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Abstract 
 

Several regulatory rules, such as the Best Practices Guideline (GBP) [1], exist for acoustic 
emission (AE) testing of pressure vessels in France and the rest of the world and allow AE test-
ing based on two techniques (zonal location and planar source location methods). However, the 
analysis criteria of data recorded during the testing lack adequate basis. This work highlights 
inconsistencies in analysis methods defined in these guides or codes based on modelling calcula-
tions in Part 1 of this study [2], while this paper shows, from a real case (AE testing of a 2000 m3 
spherical storage tank), that the results of an AE test cannot be reproducible due to a lack of 
strictness in the application rules of AE. Thus, depending on the testing configuration used, some 
emissive defects can be detected or missed. This study may also be used as a basis for defining a 
new AE testing standard specifically and quantitatively defining a methodology of analysis based 
on a different approach from those used currently. Today, the CETIM may apply this new testing 
methodology based on significant feedback enabling a greater reproducibility and sensitivity of 
AE testing. 
 
Introduction 
 

Acoustic Emission is especially useful in testing of pressure vessels, enabling global and 
rapid testing of large structures, significantly reducing maintenance time and shutdown of facili-
ties. Methods have followed several regulatory rules, codes or standards that have been created, 
defining the general application rules of this technique. AE testing can be applied according to 
two techniques (zonal location and planar source location by triangulation or planar method, in 
short), without any major impact on the analysis criteria of data recorded during the testing. In-
deed, the criteria are primarily derived from the zonal testing method, which has limitation in 
terms of accuracy of analysis, limited to very basic criteria of counting signals collected by the 
sensors.  
 

In Part 1 of this study [2], the author highlighted, from simulation calculations, that there 
were significant differences in performance between these two techniques (up to a ratio 5 to 7). 
The effect of the acquisition threshold has been also quantified. Using planar location method, 
the use of the amplitude correction has been evaluated, and considered as a good tool for increas-
ing the accuracy of the result. The study presented in this article, based on a real industrial case 
treated by CETIM, aims to highlight the differences in results of testing applied on the same 
structure with different configurations, all consistent with current rules. We will answer to these 
questions:  

What is the actual performance of the two testing techniques?  
Which level of accuracy can we affect, or, what uncertainty should we associate to these cri-

teria?  
What is the effect of operating conditions on the result of the testing?  
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A. Analysis of Testing and Data Processing Methodology: BPG - Real industrial case 
 
A.1 Definition of the case studied – context 
 

The performance for both techniques used will be compared in accordance with the recom-
mendations from GBP (Best Practices Guideline) as regulated in France. This analysis uses a 
specific application case; a spherical storage tank with a 45-mm thick unalloyed steel wall, is 
externally painted. The AE wave attenuation curve is shown in Fig. 1. 

 
Fig. 1: Attenuation curve obtained using the Hsu-Nielsen source on 45-mm thick, unalloyed 
steel, painted. The frequency of the AE transducers is near 200 kHz.  
 

Based on the GBP recommendations, the maximum allowed distances between sensors for 
this case are: 
• For zonal location, the maximum authorized distance between sensors is 1.5 times [Distance 

at the assessment threshold = 50 dBAE maximum]; or approximately 1.5 x 6 = 9 m. 
• For planar location, the maximum authorized distance between sensors of a single mesh 

(maximum acquisition threshold of 50 dBAE), is equal to the distance to the acquisition thres-
hold + 6 dB; approximately 6 m. 

We analyzed real AE data of pressurization testing of the spherical tank, first using the planar 
configuration, and second by the zonal configuration. Table 1 gives the following main charac-
teristics: 
 

Table 1: Main characteristics of the two configurations of testing. 
 

