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Abstract 
 

Since 1977 the TÜV Austria (till 1990 TÜV Vienna) has tested different pressure equipment 
with acoustic emission. The aims for these tests have been different for various applications such 
as: first hydrotests, requalification tests of pressure containments, leak detection and the detec-
tion and evaluation of corrosion. The different equipment technologies shall be mentioned and 
their influence on the test results shall be pointed out. As examples for successful applications 
the following test objects shall be mentioned: 

• Gas storage spheres, 
• Flat bottomed storage tanks (leakage and/or corrosion testing), 
• Steam drums (dryers) in paper mills, 
• Leak detection with an acoustic pig, 
• Automatic testing of receptacles during the filling procedure,  
• Corrosion tests of oil tankers. 
The importance of standardization beginning within the EWGAE, and now with CEN/TC138 

WG7 "Non-destructive testing - Acoustic Emission Testing" as an accepted method in Europe 
will be pointed out. At the end the rules for the training and certification according to the EN473 
and their implementation within the three NDT societies from Germany, Austria and Switzerland 
will be presented. The three societies give common training courses and certification examina-
tions. 

 
An outlook in the future of the on-coming application, based on EC funded project, shall be 

provided. This outlook will show that AE testing will become in the years ahead more and more 
important for the competitiveness of the European industry to make the inspection of pressure 
equipment cost-effective and safe. 
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Introduction 
 

Since 1977 the TÜV Austria has tested different structures, especially pressure equipment, 
storage tanks and pipelines with acoustic emission. Till today more than 30.000 different struc-
tures were tested and although the methodology has changed tremendously over the time I will 
review some typical applications, which were performed in the last 30 years. During this survey, 
I will point out the different technology and equipment used. Especially the rapid development 
of the electronic data acquisition and treatment has changed the possibilities and application of 
AE testing tremendously. 

 
Our first contacts with AE were in 1975, when TÜV was nominated from the Austrian gov-

ernment to supervise the AE testing of Exxon Nuclear (with Dwight Parry) of the pressure vessel 
of the Austrian nuclear power plant at Zwentendorf. Two years later, we started our first own 
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measurements with an Exxon Nuclear 2-channel equipment on different small structures even in 
the above-mentioned nuclear power plants. Our main tasks were pumps, penetrations through the 
pressure containment, valves and other installations. Although this equipment had no real-time 
data storage and mainly engaged to collect AE hits, it provided a t-measurement for linear loca-
tion. With this tool, we were able to detect and also roughly locate different defects, leaks and 
non-reported repairs in the tested structures. Even then, perhaps more so, it was very important to 
combine the AE results with other information of materials science and conventional NDT appli-
cations. Based on the meaningful results, we decide to buy a 24-channel equipment from AE 
International (Richland, Washington, USA) in 1979. With this system, we were able to acquire 
and process data coming from 4-channel arrays. The analog information was stored on a multi-
channel tape recorder with a dynamic range of 26 dB at 100 kHz, which was at that time remark-
able [1], although this would for some of colleagues sound like a tale from the Stone Age. With 
this equipment we reached a complete new stage in the application of AE. 

 

  
Fig. 1: Storage sphere (left) tested with acoustic emission; location map of acoustic emission test 
with active areas indicated by colored rectangles (right) at weld seams of the sphere. 
 
Examples over the Years 
 
Gas storage spheres 

In 1979/80 the Viennese gas supplier built 2 natural gas storage spheres with a diameter of 32 
m and a service pressure of 1 MPa [2]. The hydrotests before service were monitored with AE, 
where we found stress concentrations based on improper welding, because parts of the sphere 
with different wall thickness were not welded according the neutral phases. Both spheres have 
had small inside-surface cracks, mainly caused by the bending over the support during filling. 
Although all welds had to undergo an NDT before the hydrotest, one big slag-inclusion was de-
tected and located and has to be repaired. 

 
It was remarkable, that we found many problems in the spheres, although the contemporary 

AE equipment had only a few features. This shows, that the normal hydrotest with its binary 
information (pass or not) is not a sufficient acceptance test for pressure equipments. The repeti-
tion tests every 6 years with different AE technology verified the results.  

