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DESCRIPTION

Description

Field of the Invention

[0001] The present invention relates to a device for applying an essentially horizontal
transverse edgewise force to an essentially horizontal cantilevered wind turbine blade
subjected to essentially horizontal edgewise reciprocal movement or vibration during fatigue
testing of the wind turbine blade, and a system for fatigue testing a wind turbine blade and a
method of fatigue testing of a wind turbine blade for transverse edgewise reciprocating
movements or vibrations.

Background of the Invention

[0002] Fatigue testing of wind turbine blades is typically carried out by loading a cantilevered
blade by means of one or more weights arranged on different places of the blade as seen in
the longitudinal direction of the blade and an exciter subjecting the blade to a transverse
oscillating movement at, or approximately at the resonance frequency, i.e. the eigen frequency
or natural frequency of the blade including any load thereon, such as weights or the exciter.
Using one or more weights will preload the blade in a manner that probably does not
correspond to the loading of the blade during normal operation. Additionally, the handling of
the weights and arranging them on the blade is a troublesome and heavy task.

[0003] Prior art documents relevant to the invention are patent documents WO 2009/135136
A2, CN 107 110 736 B, and US 2016/018284 A1, as well as non-patent literature document
Nathan Post, "Fatigue Test Design: Scenarios for Biaxial Fatigue Testing of a 60-Meter Wind
Turbine Blade", published on 31-07-2016. In particular, none of the documents discloses a
pendulum device for applying an essentially horizontal transverse edgewise force to an
essentially horizontal cantilevered wind turbine blade subjected to test.

[0004] The object of the present invention is to eliminate or reduce the disadvantages of
known devices and systems and methods for fatigue testing of wind turbine blades.

Summary of the Invention

[0005] The above object is obtained by a pendulum for applying an essentially horizontal
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transverse edgewise force to an essentially horizontal cantilevered wind turbine blade
subjected to essentially horizontal edgewise reciprocal movement or vibration during a fatigue
test of the wind turbine blade, the wind turbine blade comprising a root end and a tip end and a
longitudinal blade axis, the pendulum device comprising

e a rigid pendulum pivot arm having a longitudinal pendulum pivot arm axis and being
pivotally supported in an arm-supporting structure for pivoting in an essentially vertical
plane about an essentially horizontal pendulum pivot axis,

» a mass member being connected to the pendulum pivot arm, and

= a coupling member providing a connection between the pendulum pivot arm and a blade
fixture configured to be fixedly connected to the blade,

the pendulum pivot axis, the mass member and the coupling member being mutually spaced
along the longitudinal pendulum pivot arm axis.

[0006] The device is basically a pendulum comprising a blade fixture configured to be fixedly
connected to a section of the blade and is therefore also named a pendulum device.

[0007] The pendulum pivot arm of the pendulum device has a substantially upright or vertical
equilibrium position, the equilibrium position being a stable position when the pendulum is an
ordinary pendulum where the mass member is arranged below the pendulum pivot axis and
the equilibrium position is unstable when the mass member is arranged above the pendulum
pivot axis

[0008] The force F that the device or pendulum device is able to produce when the blade
fixture is fixedly connected to the blade and the blade is subjected to transversal reciprocating
movement caused by an exciter depends, inter alia, of the weight of the mass member and the
ratio between the spacing b between the pivot axis and the centre of gravity of the mass
member and the spacing a between the pivot axis and the coupling member connected to the
blade fixture, the effect of the inertial force of the mass element being multiplied by said ratio
between b and a.

[0009] The high inertia of the pendulum device is for a force of resistance to move the
pendulum device, the pendulum device being a passive device following the reciprocating
movement of the blade caused by an exciter.

[0010] Additionally, the mass required to produce the desired lateral force is considerably
smaller than for known devices and systems for fatigue testing of wind turbine blades, and
therefore the testing frequency can be higher and the testing time shorter than for current
testing devices and systems, the testing frequency being preferably the resonance frequency
or close to the resonance frequency of the blade including any loads thereon, such as an
exciter and the pendulum device. Finally, the pendulum device does not produce any vertical
force on the blade during testing.

