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DESCRIPTION

TECHNICAL FIELD

[0001] The present disclosure relates to a wind turbine equipped with an edgewise stabilizer
that is operable to address edgewise blade vibrations in certain operating conditions.

BACKGROUND

[0002] Horizontal Axis Wind Turbines (HAWT) are being designed with ever larger rotor
diameters as manufacturers look to capture more and more energy from the wind. Longer
wind turbine blades tend to be more susceptible to dynamic loading, which can increase the
rate of fatigue of such blades.

[0003] One mode of dynamic loading that occurs within wind turbines is caused by edgewise
vibrations of the blades. Edgewise vibration Is a form of dynamic loading that occurs due to
excitation of a blade along its edgewise axis. The damaging effect of edgewise vibration iIs
often experienced In high wind speeds whilst the wind turbines are idling in a non-operating
mode.

[0004] During non-operating modes the blades of the turbine are pitched out of the wind In
order to minimise the force applied to the blades by the incident wind. Variations in the wind
direction can introduce errors in both the yaw and azimuth angles of the rotor which results in a
large Interval of potential angles of attack (also known as angle of incidence). At certain angles
of attack the rotor blades can experience negative aerodynamic damping which can give rise
to instability within the blades and potentially large dynamic responses, known as edgewise
vibrations. The magnitude of the dynamic loads applied to the blades increases with wind
speed and can also be increased If the rotor is locked.

[0005] Reducing the effect of edgewise vibrations has been a growing area of research In
recent years as wind turbine manufacturers explore ways to tackle the engineering challenges
Inherent in larger wind turbines. Manufacturers have previously tried to reduce the effects of
edgewise vibrations by placing dampers, such as liquid or roller dampers, within the turbine
blades, although this was challenging to realise due to the lack of space within turbine blades.

[0006] It Is against this background that the embodiments of the invention have been devised.

[0007] US2010/0068058 describes a wind turbine where an outermost part of the blade can be
turned at an angle to control the size of the rotor area and the distance between the blade tip
and the wind turbine tower.
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SUMMARY OF THE INVENTION

[0008] According to the present invention there is provided a wind turbine comprising: at least
one pitchable wind turbine blade mounted to a hub, the blade having a root end, a tip end and
a longitudinal axis extending between the root end and the tip end, and an aerofoll surface
defined by a pressure side and a suction side; and a movable fin mounted at the tip end of the
blade, wherein the fin Is deployed into a first position in dependence on the pitch position of the
blade and when the wind turbine is in a non-operational mode; wherein in the first position the
fin extends In a direction substantially aligned with the longitudinal axis of the blade and is
arranged In a plane which Is substantially perpendicular to an edgewise axis of the blade at the
tip end, such that the fin acts as an aerodynamic stabilizer to reduce the effects of edgewise
vibrations on the blade.

[0009] WiInd turbines generate power between a lower cut-in wind speed (typically around 3 to
4 m/s) and an upper cut-out wind speed (typically around 25 m/s). Between the cut-in wind
speed and the cut-out wind speed when the turbine I1s generating power the wind turbine is In
an "operational mode". When the wind turbine is not generating power the turbine is in the
"non-operational mode".

[0010] The wind turbine may be In the non-operational mode when there are strong winds (i.e.
above the cut-out wind speed), when it Is undergoing maintenance, or when it is disconnected
from the electricity distribution system or grid.

[0011] Preferably, in the non-operational mode the blades will be pitched so that they are
feathered into the wind. However, If the turbine is not connected to the electrical grid it may not
be possible to adjust the pitch angle of the blades If the wind direction changes.

[0012] A method of operating a wind turbine may Include at least one pitchable wind turbine
blade mounted to a hub, the blade having a root end, a tip end and a longitudinal axis
extending between the root end and the tip end, and an aerofolil surface defined by a pressure
side and a suction side; and wherein the blade is provided with a movable fin mounted at the
tip end thereof, and wherein the method comprises: configuring the wind turbine into a non-
operational mode, and deploying the fin into a first position, In dependence on blade pitch
position, In which it act as an aerodynamic stabilizer to reduce the effects of edgewise
vibrations on the blade

[0013] The edgewise stabilizer of the Iinvention can be retrofitted to an existing blade or
designed Into a blade during manufacture. In either case, the edgewise stabilizer helps to
reduce the edgewise oscillations of the blade when the wind turbine Is not operating as it acts
as an aerodynamic brake.

