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Exectutive summary

The objective in WP 7.5.2 was itaplementquality inspection rathods for the identification

of possible structural flaws/defects and derive input for the probabilistic structural analysis of
the wind turbine bladehe findings are supposed to assist the work padrin WP7.1.2

and WP7.1.&nd WP7.4

In that cont&t three 34m bladesere cut down to segments awere distributed between the
project partners(DTU, WMC, IWES) Thesewere scanned with three differemon
destructivanethodsUltrasonic§UT) and Thermographyere selected as tts because they
areable in scanning large areas in relative short @me reveal localized flaw8oth systems

were tested in laboratory scale by inspecticmuponswith known flaws/damage sizes
Moreover, the geometry of the blades sections was measured, including atoilfeirence

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

TheUltrasonicsscans of the blade segments revealdsparts of thebladecross sectiofe.g.
sandwich area, spar cap3he UT thickness measuremewias successfullyperformed in
sectional parts v limited amountof air inclusions The presence of porosity either in bond
lines or laminatesvas damping the ultrasonic pulsinerefore elininating any backvall
signal,thusdistorting the measumrg quality.

Thermographyscans of a blade segment highlightextgsity in the trailing edge borlthe
under relative thin composite substrate laminate (less thd2rhén).

Thegeometry measuremerdsthe blade segments were perfedwith a robotic arnround

about their circumferencen at leastfive cross sections along their lengithe experimental

sef up and the technical characteristics of the robotic arm which was used for dimensioning
eight subcomponents is described. The& tesults are provided using printouts from the
measured shapes for all the sub parts while a study on the thidistebsitionof the spar cap

is listed. Conclusions and suggestions on how those measurements are drawn. The results can
be used in WP7.4nd 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 Plaetsthickness
measurement vealed variations in particular for the spar caps which are the loading carrying
parts of the bladélhis variations was present both along the spars of the segments as also in
the radius direction.
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1. Introduction

Deviationsof thewind turbine rotor bladstructure from th@iven design oftenintroduced
throughfaultsor errors in the manufacturimpggocess might affect its structural performance
From fiber undul ations and wavi nehsresisatbig dr vy
list of flaws which might be very structure specifithese have to be identified and
dimensioned in order to be aputified in terms of their effect on the structural integrity. To do

so, many techniques suchwasualimage procesmethodsultrasound scanshermography

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

In the actual report ivas attemptedo implementanUltrasonics ané Thermographgystem

in order to scan full scale blade segments of three 34m blatiesg capabilitieswere
investigatedowardsthe identification and geometrical quantification of defects and damages
in composite structuse Reference measuremenigere performed for both methodsn
laboratory scale coupons with artificial or visually detectable flaws/dasn&gésequently
they were bothappliedin full blade scaldnspections The experimental setps andthe
measuring systems are explicitly described.

The geometry of theaforementionedvind turbine rotorblade segmentand the thickness
distribution around the airfoil circumference nwemeasuredin order to quantify the
manufacturing deviations in compants to the given design. The measuesmt 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 campaigrerformed in WP7.5.2 was based on real blade structures cut out
of wind turbine rotor blade®TU had four SSP 34m blades available from previous national
funded projects, seleigure 1. All four blades had earlidyeen tested and were more or less
damaged from the previous tef#$-[9]. It was decided to cut the blades into segments and
distribute them between the researchrgas.Below are shown some of the subparts in the
lab of DTU after the cut out.




o

IRPWind

IRPWIND deliverable D75.2project re. 609795

Figure 1. Blade subcomponent specimens cut from SSP 34m blades.

A plan was made how to cut specimens from thedamaged part of the blades (Sesble

1). The blade segments wesebsequenthdistributed among the partners (DTU, WMC,
IWES). Before shippingCRES performed geometry measurements on eight sub parts
covering a wide range of chord length of 8% meters long blade, ségure2. In the same

fi

gure the segments which were used are i n
Tablel Cut positions for the subcomponent, laboratory where it wasand
number of parts that were measured from CRES.

Cut positions Mass # of subcomponents

Inner [m] | Outer [m] [kg] DTU I'WES WaC
13,00 16,13 4727 1
16,13 19,15 358 2
17,80 21,00 355
19,15 22,38 377
22,38 25,40 284 2 1
25,40 28,42 1595 2
“/
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Cutting plan for SSP 34m blades
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3. Ultrasonics

3.1 Brief description of the work

Ultrasonicscanswvere performedirst on laboratory scale thideminatesn order to
investigatehe system accuracy in flaws detection and size identification. Therefore, a UD
glass/epoxy plate was manufactured, Sgere3, with embeddedrtificial flaws (concave
resin lengs)in different positions and depthBhesewere supposed to emulate different
sizes of laminate waviness in wind turbine blade spar caps.

Figure 3: Composite laminate with artificial flaws.

