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ABSTRACT 

Acoustic emission techniques are widely applied in proof tests of pressure vessels. Correct interpretation of 
experimental data is of primary importance. The AE DATA EXPERT system performs this task in three proce
dures: source separation, source purification and source classification. In the paper, basic production rules are 
discussed. 

Pcllionisz P.: Döntéshozatal akusztikus emissziós adat-állományokban KFKI-1992-37/G 

KIVONAT 

Nyomástartó edények terhelési próbáinál széles körben alkalmazzák az akusztikus emissziós vizsgálatokat. 
A kísérleti adatok helyes értelmezése kulcsfontosságú. Az AE DATA EXPERT szakéi tói rendszer ezt a feladatot 
három lépcsőben végzi cl: forrás-elkülönítés, forrás-tisztítás és forrás-osztályozás. A dolgozatban a főbb értékelési 
szabályok kerülnek ismertetésre. 
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1. INTRODUCTION 
In acoustic emission (a.e.) testing [1], (2j, [3], acoustic 
outbursts are captured and characterized by their most 
important parameters as Fig. 1 shows. 
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ET= elapsed time 
DT= delay time 
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Fig. 1 
Directly measured a.e. parameters 

From the directly measured parameters shown above, usually 
further quantities are calculated, such as energy, RMS value, 
etc. For testing larger objects, generally, multiple sensors 
are used, grouped in so-called arrays - comprising 3 or 4 
detectors. Knowing the sound velocity, and the DT arrival-
time differences between the sensors, the origin of the sound 
waves, i.e. the material degradation place is calculated. 
The signal waveform is determined by the character of the 
source, by the signal path (usually very complex), by the 
detector and the measuring device. Further, the originating 
phenomenon is statistical in character, i.e. reliable 
information characterizing the object under test can not be 
given by a single acoustic event. The analysis and the 
interpretation of acoustic emission data is, therefore, 
rather difficult and complex task [4], [5], [6], (7]. 
Measured and calculated acoustic emission 
today in computer memory, in the form of ra 
processed data sets representing the measu 
density or cumulative functions, location 
real-time or post-processing, many possibil 
in today's a.e. data processing software 
KFKI Atomic Energy Research Institute, a.e 
performed by the Defectophone devices and 
processing software developed by the insti 
successfully in many countries [8], 

data are recorded 
w data files or as 
rement's history, 
maps, etc. For 

ities areavailable 
packages. In the 
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their DEFPROC data 
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However sophisticated are the tools of the software package, 
they are to be handled by human experts, whose expertise must 
decide in the interpretation of the results, and in the 
safety assessment of the objects under test. For the KFKI 
Atomic Energy Research Institute, the most important objects 
regularly tested are nuclear reactor pressure vessels. 
Relying on the experience with four reactor vessels and more 
than a dozen other pressure retaining structures [9j, in the 
institute a project has been initialized for developing a 
tool of artificial intelligence facilitating the 
interpretation task. In the frpnework of the project, the 
expert system "A.E. DATA EXPER," is being developed, which 
performs automatic decision making on multiparameter a.e. 
data sets of pressure vessel test results. 
In this paper, the source separation and.the principles of 
one of t»<e developed system's modules [10] are discussed. 
Relying on previous test results and the study of 
international references, the problem is analyzed, how the 
a.e. parameter set can be purified, i.e. noises, 
electromagnetic interference, signals originated by secondary 
acoustic sources (slipping, friction, etc.) can be eliminated. 

2. ACOUSTIC EMISSION SIGNAL CHARACTERISATION 

Ir» pressure vessel tests, crack formation or crack 
propagation processes are to be detected during 
cverpressurization. These processes - fortunately - are 
exceptional in practice, so much the more are present 
additional noises sources 111], which can be grouped 
according to Table 1 in case of typical pressure vessel 
tests. 
Relative signal amplitudes are given 
continuous noise is designated by #. 

in decibels, while 

Real acoustic 
emission 

Secondary acoustic 
emission 

Additional sources 

Dislocation 
(20-30 dB) 
Inclusion fracture 
Intergranular 
cracking (60-80 dB) 
Cleavage 
cracking (80-100 dB) 

Leakage (#) 
Rubbing (20-40 dB) 
Friction (20-60 dB) 

Hydraulic noise («) 
Electromagnetic 
interface (20 dB) 
External noises (?) 
Electronic noise (20 dB) 

Table 1 
Typical acoustic events detected 

in pressure vessel tests 
(continuous noise: * , outbursts: peak amplitude in dB) 
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There are many established and proven methods for reducing, 
eliminating and filtering unwanted noise pick-up. In the 
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*„.„.* w-,. ~w keot on 

fairly low value as Fig.2 shows. 
noise limit 
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Electronic noise limit in the Oefectophone 
assembly applied at Paks pressure vessel measurements 