Configuration Number of Sensors Maximum Distance 
between sensors  

Zonal Location 22 About 8.6 m 
Planar Location 77 About 5.2 m 

 
A.2 Location tests results from Hsu-Nielsen source 
 
A.2.1 Test analysis:  In order to assess the two testing configurations, it is interesting to analyze 
the performance in terms of the detectability of Hsu-Nielsen sources (standard AE source). These 
sources are generated prior to the pressure test on the singularities of the structure. These sources 
are generated on the vertical and circular welds (location tests 1 and 3), and on the welds of the 
supports (location test 2). For each case, we calculate the number of detected events (zonal lo-
cation), and the number of localized events (planar location). We note that the real number of 
generated sources (pencil lead breaks) is very close to the number of localized events in planar 
testing configuration. Results are shown in Figs. 3-5. 
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 In the case of location test 2, the difference of performance is significant between the two 
testing configurations. Only 2 events are located with the zonal testing configuration while 210 
events are located with the planar testing configuration. This is because the presence of obstacles 
to the propagation of the AE waves (support of the tank) disrupts the detection of events by sen-
sors close enough in theory. Therefore, only two events were collected by 3 or more sensors. 
However, the zonal testing configuration meets the minimum requirements for detection, since it 
receives each Hsu-Nielsen source by at least one sensor (zonal location). 
 

a b 
Fig. 2a: Overview of planar configuration; 2b: zonal configuration. 

 

a b 
 

Fig. 3a: Result of location test 1, planar test configuration; 3b: zonal test configuration. 
 
 Results of these tests are summarized in Table 2. Each entry indicates the number of detected 
or located events. The threshold level used are 50 dB or 65 dB. These tests show vast differences 
in terms of detection and level of information between the two test configurations. From these 
tests conducted on a real case, the zonal test configuration will be able to locate only 18% of the 
Hsu-Nielsen AE sources on average, against 100% for the planar testing configuration. 
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 We also observe that in the case of planar configuration, the number of detected events ex-
ceeds the number of generated sources. This can be caused either by the detection of pencil-lead 
break rebounds, or through contacts caused by the operator during testing. 
 

It is, however, important to remember that these two test configurations are in accordance 
with the rules defined in the ‘Best Practices Guideline’ (GBP). 
 

a b 
Fig. 4a: Result of location test 2, planar test configuration; 4b: zonal test configuration. 

 

a b 
 

Fig. 5a: Result of location test 3, planar test configuration. 5b: zonal test configuration. 
 

A.2.2 Comparisons with simulation calculations: Referring to simulation calculations developed 
in Part 1 [2], we find: 
• A location rate of 43% of the Hsu-Nielsen AE sources in the zonal test configuration, 
• A location rate of 100% in the case of planar test configuration. 
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Table 2: Number of detected and located events according to test configurations for 3 tests. 
 

Configuration Zonal Configuration 
Number of Detected 
Events, A>=50 dBAE  

Zonal Configuration 
Number of Located 
Events, A>=65 dBAE 

Planar Configuration 
Number of Detected 
Events, A>=50 dBAE  

Planar Configuration 
Number of Located 
Events, A>=65 dBAE 

Location Test  
1 250 85 360 210 

Location Test  
2 245 2 350 210 

Location Test  
3 375 50 500 350 

 
To illustrate these calculations, we observe in Fig. 6 the minimum locatable amplitudes in 

zonal test configuration (with the distance between sensors of ~8.6 m). When these amplitude 
values are less than 98 dBAE (approximate magnitude of a Hsu-Nielsen source), this means that 
the Hsu-Nielsen source is locatable. When this value is greater than 98 dBAE, this means that the 
Hsu-Nielsen sources are no longer locatable. 

We notice that the Hsu-Nielsen sources are locatable at the center of each mesh, and for an 
ideal configuration where no obstacle disturbs the propagation. 

 
Fig. 6: Simulation of minimum locatable amplitudes, zonal test configuration.  

 
A.2.3 Conclusions: 
1. These location tests carried out on a real structure show that the two test configurations pro-
duce different level of detection performance. Although the zonal test configuration is able to 
detect any Hsu-Nielsen source, it was able to locate only 18% of sources against 100% for the 
planar testing configuration. Nevertheless, these two configurations are in accordance with the 
rules defined in GBP. 

2. There is a good correlation between simulation and tests. Indeed, the simulation, which pre-
dicted a location rate of around 40% for zonal test configuration does not take into account any 
obstacles to the propagation of AE waves. This value of 40% is one actually measured on the test 
location test 1, the only one for which no obstacle does not disturb the propagation. 
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A.3 Results of AE monitoring during pressurization of the spherical tank 
 
 The AE test requires pressurization, and its schedule is shown in Fig. 7. The analysis criteria 
come from GBP. First, the zonal location analysis is performed for the two test configurations. In 
the second step, we analyze the located AE activity. 
 