[0014] The fin may also be movable to a second position in which it acts as a winglet. In this
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way, the fin improves the aerodynamic characteristics of the blade when the rotor of the wind
turbine is rotating. VWWhen acting as a winglet, the fin may extend in a direction transverse to the
longitudinal axis of the blade, and in some embodiments perpendicular to the longitudinal axis.
When the fin Is In the second position the wind turbine Is In an operational mode, that is the
wind turbine Is generating power.

[0015] The fin may be moved between the first position and the second position depending on
the blade pitch position. For example, during operation of the wind turbine when the rotor Is
turning the fine may be folded back to acts as a winglet, thereby providing aerodynamic lift
benefits to the blade. However, In circumstances where the wind turbine 1s shutdown, during
which the blades are pitched into a feathered position, the fin may then be deployed into the
first position thereby to act as an aerodynamic stabilizer and brake. In one embodiment the fin
extends In a direction aligned with the longitudinal axis of the blade when it i1s In the first
position, although it will be appreciated that the stabilizing benefits of the fin will also be
achieved even If the fin Is not extending precisely in line with the longitudinal axis of the blade.

[0016] The edgewise axis extends In a direction between a leading edge and a trailing edge of
the blade. It will be appreciated that a wind turbine blade may be twisted or bent, so the
direction of the edgewise axis can change long the spanwise length of the blade between the
root and the tip.

[0017] The fin may be moved between its first and second positions by various means. In one
embodiment, the fin Is configured to be moved to the first position by an electric motor, the
operation of which is linked to a pitch system of the wind turbine. Alternatively, the fin may be
configured to be moved to the first position by a cable operable by a component associated
with a pitch system of the wind turbine. This variant may be less complex since it is a simple
mechanical solution with no requirement for a powered motor.

[0018] A variety of blade pitch positions may cause the fin to deploy into its stabilizing position.
In one embodiment, the fin may be moved to the first position when the pitch position of the
blade Is greater than about 40°. However, when the fin i1s not being moved to the first position it
may be configured to pivot freely with respect to the blade.

[0019] In some embodiments, the fin may be useful as part of a lightning protection system of
the blade. In such a case the fin would be made at least in part of a conductive material and
electrically coupled to the lightning protection system. Although the fin could be a solid metallic
component, it is envisaged that a metallic coating over a polymeric body would also function
acceptably.

[0020] To ensure that the use of the fin does not introduce operational noise, the fin may
Include a turbulence reducing feature.

[0021] The fin may extend over one or both of the suction and pressure sides of the blade so
as to increase the stabilizing effects of it compared to a fin simply extending from the blade tip.
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Where a part of the fin extends over the surface of the blade, a gap may be defined between
the fin and the blade to allow the fin to move between its two positions. A flexible skirt may fill at
least part of the gap to guard against airflow passing through the gap.

[0022] Preferably, the fin has a length between 2% to 8% of a length of the blade and the fin
has a width between 0.5% to 3% of a length of the blade.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The invention will now be described In detail, by way of example only, with reference to
the accompanying drawings, in which:

Figure 1 Illustrates a wind turbine comprising blades equipped with respective edgewise
stabilizers in accordance with an embodiment of the invention;

Figure 2a 1s a perspective view of a wind turbine blade of the wind turbine in Figure 1, whilst
Figure 2b Illustrates a chord-wise section of the blade and demonstrates pitch angle
measurement convention;

Figure 3 Is a planform view of the wind turbine blade In In Figure 2, and which shows the
edgewise stabilizer in two alternative positions;

Figure 4 Is a side view of the wind turbine blade of Figure 2;

Figure 5 Is a view of a section through the wind turbine blade in Figure 3 along the line marked
IAI;
Figure 6 Is a section view of a wind turbine blade, like that in Figure 5, but which shows an

alternative embodiment of edgewise stabilizer;

Figure 7 1s a schematic view of the wind turbine blade of Figure 1 which Iillustrates one
example of a mechanism for operating the edgewise stabilizer; and

Figure 8 Includes comparative planform views of two wind turbine blades which illustrates an
advantage of the edgewise stabilizer.