Much of the external noise can be disregarded by applying 
guard sensors detecting allien activity. The more perfect 
filtering is required, the higher is the number of the 
system's channel number, as Fig.3. shows for the same 
measuring task executed in the previous years. 

a«, channels 
30 

2 0 -

88 69 90 91 92 year 
Fig.3 

Channel number (including guard channels) of 
Oefectophone assemblies applied at Paks pressure 

vessel measurements 
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The task of the guard sensors is to detect acoustic activity 
having its source outside the region under test and to 
exclude them from further processing. 
The detected acoustic emission signal is the result of a 
number of complicated phenomena: the mechanical disturbance 
causing a sudden energy release, the wave propagation process 
in the material and the interaction of the sensor. All of 
them are rather difficult to be followed theoretically, even 
in the case of very simple objects. In the most simple case, 
the following approximations can be made (Table V,. 

1.Source: 1.1. Single, during the captured event 
1.2. Physical process: single Oirac-delta 

2.Propagation: 2.1. Far-field: surface-waves only 
2.2. No refraction and reflection effects 

3.Sensor: 3.1. Single resonant frequency 
3.2. No noise addition and reflection effects 

V=V,sin2nfet-exp(-t/T) 

Table 2 
Assumptions and signal shape of an idealized acoustic 

emission event 
In the practice, in many cases, none of the above assumptions 
is valid. This is the reason that the real waveform is 
complicated and its interpretation is not easy (see Fig. 4). 
Because of the high amplitude span of the detected signals, 
in many cases nonlinear (e.g. logarithmic) amplifiers are 
used: they make the signal interpretation even more 
complicated. 

А л * 
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Fig.4 
Real acoustic emission signal and its "decoding" 
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Fig.6 
Typical data collected in acoustic emission measurements 

It can be seen from Fig.5 that threshold setting is crucial 
for measuring the parameters correctly, or, at least, not to 
falsify the original signal. If the ideal signal in Table 2 
is applied to a threshold level V T , the number of the 
registrated ring-down counts(C) depends on V T: 

С = f 0 tin (Vo/V T) 

Three ways can he followed for facilitating the correct 
measurement. The most radical - and the most costly - is to 
change the measurement philosophy completely and rely on 
high-speed computing power in on-line and (almost) real-time 
analysis of digitalized input signals. On probability and 
likelihood analysis threshold setting might be adaptive and 
the reliability of the data set might be increased. This way 
is under preparation in the KFKI-AEKI by developing a system 
named SIGNALYZER. 
The other way for increasing the reliability of the data set 
is based on applying a number of easily applicable criteria 
which decide during the measurement, whether the signal is 
valid, there is a single source, etc. and they reject 
reflections. These real-time applicable criteria are the 
•hardware (or close-to-hardware) implementations of pattern 
recognition methods used to extract the "hidden" 
interrelations between different parameters. These 
"invalidity-criteria","hardware filtering", etc. are used in 
our acoustic emission instrumentation based on the 
Defectophone system [12] . 
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However effective are these measures, post-processing on the 
measured data can not be avoided. This third way is based on 
pattern recognition methods fl3], artificial intelligence, 
expert systems (1*], etc. In the following, the 
considerations are presented for the post prccessing analysis 
of the measured data set, which will be applied in the "AE 
DATA EXPERT" system, actually under development, in the KFKI-
AEKI. 

3. DECISION - MAKING 

When analysing acoustic emission data set, a number of 
problems are to be solved to assess the significance of the 
captured acoustic emission signals. In the following, 
limiting ourselves to a.e. data originated in pressure 
vessel tests, we overview the most important problems where 
decisions are to be made and introduce decision-making 
criteria serving as practical rules for knowledge-base of 
the expert system, actually under development. 

3.1. SOURCE SEPARATION 

In acoustic emission testing, sensors are grouped in arrays. 
By measuring the arrival time differences of a sound burst 
originated from a single source and knowing the propagation 
velocity, location calculations can be made and planar 
location maps shown, according to Fig.7. 

0*ÓWÖ*O* f Ó* ь*-0* 
'im Ш} Ш 5 Ш ж ш 

Fig.7 
Planar location map of the acoustic indications 

during a pressure test 

Location calculations are made on data of sound propagation 
time differences. As discussed before, the stochastical 
character of the signals and threshold crossing techniques 
do not make possible exact time measurement in all cases: a 
single source may result several, separately positioned 

1500-
W 
300-

-300-
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indications. This is the reason that in location maps the 
number of indications is not equal to the real number of 
acoustic sources: several indications may correspond to a 
single source only. Its position can be identified by 
clustering closely located indications, taking into account 
location errors, geometry and the required factor of 
certainty (credibility). 
Errors in arrival time measurements nuy have many sources, 
e.g. 

