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DESCRIPTION

Description

Field of invention

[0001] The present invention relates to a method and an arrangement for ensuring that a
clearance between a rotor blade and the wind turbine tower is above a predetermined minimal
clearance during operation. Thereby, the present invention proposes a method and an
arrangement of controlling at least one adaptable airflow regulating system of at least one rotor
blade of a wind turbine having a wind turbine tower. Furthermore, the present invention relates
to a wind turbine comprising the arrangement.

Art Background

[0002] A wind turbine comprises a wind turbine tower, a nacelle mounted on top of the wind
turbine tower, wherein the nacelle harbours a rotor at which plural rotor blades are connected.
During operation of the wind turbine, the rotor blades rotate in a rotor plane perpendicular to
the rotation axis of the rotor shaft. Upon operation, the risk occurs, for example due to
changing wind conditions or other operating parameters, that the rotor blades collide with the
wind turbine tower.

[0003] Conventionally, in order to ensure blade tip to tower clearance, a blade design involves
a trade-off between lighter/cheaper/softer/longer blades that can deflect significantly and
heavier/expensive/stiffer/shorter blades that deflect less. Turbine operational parameters such
as tilt angle, coning angle, center of gravity further impacts the blade tip to tower clearance
(also referred to as blade tip to tower axial distance).

[0004] Conventionally, blade tip to tower axial distance is typically a design driver for wind
turbines. Design load cases (DLCs) may be in place to evaluate a turbine design in simulation
to ensure that a turbine design complies to particular blade tip to tower clearance constraints.
Typically, larger blade deflection (smaller clearance) may be seen at extreme events such as
wind gust and operation at negative wind shear.

[0005] Conventionally, components can be designed to comply to clearance constraints. The
conventional controller may have the functionality to unload the turbine when there is a risk of
higher deflection. Conventionally, this may involve pitching the blades. Conventionally, the
controller may be tuned conservatively to sacrifice performance but may allow better tip to
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tower clearance.

[0006] It has been observed, that pitching the blades to ensure a particular minimal axial
distance between the rotor blades and the tower does not in all situations provide reliable and
safe operation. Furthermore, applying pitching the blades may have a negative impact on the
lifetime of the pitching equipment. In particular, the load on bearings in the pitching system
may be relatively high due to a high number of pitching actions. Furthermore, pitching may not
be fast enough to appropriately control the clearance to stay in acceptable range.

[0007] Thus, there may be a need for a method and a corresponding arrangement for
ensuring that a predetermined minimal distance between a rotor blade and the wind turbine
tower is maintained, thereby prohibiting impact between the blade and the wind turbine tower.
In particular, there may be a need to ensure a blade tip to tower clearance at any operating
condition and external event to be above a minimal clearance.

[0008] US 2018/171984 discloses a control system for the prevention of tower strike in wind
turbines, wherein a blade deflection is determined by means of an accelerometer and the
control system acts upon a blade active lift device in order to increase the distance between
the blade tip and the tower. It is therefore a relevant example of prior art.

Summary of the Invention

[0009] This need may be met by the subject matter according to the independent claims.
Advantageous embodiments of the present invention are described by the dependent claims.

[0010] According to the present invention, it is provided a method of controlling at least one
adaptable airflow regulating system (also referred to as add-on, e.g. lift regulating means, e.g.
comprising an aerodynamically active surface changeable in position and/or orientation relative
to an outer airfoil of the blade), in particular spoiler and/or flap, of at least one rotor blade of a
wind turbine having a wind turbine tower (in particular for controlling blade deflection and/or
tower clearance). Thereby the method comprises determining a quantity related to a (e.qg.
actual and/or future) distance between the rotor blade and the wind turbine tower; and
controlling the airflow regulating system based on the quantity. Thereby controlling the airflow
regulating system comprises: adapting the airflow regulating system such that an aerodynamic
lift in at least a portion of the rotor blade is decreased, if the quantity is below a first threshold.
The method comprises, if the distance related quantity is below a second threshold:
additionally controlling an airflow regulating system of at least one further rotor blade based on
the distance related quantity, wherein the second threshold is smaller than the first threshold.

[0011] The method may partly be implemented in software and/or hardware. The method may
for example be performed (in part) by a software module of a wind turbine controller. The
adaptable airflow regulating system may comprise one or more components which are
arranged at or close to airfoil portions of the rotor blade. The airflow regulating system may for
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example comprise a spoiler, which may in particular comprise several segments which may be
arranged along a longitudinal direction of the rotor blade, for example at a suction side of the
rotor blade airfoil. Furthermore, alternatively or additionally, the airflow regulating system may
comprise one or more flaps which are for example mounted close to or at a trailing edge of the
rotor blade.