 
We have monitored during pneumatic loading two gas storage spheres of 33-m diameter at 

West Berlin in 1982, and in 1991 a natural gas storage sphere with 39-m diameter at service 
pressure of 1.2 MPa (the biggest storage capacity for natural gas within Europe). The AE tests 
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were performed mainly for safety reasons (early alarm tool) as the structures were situated within 
a residential area, but also its NDT ability was used [3]. See e.g., Fig. 1. 

 
Leakage testing of flat bottomed storage tanks 

In 1981, we started, after laboratory tests and on-site trial tests, AE monitoring of the flat bot-
toms of storage tanks for leaks [4-6]. This testing method uses the turbulences of the fluid media 
in the gap and some secondary effects between the bottom and the basement. Over the time, we 
tested more than 300 tanks and were able to improve the method, especially for the discrimina-
tion between leak source and background noise and also developed special location software. In 
those days, every test was a combination (comparison) of a low-liquid level (1–2 m) and high-
liquid level (nearly full) test. 

 
A good example for the successful application of the method was the leak within the bottom 

of a product tank. This was not detected even by vacuum boxes and could only be verified by 
penetrant testing (PT) of the weld between the sump and the bottom.  Further development of the 
method led to the application of the cross-correlation method, which also gave us the opportunity 
to use the continuous AE for the detection and location of leaks.  Some changes in the Austrian 
legislation and the demands of the customer to get more information about the status of the bot-
tom led to the development of the corrosion testing, within an European Commission (EC) 
funded project in the second half of the 1990’s. See Fig. 2. 

 

 
Fig. 2: Leakage testing of storage tanks; AE sources indicate position of leakage. 

 
Corrosion testing of flat bottomed storage tanks 

Beside the prevention of leaks, the corrosion problem was a pressing problem for the petro-
leum and petrochemical industry. Because it seems to be possible, but not proven, that corrosion 
can be detected with AE, the TÜV Austria together with a consortium of Vallen Systeme, (AE 

L 
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equipment manufacturer), CISE (AE testing company) and Shell Global Solution and Dow Ger-
many (Tank user) proposed in 1995 a research and development project to the EC, which was 
accepted in 1997. 

 
By extensive research works during laboratory tests and real tank tests, the consortium was 

able to prove, that corrosion and leakage can be detected but it is also possible to distinguish both 
types of AE sources. To make the distinction, the normal AE parameters were inadequate. There-
fore, we applied a frequency-domain pattern recognition system (VisualClass®) on the complete 
transient time signal. Based on the different physical events, the system was able to distinguish 
the different signals on a statistical basis. Of course, beside the pattern recognition additional 
filter criteria have to be applied on the whole data set. (Fig. 3) 

 
Within the EC-funded project, which was completed in 2000, we could develop and validate 

this testing method. But the results showed that the AE testing has changed from a method, 
which was only counting hits, events or threshold crossings to a sophisticated method, where the 
data processing replaced more and more the experience and “feeling” of the test operator [7]. 

 
From now on, the flat-bottomed storage tanks in some refineries, tank farms and chemical 

plants will be tested regularly for corrosion and leaks. By testing several hundreds of tanks the 
necessary database will be enlarged permanently and testing method will be accepted by more 
and more authorities [8, 9]. 

 

 

 

Fig. 3: Sensor layout for storage tank testing (left) and results obtained with only bottom row 
(red column, right) and with two rows of sensors (no indication, far right). With the arrangement 
in two rows it is possible to prevent the test result for the tank bottom from being flawed by cor-
rosion of the floating roof. 

 
AE testing of dryers (steam drums) in paper mills 

For a long time, the paper mills have had the repetition of problems with their dryers tested 
by hydrotest and inside inspection. Problems increased more and more due to the enlarged pro-
duction output. The higher rotation speed and higher temperature led also to a smaller wall 
thickness and resulted in damages to bearings, un-roundness and balance of the dryers during the 
hydrotests. If the cylinders have to be removed for the test, these resulted in shut-down periods 
of several weeks, which was unacceptable for the production. We started to develop a more so-
phisticated testing method than the hydrotest by the application of AE during a pneumatic load-
ing of the drums in their normal service position [10, 11]. The AE testing was inserted as a pre-
warning system for the pneumatic loading and also as a powerful NDT method, with a rough 
location based on a linear location. This became necessary due to the restricted accessibility of 

 

2nd row sensor 

Bottom row sensor 
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the surface of the drums.  During a shut-down period of 24 hours with AE testing, 6 to 8 cylin-
ders can be tested. This brought not only big advantages for the performance of the paper indus-
try, but a substantial gain for the safety was achieved. Defects, which were not detected during 
the conventional testing method, are now detected by the AE testing. (Fig. 4) Beside cracks, 
cavitations and corrosion attacks, we found also cracks in the balance weights. If these defects 
remain undetected during the shut-down period, these weights could destroy several cylinders 
during the subsequent service periods with further incalculable consequences.  