DETAILED DESCRIPTION

[0024] Specific embodiments of the invention will nhow be described In which numerous
features will be discussed In detall in order to provide a thorough understanding of the
Inventive concept as defined in the claims. However, it will be apparent to the skilled person
that the invention may be put in to effect without the specific details and that in some instances,
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well known methods, techniques and structures have not been described Iin detail in order not
to obscure the invention unnecessarily.

[0025] In order to place the embodiments of the invention in a suitable context, reference will
firstly be made to Figure 1. In Figure 1, a wind turbine 10 according to one embodiment of the
Invention includes a rotor having wind turbine blades 12 each comprising a deployable
edgewise stabilizer 14. The deployable edgewise stabilizers 14 provides a means of damping
and thus reducing the effects of edgewise vibrations on the blades 12.

[0026] In more detall, the wind turbine 10 illustrated in Figure 1 Is an onshore wind turbine,
although the invention may equally be applied to an offshore wind turbine. The wind turbine 10
comprises a tower 16, a nacelle 18 rotatably coupled to the top of the tower 16 by a yaw
system (not shown), a rotating hub 15 mounted to the nacelle 18, a blade pitch system (not
shown) that may be mounted within the rotating hub 15 so as to control the pitch of the wind
turbine blades 12.

[0027] Figure 2a (not to scale) shows one of the blades 12 in more detail, which includes a
root end 20, a tip end 22, and a longitudinal axis 24 extending from the root end 20 to the tip
end 22 of the blade 12. The blade 12 defines an aerofolil profile comprising a pressure side 26
and a suction side 28 extending between leading and trailing edges 29,31. A chord is defined
between the leading edge and the trailing edge. An edgewise axis also extends in a direction
between the leading edge and the trailing edge. A span Is defined between the root of the
blade and the tip of the blade.

[0028] The wind turbine 10 is typically set into a non-operational mode during strong wind
conditions or when undergoing maintenance. In such conditions for an upwind wind turbine,
the rotor i1s yawed into the wind (i.e. so that the wind i1s aligned with the rotational axis of the
rotor) and the blades 12 are pitched to be feathered into the wind (so that the blades are
pitched to have an angle of attack where they do not generate lift), in order to reduce the load
applied to the blades 12. However, due to variations in the wind direction unwanted loads are
still applied to the blades 12 which can cause the blades to oscillate unacceptably.

[0029] Excitement of a blade due to air flow around it can cause the blade to oscillate In
various oscillatory modes. Referring to Figure 2b, blade oscillations may occur along the length
of the blade In the edgewise direction, which is one of two main directions in which the blade
principally oscillates. The other main direction of oscillation is in a "flapwise” direction. In use a
blade will be excited with a combination of these oscillation modes. Oscillations in the edgewise
direction cause the blade 12 to move relative to edgewise axis E which extends generally
through the leading and trailing edges 29,31 of the blade 12. The edgewise axis E Is therefore
substantially perpendicular to the longitudinal axis 24 of the blade 12. Similarly, oscillations In
the flapwise direction cause the blade to move relative to flapwise axis F which extends
through the upper and lower surfaces of the blade 12 and which Is substantially perpendicular
to both the longitudinal axis 24 and the edgewise axis E of the blade 12.
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[0030] Flapwise oscillation 1s often easily monitored and damped, whereas management of
edgewise oscillation 1s more difficult. This I1s because the aerodynamic surface area along the
pressure and suction sides 26, 28 tends to damp oscillations in the flapwise direction, whereas
there I1s less aerodynamic damping of the blade when the oscillations are mostly in the
edgewise direction. Indeed, In some configurations, aerodynamic damping can become
negative such that the edgewise oscillations tend to increase under certain wind conditions.
Furthermore, direct action cannot easily be taken to reduce edgewise vibration in the same
way that can be implemented when unacceptable flapwise vibration is measured.