[0011] According to an embodiment of the present invention, the pivot axis of the device is
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arranged between the mass member and the coupling member, and the coupling member is
arranged above both the pivot axis and the mass member, as seen in the direction of the
longitudinal pivot arm axis.

[0012] Thereby the pivot arm of the device can be considered the arm of a normal pendulum
where the coupling member is arranged above the pivot axis, and the mass member or bob is
arranged below the pivot axis. At present this embodiment is considered the preferred
embodiment.

[0013] According to another embodiment of the present invention, the coupling member of the
device is arranged between the mass member and the pivot axis, and the mass member is
arranged below both the pivot axis and the coupling member, as seen in the direction of the
longitudinal pivot arm axis.

[0014] Thereby the pivot arm of the pendulum device can be considered the arm of a normal
pendulum where the coupling member is arranged between the pivot axis being arranged at
the upper end of the arm and the mass member or bob being arranged at the lower end of the
arm.

[0015] According to an additional embodiment, the pivot axis of the device is arranged
between the mass member and the coupling member, and the coupling member is arranged
below both the pivot axis and the mass member, as seen in the direction of the longitudinal
pivot arm axis.

[0016] Thereby the pivot arm of the pendulum device can be considered the arm of an
inverted pendulum where the coupling member is arranged below the pivot axis, and the mass
member or bob is arranged above the pivot axis.

[0017] According to a further embodiment, the coupling member of the device is arranged
between the mass member and the pivot axis, and the mass member is arranged above both
the pivot axis and the coupling member, as seen in the direction of the longitudinal pivot arm
axis.

[0018] Thereby the pivot arm of the pendulum device can be considered the arm of an
inverted pendulum where the coupling member is arranged between the pivot axis being
arranged at the lower end of the arm and the mass member or bob being arranged at the
upper end of the arm.

[0019] According to an embodiment, the mass member comprises a number of weights being
attachable and detachable relative to the pivot arm.

[0020] Thereby the desired force produced by the device can be adjusted by means of the
number of weights attached to the pivot arm.
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[0021] According to an embodiment, the mass member is connected adjustably to the pivot
arm in the longitudinal direction of the pivot arm.

[0022] Thereby the desired force produced by the device can be adjusted and/or additionally
adjusted by adjusting the position of mass member along the longitudinal pivot arm axis.

[0023] According to an embodiment, the coupling member and the blade fixture connected
thereto are connected adjustably to the pivot arm in the longitudinal direction of the pivot arm.

[0024] Thereby the desired force produced by the device can be adjusted and/or additionally
adjusted by adjusting the position of the mass member along the pivot arm axis. Additionally,
the coupling member and the blade fixture connected thereto can be positioned in the correct
level for fixedly connecting the blade fixture to the desired section of the blade and essentially
in line with the chord line of the blade section when fatigue testing for edgewise forces is to be
carried out by means of the device.

[0025] According to an embodiment, the pivot axis of the pivot arm is arranged height
adjustably in the arm-supporting structure.

[0026] It is thereby possible to arrange the coupling member of the pivot arm of the device and
the blade fixture connected thereto in the correct horizontal plane of the desired blade section
for fixedly connecting the blade fixture to the blade and substantially in line with the chord line
of the blade section when fatigue testing for edgewise forces is to be carried out by means of
the device.

[0027] The coupling element of the device can be a coupling member compensating for
misalignment between the connection point of the coupling member to the pivot arm and the
blade fixture respectively. Thus, the misalignment-compensating coupling of the device can be
a universal joint or a universal joint-like coupling member.

[0028] According to an embodiment of the present invention, the arm-supporting structure of
the device is at the lower end thereof connected to a base plate.

[0029] According to an embodiment, the arm-supporting structure of the device comprises two
mutually spaced upright legs arranged on opposite sides of the pivot arm being pivotal about

the pivot axis extending between the two legs.

[0030] The legs of the arm-supporting structure can at the lower ends thereof be connected to
the base plate.

[0031] According to an embodiment, the baseplate is configured to be loaded by a ballast such
as a number of ballast weights being attachable and detachable relative to the base plate.

