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Exectutive summary 

The objective in WP 7.5.2 was to implement quality inspection methods for the identification 

of possible structural flaws/defects and derive input for the probabilistic structural analysis of 

the wind turbine blades. The findings are supposed to assist the work performed in WP7.1.2 

and WP7.1.3 and WP7.4. 

In that context three 34m blades were cut down to segments and were distributed between the 

project partners (DTU, WMC, IWES). These were scanned with three different non-

destructive methods. Ultrasonics (UT) and Thermography were selected as tools because they 

are able in scanning large areas in relative short time and reveal localized flaws. Both systems 

were tested in laboratory scale by inspecting coupons with known flaws/damage sizes. 

Moreover, the geometry of the blades sections was measured, including airfoil circumference 

and thickness of the structure in order to investigate potential manufacturing variations from 

the given design.      

The Ultrasonics scans of the blade segments revealed sub-parts of the blade cross section (e.g. 

sandwich area, spar caps). The UT thickness measurement was successfully performed in 

sectional parts with limited amount of air inclusions. The presence of porosity either in bond 

lines or laminates was damping the ultrasonic pulse, therefore eliminating any back wall 

signal, thus distorting the measuring quality.      

Thermography scans of a blade segment highlighted porosity in the trailing edge bond line 

under relative thin composite substrate laminate (less than 10-12mm).  

The geometry measurements of the blade segments were performed with a robotic arm round 

about their circumference, in at least five cross sections along their length. The experimental 

setïup and the technical characteristics of the robotic arm which was used for dimensioning 

eight subcomponents is described. The test results are provided using printouts from the 

measured shapes for all the sub parts while a study on the thickness distribution of the spar cap 

is listed. Conclusions and suggestions on how those measurements are drawn. The results can 

be used in WP7.4 and WP7.1 regarding probabilistic analysis and improvement of simulations 

respectively. The vast amount of raw measurement data are listed in the appendix, as 

coordinates from the measured cross sections of the eight sub parts. The thickness 

measurement revealed variations in particular for the spar caps which are the loading carrying 

parts of the blade. This variations was present both along the spars of the segments as also in 

the radius direction.  
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1. Introduction 

Deviations of the wind turbine rotor blade structure from the given design, often introduced 

through faults or errors in the manufacturing process, might affect its structural performance. 

From fiber undulations and waviness to dry spots and adhesive ókissingô bonds, there is a big 

list of flaws which might be very structure specific. These have to be identified and 

dimensioned in order to be quantified in terms of their effect on the structural integrity. To do 

so, many techniques such as visual/image process methods, ultrasound scans, thermography, 

etc. are available for Non Destructive Inspections and Testing (NDI, NDT). 

In the actual report it was attempted to implement an Ultrasonics and a Thermography system 

in order to scan full scale blade segments of three 34m blades. Their capabilities were 

investigated towards the identification and geometrical quantification of defects and damages 

in composite structures. Reference measurements were performed for both methods on 

laboratory scale coupons with artificial or visually detectable flaws/damages. Subsequently 

they were both applied in full blade scale inspections. The experimental set-ups and the 

measuring systems are explicitly described. 

The geometry of the aforementioned wind turbine rotor blade segments and the thickness 

distribution around the airfoil circumference were measured in order to quantify the 

manufacturing deviations in comparison to the given design. The measurement campaign 

included the dimensioning of the aerodynamic shell, thickness measurements of the spar caps 

and the section in both edges and measurements on the trailing edge.     

 

2. Blade Segments 

The experimental campaign performed in WP7.5.2 was based on real blade structures cut out 

of wind turbine rotor blades. DTU had four SSP 34m blades available from previous national 

funded projects, see Figure 1. All four blades had earlier been tested and were more or less 

damaged from the previous tests [6]-[9]. It was decided to cut the blades into segments and 

distribute them between the research partners. Below are shown some of the subparts in the 

lab of DTU after the cut out. 
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Figure 1: Blade subcomponent specimens cut from SSP 34m blades. 