[0031] In the Invention, the edgewise stabilizer functions to reduce the edgewise oscillations
during certain operating conditions of the wind turbine, as will now be described in more detail.

[0032] With reference also to Figure 3 which is a planform view of the wind turbine blade, the
edgewise stabilizer 14 i1s mounted towards the tip end 22 of the blade 12. In this embodiment,
the edgewise stabilizer 14 comprises a fin 23 that is elongate and plate-like in form and which
IS pivotably mounted at the tip end 22 of the blade 12 on an axle arrangement 30. In the
llustrated embodiment, the axle arrangement 30 Is positioned a small distance back from the
very tip of the blade, although other embodiments may comprise an axle arrangement at the
very tip of the blade, as will become apparent. The axle arrangement 30 defines an axis
extending generally perpendicularly to the longitudinal axis 24 of the blade 12, and parallel to
the flapwise axis F. The axle arrangement 30 may include suitable bearings, which may be
plain or roller bearings, for example, to ensure that the fin 23 can rotate freely with the axle
arrangement 30. It will be appreciated that this configuration of mounting the fin 23 so that it
can pivot relative to the blade 1s one example, and the skilled person would understand that
other configurations would be possible.

[0033] The edgewise stabilizer 14 1s able to move between a first position 32 and a second
position 34. In one embodiment of the invention the edgewise stabilizer 14 1s moved between
the first 32 and second 34 positions In dependence on the pitch angle of the blade which, In
turn, depends on the operational mode of the wind turbine. Figure 2b illustrates a chord-wise
section through the wind turbine blade 12 relative to a pitch angle range between 0 degrees
and 90 degrees. As shown, the blade 12 is oriented such that its edgewise axis E is oriented
normal to the incident wind, W, and this represents a 0 degree pitch angle. In contrast, the
blade marked as 12" is oriented such that its edgewise axis E Is aligned, or parallel, with the
Incident wind W. This represents a 90 degree or 'feathered' pitch position and may be
accompanied by a corresponding yaw of the nacelle. During an operational mode, the blades
are generally set at a pitch angle between 0 degrees and 30 degrees. However, In a non-
operational mode, the blades are pitched to angles greater than about 70 degrees, and
preferably to about 90 degrees.

[0034] In overview, In the embodiments of the invention the edgewise stabilizer 14 i1s moved
Into the first position 32 when the wind turbine 10 Is In a non-operational mode. VWhen In the
first position 32 the edgewise stabilizer 14 is orientated in a manner substantially parallel or
aligned with the longitudinal axis 24 of the blade 12. Conversely, the edgewise stabilizer 14 is
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positioned In the second position 34 when the wind turbine 10 1s In an operational mode In
which position the edgewise stabilizer 14 acts as a winglet of the blade 12. VWhen In the second
position 34 the edgewise stabilizer 14 is orientated transversely to the longitudinal axis 24 of
the blade 12. In other words, In the second position 34, the edgewise stabilizer 14 is aligned
with the direction of rotation of the blade 12. Beneficially, in this position, the edgewise
stabilizer 14 acting as a winglet reduces tip losses within the blade 12 and improves its overall
efficiency.

[0035] Having discussed the general functionality of the edgewise stabilizer 14, its structure will
now be described iIn more detail. Figure 4 illustrates the edgewise stabilizer 14 in the first

position 32 In which it extends generally in alignment with the longitudinal axis 24 of the blade
12.

[0036] As has been mentioned, the fin 23 In this embodiment is planar or plate-like in form
defining an oblong shape, such that its long sides are generally parallel to the axis of the blade
12. The dimensions of the fin 23 are selected in accordance with the blade length to ensure
that sufficient surface area is provided to optimise edgewise damping during non-operation of
the wind turbine. It is currently envisaged that for a blade of approximately 80 metres in length,
the fin would need to be approximately 4 metres long and 1 metre wide, although these
dimensions should be considered as an example only. More generally, it iIs envisaged that
lengths of between 1 and 4 metres and widths between 0.4 and 1.5 metres would be suitable
for most applications. Expressed another way, In this embodiment the fin has a length
approximately 5% of the blade length, although it i1s considered that a range of lengths
between 2-8%, and particularly between 4-6%, of the blade length would also be acceptable. In
terms of width, in this embodiment the fin has a width that i1s approximately 1.25% of the blade
length although, more generally, it 1s considered that widths between 0.5-3%, and more
particularly between 1-2%, of the blade length may be acceptable.

