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Abstract 

A laboratory study is reported regarding fatigue damage growth monitoring in a complete 45.7m 

long wind turbine blade. The main purpose of this study was to investigate the feasibility of 

in-service monitoring of the structural health of blades by Acoustic Emission (AE). Cyclic loading 

by compact resonant masses was performed to accurately simulate in-service load conditions and 

187kcs of fatigue was performed over 21 days, during which, AE monitoring was performed with a 

four sensor array. Before the remaining eight days of tests, a simulated rectangular defect with 

dimensions 1000mm×50mm ×10mm were introduced into the blade. The growth of fatigue damage 

from this source defect was successfully detected from AE monitoring. The AE signals were 

correlated with the growth of delamination and channel cracking in the final two days of fatigue 

testing. A high detection threshold of 45dB was employed to suppress AE noise generated by the 

fatigue loading, which was a realistic simulation of the noise that would be generated in service 

from wind impact and acoustic coupling to the tower and Nacelle. The damage detection signals 

were successfully discriminated from noise by time of flight signal correlation. The location of 

damage growth locations is determined by a trilateration method and confirmed. In view of the 

small scale of the damage growth relative to the blade size, the developed methodology shows 

excellent promise as an in-service blade integrity monitoring technique capable of providing early 

warnings of developing damage before it becomes too expensive to repair. 
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Introduction 

Wind energy is recognized as a reliable and affordable source of electricity in many countries [1]. 

According to the Global Wind Energy Outlook, wind power could reach 2,000GW by 2030, and 

supply up to 17-19 per cent of global electricity by that time. The global installed wind power 

capacity is 318GW by the end of 2013. Installations in Asia led global markets for the sixth year in 

a row, with Europe and North America come in the second and the third spot [2]. 

 

The wind turbine technology has advantages amongst other applications of renewable energy 

technologies due to its technological maturity, good infrastructure and relative cost competitiveness 

[3]. The wind turbines must be routinely monitored to ensure that they are in good condition [4]. 

The most common type of damage to wind turbine structural components is rotor or blade damage 

and tower damage. Wind turbine blades are subject to continuous stress loading in service, they are 

mostly made of fiberglass material, but they can be damaged by moisture absorption, fatigue, wind 

gusts or lightening strikes [5]. It follows that in service monitoring for the early detection of defects 

is advantageous both in terms of costs and safety. AE sensing is a promising technique for such 

early warning monitoring of blades for several reasons:  

 

1. It provides strong signals when a crack grows, even when a crack is very small. 

2. A small number of sensors can potentially be used to monitor an entire blade because of the 

lower frequency components of the signals. Typically tens to hundreds of KHz can travel 

many metres and hence through an entire blade through to a data acquisition system. 
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3. It is a passive technique requiring no power input to the sensors. 

4. The sensors can be lightweight and readily embedded in a new blade or retrofitted to 

existing blades without any intrusive effects. 
 

A significant drawback of AE technique for crack growth monitoring in many applications is that 

there are many sources of AE other than the crack of interest. Accordingly, these sources constitute 

noise which can be both random and coherent and often this noise far exceeds the crack signals. 

Such noise is to be expected in wind turbine blades [6].  

 

In this paper a new technique for detecting AE crack growth signals from wind turbine blades in the 

presence of overwhelming noise is described, together with laboratory measurements supporting the 

technique. The measurements were performed in a complete containing a crack whose growth was 

tracked its initial length of 0.2m, subsequently increased to 1m, with accurate simulation of the 

noise to expect from the blade when in service. 

 

Experimental Set Up 

 

Blade support 

The blade under test, Narec Blade ID#4, was a GRP composite blade, measuring circa 45.7m in 

length, with two internal supporting webs running the entire length of the blade. An external view 

of the entire blade length is shown in Figure 1-4, prior to the tests.  

 

 
 

 

Figure 1 Full length view of the blade prior to 

installation on the test stand. 

Figure 2 Close up view of the installation 

of the blade root on the test stand. 

 
 

Figure 3 Installed blade viewed towards the 

root. 

