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The wind turbine industry is one of the fastest growing markets in the renewable energy sector. 
Operation and maintenance (O&M) costs constitute a sizeable share of the total annual costs of a wind 
turbine. For a new wind turbine, the O&M costs may easily have an average share over the turbine 
lifetime of more than 30% of total levellised cost per kWh produced. Therefore, O&M costs are 
increasingly attracting the attention of manufacturers seeking to develop new designs requiring fewer 
regular service visits and less down-time. In order for the wind energy industry to achieve the growth 
targets set by the EU for the forthcoming years, the number of wind turbines has to increase 
substantially while their operation and maintenance costs have to be reduced by a noticeable factor to 
permit the European wind energy industry to retain its advantage over growing overseas competition. 
Therefore, one of the highest priorities for the European wind energy industry is currently the 
significant improvement in turbine reliability, involving a solid reduction in current inspection and 
maintenance costs mainly associated with unpredicted failures of the structures and critical rotating 
components. Presently in situ blade inspection is carried out every 6-12 month visually (binoculars 
etc) or with manual operatives involved in dangerous abseiling.  This becomes difficult and hazardous 
due to the increasing trend towards remote offshore location of turbines. These factors directly 
contribute to the high maintenance cost of the wind turbines. 
 
This paper looks into the development of structural and condition monitoring systems for real time 
monitoring of wind turbine towers and blades, and machineries (including gearboxes). The structural 
health monitoring (SHM) system utilised guided wave technique for detecting flaws down to 3% 
cross sectional area loss on the tower. A combined SHM acoustic emission and guided wave 
technique is used for monitoring turbine blades. The condition monitoring system (CMS) on the other 
hand is developed from the acoustic emission and vibration techniques. The CMS system has 
successfully detected abnormal signatures attributable to shaft and gearbox defects. The developed 
systems will be deployed by retrofitting on to the casing of the wind turbine rotating parts. 
 
 
1. Introduction 
2.3% of the world’s electric power supply is provided by wind farms. Rapid increases in the 
construction of wind power farms are taking place worldwide and in the highest proposed growth 
scenario it is estimated that by 2020 wind power could supply 2.600TWh, about 11.5-12.3% of global 
electricity supply, rising to 21.8% by 2030 [i]. It is expected that with this new technology structural 
problems will arise in wind turbine operation that will require vigilance in maintenance activities, 
especially with the introduction of increasingly large turbines. 
 
A useful perspective on the importance of effective wind turbine monitoring is provided from a 
concise life cycle wind energy costing in a report by the National Wind Coordinating Committee 
(NWCC) [ii,iii]. Amortisation of the capital cost over 20-30 years results in a cost per annum of 70% 
and of the total annual costs with operation and maintenance (O&M) accounting for 30%. The O&M 
costs divide into unscheduled maintenance costs caused by unexpected component failure (16%), 
scheduled maintenance (4.1%) major scheduled overhaul (0.92%) and other operating costs (8.9%). 
The maintenance costs thus account for 21% of the total power annum costs and the unscheduled 
maintenance accounts account for 75% of these costs. This result should be interpreted as a life cycle 
average and there will be lower than average unscheduled costs in some years and higher in others. It 
is estimated that the replacement of components in planned repairs during scheduled maintenance 
downtime costs only 43% of the cost of repairs on failure [iv]. Although, this provides little more than 
an indication of the overall O&M costs, it is sufficiently significant to consider non-destructive testing 
(NDT) for wind-turbine blades, tower and machineries (e.g. generator shaft and gearboxes). 
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This paper presents details of the results obtained from the development of structural and condition 
monitoring systems for real time monitoring of wind turbine towers and blades, and machineries 
(generator shaft and gearboxes). The structural health monitoring (SHM) system utilised guided wave 
technique (GWT) for the detection of metal loss from corrosion and fatigue cracking in tubular steel 
towers supporting wind turbine generators. The aim of guided wave testing is the rapid screening of 
large area of the structure from each test location in order, first, to achieve large area coverage in a 
cost-effective manner and, second, to target suspect areas for closer examination by local NDT 
techniques. In this, the reduction of access costs is a significant factor in favour of applying guided 
waves. This method also has the ability to examine regions which are inaccessible for more 
conventional NDT methods, which may require special procedures such as rope access, by testing 
from the nearest accessible location, thereby increasing the proportion of any tower which can be 
readily examined. The condition monitoring system (CMS) on the other hand is developed from the 
acoustic emission and vibration techniques. The CMS system has successfully detected abnormal 
signatures attributable to shaft and gearbox defects. The developed systems operate by retrofitting on 
to the casing of the wind turbine rotating parts.  
 