 
Fig. 7: Pressure cycle applied to the spherical tank. 

 
A.3.1 Zonal location analysis: The analysis criteria used in this section are based on GBP [1] and 
are: 
• AE events of amplitude greater than or equal to 50 dBAE (N1S). This criterion is calculated 

on the whole duration of the test, 
• AE events of amplitude greater than or equal to 65 dBAE (N2S). This criterion is calculated 

on the whole duration of the test, 
• AE recorded during the constant pressure stages. We consider the AE events of amplitude 

greater than or equal to 50 dBAE (N3S). This criterion is calculated from 2 minutes after the 
beginning of the plateau, 

• Changes in activity and intensity during the test. The activity (number of AE events) and 
intensity (energy) are evaluated throughout the test. 

• Felicity ratio calculated on the second stage of pressure rise. 
Tables 3a (zonal test configuration) and 3b (planar test configuration) include the values of an-
alysis criteria for all areas (an area is the part of the structure covered by a sensor).  
 
 Several observations can be drawn from these two tests:  
• The total number of recorded events (≥50 dBAE) is about 1300 for zonal test configuration 

against about 2500 for the planar test configuration, or about twice.  
• We can translate that into saying that half of the information disappears from this type of 

analysis using a zonal test configuration: It is obvious that the higher the number of sensors, 
the better the coverage level of the structure. Therefore, we will have more chance to per-
ceive AE events.  

• If we analyze these results further, we note that some areas classified as category 2 with the 
planar test configuration disappear from this category with the zonal test configuration: For 
example, the area covered by the sensor c2 (Table 3b), which reported 292 events over 50 
dBAE is classified in category 2.  
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• With zonal test configuration, we can assume that some of this activity is 'recovered' by the 
sensor c1, perhaps by the sensors c17 and c19, but much of this information is lost (more-
over, none of the sensors, c1, c17 and c19 are classified in category 2);  

• The classification criteria defined in the GBP are almost identical for both cases. For criteria 
N1S and N2S, values boundary between Level 1 and Level 2 are higher in the case of the 
zonal location. It is hardly justifiable, since two opposing effects should be taken into ac-
count:  
- The average distance from a source to the sensor is higher in the case of the zonal con-

figuration (then, the attenuation is higher, therefore less probability to record signal with 
amplitude exceeding 50 dBAE)  

- However, the areas being more extensive in this case, the number of events is potentially 
higher for each zone.  

• The positions of the sensors used in the case of a zonal test configuration more strongly in-
fluence the result: In the case studied, if the sensors 2 and 4 were kept in place of the sensors 
c1 and c3, the sensor c2 area would have been classified in category 2 or more. Chance has a 
greater impact in the case of a zonal test configuration. 

 
A.3.2 Comparison with simulation calculations: The simulation calculations developed in Part 1 
[2], assuming an amplitude distribution of AE sources between 55 and 115 dBAE, showed that 
34.6% of sources were detected in the case of a zonal test configuration, against 59% (ratio 1.71) 
for a planar testing configuration. In the real case studied, we find this order of difference be-
tween the two configurations (1300 vs. 2500 events; ratio of 1.92). This shows that the hypoth-
esis used in the simulation calculations are quite close to reality. 
 

Table 3a: Classification table, according to GBP, in the case of the zonal test configuration.  
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Table 3b: Classification table, according to GBP, in the case of planar test configuration.  
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Table 3b (continued) 

 
 
A.3.2 Planar location analysis: The planar location analysis is based on the description of the 
events that have been located. Only concentrations of localized events (clusters) are taken into 
account. Concentration thresholds are defined in the GBP [1]. The results of location analysis 
obtained in the two test configurations are illustrated in Figs. 8a to 8d below. First, we observe 
that the number of localized events is significantly different with the two configurations: 
 

 
Fig. 8a: Upper hemisphere, zonal test configuration. 
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Fig. 8b: Lower hemisphere, zonal test configuration. 

 

 
Fig. 8c: Upper hemisphere, planar test configuration.  

