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Abstract 

With growing maturity in the Wind power industry has come the need to maximise the 

efficiency and reliability of turbine equipment. One key aspect of this is weight reduction, 

both to reduce manufacturing cost and to reduce loading on gearboxes, bearings and 

associated equipment. 
 

However to reduce the weight of the blades we must ensure that they perform as designed. 

Non-Destructive Testing is a key element of this.  Most Turbine blade structures contain a 

large amount of Glass-fibre, which is a notoriously difficult material to inspect with ultrasonic 

techniques. 
 

Sonatest have developed a variant of their Array wheel probe, optimised for inspection of 

‘Difficult’ composite materials and employing ‘lower than normal’ inspection frequencies.   

 

This paper discusses the design optimisations, and details the results obtained. 
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1. Introduction – The Problem 
 

As the political and economic case for Wind Power grows stronger the demand is for higher 

powered and more cost-effective turbine systems. One obvious aspect of this is that the 

turbine blades get longer. When Sonatest was first involved in Wind systems (around 2004) 3 
MW generators with 40m blades were state of the art, now we have systems of more than 

twice this power with 75m blades being installed. [1] It seems inevitable that we will 

approach 100m blade length before too many more years have passed. 

 

 
 

Figure 1. Modern wind turbine, with A380 shown for scale 
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However as blades get longer there are serious engineering challenges. These huge structures 

increase in weight almost exponentially as the length increases – They need to be sturdier to 
support their own weight, so for any given construction technology we reach a point of 

diminishing returns.  

 

As with all engineering, reducing weight eliminates the possibility to ‘over-design’ and it 

becomes essential that structures perform as expected.   Effective NDT is becoming more and 
more important, especially as modern blade designs rely on high-strength bonds 

 

However as we know composite materials present many Inspection challenges [2], especially 

glass fibre, where ultrasonic inspection becomes ‘ difficult’ due to the acoustic mismatch 

between the matrix and reinforcement materials. 
 

The sheer size of the structures involved means that any inspection technique must be quick 

and, as far as possible, provide unambiguous results. Minimising the cost of inspection is very 

important 

 

2. Sonatest Wheel Probes – Back ground 
 
Sonatest has been involved in the development of wheel probes using array technology since 

NDT Solutions, which became part of Sonatest, became involved in an Airbus- supported 

project around the beginning of the century. This project, which used an innovative polymer 

technology developed at Bristol University, resulted in a sensor design that incorporated a 5 

MHz 64 element array, inside a water-filled wheel. The tyre is made using a special polymer 
material, which is acoustically matched to water. This gives both good near surface 

resolution, comparable to an immersion system, and the ability to scan a fairly thick material 

without interference from internal echoes.  

 

This approach has been very successful, providing a tool [3] which is easy to handle, and is 
capable of giving good ultrasonic results while being scanned at fairly high speed over 

surfaces of moderate roughness, where it is very difficult to scan consistently using a 

conventional delay line probe. 

The basic design has been developed and has evolved in several stages, Today we have a 

range of probes available, used primarily for two applications: Inspection of high-
performance (mainly aerospace)  composites and corrosion inspection, mainly in pipework for 

the petrochemical industry. 

 

Around 2004 an automated system using a low frequency large wheel for Wind Turbine 

Blade inspection was developed.  That system was mechanically scanned, and was too large 
for manual use.  With increasing demand from this sector, a project was launched to resurrect 

and develop this idea in order to create a probe design which was more suitable for general 

use. 



3. Custom development 

 
Key priorities for the new design:  

• Ergonomic design suitable for use by hand 

• Acceptable pressure required in use  

• Acceptable weight (Target 5 kg) 

• Sufficient internal water path to allow use on Composites up to 70mm Thick 

• Easy to build, use and service 
Two initial design concepts were considered:  

 

One was similar to our existing ‘radius wheel probe’ using an aluminium frame. The second 

developed this further using a frame mostly carbon fibre and nylon SLS (Selective Laser 
sintering) parts. It was felt that the carbon fibre construction conveyed significant weight and 

appearance benefits (avoiding the need for anodised parts) and, as a colleague put it. “We 

make equipment to test composite materials – We should understand them well enough to use 

them” 

