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Abstract 
The Material Testing Institute (MPA) at the University of Stuttgart performs various kinds of material testing and material 

research. Acoustic emission testing, as a non-destructive technique, is used to give a further insight into material failure. It 

is used to support standardised material tests like fatigue and fracture mechanics tests. In plant and civil engineering there 

are concepts where acoustic testing is used for monitoring of structures. All these applications have in common, to require 

highly individual setups and are complicated by difficult environmental conditions. Hydraulic machines for cyclic tests 

often generate a lot of additional noise which cannot be filtered using simple frequency filters. In plant environment the 

high temperatures and noise due to pressurised pipes offer additional challenges to the acoustic testing.  

This paper shows practical examples of acoustic testing under difficult conditions at different kinds of materials. Small changes 

in the test setups can lead to changes in the noise level. Additionally techniques to remove noise data from datasets will be 

applied. For high temperature application, the stability of sensors and couplants for long-term use has to be examined. First 

results from test for a joint project to install acoustic emission as monitoring system for pipes in a coal-fired plant will be shown. 
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1.  Introduction 

The Material Testing Institute (MPA) at the University of Stuttgart applies a broad variety of 

destructive and non-destructive testing at all kinds of materials used in civil and mechanical 

engineering. Acoustic emission testing (AT) is used to monitor destructive tests or for 

materials characterization. Examples for the activities of the MPA are shown in Figure 1.  

 
Figure 1: Acoustic emission applications at the MPA University of Stuttgart: Top left: materials 

characterization of Ultramid®; top right: burst experiment at pipe segment; bottom left: historical pillar; 
bottom center: monitoring of Humberbridge; bottom right: compression test at sea urchin spine segment.  
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For purposes in mechanical engineering, AT e.g. was applied to monitor burst experiments at 

steel pipes. Long fibre reinforced polymers were investigated during several fatigue tests to 

characterize the failure mechanisms [1]. For research in bionics, AT was applied during 

compression tests at sea urchin spines in the framework of a collaborative research centre [2] 

[3]. AT is also applied at structures in civil engineering and at historical structures [4] [5].   

In the future, acoustic emission will also be applied under hydrogen or helium atmosphere 

(Figure 2). In particular, material behaviour under hydrogen atmosphere gains importance as 

the importance of hydrogen as CO2-neutral alternative fuel increases with regard to climate 

change. In combination with other test stands at the MPA, it is possible to perform tensile test, 

fatigue tests, and fracture mechanics test to investigate material parameters under hydrogen or 

helium atmosphere up to 100 MPa. A temperature range from -100 °C up to 250 °C can be 

covered. The application of AT is a promising approach to detect crack initiation and crack 

growth at an early stage without interrupting the tests. It has to be investigated how the gas 

atmospheres, the high pressures and temperatures affect the acoustic emission sensors and the 

quality of the results of the AT.  

 

Figure 2: Test machine with autoclave for test under hydrogen or helium atmosphere. 

The application of AT to non-standardized test setups leads to a variety of difficulties. In the 

following section, examples for applications at high temperatures and in high noise 

environment are shown.  

2.  Acoustic emission at high temperatures 

The lifetime of components in coal fired plants is limited due to degradation mechanisms such 

as creep, fatigue and corrosion.  In order to reduce especially the effects of creep, the 

possibilities of reinforcement by encasing pipes in a ceramic fibre composite were 

investigated during a research project [6]. In a follow-up project, the practical application of 

these reinforcements during a field test under realistic conditions in the Large Scale Power 
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Plant (GKM) in Mannheim, Germany, will be researched. A pipe bend will be coated with 

aluminium oxide fibre reinforced polysiloxane, which proved its suitability as reinforcement 

in the preceding project. The pipe bend will then be installed in the GKM and exposed the 

operational pressures and temperatures for a runtime of one year. 

To monitor the material compound of pipe and coating, different measurement techniques 

such as resistance wires and strain gauges will be applied. Additionally, acoustic emission 

will be used to detect cracks in the coating material and the material compound. 

2.1 Lab Tests  

Acoustic emission testing (AT) will be applied during a whole year at the operational 

temperature of about 540 °C. A combination of high temperature resistant acoustic emission 

(AE) sensors and waveguides with conventional AE sensors will be used. The coupling of the 

acoustic emissions sensors and the waveguides on the ceramic surface is a difficult issue. 

There are different high temperature resistant adhesives, but the long term behaviour in regard 

to acoustic conduction is not yet known. Therefore, in preparation for the application in the 

power plant, different adhesives are tested on a material sample of the coating material. Metal 

plates and high temperature AE sensors are glued on the material sample and the quality of 

the coupling is tested using pencil lead breaks and ultrasonic pulses. The specimen is put in an 

oven at 540 °C for a long term test and the pencil lead breaks and pulser test are repeated at 

regular intervals. The long term behaviour of the adhesives will be known after the test 

period. Additionally, the long term behaviour of non-curing high temperature resistant 

couplant will be investigated. This type of couplant can be used for compressive coupling 

using heat resistant straps.  

Small scale tests at pressurized reinforced boiler tubes at operational temperature are 

scheduled before the field test. An example of such a specimen after testing in the previous 

project is shown in Figure 3. The fibre reinforced ceramic coating cracked due the failure of 

the boiler pipe. The scheduled small scale tests will be monitored by AT, too.  

 
Figure 3: Lab test specimen consisting of a coated boiler pipe after loading 

2.2 Field test 

The field test is scheduled to start in the summer of 2017. For this test, a pipe bend with 

a nozzle and changes in pipe diameter will be coated and installed in the GKM. The coating 

will be done by other institutes participating in the research project. The mounting of the 

acoustic emission sensors will be done after the manufacture and coating of the pipe bend. 