 
2. Development of monitoring system for wind turbine tower  

The support towers for wind turbines consist of a cylindrical or tapered tubular steel column with a 
base diameter of 4 to 5m. The column is of the order of 50m in height and is usually manufactured 
from a series of tubular ‘cans’, each around 2 to 3m in length, which are welded together such that 
there are circumferential welds at intervals up the column. Owing to transportation considerations, the 
column is usually manufactured in two or three sections. These are bolted together on site. 
Consequently there are tubular-to-flange welds on the ends of the tubular, as well as flange joints at 
the base and top of the column. Corrosion and metal loss may also occur in service. This will 
ultimately affect the load carrying capacity of the tower and may influence the initiation of fatigue 
cracks. However, the tower is readily accessible for visual inspection, so that the need for a 
monitoring technique for corrosion is less of an issue. 
 
Welded joints are more likely to suffer fatigue cracking than the other areas of the tubular tower, so 
that the monitoring of these areas is a priority. Whilst these are well defined locations, there is 
approximately 207m of circumferential weld in the Myres Hill tower in 21 can-to-can welds and 4 
can-to-flange welds. Furthermore, these welds are spread over a surface area of some 880m2, if both 
inside and outside surfaces are considered. The location of initiation and growth of a fatigue crack is 
difficult to predict (although some welds, such as the can-to-flange welds, and those at more complex 
details such as the door penetration are more susceptible), so an efficient method is required of 
examining this wide area for potential cracking. Guided wave testing and AE are ideally suited for 
this task, as potentially the whole surface area of the tower may be monitored and degradation 
detected and located, without any prior assumptions about the likely location of the cracks. 
 
Owing to the bending stresses in the tower, the orientation of any cracks initiated by fatigue is likely 
to be perpendicular to the tower axis, so that if guided wave signals could be transmitted up the tower 
from a circular array of transducers, in a similar manner to the method used for testing pipes, a test 
could be effective at monitoring the whole length of each bolted section for the detection of fatigue 
cracks. It should be noted that the guided waves are not readily transmitted across a bolted 
connection, so that each section of the tower would need to have a sensor array installed. 
 
The propagation of guided waves around the door and other more complicated areas is less easy to 
control and monitoring of these may be more problematic. However, these details are localised and 
may readily be examined for surface breaking flaws using more local methods such as magnetic 
particle inspection. 
 
In order to suppress potential circumferentially travelling wave modes, which divert energy away 
from the longitudinally travelling modes which will be sensitive to the expected defects,  the guided 
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Figure 3. Pipe specimen showing the position of the notch 
defect. 
 

wave frequency was selected such that, destructive interference of such modes would occur.  It was 
also necessary to select the guided wave frequency to generate the desired L(0,2) wave mode and to 
minimize the associated L(0,1) wave mode.  To achieve this, the selected frequency was 92 kHz using 
the Teletest system developed for pipeline inspection (See Figure 1). 
 
 

 
Figure 1. Teletest system for long range ultrasonic generation of guided wave for pipeline inspection [v]. 