- limited frequency of the sensor (e.g. a 200 kHz 
resonant type sensor can not yield higher rise time 
than 1.7 us), 

- limited resolution of the measuring device, 
- threshold/noise and threshold/event-amplitude prob
lems (if threshold is too low, noise peaks may be 
interpreted as signal fronts, if threshold is too 
high, triggering is delayed by the rise time). 

Some of these effects may have extreme consequences, e.g. 
contradictory arrival time values make impossible solving 
the equations. In other cases, time errors falsify the 
locations only. 
Influence of time errors on the location accuracy highly 
depends on the source position related to the array borders, 
and the geometry of the array. In Fig.8 (a), a rectangular 
array cf four sensors is shown, with a source S. 
The acoustic source (S) is assumed to be on the symmetry 
axis, in a distance s from the border line. The sound wave 
arrives at first, simultaneously, to sensors Dl and 04, 
then, after a delay of DT to 02 and 03. As Fig.B.(b) 
shows, the longer is the distance s, the higher is the 
influence of the time error on the location accuracy. At a 
typical array size of 1.2 meter, the inaccuracy is about 30 
cm in a distance of 1 m from the border, when 10 JJS error 
is made in DT, in case of steel material (v = 3000 m/s). 
When separate indications are investigated, whether they may 
be clustered coming from one single event, the 
characteristic error size (theoretical cluster diameter) at 
the given point is to be compared to the distance between 
separate indications. To calculate the function between As 
and time incertitude AT is rather lengthy: 

AT - ̂  [/5d*+4d(e+Ae)+«(e+2As) +As 3 - /5d*+4ds+sa -

- /da+(e+Ae)3 * /d 3+e a ], 
Here v is the sound propagation velocity, and geometry data 
ere those shown in Fig.8. 
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Fig.8 
(a) Rectangular array with variable source position on the 

symmetry axis, delay time between D2-D1 and D3-D4=DT 
(b) Location error caused by 10 us error in DT as a function 

of source position , 
(c) Error in ОТ resulting 6 cm location error as a function 

of source position 
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Not only time measurement inaccuracy, but geometry errors, 
wall thickness, approximations in the calculations, etc. are 
to be taken into consideration. These errors can be handled 
by introducing a certainty factor, which multiplies the 
error size. 
The strategy of the expert 
indications is the following, 
indication, the product of the 
with the certainty factor (CF) 
simplest case, a rectangular 
the point, as Fig.9 shows. I 
points are overlapped, common 
centers of gravity. These are r 
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Clustering neighbouring indications 
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SOURCE PURIFICATION 

Source 
(see 
activi 
emissi 
emissi 
by a 
space 
base с 
emissi 
[18]. 

s of acoustic activity may be of different character 
Table 1). For assessing the severity of the acoustic 
ty, it is important to identify true primary acoustic 
on sources and to disregard noises, secondary 
ons, etc. Acoustic emission events are characterised 
set of data (feature vector): sorting in the feature 
is called source purification. Here, the knowledge 
omprises pattern recognition rules learned in acoustic 
on test measurements, home and abroad [9], [16], (17], 

Noise contribution 

Electronic noises and device imperfections are to be 
considered in acoustic emission signal analysis. A typical 
situation is when common-mode electric disturbances are 
captured by sensors or cables. These phenomena can be 
recognised by the simultaneous activity of the sensors. Fig. 
10 shows the effect of filtering for DT=0. This sort of 
filtering can also be inserted in the expert system. 

(a) 
/-.• T/-S Т л ,r"»T О О О V 
О 0 0 О. О 

fc.-

Щ л HUB *2ПВ i 2Ш flfct AB 

(b) О О \j \j sj 
-> •*о*о о* Ъ *он 

Ш Ä W 

Fig.10 
Acoustic indications in a pressure test (a). 

