uses the concepts of
probability of detection (POD) and false call ratio
(FCR) as performance metrics. The model uses an
analytical model to simulate wave propagation in a
larger structure and combines this with the earlier
experimental data to estimate the POD. The statistical
properties of background noise events in an uncorroded
control sample were also experimentally measured and
used to estimate the FCR. It is then shown how it is
possible to estimate the dependence of POD and FCR in
a real structure as a function of parameters such as
spacing between sensors and threshold level.

Experimental

Specimen preparation

Stainless steel 316L plates with dimensions of 200 x
37-5x2 mm were used in the study. No surface pre-
paration other than cleaning with acetone was per-
formed on the plate, as the intention was to induce
corrosion on the normal manufactured surface to
represent a real industrial component.

Control of stress level and corrosion rate

A fixture as shown in Fig. 1 was built to bend the plate
using a four point bend configuration. The nuts were
adjusted to deflect the ends of the plate by different
distances d, so that different tensile surface stresses were
produced on the top surface of the central region of the
plate. A cylindrical tube, approximately 18 mm in dia-
meter was placed in the centre of the plate and the base
was sealed to the plate with silicon gel to form a
watertight container. Saturated sodium chloride solu-
tion was poured into the container and the corrosion
process was driven using a potentiostat (Gill AC
potentiostat, manufactured by ACM Instruments,
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is referred to as a At filter and in theory means that only
AE events occurring within a limited portion of the
structure are recorded. In this case, the Ar filter
corresponds to events within the central 30 mm of the
plate, assuming a signal propagation velocity of
3 mm ps~'. The signals were recorded with a pretrigger
of ~200 ps so that they encompassed the complete
waveform from the AE event. All the subsequent
analysis of the recorded waveforms was performed in
Matlab (The Mathworks Inc., Natick, MA, USA).

A simple test was conducted to test the AE system
parameters by leaving the system running on plate
without the corrosion generation equipment operating
for a total of 12 h. Over this period no emissions were
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Cark, UK). The specimen was connected as the working
electrode, platinum wire was used as the auxiliary
electrode and saturated calomel as the reference
electrode. The auxiliary and reference electrodes were
placed in the salt water solution.

Surface stress measurement

Initial work using a strain gauge to determine the
surface strain in the centre of the plate for different end
displacements, d, was performed. The surface stresses
were calculated using a Young’s modulus of 193 GPa'®
and the results for different deflection distances are
shown in Fig 2.

Acoustic emission setup

A commercial AE system (model PCI2 manufactured by
the Physical Acoustic Corporation, Princeton Jct, NIJ,
USA) was used for AE measurements. The sensors used
were custom made, non-resonant devices containing a
3 mm diameter, 3 mm thick piezoelectric disc (made
from Pz27 material manufactured by Ferroperm
Piezoceramics, Storrington, UK). By intentionally oper-
ating below their first resonant frequency, these sensors
can be used to provide a fairly flat frequency response
between 50 and 600 kHz. This enables them to provide a
high fidelity measurement of the surface displacement
being measured that is not contaminated by the
properties of the sensor. Two of these sensors were
bonded using superglue 50 mm away from the centre of
the plate on either side of the electrolyte container as
shown in Fig. 1. The sensors were calibrated in situ using
a laser interferometer to determine their response to out
of plane surface displacement on the samples used for
the tests described in this paper. The calibration curve
exhibits a small amount of frequency dependence but is
of the order of 3-48 x 10"° m V', The AE signals from
each sensor were pre-amplified with a gain of 40 dB and
no filtering was used. The threshold of the AE system
was set at 32 dBae (the dBae scale is a decibel scale of
voltage referenced to 1 uV, hence 32 dBae is approxi-
mately equivalent to a surface displacement of 0-14 x
1072 m), which was slightly above the background
noise level measured at 30 dBae. The AE system was set
so that signals were only recorded when hits (i.e.
voltages exceeding the threshold value) were detected
on both sensors within a 10 ps period of each other. This
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detected, indicating that the AE system would not be
triggered on either background electrical noise or AE
events occurring outside of the central area of the plate,
such as stick—slip phenomena at the clamping nuts.