 
• On the lower hemisphere, 37 events for the zonal test configuration vs. 139 with the planar 

test configuration, 
• On the upper hemisphere, 45 events for the zonal test configuration vs 144 with the planar 

test configuration. 
Thus, less than 30% of events located with the planar test configuration are observed with a 
zonal test configuration. On the other hand, if we observe carefully the concentration areas (clus-
ters) identified in the 2 cases, we note: 
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• On the lower hemisphere, 1 cluster for the zonal test configuration vs. 3 with the planar test 
configuration; the cluster near c2 (12 events), classified in category 2 with the planar test 
configuration, does not appear with the zonal test configuration. 

• On the upper hemisphere, 1 cluster for the zonal test configuration vs. 2 with the planar test 
configuration. 

 
Fig. 8d: Lower hemisphere, planar test configuration. 

  
A.3.3 Conclusions: If we make a synthesis of both analyses (zonal and planar), we reach the con-
clusions summarized in Table 4: 
 

Table 4: Summary of analysis performed in both test configurations. 

Configuration Zonal test configuration 
 

Planar test  
configuration 

Areas classified as 
Category 2 

c35, c39, c41, c65 and 
c77 

c2, c21, c25, c36, 
c40, c41, c65 and c77 

Clusters classified 
as Category 2 - 1 cluster (near c2) 

 
 If the differences in this table seem minor, the consequences in terms of further investigat-
ions on them are very different: In fact, for any area or cluster in category 2 or more, further in-
vestigations are recommended. Therefore, considering the differences in distances between sen-
sors for both test configurations, it would be necessary to conduct these investigations on: 

• 5 areas of 58 m2 or 290 m2 for the zonal test configuration  
• 8 areas of 21 m2 or 168 m2 for the planar test configuration (in fact, the surface would be 

lower, since the sensors are closer to each other near the poles of the spherical tank). 
On the other hand, it is important to note that the information from these two tests is not identi-
cal: For example, areas c2 and c21, classified in category 2 with the planar test configuration 
(including a cluster classified in category 2, near c2) will not undergo any further investigation 
after the AE inspection carried out with the zonal test configuration. 
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A.4 Effect of acquisition threshold on the results of AE monitoring 
 
 Based on the case discussed above, we adopt, in this section, an acquisition threshold of 40 
dBAE (instead of 50 dBAE in the previous sections). The test configuration is the one that uses 77 
sensors (planar test configuration). Anxious to achieve the testing of this spherical tank in the 
best detection conditions, CETIM had adopted this acquisition threshold value, allowing a better 
detection without being disturbed by environmental conditions. The analysis follows the same 
pattern as in the previous section, under GBP requirements: First, zonal location analysis, and 
second, analysis of the located AE activity. 
 
A.4.1 Zonal location analysis: The zonal location analysis is identical to that conducted in A.3.1 
for the planar test configuration. Indeed, the zonal location analysis, as defined in the GBP, takes 
into account only the events of magnitude greater than or equal to 50 dBAE. The conclusions of 
the analysis are identical to those in A.3.1. However, we note that approximately 11,500 events 
were recorded at acquisition threshold of 40 dBAE, vs. about 2500 for a threshold of 50 dBAE. 
 
A.4.2 Planar location analysis: The analysis in planar location provides different results from 
those described in A.3.2, because the location capability is enhanced by the lower acquisition 
threshold used. Figures 9a and 9b illustrate the located AE activity on both hemispheres. In this 
case, the number of located events is: 
• On the lower hemisphere, 460 vs. 139 AE events observed with a threshold of 50 dBAE, and 

37 with the zonal test configuration, 
• On the upper hemisphere, 440 vs 144 events observed with a threshold of 50 dBAE, and 45 

with the zonal test configuration. 
Therefore, lowering the threshold from 50 to 40 dBAE will have multiplied by 3 the number of 
located AE events; In this configuration, we get about 10 times more located events than zonal 
test configuration. 
 

The information obtained is more extensive with a threshold of 40 dBAE: 24 clusters of more 
than 5 events are identified, vs. 5 with a threshold of 50 dBAE. The information obtained with a 
higher threshold is included at a lower acquisition threshold, but this information is amplified. 
For example, the cluster located near c2, which does not appear with the zonal test configuration, 
is identified as having 12 events with the planar testing configuration (50 dBAE threshold), and 
becomes a region with 55 events by lowering the acquisition threshold to 40 dBAE. 