The same map after filtering out simultaneous events (b). 
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Most electronic or device-induced noises just cross the 
threshold limit, thus their parameters are not higher than 
the possible lowest value, as Fig.11 shows. 
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Electronic noises are recorded with the possible lowest 
values (AMPL = THRES, RISE T = 1, EVENT WIDTH = 1, etc) 

Koises can be rejected if the events are filtered out which 
meet the above criteria. This rule is built in the expert 
system, again. 
The third 
is to inspe 
and the n 
Acoustic 
frequencies 
ring-down 
Thus, ther 
and number 
If events 
of these 
value in a 
signals of 

way of identifying non-acoustic emission signals 
ct the interrelation between event duration time 
umber of oscillations (counts) during this time, 
emission sensors have one or more resonant 
, and the original physical process initiates 
oscillation with the characteristic frequency, 
e is a linear relationship between event duration 
of counts for acoustic signals as Fig.12 shows, 

are filtered but where the value of the quotient 
two parameters differs from the characteristic 
percentage determined by the certainty factor, 

non-acoustic origin can be eliminated. 
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Interrelation between event duration and counts: 
for a.e. signals the dependence is a linear function 
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Crack identification 
At pressure tests, generally two major processes may emit 
acoustic emission signals, namely crack formation and 
frictions of already existing crack surfaces. Both in 
laboratory and in experimental pressure vessel tests, it has 
been found that in rise time distribution generally two 
distinct maxima exist as Fig.13 shows schematically. 

лЛ 
0.1 1 Ю Ю0 1000 rise time [jusj 

Fig.13 
Two maxima of rise time distribution 
from crack formation and friction 

Experience shows that crack propagation emits signals of low 
rise time, while friction process has slower wave front. 
This fact has been proven both in hydrotests and at fracture 
mechanical investigations of CT speciments [17]. 
Depending on object size, wavi spreading and dispersion, the 
position and width of the transition area is varied under 
different experimental conditions. At large objects it is 
found tipically around 100 /us, while at small CT specimens 
at 30 jus Cl7j . According to these measurements, for signal 
separation, the rise time is preferred to other signal 
parameters, because it is nearly independent from signal 
amplitude, contrary to e.g. signal duration which generally 
depends on amplitude. Rise time reflects the source life 
time in most of the cases. Thus, in the expert system a rule 
discriminating signal rise time is built-in, with using the 
certainty factor, reflecting the probability of the right 
decision. 
Some other checks may help to decide between crack-origih 
and friction. Сгаск formation and crack propagation are 
obviously irreversible processes. Whenever up-down stress 
changes occur (e.g. heating and cooling or compression and 
decompresion) together with rising acoustic activity in both 
cases, reversible processes (e.g. rubbing, friction) evoke 
the acoustic events. Fig. 14 shows similar effects at 
pressurization and decompression in a pressure vessel 
hydrotest. 
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Fig.14 
Secondary emission: 

both pressure-rising and decreasing results 
acoustic activity from the same source in 
a pressure vessel hydrotest 

An important knowledge-base rule of the expert system tells 
that repeated bidirectional acoustic activity in steel 
materials can not be originated by crack propagation. 
On the other hand, i 
materials always sho 
load there is no acou 
higher than the pr 
however, that small 1 
Kaiser effect, even i 
processes, because of 
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oad returns result the 
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the stress is not 
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-originated sound 
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In Fig. 15 Kaiser 

A simple method for assessing the significance of the 
acoustic activity is considering the peak amplitude or 
energy of the acoustic even's. According to Table 1, sound 
effects below 40 dB do not indicate crack propagation in 
steel materials. 
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Kaiser-effect: А, С = previous pressure 
maxima, В = constant pressure 

Summarizing the above considerations, localized acoustic 
emission sources can be effectively purified from noises and 
secondary acoustic emission events by using some basic 
production rules built into the expert system. 

3.3. SOURCE CLASSIFICATION 
In the field of proof tests of pressure vessels, the mostly 
aplieri classification procedure is given by ASTM С 19]. Its 
basic working principle that acoustic emission sources are 
to be classified according to their acoustic activity and 
intensity. The activity is measured by the number of the 
acoustic events or that of the acoustic emission 
oscillations (counts). The source is classified active if 
the total number of acoustic events and/or counts increases 
when the applied pressure remains constant or is increasing. 
It is critically active if the growth rate is also 
increasing when the applied pressure is constant or growing. 
Fig. 16 explains this classification. 
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critically active 

active 

inactive 
^ pressure 

Fig.16 
Classification of acoustic emission sources 

according to the ASTM code 

For measuring the intensity, different parameters can be 
selected, such as peak amplitude, energy, etc. The acoustic 
source is classified intensive, if active and its intensity 
is considerably higher than that of the average of the other 
sources. It is critically intensive, if its intensity is 
significantly growing at constant or increasing load. 

According to these rules, the intensity values must be 
calculated separately for the different sections of the 
proof test. The most important sections are the pressure-
hold periods, where significant acoustic emission must not 
be found to tell the source not critically octive. This 
decision-making is done in the AE DATA EXPERT system, after 
performing source separation and ьоигсе purification 
procedures described in Sections 3.1 an 3.2. 
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