[0037] In terms of thickness, the main consideration is that the thickness should be selected so
that the fin 23 Is strong enough not to buckle or otherwise deform during use. A strengthening
structure such as ribs or a honeycomb formation may also be provided to increase rigidity
whilst reducing weight, although it should be noted that this detail is not shown In the figures.
Currently, 1t i1s envisaged that a fin thickness between 2mm and 10mm would be acceptable.
For relatively thick fins, suitable tapering towards its edge Is desirable to ensure that the
thickness of the fin at its edge I1s comparable to the thickness of the blade at the trailing edge of
the blade, for example around 2mm.

[0038] In its simplest form, the fin 23 may be comprised of any suitable material, although
preferably such material should be rigid so that it can withstand the bending forces to which it
IS subjected during use, yet lightweight so as to minimise the loading added to the associated
blade. One option could be a suitable polymer or composite such as polycarbonate or
glass/carbon-reinforced plastic, by way of example. Embodiments are also envisaged in which
the fin 23 Is conductive. For example it may be constructed of solid metal or have a conductive
outer surface or skin, for example a metallic mesh overlaid on a non-conductive core. In such
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embodiments, the edgewise stabilizer 14 would therefore be able to attract lightning strikes
and so form part of the lightning protection system of the blade 12. In other words, the
edgewise stabilizer 14 functions as a tip receptor for the blade 12. This is illustrated in Figure 4
IN which a down conductor 35 Is connected to the axle arrangement 30 and extends down the
Inside of the blade 12 where it Is coupled to a lightning protection system 36. It should be noted
that the lightning protection system 36 I1s shown here schematically as its functionality would be
understood well by a skilled person. Bearings 30a at either end of the axle arrangement 30
that permit the fin 23 to pivot may suitably be insulated to ensure that they are not damaged by
the passage of current through the metallic structure of the fin 23, the axle arrangement 30
and into the down conductor 35.

[0039] In this embodiment, it will be noted that that the axle arrangement 30 is positioned
some way back from the very tip of the blade, so the fin 23 includes a cut-out formation 38 so it
can accommodate the shape of the blade as it pivots between its first and second positions
without coming Into contact with the outer surface of the blade which would affect free
movement of the fin 23.

[0040] The cut-out formation 38 Is defined at the proximal end or 'base’ of the fin 23 and
extends in the plane of the fin 23 so as to define a shape that generally matches the profile of
the tip end 22 of the blade when considered In a vertical section extending along the
longitudinal axis 24 of the blade 12. As can be seen In Figure 4, the cut-out formation 38
closely follows the profile of the blade 12 with a small clearance to ensure the fin 23 can pivot
freely.

[0041] It will be appreciated that the profile of the blade 12 that iIs accommodated within the
cut-out formation 38 varies as the fin 23 pivots between the first and second positions. In this
regard, Figure 5 shows the fin 23 In the second position In which the fin 23 Is perpendicular to
the longitudinal axis 24 of the blade. Here, it will be noticed that the area defined by the cut-out
formation 38 Is significantly larger than the cross-sectional profile of the particular span-wise
station at which the fin 23 i1s mounted. To this end, the edgewise stabilizer 14 also comprises a
flexible fringe or skirt 50 that fills the gap between the exterior surface of the blade and the cut-
out formation 38 of the fin 23 that prevents air flowing through the gap. The skirt 50 has a
structure that allows the fin 23 to pivot with respect to the blade 12 whilst providing a
substantially impervious seal against the blade to prevent airflow from passing through the
gap. Currently it i1s envisaged that a thin rubber material would be appropriate, comprising
upper and lower skirt portions 50a,50b defining a lateral split line 50c between them. Another
possibility would be a fibrous fringe of bristles or the like. Other configurations are possible.
Beneficially, the seal created by the skirt 50 improves the efficiency of the fin 23 when acting as
a winglet. The structure of the skirt 50 should be durable in order to withstand the effects of
weathering. Optionally, the skirt 50 may be removably mounted to the fin so that it can be
replaced If it gets worn or damaged.