[0032] The base plate provides stability to the pendulum apparatus, and the stability is
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improved by the base plate being configured to be loaded by a ballast, such as a number of
ballast weights being attachable and detachable relative to the base plate.

[0033] Additionally, the base plate can comprise a plurality of base plate modules being
mutually attachable and detachable. Thereby it is possible to dismount the base plate and
move the base plate and the rest of the device to another position and mount it at that position.

[0034] As an alternative to the base plate the lower ends of the arm-supporting structure,
including the legs of the arm-supporting structure, can be cast into the ground and thereby be
permanently placed on a given place. Alternatively, the lower ends of the legs of the arm-
supporting structure of the pendulum device can be bolted to the ground at a given place
thereof or at a number of preselected places.

[0035] An additional alternative is to arrange the pendulum device on a X-Y tablelike
arrangement comprising a first supporting member arranged movably and lockably on a first
set of parallel tracks anchored to the ground in parallel to the essentially horizontal longitudinal
blade axis of a cantilevered wind turbine to be tested and fixedly supported in a blade support
structure, and the arm-supporting structure of the pendulum device are arranged movably and
lockably on a second set of parallel tracks relative to the first supporting member, the second
set of parallel tracks being arranged essentially perpendicular to the first set of parallel tracks.
Thereby the pendulum device can be moved to the desired longitudinal position relative to the
wind turbine blade and additionally to the desired transverse position relative to the wind
turbine blade, whereby the pendulum device can easily be arranged at the correct place for
carrying out the fatigue test.

[0036] According to an embodiment of the present invention, the blade fixture is divided into
two fixture parts having respective mutually facing abutment faces configured to define an
inner contour corresponding essentially to the outer shape of the blade in a section thereof
where the blade fixture is to be fixedly connected to the blade.

[0037] According to a further aspect, the present invention relates to a system for fatigue
testing of a wind turbine blade comprising a root end and a tip end and a longitudinal blade
axis, and comprising:

+ a pendulum device according to the present invention,

a support structure for fixedly supporting the blade in a cantilevered position at the root end
thereof so that the longitudinal blade axis is essentially horizontal and so that an essentially
horizontal transverse edgewise force can be applied to the blade by the pendulum device, and

+ an oscillation exciter, also termed an oscillation actuator, configured for cyclically
subjecting the blade to essentially horizontal transverse edgewise reciprocating
movement or vibration relative to the support structure.
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[0038] In an embodiment of the system configured for fatigue testing of the blade for
transverse edgewise reciprocating movement, the oscillation exciter is configured to subject
the blade to transverse edgewise reciprocating movements and the coupling member
providing the connection between the pivot arm and the blade fixture and the blade fixture
fixedly connected to the blade are arranged essentially in line with the local chord line of the
desired blade section during the fatigue test where edgewise forces are applied to the blade by
the pendulum device.

[0039] The edgewise exciter can be mounted on the blade. Alternatively, the edgewise exciter
can be supported on the ground and configured so as to at least essentially not load the blade
in other directions than edgewise.

[0040] According to an additional aspect, the present invention relates to a method of fatigue
testing of a wind turbine blade for transverse edgewise reciprocating movements or vibrations,
comprising the following steps:

» providing a wind turbine blade comprising a root end and a tip end and a longitudinal
blade axis,

+ fixedly supporting the root end of the blade in a support structure so that the blade is
horizontal cantilevered and so that the local chords of the blade are essentially
horizontal at the desired blade section where an essentially horizontal transverse
edgewise force is to be applied to the blade,

s arranging a pendulum device according to the present invention relative to the
cantilevered blade and fixedly connecting the blade fixture to the blade so that the pivot
axis of the pendulum device is essentially parallel to the longitudinal axis of the blade
and the coupling member providing the connection between the pivot arm and the blade
fixture is essentially in line with the local chord of the desired blade section where the
essentially horizontal transverse edgewise force is to be applied to the desired blade
section by the pendulum device,

e providing an oscillation exciter and connecting the exciter to the blade so as to subject
the blade to a desired region of the blade so as to subject the blade to essentially
horizontal transverse edgewise reciprocating movement or vibrations at the desired
region of the blade during the fatigue test.