Subsequently, two blade segmentye inspected with UTlhe 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 Forceultrasonics measuring system waplementedconsising of thefollowing
elements
1 P-scanSystend Lite Version 2 Release 1®ata Acquisition and software)
1 MWS-6, Hand scanner
1 Panametrics 500kHz Broadband sen88mm diameter

TheP-scan 4 Litamodule is a data acquisition and processing software whidhenthe
analysis in a PONith theP-scan Softwaréd, B, C and D scan measurements can be stored
and analyzed in a WindowsasedenvironmentThe MWS-6 handscannemwhich isshown

in Figure4 is consisted of a shavagon, the linear tracker sensor and the UT sensor

e
Supported by:




&

-+ IRPWind

IRPWIND deliverable D75.2project re. 609795

(Panametrics 0,5MHz). The coupling of the UT sensor with the scanned surface was taking
place through continuouslyoilving water.

B

—

-
—

Figure 4 (a) P-scan System 4 (b) M\ABSHand scanner.

3.2.2 Manufacturing of a glass/epoxy composite plate
A composite plate was manufactured using the followstgd materials seeTable2.

Table2. Materials description

Material Description Batch
Resin RIM 135 DG5G40303B
Hardener RIM H 137 EG4KS0305
UDO° textile Saertex/UD 1010g 1003165213

The plate had in total 50 UDG®ayerswith a nominal thickness of 0,65mm each and a total
plateresultant thickness of 32,5mm. In advarsreall 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:

Table3. Resin lenses geometricaltdiés

Lens geometry Diameter Thickness

- mm mm
1 12 4

2 20 4

3 30 4

4 50

T
= Supm
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All four lens geometries were embedded between the dry textiles of the composite plate before

the infusion seeFigure 5 Embedding artificial flawsigure5, every tenth ply i.e. between
100 -111, 20N -21%t, 30" -31%, 40" -415 ply.

600mm

Between 30-31 lay

E
E
g .

Between 20-21 laye:

etween layer
n layer
Between 10-11 layer

Figure 5 Embedding artificial flaws

600mm

323Preparation of the UT scans

Straightlines were marked on the composite plate with a marker in order to define scan tracks
and enhance the UT manual scanning,Fsgere6. X and Y axes are also illustrated. Axis Z

is considered to be transversehe 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 sstiucitder to
brohibit water flawing in the test hall, sEgure?.

Figure 7 Ultrasonic scan set ufor scanning blade segments

3.3 Test results

3.3.1 Composite plate UT scans

The UT scans whe performed on straight lines as described in the previous section- The P
scan software is reconstructing the recorded signals, enabling a duassiBalization of the
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scanned subject. Th&T scan resultthat will follow areelaboratedn Figure8 in terms ofthe
side of the plate which they are mapping.

7F Ascanpresd <3 <
b Dupiey Wndowt Fapon  Help
=% alolclo] EiEA oI SIS

End X-Z
A

Side Y-Z

Figure 8 Elaboration onUltrasonic A, B, C and Bcans.

As A-scan is described the plane signal visualization recordedtfre pulse echo ultrasonic
measurement, see upper left graph of the UT resufgyure8. As B-Scan is described the
scan which is mapping the plate from the$ide(through the thickness), see lower left drap

of the UT results ifrigure8. 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 resulsguare8. Last, as b
Scan is described the scan which is mapping the plate from {heside (through the
thickness), see lower right graph of the UT resuliBigure8.

The plate inclusions were highlighted throubk UT inspection and they could be identified
in all depthsseeFigure9.

T ] '

| 1io o 0o o o

BT b

Figure 9 Ultrasonic A, B, C and Bcans of the composite plate.

g
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A threshold of-22,1dbdecaywasseton theA-scanUT signals for the analyses with the P

scan softwareA decay over that limit meant that a local deviation was taking pldue.
analysis took place in various steps by setting filters (gates) in the length and thickness
directions, in order to higight the local embedded flaws. An example is presentédyire

10, where a section in X direction between ZBDmm was selected highlighting the
inclusions between the 20 21% layers in the BScan graph.

Figure 10 Ultrasonic A, B, C and EBscans of the composite plate with a selection filter in X direction between
130-230mm.

With the aforementioned signal decagsumption it was found that the thickness disturbances
around the embeled lenses were relative constant through the plate thickne$sgeesl1.

The thickness of the lowermost raw of lenses could not be determined due to interaction of the
back wall signal with their signal refigons. 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, sekEigure12by implementing the Ascan signal tleshold assumption. It should

be noted however that the signal reflections of the uppermost raw of inclusions with the UT
beam near field werguite strong, seEigurel3. Thereforethe initiation position of theldw

was assumed rather than derived from the measurement.

I
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Figure 12 Comparison ofhe depth position of the flaws between manufacturing plan and UT recarding
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Figure 13 Ultrasonic A, B, C and Bcans of the composite plate with a selection filter in X direction between
10-90mm (BScan: Outermost raw of flaws).

The discs diameters (described as length and width in the graphs) were always determined
larger in respect to the embedded onesFsgare14. 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, th

11
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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 ofhe lenses dimensions between manufacturing plan and UT recordings.

To be noted as general statement for the evaluation of the UT results is that the signal
resolution in X direction is a lot higher than in Y.

332Rot or Bl ade Segment UT scans

In the blade sections the B, C anes€ans 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-%can measurements were performed in specific locations
where the signals were not attenuated.

The scanning of the trailing edgéong the blade length did not reveal any matestialctural
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, Sigeire 15.
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