 It is important to note that using a lower acquisition threshold allows more explicit informa-
tion: For example, the area of sensor c21, classified in category 2, did not have any cluster identi-
fied with a threshold of 50 dBAE. Lowering the threshold has highlighted a cluster in this area. 
Another example: a located high activity area (15 events) appears between sensors c16, c27 and 
c28. This active region was not detected with a threshold of 50 dBAE, and it did not belong to a 
category-2 area. 
 
A.4.3 Conclusions: The acquisition threshold is a fundamental parameter of an AE test. The ex-
ample of the real case shows that lowering the threshold from 50 to 40 dBAE amplifies the infor-
mation picked up by a factor of three.  A volume of information three times larger allows greater 
accuracy in diagnosis, and therefore a smaller area of investigation for possible additional test-
ing. The effect of the acquisition threshold is not taken into account in GBP, which imposes a 
'maximum' acquisition threshold, not to exceed. The zonal analysis is still limited to AE events 
 



 

 23  

 
Fig. 9a: Upper hemisphere, planar test configuration (Acq. Thr. = 40 dBAE). 

 

 
Fig. 9b: Lower hemisphere, planar test configuration (Acq. Thr. = 40 dBAE). 

 
of magnitude exceeding 50 dBAE, and analysis of located AE events has the same criteria, re-
gardless of the threshold used for acquisition. 
 
A.4.4 What is the interest of increasing the sensitivity of a testing? Additional checks (penetrant 
testing, magnetic particle testing, ultrasonic testing) were made following the AE results (real-
ized with the planar test configuration, with a 40 dBAE acquisition threshold), on a majority of 
the emissive regions. It was found that 8 of the tested areas (clusters) showed significant indica-
tions (acceptable for the most part according to codes, unacceptable for the others). None of 
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these regions would have been the subject of further investigations following the AE test carried 
out with the zonal test configuration (22 sensors). Only one of these regions would have been 
investigated following the AE test with the planar test configuration (77 sensors), with an acqui-
sition threshold of 50 dBAE. 
 
 This example shows that an application guide such as GBP in France, or other guides sub-
stantially equivalent in other countries do not allow reproducibility of AE testing, authorizing 
very different test configurations, whose differences are not taken into account in the analysis 
and interpretation of data recorded. So, being in accordance with such a guide does not guarantee 
the relevance of the result. 
 
A.4.5 Comparisons with simulation calculations The simulation calculations developed in Part 1 
[2], assuming a distribution amplitude of AE sources between 55 and 115 dBAE, showed that the 
effect of lowering the acquisition threshold from 50 to 40 dBAE for a planar test configuration, 
reduces the rate of non-detected sources by 3, and multiplies by 2 the rate of located AE sources. 
In the cases studied, we observed that the number of AE events (= detected sources) increased 
from 2500 to 11500, a ratio of about 4.6. The number of located AE sources has been multiplied 
by 3. Even if the results do not completely fit together, this shows that the assumptions used in 
the simulation calculations are however quite close to reality.   
 
B. Pathways of Progress in the AE Test Implementation - Recommendations for Develop-
ing a new Guide for AE application 
 
B.1 The necessity of a planar testing configuration  
 
 The analysis developed from numerical simulations or from real example (see preceding sec-
tion 'A') shows that the first parameter influencing the testing is the configuration; that is to say, 
the number and arrangement of the sensors coupled to the structure. On this point, too much 
flexibility is allowed under the current guideline because only ‘minimum’ rules are imposed. On 
the other hand, both techniques (planar location mode and zonal location mode) are allowed, 
with almost no impact on the methods and analytical criteria, which are the same in both cases. 
 

In order to make guideline meaningful, we should consider two new rules. The first rule 
needed is to reduce drastically the choice in the configuration of testing. That is to say, the dis-
tances between sensors have to be justified by demonstrating and overcoming the impact of the 
configuration adopted on the 'coverage level' of the structure. Given the large difference in per-
formance between the zonal and planar test configurations, it seems reasonable to recommend, if 
not impose, the second rule of using the planar test configuration. By the addition of these two 
rules, AE tests will be more reliable, precise and reproducible. 
 
B.2 Reference source 
 
 The term 'planar test configuration', which means that we are capable of carrying a planar 
location, is not sufficient to establish a strict framework. Indeed, the ability of a test configura-
tion to locate is evaluated for a given source type, characterized by power or amplitude. Thus, 
the Hsu-Nielsen source (0.5 mm-2H) is now taken as a reference. 