[0012] The airflow regulating system is adaptable in the sense that the aerodynamic properties
of the airflow regulating system, in particular in conjunction with the airfoil portions of the rotor
blade, is changeable. For example, the lift force or thrust force to which the rotor blade is
subjected to when wind impacts on it and when it rotates, may be changeable due to particular
adaptation of the airflow regulating system. Thereby, the airflow regulating system may be set
in one or more different states. For example, when the airflow regulating system comprises a
number of segments, those individual segments may be individually controlled to be in an off-
state or an on-state involving for example changing position and/or orientation of at least one
active surface portion relative to the rotor blade airfoil. In other embodiments, the adaptation
may be in a continuous manner, in that at least one active surface portion may be continuously
changed in orientation and/or position relative to the rotor blade airfoil. The airflow regulating
system may also be referred to as an active add-on.

[0013] For adapting the airflow regulating system, meaning setting it into different states, for
example a pneumatic system may be utilized. In one embodiment, the airflow regulating
system may comprise a spoiler which may be placed on a suction side of the rotor blade. The
airflow regulating system may also comprise one or more vortex generators, for example
placed in the streamline behind the spoiler as seen from the leading edge. The spoiler or
spoilers may be activated using a pressure hose placed under the active surface (such as a
flap) which upon inflation of air being pushed into the hose may cause the active surface to rise
above the blade surface. WWhen the spoiler or spoilers are activated, for example tilted upwards
to protrude from the rotor blade airfoil, a quick reduction of the blade load (and thus
aerodynamic lift force) may be effected by initiating at least a localized stall on the airflow
across the rotor blade.

[0014] By adapting the airflow regulating system (for example setting it in one or more of
different states), the lifting force of the combination of the rotor blade airfoil and the adapted
airflow regulating system may be changed. In turn, when the lifting force is for example
reduced, the deflection of the rotor blade is also reduced.

[0015] The "quantity related to the distance" between the rotor blade and the wind turbine
tower does not necessarily be the (axial) distance between the rotor blade and the wind turbine
tower. However, the (axial) distance between the rotor blade and the wind turbine tower may
be derivable from the "quantity related to the distance".

[0016] The quantity related to the distance between the rotor blade and the wind turbine tower
may e.g. be or relate to a (axial) distance between two reference objects or reference
locations, one on the rotor blade and another on the tower.
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[0017] E.g. a small item (e.g. sensor or reference sticker etc, such as detectable by RADAR or
LIDAR) may be placed on the tower. The distance between this item and the blade (tip) may
be determined (e.g. by a measurement) and the control may be based on this item-blade
distance (and/or the derived blade-tower distance). By geometrical considerations the (axial)
distance between (e.g. a front location of) the tower and the blade may be calculated.

[0018] The quantity related to the distance between the rotor blade and the wind turbine tower
may be related to a may be for example be the (axial) distance, for example measured along
an axial direction parallel to the rotation axis of the rotor at which the rotor blade is connected.
The distance may in other embodiments also be related to an actual distance between the
three-dimensional position for example of a rotor blade tip and a point on the outer surface of
the wind turbine tower.

[0019] The axial distance (i.e. the distance between the particular portion of the rotor blade, in
particular the tip, and the wind turbine tower as measured along the axial direction parallel to
the rotation axis of the rotor) may be derived from the distance as defined by the Euclidian
distance between two three-dimensional points or from the coordinates of the three-
dimensional points. In other embodiments, the quantity related to the distance may for
example be or comprise a deflection of the rotor blade, for example a deflection of the tip of
the rotor blade out of a rotation plane which may be defined as a plane perpendicular to the
rotor and being intersecting a root section of the rotor blade. In still other embodiments, the
quantity may for example relate to a strain value measured within the rotor blade for example.
From the strain value for example the deflection may be derivable from which in turn the
distance, in particular the axial distance, between the rotor blade and the wind turbine tower
may be derivable.

[0020] For determining the quantity, measurement values and/or estimated values may be
used. For determining the quantity, different geometry related pregiven data relating for
example to the rotor blade length, the material properties of the rotor blade, the distance
between the rotor blade and the tower in an unloaded situation may be utilized. Determining
the quantity may involve performing several arithmetic logical operations, for example by a
processor, applied to the measurement values and/or estimated values and/or the other
parameters.

[0021] The determined quantity may indicate the axial distance or the axial distance may at
least be derived based on the quantity. In the following, the term "distance" may refer to the
distance between a rotor blade portion and a portion of the wind turbine tower. In particular, it
may relate to the distance between the rotor blade tip and a front portion of the wind turbine
tower. The term "axial distance" may refer to the axial distance between the rotor blade portion
and the wind turbine tower portion.