A plan was made how to cut specimens from the non-damaged part of the blades (see Table 

1). The blade segments were subsequently distributed among the partners (DTU, WMC, 

IWES). Before shipping, CRES performed geometry measurements on eight sub parts 

covering a wide range of chord length of the 34 meters long blade, see Figure 2. In the same 

figure the segments which were used are indicated with the letter óMô.  

 

Table 1 Cut positions for the subcomponent, laboratory where it was sent and 

number of parts that were measured from CRES. 
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Figure 2: Cutting plan and measured segments indicated witm óMô. 
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3. Ultrasonics 

3.1 Brief description of the work 
Ultrasonic scans were performed first on laboratory scale thick laminates in order to 

investigate the system accuracy in flaws detection and size identification. Therefore, a UD 

glass/epoxy plate was manufactured, see Figure 3, with embedded artificial flaws (concave 

resin lenses) in different positions and depths. These were supposed to emulate different 

sizes of laminate waviness in wind turbine blade spar caps. 

 

 
 

Figure 3: Composite laminate with artificial flaws. 

 

  

Subsequently, two blade segments were inspected with UT. The scans were performed along 

the spar caps in the segment length direction while also in the radius direction too. 
     

3.2 Experimental set up 

3.2.1 Force Ultrasonics System 

A Force ultrasonics measuring system was implemented, consisting of the following 

elements: 

¶ P-scan System 4 Lite Version 2 Release 12 (Data Acquisition and software)   

¶ MWS-6, Hand scanner 

¶ Panametrics 500kHz Broadband sensor, 38mm diameter 

 

The P-scan 4 Lite module is a data acquisition and processing software which enables the 

analysis in a PC. With the P-scan Software A, B, C and D scan measurements can be stored 

and analyzed in a Windows-based environment. The MWS-6 hand scanner which is shown 

in Figure 4 is consisted of a small wagon, the linear tracker sensor and the UT sensor 
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(Panametrics 0,5MHz). The coupling of the UT sensor with the scanned surface was taking 

place through continuously flowing water. 

 

 

  

Figure 4 (a) P-scan System 4 (b) MWS-6 Hand scanner. 

 

3.2.2 Manufacturing of a glass/epoxy composite plate  

A composite plate was manufactured using the following listed materials, see Table 2. 

Table 2. Materials description 

Material  Description Batch 

Resin RIM 135 DG5G40303B 

Hardener RIM H 137 EG4KS0305 

UD0° textile Saertex/UD 1010g 1003165213 

 

The plate had in total 50 UD0° layers with a nominal thickness of 0,65mm each and a total 

plate resultant thickness of 32,5mm. In advance, small circular lenses were manufactured out 

of pure infusion resin and hardener (mass ratio 100:30). They were flat from one side and 

concave from the other with the following geometrical details: 

Table 3. Resin lenses geometrical details 

Lens geometry Diameter Thickness 

- mm mm 

1 12 4 

2 20 4 

3 30 4 

4 50  
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All four lens geometries were embedded between the dry textiles of the composite plate before 

the infusion, see Figure 5 Embedding artificial flaws.Figure 5, every tenth ply i.e. between 

10th -11th, 20th -21st, 30th -31st, 40th -41st ply.  

 

 

Figure 5 Embedding artificial flaws. 

 

 

3.2.3 Preparation of the UT scans  

Straight lines were marked on the composite plate with a marker in order to define scan tracks 

and enhance the UT manual scanning, see Figure 6. X and Y axes are also illustrated. Axis Z 

is considered to be transverse to the plate surface with positive direction directing towards the 

bottom of the plate.   
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Figure 6 Marking the UT scan tracks on the composite plate. 

 

For the segment UT scans a temporary bath had to be built around the structure in order to 

brohibit water flawing in the test hall, see Figure 7.  

 

 

Figure 7 Ultrasonic scan set up for scanning blade segments. 