The comparison of data from simulation (see Part 1 [2]) with tests on real structures (unal-
loyed steel structure) tends to show that a distribution amplitude source centered on 85 dBAE is 
fairly close to experimental data. This shows that taking as reference the Hsu-Nielsen source (0.5 
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mm-2H), amplitude source between 95 and 100 dBAE is a minimum requirement of 'good super-
vision' of a trial. A source of lower energy, whose amplitude is closer to 85 dBAE could be taken 
as new reference. The integration of these requirements in a practice guide then will involve, 
from the end-users to justify its test configuration, firstly by providing the attenuation curve 
taken into account, and secondly by demonstrating, either by simulation or by experiment, that 
the tested structure is completely covered. The advantage of simulation is to highlight and iden-
tify the less-well monitored area, and to adopt compensatory measures if necessary. 

B.3 Simulation: A tool for evaluating a test configuration 
 
 The simulation also enable an evaluation of ‘performance’ of a given test configuration by 
calculating the percentage of detection and location of a reference population of AE sources 
(e.g., amplitude centered on 85 dBAE, between 55 and 115 dBAE). Simple and synthetics criteria, 
such as the rate of detected sources, the rate of located sources, the overall error of amplitude 
measurement could be calculated. By the use of mapping (see e.g., Figs. 11a and b), it allows 
visualizing the sensitivity level of a testing. This assessment enables: 
• To compare quantitatively the performance of AE tests. Customers, users of this technology, 

and organizations using the results of a testing on one hand can take into account the quality 
level of a testing, and also ask, following the criticality of the tested device, a minimum re-
quirement, more precisely determined by these criteria. 

• To adjust classification criteria to the performance level of the test configuration adopted. 
Indeed, currently, no guide, standard or code does define the classification rule incorporating 
the 'coverage' testing. 

 
B.4 The advantage of the amplitude correction 
 
 The calculations developed in Part 1 [2] showed that taking into account the information 
from the location calculation, correcting the measured amplitude to reach the amplitude at the 
source allows appreciable gain in terms of accuracy of information: In fact, any located source is 
measured, in theory, without any error.  In the case studied [2], for a planar test configuration, 
the average error of amplitude measurement on the detected AE sources would decrease from 
26.1 to 14.7 dBAE (amplitude distribution of sources centered on 85 dBAE). This implies again 
that the test configuration should allow planar location as complete as possible, prohibiting the 
use of a zonal test configuration.  
 
 If we consider the case studied in Section A, we can observe (Figs. 10a and 10b) that the 
contribution of the amplitude correction modifies the information: For location tests with Hsu-
Nielsen sources (Fig. 10a), the amplitudes are measured between 50 and 90 dBAE (average value 
of about 70 dBAE). After correction, the amplitudes are between 80 and 107 dBAE (average value 
of 94 dBAE). We should find in theory the origin amplitude of a Hsu-Nielsen source, which is 
approximately 100 dBAE. The amplitude correction can result in an average value close to the 
theory, and concentrates all the sources in the range of 27 dB. Without correction, the amplitudes 
are spread over an interval of 40 dB, centered at 70 dBAE, which is 30 dB below the real value. 
 
 If we analyze the AE test results of this spherical tank during the pressure test (Fig. 10b), the 
amplitude correction changes the perception that we may have observed on the emitting regions: 
For example, the region 'D' has a maximum amplitude of 76.1 dBAE without amplitude correc-
tion, and the region 'K' 75.7 dBAE. After amplitude correction, the region 'D' has a maximum 
amplitude of 91.5 dBAE, and the region 'K' 104.1 dBAE. Their ranking (in terms of maximum 
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Fig. 10a: Tests of location from Hsu-Nielsen source. 