[0022] Determining the quantity may precede controlling the airflow regulating system. In
particular, the quantity may be determined before the considered wind turbine blade will pass
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the tower. Passing the tower may occur, when the wind turbine rotor blade may approach the
wind turbine tower to a smallest distance along or across its whole revolution within the rotation
plane.

[0023] The distance and/or the axial distance may be determined at a point in time before the
rotor blade passes the tower. From the value of the distance or axial distance at this point in
time, the distance and/or axial distance of it at the point in time when the rotor blade passes
the wind turbine tower may be derived. According to an approximation in an embodiment, the
distance and/or the axial distance as determined at the point in time before passing the tower
may be assumed to be maintained also to be applicable to the point in time when the wind
turbine rotor blade passes the wind turbine tower. The point in time when the rotor blade
passes the wind turbine tower may be referred to as 'crossing point in time'. Controlling the
airflow regulating system may be performed before the crossing point in time. Thereby, it may
be ensured that the wind turbine blade does not collide with portions of the tower. According to
embodiments of the present invention, the airflow regulating system may be controlled based
on the quantity only in a particular azimuth range just before and just after the crossing point in
time. Thereby, efficiency of the wind turbine may be improved while at the same time ensuring
a minimal distance between the rotor blade and the wind turbine tower.

[0024] The control target used in the method may exactly be the (minimum) (in particular axial)
distance between blade tip and tower, which is evaluated when the blade is exactly in front of
the tower (rotor azimuth angle causing blade to point straight down). However, since there is
some delay in controlling the active add-on (e.g. a small opening/activation delay of 0.1-2
seconds) and since blade aerodynamics does not change momentarily, the control action is
initiated before the blade reaches the critical position (i.e. crossing point in time). The method
may react "before" the passing moment, e.g. one blade or even one revolution ahead, or some
phase margin before, and predict the expected distance for the crossing point in time.

[0025] The axial distance (e.g. between the plane of the rotor/blade and the tower) may be the
control target (not to cause collision), but the method needs to react before, so e.g. a distance
or estimate of distance prior to the passing moment (e.g. at another or previous location than
when the blade is pointing straight down) may be used to infer the distance at the crossing
point in time.

[0026] Controlling the airflow regulating system may for example comprise sending
appropriate control signals to a pneumatic system which upon receiving the signals may
generate pneumatic pressure in order to inflate (or deflate) for example a hose which is, upon
inflation or deflation, moving an active surface portion, for example in case of a spoiler. When
the airflow regulating system comprises several segments, different individual control signals
may be supplied to the individual segments of the airflow regulating system. For example,
different segments may be controlled in a different manner. One or more may be turned on
(involving tilting out respective active surface) and one or more other may be turned off. The
control may be such that the lifting force due to aerodynamics or due to the airflow is reduced
to such an extent that a minimal predetermined distance is ensured between the rotor blade
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and the wind turbine tower.

[0027] Thereby, a fast method for controlling the deflection or controlling the distance (or
clearance) between the rotor blade and the wind turbine tower may be provided. Furthermore,
load on pitching bearings may be reduced. In particular, when the method is performed the
pitch angle may (at least temporarily) be kept unchanged, i.e. constant.

[0028] For example, when activating a segment of a segmented spoiler provided at a suction
side of the rotor blade, the airflow may at least portion-wise be disturbed, to effect a stall of the
airflow. Thereby, the lifting force by the airflow streaming across the rotor blade airfoil including
the active surface of the flow regulating device may decrease. Thereby, the distance, in
particular axial distance, may be kept above the predetermined minimum distance. If the
quantity is not below the first threshold, there may be no control of the airflow regulating
system necessary, since the distance as determined is not smaller than the predetermined
minimum distance. Thereby, energy production may continue and efficiency may be improved
compared to conventional methods.

[0029] Adapting the airflow regulating system may be such that the smaller the distance
related quantity the more lift is reduced, e.g. inversely proportional.

[0030] The second threshold is smaller than the first threshold. Thus, when it is determined
that the distance is below the second threshold, the deflection of the rotor blade is relatively
strong so that also for one or more other wind turbine blades, the risk will occur to cross the
tower at a too close distance or even collide with the tower. Therefore, it may be advantageous
to already control respective airflow regulating systems on one or more other wind turbine
blades which will come close to the tower after the first considered rotor blade has passed the
tower. This kind of control may also be referred to as a collective control of plural wind turbine
blades or regulating systems on wind turbine blades.