Experimental procedure

Five identical plate samples were tested according to the
following procedure while being subjected to different
levels of bending load. Each plate was weighed before it
was placed in the fixture for testing. The nuts were
adjusted to obtain a specified surface stress in the centre
of the plate and then the electrolyte container was
attached. Sodium chloride solution of 2% concentration
by mass was poured into the container and the elec-
trodes from the potentiostat were immersed in the salt
water 25 mm above the surface of the plate. The
polarisation potential was fixed at 500 mVgcg and the
AE system was used to monitor the sample over a period
of 5h. After 5h of corrosion, the potentiostat was
removed and the container was refilled with fresh
sodium chloride solution. The AE test was then left to
run for around 15 h. After the test, the container and
silicon gel were removed from the surface of the plate
and the plate was reweighed to determine the amount of
weight loss.

Results and discussion

AE events

Typical time domain signals recorded from both sensors
corresponding to a single AE event are shown in Fig. 3a.
The threshold level and arrival time difference (Af) are
labelled on the signals. The peak amplitude values
indicated are automatically extracted in Matlab and
these are used for subsequent post-processing.

Figure 4 shows the AE event amplitudes as a function
of time for three plates with different surface stresses of
0,40-3, 84-1, 126-4 and 167-9 MPa. The AE event at the
beginning with an amplitude of around 100 dBae
corresponds to a pencil lead break on the plate surface
that was performed to check whether the sensors were
working. For all stress levels, AE events were detected
during the 5 h period when the potentiostat was
switched on. It was observed that, over this period, the
amplitude of the AE signals remained relatively constant
between 33 and 45 dBae. After the potentiostat was
switched off, it was found that a negligible number of
AE signals were detected.

In order to investigate the frequency content of the
AE signals, each signal was Fourier transformed in
Matlab to obtain its frequency spectrum. Examples are
shown in Fig. 3b. The frequency of the peak amplitude

NO 1



Lee et al.

A/Threshold 14

A
Sensor 1 U

At

/Threshold 2

Sensor 2 “

Lk

Amplitude (linear)

0 100 200 300 400

(a) Time (us)

Amplitude (linear)

N » Centre Sensor 1

r frequency

0 {

0 50 100 150 200 250 300

< » Centre Sensor 2
frequency

0 50 100 150 200 250 300
Frequency (kHz) (b)

3 a pair of typical time domain AE signals from each sensor for same event and b corresponding frequency spectra of

AE signals

of the frequency spectrum was then automatically
extracted to provide an indication of the dominant
frequency present in the signal. For brevity the
dominant frequency calculated in this manner will
subsequently be referred to as the frequency of an event.
Figure 5 shows the frequency of the AE events as a
function of time for the five plates at the five different
surface stresses. There is a large amount of scatter on
these results, but the majority of events have dominant
frequencies below 200 kHz. However, the maximum
frequency of any event increases from below 60 Hz at
0 MPa to over 400 Hz at stresses above 125 MPa.
Figures 4 and 5 qualitatively suggest that the ampli-
tude of the AE events is independent of stress level,
although it is clear that higher stress levels generate a
larger number of events. To examine this further, the
time evolution of the cumulative number of AE events
recorded for different stress values was analysed as
shown in Fig. 6. Particularly for the higher stress levels,
the curves exhibit a distinctive bend where two periods
of fairly steady low AE activity are separated by a short

period where the rate is much higher. The initial low rate
of events probably reflects the pitting incubation time
when the local breakdown of the passive film is
occurring. The rapid increase in events is presumed to
reflect the period when a significant number of new pits
are forming and the subsequent reduction in the event
rate indicates that the formation of new pit sites has
slowed. This can be either due to a stable pitting regime
having been established with well defined anodic and
cathodic regions, or due to the effective depassivation of
the surface leading to general corrosion in an acidified
chloride solution when the pit mouths are breached and
the contents leak out.