 
2.1 Development of Full Matrix Capture technique for guided wave application 

Full matrix capture (FMC) is a data collection sequence from an array of transducers whereby data are 
acquired from all possible combinations of transmit-receive elements in the array. An image may then 
be reconstructed from the results from each transmit-receive pair. The approach is illustrated in Figure 
2.  Consider an array of 4 transducers attached to a plate.  Ultrasonic data are collected on each 
possible transmit-receive on every point on the plate. This method enables an image to be produced of 
the area examined, which is vital when very large areas are being tested. 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.  Principle of full matrix data capture 
 
To obtain the image after collecting the 
time domain signals, the signals are 
filtered using a Butterworth band pass 
filter to suppress the unwanted signals.  
The filtered signals are then normalised.  
A Hilbert transform is used to get the 
envelope of the signals.  For a point 
reflector on the specimen, the FMC 
algorithm calculates the distance and 
hence the time of travel of the wanted 
wave mode.  The amplitude which is 
represented at that time is then taken from 
the signal envelope, and this value is placed in a matrix.  This is repeated for all 
points on the specimen and a matrix of the amplitude is then produced and displayed as an 
image. 
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In order to investigate the sensitivity of the technique using the sparse array, a defect in the form of a 
notch of approximately 3% cross sectional area was cut into the pipe.  The defect was located 
approximately at 6m from the array of transducers, and at a circumferential location of 1.10m with 
respect to the circumferential datum.  The size of the notch was around 220mm in length and 8.39mm 
in depth at its deepest point.  This is shown in Figure 3. An image constructed using all 8 transducers 
at the end of the pipe, as shown in Figure 3, is presented in Figure 4, below. Signal amplitude is 
plotted on a colour scale, with blue representing low amplitudes and red high level signals. Some 
signals may be seen close to the array position. These arise from the fact that it is a sparse array and 
there are interference patterns close to the transducers themselves owing to imperfect cancellation of 
signals at all points. The signal from the far end of the pipe may be clearly seen. Along the length of 
the pipe there is a low and reasonably uniform level of background signals. 
 
  

 
 

 
Figure 4.  Full matrix capture image generated from the 48” pipe specimen using an 8 element sparse array. (a) 

A baseline image showing the distance along the pipe on the vertical axis and circumferential position on the 
horizontal axis. (b) Image of the pipe containing the notch defect and (c)  Image obtained by subtracting the 

baseline from the image containing the notch. 
 
It may be clearly seen that the ability of the system to detect time dependent changes, for example the 
growth of a fatigue crack, means that the system has the potential for successful monitoring of 
structures such as wind turbine towers. 
 
It can be seen from Figure 4 that, while there is an indication of the presence of the notch on the 
image, it is of low amplitude and that it is not readily discriminated from the background. Therefore, 
it was necessary to consider ways of enhancing the ability for the defect to be detected. As the aim of 
the work is to monitor the condition of the structure over a long period of time, the opportunity exists 
to compare images taken at one time with those gathered later to establish if there has been any 
change in the condition of the structure. To do this, the image in Figure 4(b) was subtracted from that 
shown in Figure 4(a) and a differential image obtained. This is shown in Figure 4(c). 
 
2.2 Site trials 

An array of 24 transducers was mounted on the inside surface of the south turbine at the TÜV NEL 
test site at Myres Hill near East Kilbride. The installation was carried out in December 2010. Features 
of the installation are shown in Figure 5. 
 

Pipe end signal 3% wall loss area 
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Figure 5.  Schematic showing the location of the circular array of transducers relative to other features of the 
tower and, inset, the transducers themselves and instrumentation. 

 
 
The monitoring system remains in stand-by mode for most of the time. An automated test sequence, 
using the Full Matrix Capture (FMC) [vi] protocols is initiated once per day. Test data are stored 
locally on the controlling computer and are downloaded for analysis at TWI using a 3G modem 
operating via a high gain external antenna. The system may be monitored, controlled and updated 
remotely over the 3G network using ‘GOTOMYPC’ software. 
 