[0042] Although the edgewise stabilizer 14 In Figures 3 and 4 has been described as being
rectangular in shape and extending about both the suction side 28 and pressure side 26 of the
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blade 12, it should be appreciated that this Is just one example and that other configurations
are possible. Figure 6 shows an alternative embodiment, where the same reference numerals
are used to refer to features in common with previous embodiments. In Figure 6, the edgewise
stabilizer 14 includes a fin 23 that Is mounted to and extends over one side of the blade 12,
more specifically the pressure side 26 of the blade 12. As In the previous embodiments, the fin
23 1s pivotably mounted to axle arrangement 30 that allows the fin 23 to pivot between a first
position during operation of the wind turbine, which position is shown In Figure 6, and a second
position when the wind turbine Is non-operational such that the fin 23 aligns with the
longitudinal axis of the blade 12. An advantage of mounting the edgewise stabilizer 14 to the
blade asymmetrically is that it allows for greater tower clearance.

[0043] Furthermore, it will be noted that in this embodiment the 23 fin has a stepped profile
comprising a relatively narrow proximal section 23a which then blends into a relatively wide
distal section 23b. In this configuration, the relatively wide distal section 23b provides the
largest surface area of the fin 23 and is positioned radially more outward from the blade tip
than the narrow proximal section 23a. The benefit of this is that the overall mass of the fin 23
can be reduced whilst retaining the majority of the edgewise damping effects of the fin.

[0044] In a similar manner to previous embodiments, the edgewise stabilizer 14 may comprise
a flexible skirt 50 that fills the gap between the fin 23 and the external surface of the blade 12.

[0045] In order to reduce turbulence when the fin 23 acts as a winglet, a turbulence-reducing
feature 60 may be provided on the trailling edge of the fin 23. In the embodiment in Figure 6,
the trailing edge of the fin 23 Is serrated, to be contrasted with the linear trailing edge In
previous embodiments. Although the serrations are formed integrally with the fin 23 In this
embodiment, they may also be provided by a serrated strip that it bonded or otherwise secured
to the trailing edge of the fin 23.

[0046] As has been discussed above, the edgewise stabilizer 14 i1s configured to move
between a first position 32 when the wind turbine is non-operational to a second position 34
when the blades are turning. Various methods may be used to achieve this. For example, one
option Is for movement of the edgewise stabilizer 14 to be linked to the pitching movement of
the associated blade, for example by a control cable that connects the edgewise stabilizer 14
to one of either the hub, blade bearing, or pitch system. When the wind turbine is operational
and the blade 12 has a relatively low pitch position, for example below 30 degrees, the control
cable would be slack so that the edgewise stabilizer 14 is forced into the winglet position by the
force of the air flowing past Iit.

[0047] As the rotation of the hub is slowed by pitching out of the blades, for example up to and
past 60 degrees of pitch, tension Is applied to the control cable which therefore begins to
deploy the edgewise stabilizer 14 into the first position. The control cable may be adjustable so
that tension Is applied at selected pitch angles which provides control over when the edgewise
stabilizer is deployed. For example the control cable may be configured to deploy the edgewise
stabilizer at pitch positions only above angles selected between 40 and 80 degrees. Likewise,
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the control cable could be configured to allow the edgewise stabilizer 14 to pivot freely below
predetermined pitch angles, for example 30 or 40 degrees. Measures could also be provided
to enable the edgewise stabilizer to be fixed in the second position below predetermined pitch
angles.

[0048] Figure 7 illustrates in schematic form one possible actuation system for the edgewise
stabilizer 14 configured to move it between first and second positions. In this embodiment, the
axle arrangement 30 includes a lever 42 having a distal end to which a one end of a control
cable 44 is connected. Angular movement of the lever 42 causes pivoting movement of the fin
23. The control cable 44 extends down the interior volume of the blade 12 to a mounting point
46, which In this embodiment is a stationary point, for example associated with the hub.