To examine this further, Fig. 7a shows the average
rate of AE events over the first two hours of the test
period plotted against the surface stress level. It can be
seen here that the correlation is almost linear. However,
the rate of AE events averaged over the period from 2 to
5h is relatively constant as shown in Fig. 7b. The
overall average corrosion rate in kilograms per second
was calculated for each sample using the weights
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recorded before and after the test. For samples where
the full surface showed general attack by acidified pit
solution, it was found that overall average corrosion rate
increased almost linearly with respect to the surface
stress as shown in Fig. 8. However, specimens which
maintained localised pitting showed weight loss below

solutions at least, general corrosion of stainless steel is
proportional to the surface stress.

Acoustic emission event amplitude and
frequency distribution
The amplitude distribution of the signals for each

this line. This indicates that in acidified chloride stressed plate was investigated. Figure 9 shows the AE
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event rate as a function of event amplitude for the five
differently stressed plate samples. The graphs show the
rates obtained by averaging over the 0-2 h and 2-5 h
periods. Although there was an increase in the AE event
rate for the differently stressed plate over the 0-2 h
period of corrosion (see Fig. 7), the shape of the
amplitude distribution of AE events from different

stresses level remains approximately constant. The shape
is approximately Gaussian with a mean amplitude
between 33 and 36 dBae. This effect of a unchanged
amplitude of the AE signals even with an increase in AE
activity was also mentioned by Cakir et al.'*> In the
second part of the present paper, the results from the hit
amplitude distribution for differently stressed plates are
used to compute the probability of detection for
corrosion detection using different sensor configura-
tions. The distribution of the frequency of the AE events
was also analysed as shown in Fig. 10. Here there is no
clear distribution evident although the majority of
events lie within in the broad range of 20-200 kHz. It
is noted that at high stress levels more high frequency
events are recorded. The reason for this is unclear but
may relate to the unsustained initiation of stress
corrosion cracking.

Surface morphology

Photographs of the surfaces of the corroded area of the
plates are shown in Fig. 11. The pits obtained from the
plate without stress are wide and shallow. It can be seen

[10-2hours
B2 -5 hours

—_
o

........................................

Event rate (s’

©ocooo
N A O O

B35 20 a5 50 9 35

Il - 5 hours

Amplitude (dBae)

[10-2hours
Il - 5 hours

[J0-2 hours

40 45 50 %O 35 40 45 50
Amplitude (dBae)

4
2

45 35 40 45 50 % 35
(d) Amplitude (dBae) (e)

"I 2 - 5 hours

P

14x10’3
[J0-2hours N
Bl -5hours| 1.2
(2]
................ 7 Tre-s----d \a_,, 10 [ | | A—

[ 10-2hours

......... T

40 45 50

Amplitude (dBae)

a 0 MPa; b 40-3 MPa; c 84-1 MPa; d 126-4 MPa; e 167-9 MPa
9 Event rate amplitude distributions obtained by averaging over 0-2 h and 2-5 h for different stresses

Corrosion Engineering, Science and Technology

2008 voL 43 NO 1

Acoustic emission from pitting corrosion in stressed stainless steel plate

59



Lee et al.

60

Acoustic emission from pitting corrosion in stressed stainless steel plate

(a) 4 (b) 4 {c) 4
3'5x10 x 10 . 20x10
P X s Aetatat S RS —~ ) : — x
CPY-Y SUSU SN SRS SO SO I e s R L L] R R S SR SO
(] o x [0] H )]
B 2.0 [ 5, s
EAS | = x £
TR0 T AU S U S @ . @
w. 2 P 5 x """ voTTTT . T Tt
Q5 pems. . 0. EIEEEEET o wo: Xo 0! o : ; :
; : : : 0 To— * ; 0 ﬁaﬁu dooxo ix  Bui
0 100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400 500
Frequency (kHz) Frequency (kHz) Frequency (kHz)
-4 -4
12x10 : : 60x10 : : : :
P ——— ] ERE R B M
) oo P
g 8o S S 40 oo P
© : x ! x H H H
: 6 EEE SRR P EERT I Rt EEEEEE R PP 30 p---n-- N EEREEEEEEPEEEPT FERTEREE.
o =, | b E : : :
T i S 20 [y
N T i Rt R S 10 [seggsgheeeesdemeeseedenscencdineaens
e aceiusoeou e ol Xo ambamm x ° ok : : :
0 n H H h 0 _lm-_mx_n_nu___
0 100 200 300 400 500 0 100 200 300 400 500
(d) Frequency (kHz) (e) Frequency (kHz)