Monitoring began in January 2011. Test data are being assessed for system stability and sensitivity to 
external environmental influences such as temperature and wind speed. They are also being compared 
with other operating parameters of the turbine. An example of the raw data is shown in Figure 6. The 
test period for the system will run until August 2011, at which time the stability and sensitivity of the 
system will be assessed. 
 

 
 

Figure 6. Example of raw data from four of the 24 channels from the tower monitoring system. 
 

3. Development of monitoring systems for wind turbine blade  
Typical rotor blades are made from a composite construction of glass fibre, resin (epoxy, acrylic or 
phenolic) and possibly wood.  Such composite materials can be manufactured by a number of 
techniques combining the fibre and resin into a consolidated product.  The fibres may be separate 
from the resin before manufacture or may already be combined in the form of pre-preg material.  The 
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manufacturing technique selected depends partly upon the size and quality or the composite required, 
[vii]. Figure 7 illustrates a typical cross-section view of a blade incorporating a strengthening member 
known as a Shear Web extending from the rotor hub to the tip of the blade. 
 
 
 
 
 
 
 
 

Figure 7. Rotor Blade cross-section 

 
Composite materials can be degraded in service by a number of mechanisms dependant upon the 
environment and the sensitivity of the materials used.  The mechanisms of degradation include static 
overload, impact, fatigue, overheating, lightning strike and creep.  However, although the mechanisms 
by which defects are initiated and grow are varied, only a small number of different types of defect 
result: fracture or buckling of fibres, failure of the interface between the fibres and matrix, cracks, 
delaminations, bond failures and ingress of moisture, [viii]. 
 
Turbine blades are largely inaccessible and thus any inspection area must be suitable for long-term 
automated monitoring. Although details of blade defects are exceptionally difficult to obtain, blade 
manufacturers have, on occasion, reported defects involving the shear web. The shear web has a flat 
vertical structure which bends at each inner blade surface to provide a bonding flange making the 
structure suitable for siting sensors. Long Range Ultrasonic Testing (LRUT) is an NDT technique 
which uses low frequency guided waves to inspect pipelines. It is particularly suitable as a tool to 
inspect large areas such as the shear web. As the technique is relatively new and mainly used for 
assessing metallic structures (pipes, plates, railway tracks and rods), it has so far had little application 
to non-metallic materials.  
 
3.1 Defect detection in GFRP samples 
Two GFRP laminate samples were investigated with varying laminar lay-up. Details are provided in 
Table 1. 
 

Table 1: Samples specifications 
Sample Type Dimensions 

(mm) 

Fibre Orientation Manufacture 

Method 

Defects 

1 
Laminate 

Glass Fibre 
1300x1000x7.4 0º/90º Autoclave None 

2 
Laminate 

Glass Fibre 
2000x1000x4 0º-90º/±45º Autoclave None 

 

Sample 1 is a 0º/90º bi-directional GFRP laminate plate which was investigated in the laboratory of 
Kaunas Technology University (KTU). The experiment was carried out using a low frequency 
ultrasonic measurement system (UTRALAB) combined with an automatic stepper comprising a single 
axis scanner and adjustable transducer holders. The transducers were PZT type and were coupled to 
the structure using glycerol. The experimental set-up, featuring a pitch-catch technique, is shown in 
Figure 8. 
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Figure 8. Experimental set-up (courtesy of KTU)         
 