 
Fig. 10b: (bottom) Results of the pressure test. Comparison of measured amplitudes and cor-
rected amplitudes (planar test configuration). 
 
amplitude) is reversed. The information is much more relevant, without demanding excessive 
effort of analysis, in the case where the testing is implemented for a planar location. 
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In order to summarize the study developed in this article, and to show the great disparity in 
results of AE testing allowed by the existing guides, such as GBP in France, we can take the case 
of two active regions: 

 
Region K: 
- In the case of zonal test configuration, it is absolutely not detected and no inspection re-
quired after test. 
- In the case of planar test configuration, with an acquisition threshold of 50 dBAE, it belongs 
to category 2 (area of the sensor c40), and a cluster of 6 events appears (category 1). 
- In the case of planar test configuration, with an acquisition threshold of 40 dBAE, it belongs 
to category 2 (area of the sensor c40), and it is considered as an emissive region (cluster of 
17 events), classified in category 2 (with a ranking 4 / 11 of the emissive regions). 
- In the case of planar test configuration, with an acquisition threshold of 40 dBAE, and the 
use of amplitude correction, it becomes the 2nd most emissive region. 
This region, corresponding to a section of a vertical weld, has been inspected by ultrasound 
after the AE test. This revealed the presence of 3 internal indications, unacceptable under the 
applicable standards. 
 

Region D: 
- In the case of zonal test configuration, it is absolutely not detected and no inspection re-
quired after test. 
- In the case of planar test configuration, with an acquisition threshold of 50 dBAE, it is abso-
lutely not detected and no inspection required after test. 
- In the case of planar test configuration, with an acquisition threshold of 40 dBAE, it belongs 
to an emissive region (cluster of 5 events), classified in category 1 (with a ranking of 3 / 11 of 
the emissive regions). 
- In the case of planar test configuration, an acquisition threshold of 40 dBAE, and the use of 
amplitude correction, its ranking changes from 3 / 11 to 7 / 11. 
This region, corresponding to a section of a vertical weld, has been inspected by ultrasound 
after the AE test. This revealed the presence of 5 indications acceptable under the applicable 
standards. 

 
 These conclusions demonstrate first the benefit of using a planar test configuration, and sec-
ondly the contribution of applying the amplitude correction in the diagnosis. 
 
B.5 A correction factor: the rate of local coverage 
 
 Although the planar test configuration allows to locate AE sources at least equivalent to a 
Hsu-Nielsen source, it is however important to be aware that the coverage of a structure is not 
homogeneous. The simulations developed at CETIM by Catty and Pinto using the CASTOR® 
software (for the calculation of pressure vessels), as represented in Figs. 11a and 11b illustrate 
this inhomogeneity. In Fig. 11a, we can observe that in the zonal test configuration, the distances 
(distance from the sensor reaching the 3rd) are between 3.3 m and 9 m. Figure 11b (planar test 
configuration) shows that these values fall between 1.4 m and 4.4 m. 
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Fig. 11a: Coverage mapping in the case of zonal test configuration with 22 sensors. 

 

  
Fig. 11b: Coverage mapping in the case of planar test configuration with 77 sensors.
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This kind of picture, once interpreted, can prove that a Hsu-Nielsen source can be located 
anywhere with the planar test configuration, and on the contrary only on a limited part of the 
spherical tank (represented in blue in Fig. 11a) in the case of the zonal test configuration. We 
also note that the presence of nozzles (represented by a hole in Fig. 11b) can be taken into ac-
count. However, the modelling of the disturbance of acoustic waves caused by such obstacles 
must be refined. 

By recognizing this situation, inherent to the AE technique, we could act on the implementa-
tion of AE testing: 

- Avoid placing the 'critical' regions in the less-well monitored areas of the vessel. 
- Refine the diagnosis, for example, by adding an analysis parameter that would ‘evaluate’ 

the level of AE activity observed in a region compared to the minimum detectable. That 
is, a cluster with an average amplitude of 90 dBAE observed in an area where the mini-
mum detectable amplitude is 60 dBAE has necessarily been well detected and localized. If 
the same cluster is located in an area whose minimum detectable amplitude is 90 dBAE, it 
will be necessary to consider it differently. 