Figure 4 Installed blade viewed towards 

the tip. 

Cyclic Fatigue Loading 

Multiple pairs of Compact Resonant Masses (CRMs) were used to excite vibrations in the blade, 

which served both to produce the conditions under which crack defects generate AE and to simulate 

the natural vibrations that the blade would experience when in service. These masses were 

supported on steel saddles at initial distances of 30metres and 35metres, measured from the root of 

the blade, as shown in Figure 5. A MOOG Hydraulic Test Controller and bespoke software were 

used to apply a sinusoidal excitation profile which was operated at the 1st resonant mode of the 



 

blade, such that the hydraulic power consumed by the actuators is almost entirely coupled into the 

blade.  

  
Figure 5 View of the compact resonant masses 

mounted on the blade by means of steel 

supporting saddles. 

Figure 6 View of AE sensors mounted on the 

external blade surface. 

 

  
Figure 7 AE sensor mounted inside the blade 

equidistant between the two webs. 

Figure 8 AE sensors mounted inside the blade 

mounted on the trailing edge side of one web. 

Acoustic Emission Sensor Locations 

Four Pancom-15 AE sensors that connected with four external preamplifiers were mounted on the 

blade with internal locations as shown in Figures 7 and 8. All locations are precisely specified in 

Table 1. The sensors were mounted in magnetic holders which engaged with steel collars 

adhesively bonded to the blade surfaces to ensure constant acoustic coupling, facilitated by the use 

of a gel couplant. 

 
Table 1 AE sensor locations 

AE sensor number Location 

AE4 In between webs, 9800mm from root 

AE5 In between webs, 8200mm from root 

AE6 Trailing edge side of web, 8400mm from root 

AE7 Trailing edge side of web, 9600mm from root 

Data Acquisition System 

Data acquisition was performed using an integrated system comprising of multiple VTI EX1629 

and EX1000A instrumentation units, whilst a bespoke NI Labview software programme provides 

the user interface. Data samples were recorded at 10 samples per second for slow speed files, while 

medium speed files were recorded at 100 samples per second. 

 

The experiments consisted in acquiring data from the AE sensors on the internal surface of the wind 

turbine blade during fatigue loads generated by the CRMs. Data was acquired through a purpose 

designed condition monitoring system developed by TWI. This data has been used to determine 

how the blade performs under loading with the introduction of defects. 



 

Experimental Procedure 

Fatigue Testing 

Cyclic loading was performed in three stages of different defect prehistories over 6 weeks with as 

shown in Table 2 as follows. 

 
Table 2 Schedule of experiments 

Stage Duration Experimental information Load 

1 6 days Fatigue test with 0 mm defect induced 25% / 50% 

 3 days Crack enlarge and modal tests  

2 7 days Fatigue test with 200 mm defect induced 50% / 70% 

 3 days Crack enlarge and modal tests  

3 8 days Fatigue test with 1000 mm defect induced 70% - 115% 

 

Loads were increased throughout testing in order to promote crack propagation. A nominal root 

bending moment for fatigue loading was selected based on prior experience of blades with similar 

length. However this load level was not tested initially due to uncertainties regarding the blade 

design and manufacture. 

Experimental Results 

Determination of Acoustic Emission signal type: wanted and unwanted signals 

Acoustic Emission signals can be divided into two different types: 

(1) Bursts: transient stress waves generated by the formation of damage, e.g. fibre breaking and 

delamination are the key examples in composites. 

(2) Continuous: These signals generated when multiple transients overlap so that they cannot be 

distinguished and the envelope of the signal amplitudes becomes constant. 

 

Continuous AE can be generated by rubbing and friction between a material and another object in 

relative motion and by external impact forces. In the case of a wind turbine blade in service wind 

impact variations and vibrations in the drive chain from gear teeth impacts and vibrations of the 

tower caused by wind impact can couple into the blades because of the long wavelengths involved. 

From the viewpoint of monitoring the progress of damage mechanisms in blades, all of these 

sources are a nuisance. 