The signal details were: a Hann-windowed 100KHz sine-wave with amplitude 100VPP and gain 10dB. 
The tests were performed such that the line directly connecting the transmitter to the receiver was 
initially parallel to the on-fibre (0º) direction, and then perpendicular to the on-fibre direction i.e. 
maximally off-fibre (45º). The fixed transmitter was placed with a maximum displacement of 250 mm 
from the initial receiver position. The receiver was then incrementally moved towards the transmitter 
in steps of 1 mm completing a distance of 200mm. The data was subsequently analysed using MatLab 
where a signal processing technique, two-dimensional Fast Fourier Transform (2DFFT), was used to 
ascertain which Lamb wave modes were propagating within the GFRP sample. The 2DFFT assumes 
that the surface function has been sampled in the x dimension with sample interval xT  and sampled in 

the y dimension with sample interval yT . The resulting sampled 2DFFT function is ( )yqTxpTh ,  

where 1,,1,0 −= Np K and 1,,1,0 −= Mq K ,[ix], Equation 1: 
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Contour plots in the wave-number (k) and frequency-thickness (ft) domain were subsequently 
analysed. The different wavenumbers provide information on the mode content of signals. Figure 9 
illustrates a contour plot for the off-fibre (45º) direction and Figure 10 illustrates a contour plot for the 
on-fibre (0º). 
 

  
Figure 9. Contour plot for off-fibre (45º)  Figure 10. Contour plot for on-fibre (0º) 
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Converting into the phase velocity-frequency thickness domain, the dispersion curve for the on-fibre 
(0º) capture is illustrated in Figure 11. 

 
Three traces are shown (blue, red, 
green) representing three individual 
tests to ensure the results were 
repeatable. Four wave modes were 
observed: the fundamental modes, S0 
and A0, and two higher order modes. 
Figure  and Figure 13 illustrate a direct 
comparison between on and off-fibre 
tests for the fundamental modes and 
higher order modes respectively.   
 
 
 
 

 
 

 
Figure 12.S0 and A0for on and off-fibre Figure 13. Higher order modes for on and off- 
propagation fibre propagation    

      
It may be observed in Figure  that there is little difference between the A0 mode dispersion curves for 
on-fibre (0°) and off-fibre (45°) directions. However, the phase velocities for the S0 modes show some 
dependence upon fibre-direction where the dispersion curves appear to diverge for signals above a 
frequency-thickness product of 1.4MHzmm. There also appears to be a loss of modal energy for the 
off-fibre (45°) direction centred at 1.5MHzmm. The phase velocities for the higher order modes also 
appear to depend upon fibre-orientation.   

 
Sample 2, a quasi-isotropic, non-defective GFRP laminate, was compared with Sample 1 to analyse 
the effects of fibre-orientation on the propagating modes. The sample dimensions were 2000mm x 
1000mm x 4mm with a ply lay-up as follows: 
o Woven (0º/90º) 
o Biaxial (± 45º) 
o Woven 
o Woven  
o Biaxial 
o Woven 
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Figure 11.Dispersion curves for on axis direction 0º - 
GFRP laminate 0º/90º with no defects 

+: Wave propagation on fibre (0°) 
◊: Wave propagation off fibre (45°) 
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Figure  illustrates the presence of just the fundamental wave modes for the quasi-isotropic plate whilst 
Figure 15 shows that additional higher order modes are present in the bi-directional plate. It is further 
evident that greater detail of the S0 mode exists for the bi-directional sample than does for the quasi-
isotropic sample. The fundamental modes in the bi-directional sample are present up to 2.5MHzmm 
whereas detail for these modes in the quasi-isotropic sample is limited to 1.2MHzmm.     
   

 
Figure 14. S0 and A0 for quasi-isotropic sample  Figure 15. Wave modes for bi-directional sample  
(0º,90º/± 45º)       (0º/90º) 
 
The propagation modes for the bi-directional plate (Sample 1), Figure 12 and Figure 13, illustrated a 
loss of energy for the fundamental modes centred at approximately 1.5MHzmm for the off-fibre (45°) 
test-scan. The on-fibre (0°) test-scan showed no such loss of energy for the fundamental modes. It 
could be that this loss of modal energy may be attributed to the resonance frequency of the plate. 
 