a 0 MPa; b 40-3 MPa; ¢ 84-1 MPa; d 126-4 MPa; e 167-9 MPa
10 Event rate frequency distributions for sensor 1 (cross) and sensor 2 (open circles) obtained by averaging over 0-2 h

and 2-5 h for different stresses

that more pits are formed on the more highly stressed
plates and visual inspection indicated that the depth of
the pits was deeper.

The increases in AE event rate, corrosion rate and
number of pits with respect to the stresses in the plate
can be explained as follows. Pitting will initiate at
discontinuities in the passive oxide. In the unstressed
state these would be at inclusions such as MnS or other
foci of low passivity such as microcrevices. In the highly

e

stressed state more foci for pit initiation are clearly
generated. It is likely that in some areas of marginal
passivity such as grain boundaries the stress is sufficient
to fracture the oxide film and repassivation may not be
fully effective due to localised chromium depletion. At
lower stresses fewer pits tend to develop as there are
fewer competing sites. If the pits break open, the viscous
acidified chloride pit solution tends to remain at the
surface and overall depassivation and corrosion of the

a 0 MPa; b 40-3 MPa; ¢ 84-1 MPa; d 126-4 MPa; e 167-9 MPa
11 Photographs of corroded areas for samples subjected to different surface stresses
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surface was seen on many of the specimens as a
consequence.

The mechanism of the AE signals from pitting has yet
to be fully explained. Some articles in the litera-
ture'®™'%!3 mention that the inside of the pits may
promote hydrolysis reactions and that the subsequent
release of hydrogen is the source of the AE signals. This
hypothesis has yet to be confirmed by complementary
tests.

Acoustic emission events from salt water
corrosion

It was noted previously that no AE could be detected
from a stressed plate sample immersed in salt water,
unless the corrosion process was driven using a
potentiostat. Given the observation that there are two
stages to the corrosion process it was decided to
investigate whether AE could be detected without a
potentiostat at the second stage after the corrosion
process had been initiated. A plate sample was bent to
produce a stress of 168 MPa in the centre of the plate.
The initial corrosion on the plate was achieved using a
potentiostat. The potentiostat was then removed and the
salt water was replaced. The experiment was left
untouched for a total of 13 days. The results in Fig. 12
show that AE events were recorded during salt water
corrosion throughout the 13 days of the test. Although
the occurrence of the AE events was infrequent, the
amplitude distribution of the hit signals is similar to
those obtained from earlier experiments. This suggests
that the potentiostat is required to initiate the corrosion
process by breaking down the passive layer. However,
once the passive layer is penetrated the corrosion process
will continue without the potentiostat, albeit at a lower
rate than if one is used.

Estimating performance of AE for
corrosion detection

The purpose of this part of the paper is to demonstrate
how the experimental data from the coupon samples
described previously can be used to estimate two
performance metrics of an AE corrosion detection
system on a real structure. The following performance
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metrics are widely used to describe the performance of
various non-destructive evaluation (NDE) techniques'
in the context of tests applied to populations of
components:

(i) POD: the fraction of genuinely defective samples
that are correctly classed as defective, i.e. the true
positive fraction

(i) FCR: the fraction of pristine samples that are
incorrectly classified as defective, i.e. the false
positive fraction.

These metrics are based on populations of components
and are not directly applicable to the corrosion detection
system that is likely to be permanently installed on a
single structure. Instead the following modifications are
proposed:

(i) POD: the probability that a genuine AE event
due to corrosion will be detected

(i) FCR: the fraction of spurious events estimated to
occur that are incorrectly interpreted as being due
to corrosion.

This definition of FCR is arguably somewhat artificial
since the total number of spurious events could be
unlimited if there is no constraint on the minimum
amplitude. However, it is sufficient for the purposes of
this demonstration where a Gaussian fit to measured
data allows a finite estimate to be made.