 

  
Fig. 4: Testing of steam drum with AE sensor installation (left); Erosion found after entering 
into the steam drum due to indications obtained by AE measurement (right). 

 
Leak detection Pig (ALARM) 

In the early 1990’s, we started with the OMV to develop a leak detection pig for diameters of 
100 mm and up. This development was done for the connection lines between the refinery and 
tank farm of OMV. See Fig. 5. A pig has always the advantage, because it carries the sensor 
close to the AE source (leak) and gives the opportunity to check the pipeline in-service. After 
pre-tests in the laboratory and on a test rig, test runs on real pipelines with artificial leaks were 
done. The worst-case leak (drilled hole) sensitivity of the pig is 5 l/h at a minimum pressure of 
300 kPa. Since 1994, the pigs (different modules for different diameters) run regularly on the 
OMV pipelines [12]. At a service for the Pinghu Oil & Gas field, near Shanghai (China), on a 
transmission line between on-shore and an off-shore loading platform over a length of 360 km, 
we detected 2 leaks and located them with an uncertainty of less than 1o/oo. This allowed the cus-
tomer to repair these defects in welds. 

 

  
Fig. 5: Receiving pig trap off the coast of China (left) and indications of two leaks obtained by 
one pig run (right).  
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Automatic testing of receptacles during filling 

Together with the gas distribution company Messer Austria, we developed a brand new test- 
and filling bench. Instead of testing the receptacles by a hydrotest, the tests will be performed 
automatically during the filling operation. The test rig allows overfilling the bottles up to 1.4 
times of the service pressure. The whole period of this action will be monitored with 2 sensors 
each and the evaluation and stop criteria will be checked automatically from the computer ac-
cording a pre-defined procedure (Fig. 6-right).. The criteria, which are established during lab-
tests, are locked and can be changed only with our password. All rejected receptacles will be re-
tested manually to identify the reason for the test-stop and undergoes a follow-up [13-15]. 

 

 

 
 

Fig. 6: AE testing on gas cylinders, 12 cylinders are tested simultaneously by pressurization with 
gaseous product (left), laboratory tests of fatigue cracks till burst with hydraulic pressurization 
for establishing a set of testing parameters (right top and bottom). 

 
Detection and localization of corrosion attack on ship tankers 

Based upon the application of AE testing for flat-bottomed storage tanks and horrible ship 
disasters in the last several years, e.g., Erika, Prestige, Napoli, which devastated hundreds of 
kilometers of the coast of Brittany, Galicia etc., we launched together with Vallen Systeme 
(Germany, equipment manufacturer) and four Polish companies, Gdansk University of Technol-
ogy, Polish Registration society, Institute for Applied Sciences and Maritime Institute of Gdansk, 
an R&D project funded by the European Commission for detection and localization of corrosion 
attack on ship tankers. 

 
The aims of the project were  

• a permanent testing with an installed system, which will acquire the data during the shipping 
conditions and measure on-line the status of the structure and 

• a spot-testing, which can be applied on ships in the harbor or on the anchor place before dis-
charge. 
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Both systems have had to overcome the problems with the rough sea environment.  Based on 
laboratory tests and background measurements on real ships (naval and commercial tankers), we 
found out that it is possible to distinguish the AE coming from corrosion and AE produced from 
shipping actions with different filter steps - frequency, localization and pattern recognition [16]. 
We demonstrated that we are able to detect “real corrosion sources” within ship tankers under 
normal shipping conditions (Fig. 7). For these measurements, it was necessary to develop intrin-
sically safe, explosion-proof sensors, which were certified for zone 0 according the European 
directive and approved from a shipping classification society [17]. 

 
The spot testing was solved with a new multi-element sensor (holder with 4 sensing ele-

ments; see Fig. 7-right), which was able to detect but also locate the direction from the incoming 
AE wave. This was a further advantage of this project and the application of this sensor type 
shall also be used for tank testing on-shore. 