Brief Description of the Figures

[0041] The invention is explained in detail below with reference to embodiments shown in the
drawings, in which

Fig. 1 is a diagrammatical perspective view of an at present preferred first embodiment of the
pendulum device according to the invention,
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Fig. 2 is a diagrammatical lateral view of a system according to the invention comprising the
device according to the invention shown in Fig. 1,

Fig. 3 is a top view of the system disclosed in Fig. 2,

Fig. 4a is a diagrammatical perspective view of a pivot arm of the apparatus shown in Fig. 1 to
3,

Fig. 4b is a diagrammatical perspective view of a stack of a mass member of the pivot arm
shown in Fig. 4a,

Fig. 4c is an enlarged diagrammatical perspective view of weights shown in Fig. 4b,

Fig. 5a and 5b are diagrammatical perspective front views of the pendulum device according to
the invention, the pivot axis of the pivot arm being arranged in different heights,

Fig. 5c is a diagrammatical front view of a second embodiment of the pendulum device
according to the invention,

Fig. 6a is a simplified diagrammatical view of the first embodiment of the pendulum apparatus
shown in Fig. 1 to 4 and Fig 5a and 5b,

Fig. 6b is a simplified diagrammatical view of the second embodiment of the pendulum
apparatus shown in Fig. 5b,

Fig. 6¢c is a simplified diagrammatical view of a third embodiment of the apparatus where the
pivot arm can be considered the arm of an inverted pendulum and the coupling member is
arranged below the pivot axis and the mass member is arranged above the pivot axis, and

Fig. 6d is a simplified diagrammatical view of a fourth embodiment of the apparatus where the
pivot arm can be considered the arm of an inverted pendulum where the coupling member is
arranged between the pivot axis being arranged at the lower end of the arm and the mass
member being arranged at the upper end of the arm.

Detailed Description of the Invention

[0042] Reference is made to Fig. 1 to Fig. 5, Fig. 5a, Fig. 5b and Fig. 6a disclosing a first
embodiment of the apparatus according to the first embodiment of the device 2 according to
the invention, Fig. 2 and Fig. 3 disclosing a system 1 according to the invention and comprising
the above first embodiment of the device 2 according to the invention.

[0043] The wind turbine blade 20 comprises a root end 21 and a tip end 22 and a longitudinal
blade axis 27 extending from the root end 21 to the tip end 22. Additionally, the blade
comprises a pressure side 23 and a suction side 24 and a leading edge 25 and a trailing edge
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26 and chords 28 extending from the leading edge 25 to the trailing edge 26.

[0044] The pendulum device 2 is configured to subject a cantilevered wind turbine blade 20,
see Fig. 2 and Fig. 3, to transverse edgewise force and comprises a pivot arm 4 having a
longitudinal pivot arm axis 31 and being pivotally supported by an arm-supporting structure 6
for pivoting about an essentially horizontal pivot axis 5, a mass member 12 being connected to
the pivot arm 4, and a coupling member 29 providing a connection between the pivot arm 4
and a blade fixture 30 configured to be fixedly connected to a desired section of the blade 20.
The pivot axis 5, the mass member 12 and the coupling member 29 are mutually spaced along
the longitudinal pivot arm axis 31. In the first shown and at present preferred embodiment, the
pivot axis 5 of the device 2 is arranged between the mass member 12 and the coupling
member 29, and the coupling member 29 is arranged above both the pivot axis 5 and the
mass member 12 as seen in the direction of the longitudinal pivot arm axis 31 and as
illustrated in Fig. 6a.

[0045] The pivot arm 4 is pivotally supported by an arm-supporting structure 6 for pivoting
about the essentially horizontal pivot axis 5 at the upper end of the arm supporting structure 6.
The arm-supporting structure 6 comprises two mutually spaced upright legs 7, 8 arranged on
opposite sides of the pivot arm 4 being pivotal about the pivot axis 5 between the two legs 7, 8.
The legs 7, 8 of the arm-supporting structure 6 are at the lower ends connected to a base
plate 9 providing stability to the pendulum device. The base plate 9 is configured to be loaded
by a ballast 16 comprising a plurality of attachable and detachable ballast weights 10, whereby
the stability of the device is improved and can be adapted to the loading of the device 2. The
base plate 9 comprises a plurality of base plate modules 11 being mutually attachable and
detachable. Thereby it is possible to build a base plate 9 with the desired and needed size.
Additionally, it is possible to dismount the base plate and move the base plate and the rest of
the device 2 to another position and mount the device at the new place.