The field test will be running for one year. The material compound, investigated in the 

previous project is shown in Figure 4. The focus of the current project lies on the 

development of techniques for practical application in existing power plants.  
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Figure 4: Scheme of a steel pipe with ceramic fibre composite coating. 

3. Acoustic emission in noisy environment 

Fatigue crack growth tests are a common technique to derive the material parameters stress 

intensity factor K and fatigue crack growth rate da/dN which describe the fracture toughness 

of materials [7]. In these tests, a precracked test specimen is put under cyclic loading and the 

crack length is recorded. For the tests that will be discussed in this paper, compact tension 

specimens, described in ASTM standards [8], were used.  

In addition to the crack length, acoustic emissions were recorded by two acoustic emission 

sensors placed on the test specimen. Two types of tests were performed, a test with constant 

cyclic load to determine the fatigue crack growth rate da/dN, and a test with stepwise 

decreasing cyclic load  to determine the threshold for fatigue crack growth ΔKTh. The 

acoustic emission sensors on the test specimen installed in the test machine are shown in 

Figure 5. 

 

Figure 5: Test setup of AT during fatigue crack growth tests. 
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The cyclic loading was applied by a servo-hydraulic test machine.  Servo-hydraulic machines 

tend to generate machine noise that disturbs acoustic emission tests. In addition to the 

machine noise, electric noise from the local power grid was recorded. The electric noise could 

be eliminated by grounding of the acoustic emission system to the machine. The noise 

generated by the servo-hydraulics was recorded directly on the machine with an additional 

acoustic emission sensor.  

In Figure 6, the acoustic emission data recorded during a ΔkTh test is shown. Blue and green 

crosses correspond to the amplitudes vs time of the events recorded by the sensors on the 

specimen. The red crosses show the amplitudes vs. time recorded on the machine. 

The test duration was nearly 70 hours. Due to a high noise level caused by the machine, the 

threshold for channel 1 and channel 2 (both on the specimen) had to be set to the relatively 

high value of 54 dB. The threshold for channel 3 (on the machine) had to be chosen even 

higher. After 25 hours the noise level increased significantly. A great amount of acoustic hits 

were recorded. The highest amplitudes were recorded on channel 3. The increase in acoustic 

noise intensity can be attributed to the reduction of load magnitude on the test specimen. The 

servo-hydraulic has to readjust more often for smaller loads and generates higher machine 

noise. 

 
Figure 6: Amplitudes vs. time of the acoustic emissions recorded during ΔKTh test. 

Channel 3 could be used to reduce the noise data in the dataset during the event building in 

the postprocessing of the data. The event building links the acoustic hits of the three channels 

that are caused by the same acoustic event in the material. If the first hit was recorded on 

channel 3, the whole event was filtered out of the dataset.  

The filtering was successful for this test. In Figure 7 the acoustic events after filtering are 

displayed as blue dots together with the dynamic force amplitude (green line). Most of the 

machine noise could be eliminated using this method. The amplitudes of the recorded acoustic 

emissions decrease over time, following the reduced load amplitudes. 
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Figure 7: Filtered acoustic emission data recorded during ΔKTh test. The cyclic load magnitude is 

displayed as green line. 

 

Following the same setup, acoustic emission was applied during a da/dN test with constant 

dynamic load amplitude (Figure 8). Again, machine noise was recorded during the whole test, 

but the noise level remained constant as the load amplitude was constant. After 24 hours 

a pencil lead break test was performed to verify sensor mounting. This caused the high 

amplitudes recorded on all channels.  

 
Figure 8: Amplitudes vs. time of the acoustic emissions recorded during da/dN test 

The same filters used during the ΔKTh tests were applied to the data, and a lot of machine 

noise was eliminated (Figure 9). It can be seen that after 29 hours of test there is a significant 

increase in acoustic activity and intensity. After 35 hours the activity decreases, but the 

amplitudes of the acoustic emissions seem to increase slightly. Unfortunately it was not 

possible to link this increase to a significant change in the crack growth rate. Further 

investigations during da/dN tests are planned to gain a deeper insight. Due to the high 
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machine noise, data interpretation is difficult in this test setup. The change of the test machine 

will be reasonable.   

 
Figure 9: Filtered amplitudes vs. time of the acoustic emissions recorded during da/dN test 

4. Summary 

The MPA at the University of Stuttgart is one of the leading institutions in Germany for 

materials characterization and materials behaviour, using a wide range of experimental 

methods. This provides a large variety of applications for AT as well. A couple of these 

applications were presented in this paper, ranging from mechanical engineering and civil 

engineering to cultural heritage and bionics. The focus in this paper was put on applications 

that are complicated by difficult environmental conditions.  

The first attempts to implement AT in a monitoring system for material compounds in coal 

fired power plants were shown. Further investigations, including a long term field test, will 

prove the suitability for the application at material compounds in power plants.  

The second topic of interest in this context was the application of AT during fracture 

mechanics test with a great amount of machine noise. It could be shown that a lot of 

improvement can be reached by the use of a guard sensor to filter the data and reduce the 

noise level. The experience gained in these tests can be used to develop suitable filtering 

techniques to eliminate the noise from signals recorded in other noisy environments, such as 

power plants.  

The MPA offers unique test facilities, such as testing under high-pressure hydrogen 

atmosphere, and will expand its activities in materials characterization in the future by 

collaborations with partners from industry and research institutes.  
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