Sample 1 comprised 16 plies each 0.46mm thick (sample thickness 7.4mm). If the centre-frequency of 
the energy gap is normalised: 
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The phase velocity for the S0 mode at 1.5MHzmm is 1600m/s and the phase velocity for the A0 mode 
at 1.5MHzmm is 1400m/s. Evaluating the wavelength for both modes: 
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Thus, it is observed that the wavelengths for both A0 and S0modes are remarkably similar to the 
thickness of the sample which may result in some form of resonance. 
 
Laminar lay-up also has an affect on the dispersion curves. The quasi-isotropic plate (Figure 14) 
illustrated the presence of only the fundamental modes which extended up to 1MHzmm and 
1.2MHzmm for the S0 and A0 modes respectively. Figure 15, for the bi-directional plate, featured 
higher order modes in addition to the fundamental modes where the S0 and A0 modes extended up to 
2.8MHzmm and 2.5MHmm respectively. Thus, more modal detail exists for the bi-directional plate. 
The fibre volume for both plates is 50%. Whilst both plates have different thickness dimensions - 
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7.4mm for the bidirectional plate and 4mm for the quasi-isotropic - it is possible that the fibre 
orientation in the quasi-isotropic plate has increased the level of scattering and thus lowered the signal 
to noise ratio (SNR). Research on microcracks in composite materials by Djordjevic recorded reduced 
velocity and scattering at specific frequencies [x]. In addition, the laminar lay-up for the quasi-
isotropic plate is not symmetrical: there are more instances of fibres orientated along the 0°/90° 
direction than fibres orientated along the ±45° direction. 
 
4. Development of monitoring systems for wind turbine gearboxes and generator shaft 
The condition monitoring system developed in this work is required to be capable of distinguishing 
different deterioration modes and of providing data from which estimation of the time to failure can 
be evaluated. The 300 kW wind turbine dedicated to the testing was provided by Sinclair Knight Merz 
(SKM) [xi]. As reported by SKM the rotational speed range of shafts in the 300 kW Windmaster 
provided for the test is up to 1500 rpm. 4 sensors were used in this application (i.e. 2 vibration 
accelerometer and 2 AE sensors). The positions of these sensors are shown in Figure 16. 
 

       
Figure 16. The position of the accelerometers and the AE sensors for (a) the gearbox 

and (b) the generator. 
 
The principal operation is based on the timeline shown in Figure 17. A wind speed/power measuring 
Logger is given a trigger to start collecting data. Therefore, the wind speed data was initially 
separated and according to the modulated wave signal, the wind speed was determined. The current 
wind speed was compared against a table representing the bins and the number of data per bins 
collected from a minimum of 5m/s to a maximum of 29.9 m/s.  

 

 

 

 

 

 

Figure 17. The condition monitoring operation timeline 
 

 
The operation of the condition monitoring 
process has resulted in 813 files (32Gbytes). 
The files were acquired during an overall 
measurement period of 5 days. The 813 files 
were distributed into 61 5kW wide power bins 
according to the power output in the range 0-
300kW i.e. the data processing precision for 
the power measurements is effectively +/- 
2.5kW. In Figure 18, power output as a function 
of wind speed is shown. For all 4 sensors it can 
be seen that the variation of VRMS(average) with  
power is approximately as systematic as the 

Figure 18. The power output versus wind speed. 
 

(a) (b) 



power output dependence on wind speed, considered in terms of the spread of data along the 
signal axis at each power level (Figure 19) 
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Figure 19. Dependence of RMS voltage versus power  
 
4.1 On the gearbox casing 

In general the response of an accelerometer to rotating machinery has a component proportional to the 
square of the rotation frequency. In the wind turbine concerned both the hub rotation speed and 
generator shaft increase by only 2% over the whole power range considered, the generator shaft 
rotation speed varying from only 1500-1539rpm. It follows that the rotation frequencies in the various 
stages of the gearbox also vary by this small percentage. Therefore the observed changes in VRMS 
are not frequency effects. Instead the VRMS-power plots indicate a definite correlation of VRMS 
with power changes.  As there is no evidence of defects it can be assumed that the signature of the 
healthy generator structure varies with power. The important conclusion from this is that in the 
detection of defects, data obtained from a suspected defect in a generator running at a given power 
level must always be assessed by comparison with the healthy structure signature at the same power 
level.   