[0046] The pivot arm 4 is shaped as an essentially rectangular frame member and is at the
lower end provided with a mass member 12 comprising a number of weights 13 being
attachable and detachable relative to the pivot arm, thereby allowing to provide the desired
weight of the mass member 12 and produce the desired force by the device. The weights 13
are provided with positioning pins 14 and positioning holes 15 allowing them to be stably
stacked. Instead of having a mass member comprising stackable weights or in addition thereto,
the position of the mass member 12 can be adjustable in the longitudinal direction of the pivot
arm 4, i.e. the spacing between the pivot axis 5 and the centre of gravity 17 of the mass
member can be adjustable. Thereby the desired force produced by the pendulum device 2 can
be adjusted and/or additionally adjusted by adjusting the position of mass member 12 along
the longitudinal pivot arm axis 31.

[0047] The pivot arm 4 extends above the pivot axis 5, and the coupling member 29 providing
the connection between the pivot arm 4 and the blade fixture 30 is connected to the pivot arm
above the pivot axis 5. The pivot arm axis 5 of the pivot arm 4 is arranged height adjustably in
the arm-supporting structure 6, as seen by comparing Fig. 5a and Fig. 5b, the pivot axis 5
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being arranged at a higher level of the legs 7, 8 of the arm-supporting structure 6 in Fig. 5b
than in Fig 5a.

[0048] The above height adjustability of the pivot axis allows for arranging the coupling
member 29 of the pivot arm 5 and the blade fixture 30 connected to the coupling member 29 in
the correct horizontal plane of the desired blade section for fixedly connecting the blade fixture
30 to the blade and substantially in line with the chord line 28 of the blade section when fatigue
testing for edgewise forces is to be carried out by means of the device 2.

[0049] The coupling member 29 of the device 2 can be a coupling member compensating for
misalignment between the connection point of the coupling member 29 to the pivot arm 4 and
the blade fixture, respectively. The misalignment-compensating coupling of the device can be a
universal joint or a universal joint like coupling member.

[0050] As shown in Fig. 1, the blade fixture 30 comprises a blade fixture frame 32 supporting
two parallel plate-shaped fixture members 33,34. Each fixture member 33, 34 is divided into
two fixture parts, an upper part 33a, 34a and a lower part 33b, 34b having mutually facing
abutment faces configured to define an inner contour 35 of the fixture member 33, 34
corresponding essentially to the outer shape of the wind turbine blade 20 in the section thereof
where the blade fixture 30 is to be fixedly connected to the blade.

[0051] As illustrated in Fig. 5¢ and in the simplified diagrammatical view of Fig. 6b, the coupling
member 29 of the device can in a second embodiment be arranged between the mass
member 12 and the pivot axis 5, and the mass member 12 can be arranged below both the
pivot axis 5 and the coupling member 29, as seen in the direction of the longitudinal pivot arm
axis.

[0052] According to a third embodiment, the pendulum device can, as diagrammatically
illustrated in Fig. 6¢c, be embodied as an inverted pendulum where the coupling member 29 is
arranged below the pivot axis 5 and the mass member 12 arranged above the pivot axis 5.

[0053] Further, according to a fourth embodiment shown diagrammatically in Fig. 6c, the
pendulum device can be embodied as an inverted pendulum where the coupling member 29 is
arranged between the pivot axis 5 being arranged at the lower end of the pivot arm 4 and the
mass member 12 being arranged at the upper end of the pivot arm