[0031] According to an embodiment of the present invention the distance related quantity is
obtained by at least one measurement and/or at least one estimation and/or wherein the
distance relates to an axial distance between a tip of the blade and the tower, the axial
distance being taken along an axial direction of a wind turbine rotor at which the rotor blade is
mounted, wherein the distance relates in particular to a point in time, when the blade passes
the tower (i.e. when the tip of the blade points downwards and a longitudinal axis of the blade
is substantially parallel to a longitudinal axis of the tower).

[0032] Measurement and estimation may be combined for determining the quantity. In
particular, different measurement values from different sensors may be utilized or combined
and the estimation may take into account these different measurement values for determining
the quantity. When the axial distance is zero, the rotor blade tip would just touch the outer wall
of the wind turbine tower. In order to ensure a reliable and safe operation, the axial distance
may be requested to be larger than a minimum value. This criterium may only apply at the
crossing point in time. When not at the crossing point in time, the (axial) distance may even be
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smaller than the minimal (axial) distance. According to an embodiment of the present
invention, the axial distance at other times than the crossing point in time, is actually lower than
the minimal distance as predetermined and given by the operating instructions of the wind
turbine. Thereby, the efficiency of the wind turbine may be improved while ensuring to prohibit
an impact between the blade and the tower. The tip of the rotor blade may be the portion (e.g.
longitudinal end) of the rotor blade which is by the farthest distance away from the blade root.

[0033] According to an embodiment of the present invention, the measurement involves at
least one of: measuring a distance between a portion of the blade and a portion of the tower;
measuring a deflection of the rotor blade in at least one portion of the rotor blade, wherein the
measuring is based on RADAR and/or LIDAR and/or strain measurement and/or acceleration
measurement.

[0034] A measurement may for example be performed by an optical or electromagnetic
method, equipment partly installed at the blade and/or the tower and/or the nacelle. The
deflection may for example be measured by evaluating signals from one or more acceleration
sensors and/or strain sensors placed or arranged on or at the rotor blade surface or internally.
Thereby, conventionally available measurement techniques may be supported for simply and
reliably determining the quantity involving a measurement.

[0035] According to an embodiment of the present invention, the estimation involves at least
one of. estimating a deflection of at least one portion, in particular a blade tip, of the blade
based on at least one measurement result, in particular blade strain and/or acceleration;
estimating a distance between a portion of the blade and a portion of the tower based on at
least one measurement result and/or estimation result, in particular deflection of the blade in at
least one portion and/or blade root moment.

[0036] The deflection may be given as a deviation of a design shape of the blade from the
actual shape of the blade. The deflection may for example be given as an angle relative to a
blade root or as an entire shape of a curve of the rotor blade. In other embodiments, the
deflection may be given as a deviation of the axial position of the rotor blade tip from a design
axial position of the rotor blade tip. Using geometric considerations, the distance and in
particular also the axial distance may be derived from the deflection and/or one or more other
measurements or estimations. For estimating physical and/or mathematical models may be
utilized taking into account for example the material from which the rotor blade is manufactured
and/or blade geometry.

[0037] According to an embodiment of the present invention, determining the distance related
quantity comprises: measuring the distance related quantity for a first point in time; predicting
the distance related quantity for a second point in time, in particular when the rotor blade
passes the tower, based on the distance related quantity as measured for a first point in time;
wherein controlling the airflow regulating system comprises: controlling, before the second
point in time, the airflow regulating system based on the quantity as predicted for the second
point in time.



DK/EP 4139569 T3

[0038] The second point in time may therefore be the crossing point in time. The first point in
time may be earlier than the second point in time. When the airflow regulating system is
controlled before the second point in time, the lift force may be changed, in particular reduced,
to effectively prohibit such a big deflection that the risk of an impact of the blade and the tower
occurs. In particular, it may be ensured that the minimal (axial) distance is not undercut.

[0039] The time range between the first point in time and the second point in time may for
example amount to between 0.1 s and 10 s.

[0040] According to an embodiment of the present invention, the at least one measurement
and/or the at least one estimation relates to the rotor blade being positioned within a
predetermined rotor azimuth angle range, in particular having angle width between 90° and
180°, in the moving direction of the blade before the tower.

[0041] When the measurement and/or the estimation relates to the rotor blade being
positioned within the predetermined rotor azimuth angle range, the determination of the
quantity related to the distance may be more reliable and/or more accurate. For example,
when the rotor blade stands upright, the experienced wind conditions may be significantly
different from the wind turbine blade being pointing downwards, i.e. just crossing the tower.
Taking measurement values in a range relatively close to the crossing situation may improve
the reliability and accuracy of the determined quantity. In turn, the controlling may be improved.
Other angle widths for example between 60° and 100° may also be provided.