 

4.2 On the generator casing 

As above the data from the sensors on the generator casing confirm that the healthy structure 
signature of the generator is power dependent.  
 
4.3 Standard deviations and the relationship with the probability of defect detection (POD) 

The probability of detecting a defect in 1second measurement times during operation is defined by the 
error function assuming that Gaussian statistics apply i.e.  

 



POD = erf (VRMS(average)/σ{VRMS})   (Equation 2)  
 

As an example, for erf (3) i.e. a defect voltage three times the healthy turbine signature voltages, the 
detection probability is 0.99998. i.e. a false alarm would arise only 1 time in 50000 1second 
measurements. Therefore, there would be just one false alarm per year if 137 independent 1second 
measurements were made daily. 
 
It is useful to ascribe standard deviations to the healthy signatures, as these quantities will ultimately 
determine the minimum detectable defect size and their POD. For this purpose, the region between 0-
50kW and between 50-300kW will be discussed separately. The region between 0-50kW has curves 
steep gradient for which the error bars are indeterminate. For the remaining power region from 50-
300kW, the PODs form the better basis for minimising false calls in defect detection. These are 
shown in Figure 20 for all sensors and for all bins.  

 

 
Figure 20. POD based on the Gaussian Error function erf (VRMS(average)/σ(VRMS)) 

 

From the figures data it can be seen that σ{VRMS} appears to be useful for both AE and vibrational 
monitoring; in fact the POD is high for the power region from 50-300kW (POD>erf (3)). However, 
for the region between 0-50kW, the minimum POD seems to drop down to 84% which is equivalent 
to erf(1.01). 
 

4.4 Signatures identification    

From the above analysis, the data acquired so far on the wind turbine is valid for the determination of 
a signature that will be used as a reference for future similarity analysis. Figure 21 shows the 
signature that was defined - for each sensor - taking into account a safety operation range offset of 
±σ{VRMS}.  
 
The POD is found to be high especially at high power/wind speed, which implies high discrimination 
of defects -in case they appear- which will be unlikely to generate false alarms. 
 



 
Figure 21. The signatures for safety range offset of ±σ{VRMS}.  

 
 
5. Conclusion 

This paper has highlighted the development of structural and condition monitoring systems for real 
time monitoring of wind turbine towers and blades, and machineries (including generator shaft and 
gearboxes). It has shown that more sensitive defect detection, i.e. higher probabilities of detection are 
made possible both through implementation of full matrix capture technique monitoring over long and 
continuous time intervals and. The structural health monitoring (SHM) system utilised guided wave 
technique for detecting flaws down to 3% cross sectional area loss on the tower. The strategic 
importance of monitoring wind turbine blades has been highlighted, with emphasis placed on the 
economic benefits associated with preventative failure.  Significant challenges exist in using guided 
wave techniques to monitor the primary blade structures due to the common use of composite 
materials (in particular GFRP). The inherent anisotropy of the laminar lay-up and inconsistent 
manufacturing processes significantly increase the levels of attenuation and scatter. The condition 
monitoring system (CMS) on the other hand was developed from the acoustic emission and vibration 
techniques. Measurements on the in service acquisition of the vibration and AE signature of a healthy 
wind turbine generator and gearbox have been presented. The standard deviations for the averaging of 
the time dependent sensor signals, namely σ{VRMS} and the PODs, has been calculated. These 
quantities represent the uncertainty in the healthy turbine and they determine the minimum detectible 
defect size.  
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