 

3.3 Test results 

3.3.1 Composite plate UT scans 

The UT scans where performed on straight lines as described in the previous section. The P-

scan software is reconstructing the recorded signals, enabling a quasi 3-D visualization of the 

X 

Y 
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scanned subject. The UT scan results that will follow are elaborated in Figure 8 in terms of the 

side of the plate which they are mapping.     

 

 

Figure 8 Elaboration on Ultrasonic A, B, C and D-scans. 

 

As A-scan is described the plane signal visualization recorded from the pulse echo ultrasonic 

measurement, see upper left graph of the UT results in Figure 8. As B-Scan is described the 

scan which is mapping the plate from the Y-Z side (through the thickness), see lower left graph 

of the UT results in Figure 8. As C-Scan is described the scan which is mapping the plate from 

the X-Y side (from the top), see upper right graph of the UT results in Figure 8. Last, as D-

Scan is described the scan which is mapping the plate from the X-Z side (through the 

thickness), see lower right graph of the UT results in Figure 8. 

The plate inclusions were highlighted through the UT inspection and they could be identified 

in all depths, see Figure 9. 

 

Figure 9 Ultrasonic A, B, C and D-scans of the composite plate. 
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A threshold of -22,1db decay was set on the A-scan UT signals for the analyses with the P-

scan software. A decay over that limit meant that a local deviation was taking place. The 

analysis took place in various steps by setting filters (gates) in the length and thickness 

directions, in order to highlight the local embedded flaws. An example is presented in Figure 

10, where a section in X direction between 130-230mm was selected highlighting the 

inclusions between the 20th ï 21st layers in the B-Scan graph. 

 

Figure 10 Ultrasonic A, B, C and D-scans of the composite plate with a selection filter in X direction between 

130-230mm. 

 

With the aforementioned signal decay assumption it was found that the thickness disturbances 

around the embedded lenses were relative constant through the plate thickness, see Figure 11.  

The thickness of the lowermost raw of lenses could not be determined due to interaction of the 

back wall signal with their signal reflections. Although all lenses had initially the same 

thickness, the lenses with the larger diameters created constantly a larger total thickness 

deviation. The results were found to be repeatable for the different depths.   
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Figure 11 Thickness disturbances around embedded resin lenses. 

 

The UT measurement was able to identify the depth position of the embedded flaws for all the 

four depths, see Figure 12 by implementing the A-scan signal threshold assumption. It should 

be noted however that the signal reflections of the uppermost raw of inclusions with the UT 

beam near field were quite strong, see Figure 13. Therefore, the initiation position of the flaw 

was assumed rather than derived from the measurement.   
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Figure 12 Comparison of the depth position of the flaws between manufacturing plan and UT recordings. 

 

 

 

Figure 13 Ultrasonic A, B, C and D-scans of the composite plate with a selection filter in X direction between 

10-90mm (B-Scan: Outermost raw of flaws). 

 

The discs diameters (described as length and width in the graphs) were always determined 

larger in respect to the embedded ones, see Figure 14. The lenses are expected to form resin 

pockets and fiber orientation disturbances around their circumference. Therefore, the 

aforementioned geometrical difference could be plausible. In some cases however, the 

UT beam near field Outermost surface 

of flaws  
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recorded area was double in respect to the manufacturing plan and this something to be 

investigated in the future.  

  

 

Figure 14 Comparison of the lenses dimensions between manufacturing plan and UT recordings. 

 

To be noted as a general statement for the evaluation of the UT results is that the signal 

resolution in X direction is a lot higher than in Y. 

 

3.3.2 Rotor Blade Segment UT scans 

In the blade sections the B, C and D-scans were not successful due to the fact of extended air 

inclusions around the cross section e.g. between spar caps and outermost shells, or due to high 

attenuation in the trailing edge. A-Scan measurements were performed in specific locations 

where the signals were not attenuated. 

The scanning of the trailing edge along the blade length did not reveal any material-structural 

distortion. Moreover, since the composite laminate thickness could be measured with a scale, 

it was possible to derive the equivalent ultrasonic wave speed, 2160m/sec, for calibrating the 

UT system for thickness measurements, see Figure 15.    

  

 








































