 
The project was finished in July 2006 [18]. Nevertheless, further investigations for ship cor-

rosion become necessary, because the current technique acquires only those corrosion signals, 
which are in contact with liquid. A very important part for the integrity of a vessel is the deck, 
which at the moment cannot be checked. 

 

  
Fig. 7: Oil tanker towed to the mooring buoy at an oil field off the coast of Poland (left), cargo 
tanks have been tested with a multi-element sensor (right) which was lowered down through 
deck opening and then immersed into the crude oil. 

 
Standardization 
 

Over the decades, the application of AE testing as an NDT method changed completely. At 
the beginning, it was an exotic method, which was applied only for very specific problems, and 
also the confidence on the results was limited, although AE testing has often demonstrated their 
ability and reliability. Now based on all further developments, AE testing became more and more 
an accepted and regular NDT method. But such a method needs beside the technical excellence:  

• standardization of the method and their application and 
• trained and certified personnel, which has to be demonstrated against a commonly ac-
cepted standard. 

 
Based on these demands, the test method made a big step forward, when the CEN/TC 138  

“Non-destructive Testing” established the Working Group 7 “Acoustic Emission” [19] for the 
development of basic standards for the method (terminology, control of the used equipments and 
general principles of the different possibilities of applications). Since then, the WG7 developed 
many standards, which sometimes are now under review.  
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The finalized standards are: 
• EN 1330 – 9 “Terminology used in AE testing”, 
• EN 13477 -1/-2  “AE testing-equipment characterization and control of their abilities”, 
• EN 14584 “AE testing of metallic pressure equipment – planar location”, 
• EN 15495 “AE testing of metallic pressure equipment – zone location” 
and the following work items are under preparation; 
• WI 00138140 “Corrosion detection on flat-bottomed storage tanks” 
• WG7 NWI 607 “AE testing of fiber-reinforced plastics”. 
 
As important as these standards were, it was crucial that AE testing was included in the 

EN 473, which regulates the qualification and certification of the test personnel, and establish the 
abilities and allowances of the different 3 levels of AE testing personnel. The new EN 473:2007 
or 2008 requires also a common training content all over Europe in TR 25107 “Guidelines for 
NDT training syllabi”. Although training and certification do not guarantee producing excellent 
AE testing personnel, it is an important basis for the further training on-the-job, which has to be 
performed in the respective testing organization [20]. 

 
Beside these bundle of standards of the methodology AE testing has been introduced to dif-

ferent product standards in normative and informative annexes, like 
• EN 13445 – 5 “Unfired pressure vessels, Testing and Inspection”, 
• EN 12817/18 “Inspection and re-qualification of LPG tanks up to 13 m3” and 
• EN 14334  “LPG road tankers”. 
 
All these standards give, beside the guidance for the application and the test performance, 

criteria and rules for evaluation, real-time control and source-severity grading. Nevertheless this 
is the weakest point of these standards, because the specific numbers and other qualitative 
threshold are based on the experience of the test organization and/or have to be defined in the 
product standards. It is obvious, that these test organization, which has a large database for many 
different test objects will not give them just for free to other competitors. This is a problem, 
which has to be solved hopefully in the years ahead. 

 
Conclusions 
 

The test history over the last 30 years showed, that acoustic emission was and is still a very 
prospective testing method. Although it is not a classical non-destructive test method, I think we 
shall require from it the same rules, which are taken into account for all other NDT methods. 

 
• AE testing shall be only applied by qualified and certified test personnel, and has to be im-

plemented in a test organization with a quality management system in accordance with 
EN/ISO 17025 and EN 473. 

• AE testing shall be performed according to specific EN standards (process and/or product 
oriented), if available, or the method including the evaluation criteria have to be validated 
according to the specific EN or other international standards. 

• AE testing has to be used only by well equipped and well experienced test organizations, 
which have available the specific database for the respective test object or has performed 
the necessary number of pre-tests on specific test samples. This is one very important re-
quirement, because according to our experience every test object is unique in its AE behav-
ior. 
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If these requirements are fulfilled AE testing will be and become much more in the future a 
real-time NDT, which will not only more time saving and cheaper than other testing method, but 
it will increase the safety of the structure and will be an excellent tool for the fitness for purpose 
for the structures. 
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