[0042] According to an embodiment of the present invention, determining the distance related
quantity comprises: measuring a blade deflection, when the blade is within the predetermined
rotor azimuth range, and estimating the distance between a tip of the blade and the tower, at
the point in time when the blade tip passes the tower, based on the blade deflection measured
earlier.

[0043] The deflection may for example be estimated from one or more acceleration
measurement results or strain sensor measurement results and including geometry
information and material information regarding the rotor blade. In an approximation, the
distance at the point in time of crossing, i.e. at the crossing point in time, may be approximated
or assumed to be similar or equal to the distance as measured earlier within the predetermined
angle range.

[0044] In other embodiments, the changing wind conditions may be taken into account or other
changing properties may be taken into account to actually predicting the axial distance at the
crossing point in time from the distance as measured or obtained or estimated at an earlier
point in time.

[0045] According to an embodiment of the present invention, the controlling the airflow
regulating system is such that a (axial) distance between a tip of the rotor blade and the tower,
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when the blade passes the tower, is equal as or greater than a predetermined minimum (axial)
distance.

[0046] In particular, the axial distance may be maintained to be equal or greater than a
predetermined axial minimum distance. The method may involve, instead of defining or utilizing
a minimum distance, also to define a predetermined maximum deflection (or maximum strain
e.g.) or maximum deviation from an axial position as designed. Thereby, collision between the
blade and the tower may be avoided and a safety margin may also be provided.

[0047] According to an embodiment of the present invention, controlling the airflow regulating
system comprises: adapting the airflow regulating system such that an aerodynamic lift and/or
a wind resistance and/or a bending/deflection in at least a portion of the rotor blade is
decreased (e.g. by between 10% and 50%), if the quantity is below the first threshold, in
particular comprising effecting a stall of airflow close to at least one portion of the blade.

[0048] According to embodiments of the present invention, each wind turbine blade may be
individually controlled based on respective own measurement values and respectively own
determined distances between the tower and the respective rotor blade tip. In other
embodiments, in order to save equipment and processing, efforts, only one wind turbine blade
may be subjected to a measurement which enables to estimate and/or measure or determine
the distance between this particular blade tip and the tower, while other wind turbine blades
are not subjected to such measurements and/or estimations. This may in particular be applied,
when all wind turbine blades are manufactured in a same design and same material. Whether
collective control or individual control may be applied may depend on the particular application
and circumstances, for example wind conditions and weather conditions.

[0049] According to an embodiment of the present invention, the method further comprises,
after the rotor blade has passed the tower, in particular if the distance related quantity is
smaller than a first threshold but is greater than a second threshold: adapting the airflow
regulating system to increase the aerodynamic lift, in particular to adopt a setting as prior to
passing the tower.

[0050] The setting as prior to passing the tower, i.e. the setting prior to the crossing point in
time may have been memorized during the method. To return to this setting prior to the
crossing point in time may advantageously put the rotor blade in an operating condition as
determined for example by other control mechanisms, also dictated by desired power output.
Thus, these other desired references, for example regarding power output, may be re-attained
in a fast manner after the blade has passed the tower. Thereby, efficiency may be improved
and controllability may also be improved. In the other case, that the quantity is even smaller
than the second threshold, a deflection may be so severe, that the flow regulating device is not
set back to the setting as prior to passing the tower, in order to avoid also impact or too close
approach of the next rotor blade expected to pass the wind turbine tower.

[0051] According to an embodiment of the present invention, controlling the airflow regulating
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system comprises: moving position and/or orientation of at least one aerodynamically active
surface of the airflow regulating system relative to an airfoil portion of the rotor blade.

[0052] Moving the position and/or orientation may be effected by appropriately controlling a
pneumatic system for example or a piezoelectric system or a combination of the same or a
hydraulic system depending on the application and the particular implementation of the flow
regulating device or system. Moving for example the orientation of the aerodynamically active
surface into an on-state (e.g. partly or completely swivelling out) may for example cause a
localized stall of an airflow. Setting the active surface in an off-state may establish an airflow
across the active surface which may be shaped according to the normal airfoil surface shape
of the rotor blade.

[0053] According to an embodiment of the present invention, airflow regulating system
comprises at least one of: a flap, in particular arranged at a trailing edge of the rotor blade; a,
in particular segmented, spoiler arranged at a suction surface of the blade, wherein the airflow
regulating system is different from a pitch angle changing system.

[0054] Thereby, conventionally available regulating systems may be supported. The spoiler
may for example comprise five to ten segments which are arranged side by side along the
longitudinal direction of the rotor blade and provided at or mounted at the suction side of the
rotor blade.

