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Abstract:  

Fiber reinforced composites are often used in actual light weight structures applications like 
structural components for automotive or rotor blades for wind turbine power applications. The 
reliability of those components are of great importance for safety relevant areas. The lifetime 
of the components are affected by damages like fibre cracking or delaminations which can 
lead to early failure of the overall structure. The acoustic emission testing is well accepted for 
static or dynamic testing of fiber composite components since fiber breaks and delamination 
processes cause high energetic acoustic emissions. The challenge lies in the application of 
the method during field measurement tests like filtering any indications caused by the noisy 
environment and the development of special condition monitoring hardware which allows the 
instrumentation of rotating wind turbines. Damage evaluation parameters like the weighted 
peak frequency were evaluated during tensile lab test and full-scale fatique tests and 
subsequently transferred to real operation of wind turbines. Results from field operation of 
several systems on wind turbine power blades will be presented and discussed. 

1. Introduction 
 

Fibre composites as used for the construction of rotor blades are constructed based on the 
principle of material science especially continuum mechanics and the well-known material 
characteristics of the single components. Nevertheless, a pre-damage or an actively 
introduced failure during operation may shorten the life time significantly and question the 
original material design. 

The non-destructive testing of these materials is challenging. Despite to the standard visual 
testing, the proposed technique of acoustic emission testing (AET) may also detect damages 
in the material which are not visible from the outside. Specific acoustic emission parameters 
may serve as early warning factors since especially fibre breakage and delamination course 
strong acoustic emissions. 

The technique of AET is based on the fact, that dynamic dislocations in the nm range can be 
detected on the surface of loaded objects by highly sensible piezoelectric sensors in the 
frequency range of 10 kHz – 1 MHz. The dislocations on the surface are caused by acoustic 
waves by short time and very small material dislocations due to micro crack development, 
crack growth, friction, delamination, matrix cracking etc. 
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Sensors have to be adapted to the characteristics of the material. Delaminations can be 
commonly detected up to 150 kHz, fibre debonding or cracks show significant higher 
frequencies. Any noise has to be filtered by band pass filtering. To determine electromagnetic 
noise, several sensors have to be applied to the testing object to differentiate between the data 
signal and noise. 

2. Description of work 
 

Tensile bending test 

The 14 probes were manufactured at the project partner cp.max Rotortechnik and refer to real 
materials from rotor blade manufacturers regarding the layer design. During the experiments, 
the analogue signals of the force were monitored continuously during the experiment. The 
probes were instrumented with sensors developed at the Fraunhofer IKTS KAR601S which 
are adapted to the needed frequency range. Four sensors were positioned at the upper and 
lower border of the probe (as shown in Figure 1) to get redundant information in order to 
exclude noise. Furthermore, during the experiments an in-house developed measurement 
system MAS (Multi-Channel-Acoustic-System) was used for the data acquisition. These 
experiments were conducted at the project partner IMA Dresden.  
 

 

Figure 1: Tensile testing at the moment of failure - Probe CP01 [3] 
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Full scale rotor blade test 

Beside the lab testing, also a full scale dynamic fatique test took place. These experiments 
were conducted at the project partner IMA Dresden with an optical fibre measurement system 
(Teletronic Rossendorf) which can also be used at a rotating wind mill despite the lightning 
issues.  

The rotor blade was instrumented with 24 acoustic sensors as shown in Figure 2. 

 

 

Figure 2: Spatial distribution of 24 acoustic sensors in the rotorblade 

3. Discussion 

Tensile tests 

Figure 3 shows the characteristics of the location of the traverse during the experiment which 
increases due to weakening of the material. The size of the circles of the events in magenta is 
proportional to the energy of the burst signals. The diagram also shows the curves of the 
cumulated number of events in black and the cumulated burst energy in blue. The green curves 
allow for the estimation of the burst energy at the single experiment time intervals. As it can be 
seen, the experiment was stopped. During failure, the location of the traverse and also the 
burst energy increase significantly.  

Figure 4 shows a summary of all measured probes which allows a clustering and therefore an 
evaluation of the damage mechanisms. The clusters in the parameter space of weighted peak 
frequency and partial power (150-300 kHz) display various source mechanisms and failure 
types. Low values of WPF <150 kHz are mainly caused by matrix failure / delaminations / 



 
 

4 
 

friction processes, whereas high values of WPF >150 kHz are mainly caused by fibre matrix 
failure and fibre breakage [1,2].  

 

 

Figure 3: Results for the Probe CP01 - Displacement (red), Source location (magenta) [3] 

 

Full scale rotor blade test 

During the fatique test, the rotor blade failed completely due to a transversal crack at R=18m 
Figure 5. The located events are shown in Figure 6. At the location of failure, little activity is 
shown. Therefore, clear indications are presented on both sides of the crack (diagonal 
structures). They indicate that those areas have to compensate the missing load bearing 
capacity in the failure area and loaded beyond the load they are designed for. To give a 
better insight, the following diagrams (Figure 7, Figure 8) show all events and the absolute 
power occurring at certain radii. It can be seen, that in the crack area which is marked with a 
vertical red line, no indications are shown. Nevertheless, at the radii of the diagonal failure 
zones, clear indications are found. Looking at the time scale, the failure can be determined at 
about 34000 cycles since the energy increases there significantly. 
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Figure 4: Partial power of the burst signals against their the weighted peak frequency (WPF)[3] 

 
Figure 5: Medium chamber: transverse crack and failure of both spar caps at R=18,1 m 
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Figure 6: Overall view of the rotor blade with the cumulated event distribution depending on the load 
cycles (purple: early, red: late during the experiment) 

 
 

Figure 7: Events located over the radius and the load cycles 



 
 

7 
 

 
Figure 8: Absolut energy located over the radius and the load cycles 

4. Conclusions 

The paper deals with investigations on GFRP structures like rotor blade materials. Tensile tests 
have been carried out on 14 tensile probes. The results give the possibility to differentiate 
various failure types. Only a medium cluster cannot be clearly correlated. 

Furthermore, a full size dynamic fatigue test has been carried out on a 37,5 m rotor blade 
which failed during the experiment. The results help to understand the failure mechanisms. It 
can be seen, that there are hardly any AE indications in the damaged area but in the areas 
which have to compensate the failure regarding the load. 

These experiments help to understand the complicated failure mechanism in GFRP structures. 
They open the possibility for an online monitoring and may give clear indications of the single 
acoustic emissions. Nevertheless, more data is needed to develop a standard procedure for 
standardized rotor blade monitoring.  
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