 

In the experiments performed, the AE data from damage propagation was all of the burst types, an 

example of which is shown in Figure 9. Noise signals could appear to be of the burst type because 

the high threshold setting for detection would suppress most of the noise continuum with the noise 

peaks thus appearing like short pulses. A coherent receiver was used, both pulse arrival time and 

amplitudes are detected. 

 

Acoustic emission is not emitted by static damage; it is the changing stress fields caused by 

microscopic movement of damaged material that causes the generation of these stress waves. It 

follows that monitoring over continuous time periods as opposed to set discrete time is necessary 

for the technique to be effective for damage detection. The positive feature of this situation is that 

the absence of AE can be taken to indicate that a crack is not growing and therefore, is safe to the 

extent that the structure under test can remain in service, providing the monitoring is continued. 
 



 

Acoustic Emission Data Analysis 

Monitoring was performed with the AE sensors throughout all fatigue tests. The detection threshold 

for recorded events was set at 40dB to largely eliminate unwanted noise signals. For the data 

analysis the threshold was further raised to 45dB (8.6mV). 

Initially in the monitoring programme all events i.e. signals received by any sensor were recorded if 

they exceeded the threshold. Then an event was recorded by the software when all three sensors of a 

triangle or four sensors in a rectangle are hit within the time it takes an acoustic signal to travel the 

longest distance between two sensors on the polygon, which is ~550µs, assuming a wave speed 

~3000m/s. Thus both the unrestricted and restricted recording scenarios there are five different 

situations concerning the acquired data: 

 

1. None of the sensors acquired a burst, implying that the amplitude of all the signals acquired 

by all sensors is below the threshold). 

2. Only one sensor acquired a burst. 

3. Two sensors acquired a burst. 

4. Three out of four sensors acquired a burst. 

5. All four sensors acquired at least one burst. 
 

An analysis was conducted to identify the number of events that occurred in each situation and the 

results are shown in the convenient form of a three dimensional histogram (Figure 9). 

 

  
Figure 9 The sum of all events within each day. 

 
Figure 10 A typical set of AE signals received by the 

set of four sensors. 

 
Figure 11 Locations of AE event sources. 

 

 

Further AE analysis 
Figure 10 shows a typical set of AE signals received by the set of four sensors. Only signals above 

the set threshold which lie within a time window as defined by the rectangular box are recorded. 

This window embraces the times it would take for an AE signal to travel from its source through the 

shortest and longest distances to the four sensors, which was 100-550µs. 

 



 

There were 245 events in situation five. For the calculation of the origin of the AE events 

(localisation) the relative differences in arrival time were calculated taking the sensor that detected 

the earliest threshold crossing as a reference point. Localisation was achieved using the trilateration 

method [7-8]. The results are shown in Figure 11. 

 

Conclusions 

Starting from a simulated defect of 1000mm x 50mm x 10mm dimensions in the composite material 

of a 45.7m wind turbine blade the growth of real damage has been detected by continuous AE 

monitoring. Damage growth took the form of delamination and also channel cracking in the final 

two days of fatigue tests. The detection was achieved through correlations in the arrival times of 

burst signals from three and four sensors in the array. There is also evidence that early stages of 

damage, too small to be detected visually, were revealed by lower level AE events over all eight 

days of fatigue testing after the introduction of the 1000mm long defect. Only sets of bursts with 

arrival time separations equal to or less than the longest travel time difference for the bursts 

between the damage source and each sensor were accepted as a damage signal. When a similar 

acceptance procedure was applied for bursts from two sensors, or when bursts from all sensors were 

accepted, the damage signals could not be distinguished from noise peaks above the threshold 

setting. The detected damage is very small in extent compared with the size of the blade and thus 

small on the scale at which propagation to failure would be rapid. So the developed AE signal 

treatment technique employed, involving pulsed signal arrival time correlations, shows promise for 

on line blade monitoring. The threshold level for signal acceptance in the analysis was set high, in 

common with normal practice, at 45dB. 
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Figure 11.  Selection of AE events received by 4 sensors  

within a specified time span 