 

 
 

Figure 2: Aluminium developed Concept 

 

 
 

Figure 3: Composite Developed Concept 



 

 
A full design was approved based on the composite concept. Needless to say there were many 

detail changes along the way. The ‘final’ design that that emerged looked like this: 

 

 
 

Figure 4:  Rendered CAD design 
 

 
 

Figure 5: Photograph of Prototype 
 



4. Experimental  Validation 
The probe was tested on a wide variety of samples, mostly Glass fibre and Glass carbon 

combinations. It was apparent that both 1 MHz and 500 KHz frequencies were needed to 

permit optimisation of resolution on thinner samples, while giving good penetration of thicker 
materials. 

A lot of work was carried out to maximise the water path length. The current design (which 

could potentially be optimised further) gives a time until the second reflection equivalent to 

approximately 110mm in epoxy matrix Glass fibre (assumed velocity 3000 ms
-1

) as shown in 

Fehler! Verweisquelle konnte nicht gefunden werden. 
 

 
 

Figure 6 Time to first tyre echo 

 

4.1 Results on various GFRP samples at 500 kHz and 1 MHz,   
 

Gain and TCG adjusted as required. 

 

 
 

Figure 7 : WEWP, 500 kHz, 18.7mm GFRP 

 
 

Figure 8 : WEWP, 1 MHz, 18.7mm GFRP 
 

 
 

Figure 9: WEWP, 500 kHz, 24mm GFRP 

 
 

Figure 10: WEWP, 1 MHz, 24mm GFRP 
 



 
 

Figure 11: WEWP,  500kHz, 41mm GFRP 

 
 

Figure 12: WEWP, 1 MHz, 41mm GFRP 
 

 
 
Figure 13: WEWP, 500 kHz, 47mm GFRP 

 
 
Figure 14: WEWP, 1 MHz, 47mm GFRP 
 

 
 
Figure 15: WEWP, 500 kHz, 8mm FBH, 4mm from 

 back wall  in 20mm acrylic 

 
 
Figure 16: WEWP, 1 MHz, 8mm FBH, 4mm from  

back wall  in 20mm acrylic 

 

As can be seen the 1 MHz array gives slightly better resolution, but at the cost of an increased 

material noise, and the 41-47 mm thickness in GFRP represents pretty much the maximum 
thickness that can be tested at 1 MHz Given that these samples were made to a higher quality 

level (i.e. fully saturated fibre) than is necessarily to be expected in ‘good’ material It seems 

that 0.5 MHz is probably the most sensible frequency to use in practice. 

 

4.2 Experimental work on Test Panel 
A Large GFRP test panel was inspected using the 500 kHz. wheel probe attached to a 2D 

scanning frame.  

 



 
Figure 17. Experimental setup for 2D scan 

 

This panel had a number of inserts at various depths, and also a resin-poor region in the centre 

– This obscured some of the defects, so a scan from both sides would be ideal. 

 
The Images below show Back wall amplitude and Depth C-scans of this sample. Note that 

near surface defects fall outside the gate and show as dark. 

 

 
Figure 18: Back-wall amplitude 

 

 
Figure 19: Depth to largest  echo in gate. 



 

5. Field Trials 
 Field trials were carried out with a number of potential customers 

 

  
Figure 20. Blade manufacturing facility 

 

 
 
Figure 21. Field Experimental work 

 
 

 
 
Figure 22. Wheel probe in use 

 

 



6. Design Refinement 
Following the field trials a number of design changes were made, In particular: 

• The handle was redesigned for improved comfort, and to suit people with larger 
hands! 

• The trail wheel adjustment was simplified. 

• Control buttons were added 

• The Tyre edge sealing was modified. 
 

As well as a number of other ‘invisible’ changes which were carried out to ease 

manufacturing and service. 

 

7. Conclusions and Continuing application work 
Since its initial development a number of trials have been carried out using the ‘Wind Energy 
Wheel Probe’ as well as its initial target application of wind turbine blades it has also been 

used in a range of other applications involving thick composite structures, most notably in the 

tidal power, marine and aerospace sectors.  

 

It provides a usual solution for the rapid inspection of large composite structure 
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