[0055] It should be understood, that features, individually or in any combination, disclosed,
described, explained or provided for a method of controlling at least one adaptable airflow
regulating system may also, individually or in any combination, be applied or provided for an
arrangement for controlling at least one adaptable airflow regulating system of at least one
rotor blade of a wind turbine, according to embodiments of the present invention and vice
versa.

[0056] According to an embodiment of the present invention it is provided an arrangement for
controlling at least one adaptable airflow regulating system of at least one rotor blade of a wind
turbine having a wind turbine tower, the arrangement being adapted: to determine a quantity
related to a distance between the rotor blade and the wind turbine tower; and to control the
airflow regulating system based on the quantity. Thereby, controlling the airflow regulating
system comprises adapting the airflow regulating system such that an aerodynamic lift in at
least a portion of the rotor blade is decreased, if the quantity is below a first threshold, wherein,
if the distance related quantity is below a second threshold, an airflow regulating system of at
least one further rotor blade is additionally controlled based on the distance related quantity,
wherein the second threshold is smaller than the first threshold.

[0057] The arrangement may for example be part of a wind turbine controller and may be
implemented in hardware and/or software.

[0058] According to an embodiment of the present invention it is provided a wind turbine,
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comprising: a wind turbine tower; a nacelle mounted on the tower; a rotor shaft installed in the
nacelle at which rotor shaft plural rotor blades are mounted, at least on rotor blade having at
least one adaptable airflow regulating system; and an arrangement according to the preceding
embodiment connected to control the airflow regulating system.

[0059] The aspects defined above and further aspects of the present invention are apparent
from the examples of embodiment to be described hereinafter and are explained with
reference to the examples of embodiment.

Brief Description of the Drawings

[0060] Embodiments of the present invention are now described with reference to the
accompanying drawings. The invention is not restricted to the illustrated or described
embodiments.

Fig. 1 schematically illustrates a wind turbine according to an embodiment of the present
invention comprising an arrangement according to an embodiment of the present invention;
and

Fig. 2 illustrates a method scheme according to an embodiment of the present invention, as
e.g. performable by the arrangement illustrated in Fig. 1.

Detailed Description

[0061] The wind turbine 1 schematically illustrated in Fig. 1 comprises a wind turbine tower 3
which is erected at a not illustrated base. The wind turbine further comprises a nacelle 5 which
is rotatably mounted on top of the wind turbine tower 3. The wind turbine nacelle 5 comprises a
rotor shaft 7 which is installed within the nacelle 5. The rotor shaft drives a generator 9 which
generates electric energy which is supplied to a converter 11 which converts the variable
frequency AC power stream to a substantially fixed frequency power stream which is provided
to a wind turbine transformer which transforms the output voltage to a higher value.

[0062] The wind turbine 1 further comprises an arrangement 20 of controlling at least one
adaptable airflow regulating system 13 which is provided at at least one wind turbine blade 15.
Therein, the rotation shaft 7 has a hub 17 at which plural rotor blades 15 are mounted. At least
one rotor blade has a flow regulating system 13.

[0063] In the illustrated embodiment, the flow regulating system comprises a segmented
spoiler having spoiler segments 19a, 19b, 19¢, 19d, 19e, 19f which are arranged on a suction
side 14 along a longitudinal axis 21 of the rotor blade 15. The airflow regulating system 13 may



DK/EP 4139569 T3

further comprise at least one flap at a trailing edge 16, wherein flaps are indicated with
reference sign 23.

[0064] The arrangement 20 is adapted to control the adaptable airflow regulating system 13.
Thereby, the arrangement 20 performs a method 30 as is illustrated in Fig. 2. In a method step
31, a quantity related to a distance between the rotor blade and the wind turbine tower is
determined. In particular, the distance may relate to an axial distance 'da' between a rotor
blade tip 25 and a portion 27 of the wind turbine tower 3. The portion 27 of the wind turbine
tower is in particular a front portion of the wind turbine tower 3 which is by a predetermined
distance below the rotor shaft 7, wherein this distance may correspond to the entire length of
the rotor blade 15. In a further method step 33, the airflow regulating system, for example
system 13 illustrated in Fig. 1, is controlled based on the quantity.