 
B.6 Conclusions: Towards an application guide based on planar location 
 
 The AE test aims to detect emissive phenomena in a structure under examination. Then, the 
central concern of an application guide should be the detectability of a potential active source. 
The current guides are, however, constructed from an 'instrumentation' approach. The recom-
mendations for implementing this technique and analysis criteria do not take into account (or 
only partly) what we must detect, but what one is capable of recording. For example, defining a 
criterion for counting the number of events exceeding a defined amplitude (N1S, N2S in GBP) 
does not provide relevant and reproducible information from one test to another, if we do not 
take into account, for example, the surface covered by a sensor. It would be necessary to rebuild 
a process from what is sought, meaning to ask the question: How can I be sure of detecting a 
source, with an amplitude at the origin of X dBAE, taking into account its position on the struc-
ture? For instance, the implementation guide should establish for each testing, the following 
phases:  
• Phase 1: From the geometry of the structure and attenuation of acoustic waves, defining a 

grid plan, justified by calculation or modelling. The proposed mesh must meet specific cri-
teria: Overall coverage rate, local minimum and maximum coverage rate, taking care to 
specify the source of reference taken for the calculation of these criteria. After this phase, the 
mesh being defined in terms of geometry, coverage surfaces of each sensor are known.  

• Phase 2: Defining criteria for zonal analysis related to the covered area and attenuation. This 
step consists in adjusting the criteria for zonal analysis to the specific case studied. We 
should remember that the adjustment of analysis criteria should allow treating each case the 
same way.  

• Phase 3 (instrumentation of the structure, preliminary verification, pressure test, post-test 
verification): The different phases are substantially identical to those currently practiced. 
However, special attention should be paid to the verification of the location. It is especially 
important to check the conditions of localization in the most penalizing regions of the struc-
ture, which are not necessarily located close to sensors (see Sections A.2 and B.5). This step 
must also verify that the process of amplitude correction permits to find the real source am-
plitudes (allowing a margin of error).  

• Phase 4 (zonal analysis): The analysis is globally identical to the one currently used. How-
ever, some of the criteria are poorly defined, such as, for example, estimating the evolution
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of the activity or the intensity, or Felicity ratio. This new version of the Guide (see Part 3 
under preparation) will lay down rules that will make the calculation of these parameters in-
dependent of the operator. On the other hand, more accurate analysis criteria will be defined, 
replacing the only 3 classes actually used.  

• Phase 5 (analysis of the located activity): This step necessarily incorporates the amplitude 
correction on the observed events. Specific criteria for this analysis will be integrated so that 
it is not confined to a single count of events, which is currently not identical from one testing 
to another, since it is related to the distance between sensors. Thus, criteria of density of 
events per square meter, average or maximum will be calculated to give a more physical 
sense to this analysis. 

The implementation of these changes should provide more reproducibility of AE testing, and a 
more relevant diagnosis.  
 
Conclusions 
 
 Acoustic emission is a unique method of testing, with great potential because it allows rapid 
diagnosis of large structures in a minimum time, enabling operators to minimize downtime of 
their facilities. All regulatory rules, codes and standards, which define the general application 
rules for this technique, authorize use of AE according to two methods (zonal location and planar 
location by triangulation). However, no comparative study of their performance, thus enabling 
their assessment, has been carried out. 
 
 The study described here from a real case shows that the differences of performance found 
between these two techniques are substantial, and therefore have a major impact on the results of 
a testing. Moreover, it shows that an application guide such as GBP does not implement repro-
ducibility of AE testing, allowing too diverse test configurations. Moreover their differences are 
not taken into account in the analysis and interpretation of data recorded.  So, being consistent 
with such a guide does not guarantee the relevance of the result.  
 
 Many ways of improvement exist, some of which are described in this article:  
• Reducing drastically the choice in the test configuration, such as the distances between sen-

sors, and better controlling the impact of the configuration adopted on the 'coverage level' of 
the structure,  

• Evaluating the performance of a given test configuration using simple and synthetic criteria, 
such as the rate of detected sources, the rate of located sources, the overall error of measure-
ment of amplitude, etc. 

• Systematically applying amplitude correction to make a more relevant diagnosis. 
• Taking into account the local rate of coverage in order to monitor most critical areas opti-

mally. 
• Adapting the analysis criteria to the test configuration, making these criteria closer to the 

structure. 
Finally, the results of this study show that using a test configuration for planar location method 
should be preferred. By increasing sensitivity and allowing the calculation of the real amplitude 
of an active source, it can greatly minimize the error levels on the measure, and thus the test re-
sults. 
 



 

 31  

 Backed by its experience, CETIM now plans to use these assessment tools and carry out 
well-controlled AE testing. Nevertheless, the professional guides, standards and codes should 
change so as to allow the industry to take advantage of the real potential of acoustic emission. 
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