[0049] It will be appreciated that as the blade rotates about its axis 24 relative to the hub
during pitching, the relative position of the mounting point 46 will move relative to the blade
which will vary the tension in the control cable 44. The control cable 44 runs through a pulley
48 mounted to point associated with the blade. Thus, as the blade 12 pitches the pulley 48
moves away from or towards the mounting point 46 which therefore varies the tension in the
control cable 44. The blade pitch angle at which the edgewise stabilizer 14 i1s moved to the first
position 32 can be configured by the length of control cable 44. In one embodiment of the
Invention, the edgewise stabilizer 14 i1s moved to the first position 32 when the pitch angle of
the wind turbine blade 12 is pitched to have a pitch angle of, for example, 40 degrees. In other
embodiments the edgewise stabilizer iIs moved to the first position 32 when the blade pitch
angles are above 40, 50, 60, 70 or 80 degrees.

[0050] As an alternative actuation method, the edgewise stabilizer 14 may be rotated between
the first and second positions 32, 34 by a motorised drive system. For example, referring to
Figure 7, a motor 52 may be located inside the blade 12 adjacent the axle arrangement 30 and
configured to rotate the axle arrangement 30 directly, thereby causing the fin 23 to change
position. The motor 52 could alternatively be located within the hub where it may operate a
control cable in a manner that has been described. Control of the motor 52 may be linked to a
pitch system 54 of the wind turbine so precise control of the positioning of the edgewise
stabilizer 14 could be provided in dependence on the pitch angle position of the blade.

[0051] The edgewise stabilizer in accordance with the embodiments of the invention is suitable
for retrofitting onto existing wind turbine blades or it can be designed into blades during their
manufacture. However, the aerodynamic benefits provided by the edgewise stabilizer when
functioning as a winglet provide an opportunity to reduce the length of a wind turbine blade
without reducing its efficiency.

[0052] Figure 8 lllustrates two blade plan views that demonstrate pictorially a potential blade
design benefit afforded by the edgewise stabilizer 14. A first blade 80 denoted by dashed lines
depicts a blade having an edgewise stabilizer pivotably-mounted at the tip end 22 of the blade
12 a short distance inwards from the very tip of the blade, as has been discussed In the
previous embodiments. This is to be compared with the second blade 82 denoted with full lines
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80 which shows an alternate blade profile having comparable performance to the first blade
80. Here, it will be noted that the edgewise stabilizer 14 of the second blade 82 iIs mounted at
the very tip of the blade 82, which Is flat instead of defining a point as in the first blade 80.
Since tip losses are reduced by the effect of the edgewise stabilizer 14 acting as a winglet, this
provides the potential to design the blade as having a shorter length and increased chord
without sacrificing aerodynamic efficiency.

[0053] Modifications may be made to the above examples without departing from the scope of
the present invention as defined in the accompanying claims.

[0054] For example, It has been discussed above that the edgewise stabilizer may be
conductive so as to act as a lightning receptor for the blade and that a down conductor cable
44 would provide a route to direct current from the edgewise stabilizer 14 to a suitable lightning
protection system for the blade. Benefits may be achieved by integrating the down conductor
function Into the control cable for actuating the edgewise stabilizer 14 between its two
operating position.

[0055] Although In the above embodiments the fin 23 Is pivotably mounted to the tip end of the
blade, In some embodiments the fin may be otherwise movable relative to the blade, for
example the fin could be configured to slide out of the blade telescopically into its stabilizing
position.

[0056] In the Illustrated embodiments, the edgewise stabilizer is operable to move into the first
position In dependence on pitch position. For example, during an emergency stop the stabilizer
will be moved Into the first position as the blades are pitched Into their featured position.
However, the edgewise stabilizer may also be used as an aerodynamic brake to reduce
rotational speeds of the wind turbine during certain conditions, for example during gusting or
continued high wind speeds. This could be readily achieved by programming a control system

to drive the motor to cause the edgewise stabilizer to employ when high rotational speeds are
detected.
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Patentkrav
1. Vindmglle (10) omfattende:

mindst en indstillelig vindmgllevinge (12) monteret til et nav (15), hvilken
vinge har en rodende (20), en spidsende (22) og en langsgaende akse (24)
der straekker sig mellem rodenden og spidsenden, og en baereplansflade

defineret af en trykside (26) og en sugside (28); og

en bevaegelig finne (14) monteret ved spidsenden af vingen (22), hvor
finnen er indsat i en fgrste position (32) i afhaengighed af pitchpositionen af

vingen og nar vindmgllen er i en ikkedriftstilstand:

kendetegnet ved, at i den fgrste position (32) finnen straekker sig i en
retning i alt vaesentligt bragt pa linje med den langsgaende akse af vingen
og er anbragt i et plan der er i alt vaesentligt vinkelret pa en kantakse af
vingen ved spidsenden, saledes at finnen fungerer som en aerodynamisk
stabilisator til at reducere effekten af kantvibrationer pa vingen (12).

2. Vindmgllen ifglge krav 1, hvor finnen (14) er bevaegelig til en anden position

(34) i hvilken den fungerer som en winglet.

3. Vindmgllen ifglge krav 2, hvor i den anden position (34) finnen (14) straekker

sig i en retning tvaergaende til den langsgaende akse af vingen (12).

4. Vindmogllen ifglge kravene 2 eller 3, hvor finnen (14) bevaeges mellem den

forste position (32) og den anden position (34) afhaengigt af vingepitchpositionen.

5. Vindmgllen ifglge et hvilket som helst foregaende krav, hvor finnen (14) er
konfigureret til at blive bevaeget til den fgrste position (32) af en elektrisk motor,

driften af hvilken er forbundet til et pitchsystem af vindmagllen.

6. Vindmgllen ifglge et hvilket som helst af kravene 1 til 4, hvor finnen (14) er
konfigureret til at blive bevaeget til den fgrste position (32) af et kabel driftsbart af

en komponent associeret med et pitchsystem af vindmgllen.
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7. Vindmgllen ifglge et hvilket som helst foregaende krav, hvor finnen (14)
bevaeges til den fgrste position nar pitchpositionen af vingen (12) er stgrre end

omkring 40°.

8. Vindmgillen ifglge et hvilket som helst foregaende krav, hvor finnen (14) er
konfigureret til at dreje frit i forhold til vingen (12) nar finnen ikke bevaeges til

den fgrste position (32).

9. Vindmgillen ifglge et hvilket som helst foregaende krav, hvor finnen (14) er
konfigureret til at dreje frit i forhold til vingen (12) nar vingepitchpositionen er

mindre end omkring 40°.

10. Vindmgllen ifglge et hvilket som helst foregaende krav, hvor finnen (14) er

lavet mindst delvist af et ledende materiale.

11. Vindmgllen ifglge krav 10, hvor finnen (14) er elektrisk koblet til et

lynbeskyttelsessystem af vingen.

12. Vindmagillen ifglge et hvilket som helst foregaende krav, hvor finnen (14)

inkluderer en turbulensreducerende feature.

13. Vindmgllen ifglge et hvilket som helst foregaende krav, hvor finnen (14)

straekker sig over en del af sugsiden (28) af vingen (12).

14. Vindmagllen ifglge et hvilket som helst foregaende krav, hvor finnen (14)

straekker sig over en del af tryksiden (26) af vingen (12).

15. Vindmagllen ifglge et hvilket som helst foregaende krav, hvor finnen (14)

straekker sig over en del af bade tryk- (26) og sugsiderne (28) af vingen (12).

16. Vindmagllen ifglge et hvilket som helst af kravene 13 til 15, hvor et mellemrum

er defineret mellem finnen (14) og vingen (12) hvor finnen straekker sig over
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vingefladen, og hvor finnen inkluderer et fleksibelt skgrt (50) der fylder mindst en
del af mellemrummet.

17. Vindmgllen ifglge et hvilket som helst foregaende krav, hvor finnen (14) har

5 en leangde mellem 2 % til 8 % af en laeangde af vingen (12).

18. Vindmgllen ifglge et hvilket som helst foregaende krav, hvor finnen (14) har

en bredde mellem 0,5 % til 3 % af en laeangde af vingen (12).

10
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