[0065] As is illustrated in Fig. 1, the wind turbine further comprises a radar measurement
system 28 which is capable of measuring the axial distance da between the tower at the area
27 and the rotor blade tip 25. Thereby, the radar measurement system 28 may for example be
configured as described in WO 2020/057917. The radar system 28 may comprise a receiver
and a transmitter 35, 37 which may on one hand generate an electromagnetic signal which is
fed into a waveguide 39 which may be configured as a leaky feeder. The electromagnetic
signal travels within the leaky feeder 39 which comprises openings or holes which allow the
electromagnetic wave to leak through the waveguide 39 or leaky feeder 39 to an outside. The
electromagnetic wave may then be reflected by for example a portion of the rotor blade 15 and
the reflected signal may travel through the guide 39 towards the receiver 37 which receives the
reflected electromagnetic wave. Based on radar technology, the position of for example the
rotor blade tip 25 can be determined. Furthermore, based on positioning information regarding
the outer surface of the wind turbine tower, the distance da between the rotor blade tip 25 and
the area 27 of the tower 3 may be determined by the arrangement 20 which receives
measurement signals from the radar system 28, for example via a data transmission line 41.

[0066] The rotor blade 15 has further installed several strain sensors or acceleration sensors
43 along its longitudinal extent or at least at a root portion 12. The arrangement 20 further
receives measurement signals from the acceleration sensors or strain sensors 43 and
determines from these measurement sensors a deflection of the rotor blade 15. From the
deflection of the rotor blade, also the distance da may be calculated or predicted or estimated.
In other embodiments, the distance da may be determined using LIDAR or other suitable
distance measurement techniques.

[0067] The arrangement 20 may for example be arranged within the hub 17 of the wind
turbine or may be arranged within the nacelle 5 depending on the application.

[0068] Fig. 1 illustrates the point in time when the rotor blade 15 is crossing or passing the
tower 3. The measurement or estimation however may occur earlier than at the crossing point
in time, i.e. at a point in time which is before the crossing point in time. Thereupon, the
measurement may relate to the position of the rotor blade or in particular the tip of the rotor
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blade 25 at a point in time before passing the wind turbine tower. However, based on the
distance of the rotor blade tip from a plane 45 perpendicular to the rotor axis 8 of the rotor 7,
the distance da at the crossing point in time may be inferred. Therein, the plane 45 is
perpendicular to the rotation axis 8 of the rotor 7 and intersects the wind turbine tower 3 at the
location 27. In a first approximation, it may be assumed that the distance of the tip in the axial
direction 8 from the plane 45 does not significantly change upon further rotating for passing the
wind turbine tower 3. The distance of the tip 25 of the rotor blade from the plane 45 may for
example be measured in an azimuthal axial angle range which lies before the blade passes the
tower 3.

[0069] The axial distance da may also be inferred from measurement signals of the plural
strain sensors or acceleration sensors 43 and appropriately processing these measurement
signals.

[0070] The arrangement 20 then controls the flow regulating system 19a, 19b, 19¢c, 19d, 19e,
19f and/or 23 by supplying appropriate control signals, for example via a control line 47 to the
individual segments 19a, ..., 19f and control lines 48 to flaps 23. These segments 19a-19f may
then individually turned on or off, for example if they comprise two distinguished or discrete
states. In other embodiments, additionally or alternatively, a continuous adaptation of the flow
regulating device 13 may be performed, for example by continuously moving an orientation
and/or position of the trailing edge flaps 23. By controlling the airflow regulating system 13 by
the arrangement 20 it is ensured that the distance da is not smaller than a minimum distance
dmin.

[0071] If the determined distance da is relatively large, for example larger than a first
threshold, the add-on adaptation may not be performed. However, if the determined distance
or the axial distance da is below a first threshold, then the arrangement 20 may control the
airflow regulating device to reduce its lift force. The arrangement may perform a collective
control of all airflow regulating devices of all wind turbine blades based on a single or several
measurements or determinations of distances.

[0072] According to embodiments of the present invention, flow regulating devices of different
rotor blades may be differently controlled, for example not at same time intervals. For example,
the flow regulating device or system of one rotor blade may only be controlled just before the
crossing point in time, during the crossing point in time and just after the crossing point in time,
while all other wind turbine regulating or airflow regulating device of other rotor blades are not
controlled in this time window. In this embodiment, thus, flow regulating devices of different
rotor blades may be controlled in different time ranges. However, the control may be similar or
even equal, regarding reduction of lifting force due to adaptation of the respective flow
regulating device.

[0073] In other embodiments of the present invention, no individual control is performed but a
collective control, which may simplify the algorithm.
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[0074] Each of the spoiler segments 19a, ..., 19f has a respective aerodynamically active
surface which is exposed to the airflow around the rotor blade 15. This active surface is moved
regarding position and/or orientation due to the control signals supplied from the arrangement
20.

[0075] Embodiments of the present invention utilize active blade add-ons to control blade
deflection and hence ensure blade tip to tower clearance as required.