[0054] Reference is made especially to Fig. 2 and Fig. 3 disclosing a system according to the
present invention comprising a pendulum device 2 according to the present invention and
additionally comprising a blade-supporting structure 18 and an oscillation exciter 19. The blade
20 is a cantilevered blade, the root end 21 of the blade being fixedly supported by the blade-
supporting structure 18 and the longitudinal blade axis 27 being essentially horizontal. The
blade fixture 30 of the pendulum device 2 is fixedly connected to the blade 18 spaced from the
root end 21 of the blade 20, and the exciter is shown arranged on the pressure side 23 of the
blade and further spaced from the root end 21 than the blade fixture. The exciter 19 is
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configured to subject the blade to transverse edgewise movement during the fatigue testing of
the blade, and the blade fixture 30 is fixedly connected to the desired blade section essentially
in line with the chord line 28. The blade fixture 30 and therefore also the pivot arm 4 of the
pendulum device 2 will follow the movement of the wind turbine blade. Although shown
mounted on the blade, the exciter could be supported on the ground so as to essentially not

load the blade in other directions than edgewise.
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KRAV
1. En pendulanordning (2) til at pdfere en i det vaesentlige vandret tvaergdende kantmaessig kraft
pd en i det vaesentlige vandret udkragende vindmgllevinge (20), der er udsat for i det vaesentlige
vandret kantvis gentagende modsatrettet bevaegelse eller vibration under en udmattelsestest af
vindmgllevingen, hvor vindmgllevingen omfatter en rodende (21) og en spidsende (22) og en
langsgdende vingeakse (27), pendulanordningen (2) omfatter:
- en stiv penduldrejearm (4) havende en langsgdende penduldrejearmsakse (31) og
veerende drejeligt understgttet i en armstottende struktur (6) til drejning i et i det
vaesentlige lodret plan omkring en i det vaesentlige vandret penduldrejeakse (5),
- et masseelement (12) veerende forbundet med penduldrejearmen (4), og
- et koblingselement (29) tilvejebringende en forbindelse mellem penduldrejearmen (4) og
en vingefikstur (30) konfigureret til at blive fast forbundet til vingen (20), hvor
penduldrejeaksen (5), masseelementet (12) og koblingselementet (29) er anbragt med

indbyrdes afstand langs den langsgdende penduldrejearmsakse (31).

2. Anordning (2) ifglge krav 1, hvor penduldrejeaksen (5) er anbragt mellem masseelementet (12)
og koblingselementet (29), og koblingselementet er anbragt over bdde drejeaksen og

koblingselementet set i retningen af den langsgdende drejearmsakse (31).

3. Anordning (2) ifglge krav 1, hvor anordningens koblingselement (29) er anbragt mellem
masseelementet (12) og drejeaksen (5), og masseelementet er anbragt under bade drejeaksen og

koblingselementet set i retningen af den langsgdende drejearmsakse (31).

4, Anordning (2) ifglge krav 1, hvor anordningens drejeakse (5) er anbragt mellem
masseelementet (12) og koblingselementet (29), og koblingselementet er anbragt under bade

drejeaksen og masseelement set i retningen af den langsgdende drejearmsakse (31).

5. Anordning (2) ifglge krav 1, hvor anordningens koblingselement (29) er anbragt mellem
masseelementet (12) og drejeaksen (5), og masseelementet er anbragt over bdde drejeaksen og

koblingselementet set i retningen af den langsgdende drejearmsakse (31).

6. Anordning (2) ifglge et hvilket som helst af de foregdende krav, hvor masseelementet (12)

omfatter et antal vaegte (13), der kan fastggres og aftages i forhold til drejearmen (4).

7. Anordning (2) ifglge et hvilket som helst af de foregdende krav, hvor masseelementet (12) er

forbundet justerbart til drejearmen (4) i drejearmens laengderetning og/eller
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hvor koblingselementet (29) og vingefiksturen (30), der er forbundet dermed, er justerbart
forbundet med drejearmen i drejearmens leengderetning, og/eller
hvor drejeaksen (5) af drejearmen er anbragt hgjdejusterbart i den armstgttende struktur

(6).

8. Anordning (2) ifglge et hvilket som helst af de foregdende krav, hvor den armstgttende struktur

(6) af anordningen ved den nedre ende deraf er forbundet med en bundplade (9).