The ideal situation for any test is a POD of 100% and

a FCR of 0%. The reality is that one or both of these
ideals must be compromised, and the use of such metrics
enables the effect of changing test parameters, such as
sensor spacing, to be quantified. The approach proposed
here is to obtain statistical models of the amplitude
distribution of AE events due to both background noise
and the corrosion process itself. In both cases, it is
assumed for simplicity that the amplitude distribution in
dBae is Gaussian (i.e. the actual amplitude distribution
is log normal). In practice, the background noise
distribution must be measured in situ and under normal
plant operating conditions for each application. The
reason for fitting distributions to the experimentally
measured corrosion and noise data is that it enables the
total rate of corrosion and noise events to be estimated
by extrapolation of the curves and integration. If this
was not performed, absolute values of event and noise
rates could be obtained directly from experimental data,
but these could not be converted to probabilities.

Measurement of noise amplitude distribution

The PAC system AE was used to detect the noise
amplitude distribution in the same lab where the
corrosion tests were performed. To do this, the same
sensor configuration (see Fig. 1) was used on a narrow
plate specimen. The threshold level of the AE system
was set to the relatively low value of 10 dBae and data
were recorded over a 2 h period. The measured ampli-
tude distribution is shown in Fig. 13a. A Gaussian curve
was fitted to the amplitude distribution of the noise by
iteratively adjusting the amplitude, mean and standard
deviation values to minimise the cumulative least
squares deviation with the experimental points.

Measurement of signal amplitude distribution

As an example of corrosion data, the amplitude
distribution obtained from the coupon stressed to
167-9 MPa is used. This amplitude distribution is shown
in Fig. 13h and has a cut-off point at 32 dBae at the
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fixed threshold level. A Gaussian curve is again fitted to
the available data above 32 dBae using the same
procedure as for the noise distribution. It is noted that
this fit is not altogether satisfactory for the higher
amplitude events.

Calculation of POD and FCR

Once the noise and signal amplitude distributions have
been determined, the POD and FCR may be calculated,
in the first instance, as a function of threshold level
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where a is the amplitude in dBae, G(a) is the amplitude
distribution of signals from corrosion, N(a) is the
amplitude distribution of noise signals and ¢ is the
threshold level (in dBae). Figure 14a graphically demon-
strates the POD calculation.

The POD and FCR can be plotted as a function of
threshold level ¢, leading to the characteristic curves
shown on the graph in Fig. 14b. The ideal situation for a
test is where the curved parts of the POD and FCR
occupy non-overlapping regions of 7. This means that a
threshold can be chosen between the two where the FCR
is close to 0 and the POD is close to 100%. Form the
data in Fig. 14 it can be seen that this is very nearly the
case for threshold levels of around 28-30 dBae. This is
of course to be expected, because the data were taken
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from small samples in a laboratory environment with
sensors in close proximity to the corrosion source. The
next section describes how the same data may be used to
investigate the performance of corrosion detection on a
larger structure.

Estimating the performance of corrosion
detection system

As an example of the way in which the POD and FCR
data can be used, the effect of sensor separation is
considered. Because the experimental samples are plate-
like, the AE signals from a source decay in inverse
proportion to the square root of propagation distance
from the source.'® This means that the amplitude data
from the small samples can be adjusted to investigate the
effect of distance between source and sensor and the
POD curve recalculated. Figure 15 shows the POD
curves for different distances between the source and
sensor. As the distance between the source and sensor
increases, the amplitude of the AE signals decreases and
therefore the POD curve shifts towards the FCR curve.
This means that it is no longer possible to choose a
threshold level that gives 100% POD and 0% FCR, and
instead a compromise must be made.

Conclusions

Experiments have been performed to investigate the
AE from salt water pitting corrosion in stainless steel
plates subjected to varying levels of bending stress, with
the corrosion accelerated using a potentiostat. In the
pitting initiation stage, the AE event rate has been found
to be approximately proportional to the level of tensile
surface stress on the sample. After this, the AE event
rate and becomes largely independent of the stress level.
The overall general corrosion rate if the surface is
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14 a schematic illustration of POD calculation and b resulting graph of POD versus threshold level
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