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The primary goal of dynamic fatigue tests is to emulate the real time resolved fatigue behavior of 

rotor blades. For that purpose the rotor blade is loaded until damage like cracks and delamination 

occurs. These defects develop slowly in the beginning and increase successively up to critical levels. 

Therefore, the load spectrum has to be continuously adjusted when the damage indications occur. 

The use of acoustic methods and corresponding monitoring systems allows for the precise 

monitoring of the damage increase in order to conduct the experiment up to a total failure of the 

structure.  

For the test accompanying damage detection, the Fraunhofer IZFP Dresden has developed a 

combination of two acoustic methods:  the transmit-receive procedure Acousto Ultrasonics (AU) and 

the passive method Acoustic emission testing (AE).  

For structure monitoring, active (AU) ultrasonic waves excited by piezoelectric transducers or passive 

(AE) ultrasonic waves excited within the structure are used. The waves are detected by piezoelectric 

transducers. The range of transmission of acoustic waves in the rotor blade is limited by the damping 

properties of the blade material. The distances between adjacent sensors have to be therefore 

chosen according to the material properties. The IZFP Dresden offers an array sensor network of up 

to 64 sensors with spatial intervals of 3….5 m. It is especially suited for the monitoring of highly 

stressed parts like the web–bar connections.  

The challenges concerning the application of dynamic fatigue tests are to be found in the strong 

ambient noise level and the adverse acoustic properties of the composite materials. The acoustic 

measurement system developed by IZFP Dresden meets these requirements by high measurement 

dynamics, storage and assessment of the complete waveforms as well as by specific evaluation and 

tracking algorithms.  
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Task

• The primary goal of dynamic fatigue tests is to emulate the real time resolved fatigue behavior of rotor 
blades. For that purpose the rotor blade is loaded until damage like cracks and delamination occurs. 
These defects develop slowly in the beginning and increase successively up to critical levels. Therefore, 
the load spectrum has to be continuously adjusted when the damage indications occur. The use of 
acoustic methods and corresponding monitoring systems allows for the precise monitoring of the 
damage increase in order to conduct the experiment up to a total failure of the structure. 

The combined measuring method

• For the test accompanying damage detection, the Fraunhofer IZFP Dresden has developed a 
combination of two acoustic methods:  the transmit-receive procedure Acousto Ultrasonics (AU) 
and the passive method Acoustic emission testing (AE). 

• For structure monitoring, active (AU) ultrasonic waves excited by piezoelectric transducers or passive 
(AE) ultrasonic waves excited within the structure are used. The waves are detected by piezoelectric 
transducers. The range of transmission of acoustic waves in the rotor blade is limited by the damping 
properties of the blade material. The distances between adjacent sensors have to be therefore chosen 
according to the material properties. The IZFP Dresden offers an array sensor network of up to 64 
sensors with spatial intervals of 3….5 m. It is especially suited for the monitoring of highly stressed 
parts like the web–bar connections. 

• The challenges concerning the application of dynamic fatigue tests are to be found in the strong 
ambient noise level and the adverse acoustic properties of the composite materials. The acoustic 
measurement system developed by IZFP Dresden meets these requirements by high measurement 
dynamics, storage and assessment of the complete waveforms as well as by specific evaluation and 
tracking algorithms. 

 Case example:
chord fracture within 
the flapwise fatigue of a 
rotor blade

Combining the results of AT 
and AU method, rotor blade 
excitation edgewise (in 
direction of the rotor plane), 
black line: fissure of the 
trailing edge,

AT : blue - localizations of 
acoustic emissions (events)

AU : green - no change / red 
- damping of the AU signal

• The passive and the active method detect independently the damage evolution during the dynamic fatigue tests. 
The localized AE events monitor the current damaging process whereas the AU signals allow for the statements of 
the damage level.  

• Amplitude variations of the active AU measurements occur spatially in areas of enhanced AE event density. This 
indicates damages within the web-bar connection caused by consequential damages in the aerodynamic shell with 
specific rotor blade radii. Significant changes in the acoustic signature of the AU measurements coincide with 
simultaneous intense emissions events. 

.

Test stand at the IMA Material Research and Application 
Technology GmbH, color coded: Projection of the AE 
event density on the blade.

 During the fatigue the rotor blade broke 
the trailing edge chord after 680000 
oscillating cycles in the flapwise direction 
(perpendicular to the rotor plane).

 In the distribution of the acoustic 
emission events shown above, the 
fracture zone is flanked of areas that 
stand out for longer test periods by an 
increased acoustic emission rate.

 To find the causes of the break, six 
samples of each of the two fiberglass 
chords the intake side were analyzed 
with US- echo measurements. Shown 
below in B-scans are hidden undulations 
in the glass fiber composite of the 
chords.

 High acoustic emission event densities 
correspond with strong undulations. The 
load-bearing fiberglass chords of the 
rotor blade are particularly high load 
during the fatigue test with flapwise 
excitation. In areas in which undulations 
occur in the fiber composite of the 
chords, connected with cavities or voids 
resin, the material can not absorb the 
high shear and compressive stresses.

 In this case, the leading edge chord with 
more undulations could take less loads, 
than the more homogeneous trailing 
edge chord. The stiffer trailing edge 
chord broke in the area of the largest 
load increase at a very limited single 
undulation of fiber scrim.

 As shown in the middle figure showing 
location plot of the acoustic emission, 
wherein the oscillating cycles are color 
coded, the actual fracture events in the 
trailing edge chord occurred only during 
the last 20000 oscillation cycles.

eft: test stand at the Fraunhofer IWES Bremerhaven, right acoustic emission density on the temperature 
distribution at the end of the experiment

• The thermogram shows highly stressed zones within two adhesive surfaces, with the lateral position of crack 
braids, which were detected by the acoustic emission tests correspond.

Accumulation of AE acoustic emission events in a zone with externally visible
undulations of the GRP leading edge chord.

• Acoustic emission testing and thermography for use in dynamic fatigue
of rotor blade components

above: color-coded AE event-count

centered: color-coded oscillating cycles where AE bursts occurred

below: logarithmic acoustic emission event count on B-scans of ultrasonic echo 
measurements on GRP chord probs