9. Anordning (2) ifglge et hvilket som helst af de foregdende krav, hvor den armstgttende struktur
(6) af anordningen omfatter to indbyrdes adskilte opretstdende ben (6, 7), der er anbragt pé
modstdende sider af drejearmen (4), som er drejelige omkring drejeaksen (5) der strackker sig

mellem de to ben.

10. Anordning (2) ifalge et hvilket som helst af de foregdende krav 8 og 9, hvor benene (6, 7) af

den armstgttende struktur (6) er, ved de nedre ender deraf, forbundet med bundpladen (9).

11. Anordning (2) ifalge et hvilket som helst af de foregdende krav 8-10, hvor bundpladen (9) er
konfigureret til at blive belastet af en ballast (16), sdsom et antal ballastvaegte (13), der kan
fastgares og aftages i forhold til bundpladen.

12. Anordning (2) ifalge et hvilket som helst af de foregdende krav, hvor vingefiksturen (30) er
opdelt i to fiksturdele med respektive mod hinanden vendende anlaegsflader konfigureret til at
definere en indre kontur, der i det vaesentlige svarer til den ydre form af vingen i en sektion deraf,

hvor vingefiksturen skal forbindes med vingen (20).

13. System (1) til udmattelsestest af en vindmgllevinge omfattende en rodende (21) og en
spidsende (22) og en langsgdende vingeakse (27) og omfattende:
- en pendulanordning (2) ifalge et hvilket som helst af de foregdende krav 1 til 12,
- en stgttestruktur (18) til fast at understgtte vingen i en udkraget position ved rodenden
deraf, sdledes at den langsgdende vingeakse (27) i det vaesentlige er vandret, og sdledes
at en i det vaesentlige vandret tveergdende kantkraft kan pafares vingen af
pendulanordning, og
- en oscillationsgenerator (19), der er konfigureret til cyklisk at udszette vingen for i det
vaesentlige vandret tveergdende kantvis gentagende modsatrettet beveegelse eller

vibration i forhold til stattestrukturen.
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14. System (1) ifglge krav 13 til udmattelsestest af vingen (20) for tvaergdende kantvise
gentagende modsatrettet bevaegelse, hvor oscillationsgeneratoren (19) er konfigureret til at
udsaette vingen for tveergdende kantvise gentagende modsatrettede beveegelser, og
koblingselementet (29) tilvejebringer forbindelsen mellem drejearmen (4) og vingefiksturen (30)
og vingefiksturen, der er fast forbundet med vingen, er anbragt i det vaesentlige pa linje med den
lokale kordelinje af den gnskede vingesektion under udmattelsestesten, hvor kantvis kraft p&fares

vingen af pendulanordningen (2).

15. Fremgangsmdde til udmattelsestest af en vindmgllevinge (20) for tveergdende kantvise
gentagende modsatrettede bevaegelser eller vibrationer, omfattende fglgende trin:
tilvejebringelse af en vindmgllevinge omfattende en rodende (21) og en spidsende (22) og en
langsgdende vingeakse (27),
- fast understgtning af vingens rodende i en stgttestrukturr (18), sdledes at vingen er
vandret udkragende, og sdledes at vingens lokale korder i det veesentlige er vandrette ved
den gnskede vingesektion, hvor en i det vaesentlige vandret tvaergdende kantkraft skal
pafares vingen,
- anbringelse af en pendulanordning (2) ifglge et hvilket som helst af de foregdende krav 1
til 12 sdledes i forhold til den udkragede vinge og fast forbindende vingeholderen til
vingen, sdledes at pendulanordningens drejeakse (5) i det vaesentlige er parallel med
vingens leengdeakse, og koblingselementet, der tilvejebringer forbindelsen mellem
drejearmen (4) og vingeholderen (30), er i det veesentlige pa linje med den lokale korde af
den gnskede vingesektion, hvor den i det vaesentlige vandrette tvaergdende kantvise kraft
skal pafgres til den gnskede vingesektion af pendulanordningen,
- tilvejebringelse af en oscillationsgenerator (19) og forbind generatoren til vingen for at
udsaette et gnsket omrdde af vingen for i det veesentlige vandret tveergdende kantvise
gentagende modsatrettet bevaegelse eller vibrationer ved det gnskede omrdde af vingen

under treethedstesten.
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