[0076] The pitch systems of larger turbines may typically be relatively slow (capable of pitching
at a slower rate) than an add-on (i.e. airflow regulating system). This means, that pitch
systems may act slower to rapid events than add-ons. Furthermore, pitching may involve
rotating the entire blade and also airfoils near the blade root that has a minimal aerodynamic
impact. Thus, pitching may be less efficient than utilizing add-ons to control blade deflection
and thus ensure a minimum distance between rotor blade tip and tower.

[0077] Active blade add-ons, such as a spoiler (in particular segmented) and/or a trailing edge
flap, may be capable of effecting a significant change to the lift of the rotor blade in a short
time.

[0078] The following steps illustrate particular embodiments of the present invention but are
not restricting the invention:

1. 1) First, information about a blade tip to power distance is determined. This may include
1. a. a measurement of the tip-to-tower distance
2. b. a measurement of the tip deflection
3. ¢. an estimate of the tip-to-tower distance
4. d. an estimate of the tip deflection.

The measurements may be based on radar, lidar, etc. Estimation may be based on
blade root moments, sensor signals (for example accelerometer signals) in the blade,
extrapolations of measurements, etc. There may be a strong correlation between the
blade deflection and the blade tip to tower clearance or blade tip to tower distance.

The deflection may only be evaluated in a certain rotor azimuth range (for example in a
sector of 90-180° before the blade passes the tower). The deflection may be evaluated
as the predicted distance when the blade passes the tower. Embodiments of the present
invention may allow an arbitrary deflection or arbitrary position of the blade tip when the
blade is not in front of the tower (i.e. is not passing the tower). However, practically, the
blade deflection prior to passing the tower is of course also having an impact on what
the deflection will be later when it passes the tower.

2. 2) Determine an appropriate control action command based on the information. This
may include:
1. a. apply a collective control action to all blades if a threshold is exceeded.
2. b. apply an individual control action to a single blade exceeding a threshold.
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3. ¢. continuously apply a control action of a more severe kind whenever the
information indicates a smaller clearance (or distance) - likely first reacting when
the clearance is below a certain limit.

3. 3) Move the active blade add-on according to the appropriate control action command.
This may include:

1. a. activate a spoiler (or deactivate a spoiler) or activate at least one spoiler
segment or deactivate some spoiler segments

2. b. activate or deactivate trailing edge flap

3. ¢. activate other add-on(s)

[0079] Embodiments of the present invention may provide several advantages such as:

» Applying an active blade add-on may be an efficient way of unloading the rotor blade to
reduce blade deflection.

¢ Pitching an entire blade or all blades may be a less efficient way of unloading blade to
reduce blade deflection.

« Blade tip to tower clearance (or distance) is typically design-driven and may cause
higher LCOE, because the turbine components are designed to provide clearance from
added cost/material or by sacrificing performance.

+ Improved ability to produce cost competitive turbines.

[0080] It should be noted that the term "comprising” does not exclude other elements or steps
and "a" or "an" does not exclude a plurality. Also elements described in association with
different embodiments may be combined. It should also be noted that reference signs in the
claims should not be construed as limiting the scope of the claims.
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PATENTKRAV

1. Fremgangsmade (30) til styring af mindst ét adaptivt
luftstremsreguleringssystem (13), iseer en spoiler (19a-19f) og/eller en klap (23), til
mindst ét rotorblad (15) pa en vindmelle (1) med et vindmaelletarn (3), hvilken

fremgangsmade omfatter:

bestemmelse af en kvantitet relateret til en afstand (da) mellem rotorbladet

(15) og vindmelletarnet (3);
styring af luftstremsreguleringssystemet (13) pa basis af kvantiteten,
hvor styring af luftstremsreguleringssystemet (13) omfatter:

adaption af luftstremsreguleringssystemet (13) pa en sadan made, at en
aerodynamisk opdrift i mindst et afsnit af rotorbladet aftager, hvis kvantiteten ligger

under en farste teerskelveerdi,

hvor fremgangsmaden er kendetegnet ved, at den, hvis den
afstandsrelaterede kvantitet ligger under en anden teerskelveerdi, yderligere

omfatter:

yderligere, styring af et luftstreamsreguleringssystem til mindst ét yderligere

rotorblad (15) pa basis af den afstandsrelaterede kvantitet,
hvor den anden teerskelveerdi er mindre end den ferste teerskelveerdi.
2. Fremgangsmade ifelge det foregaende krav,

hvor den afstandsrelaterede kvantitet udledes via mindst én maling

og/eller mindst én estimering

hvor afstanden isaer er relateret til en aksial afstand (da) mellem en spids
(25) pa rotorbladet (15) og tarnet (3), hvilken aksial afstand (da) males ud fra en

aksial retning (8) for en vindmaellerotor (7), pa hvilken rotorbladet (15) er monteret.

3. Fremgangsmade ifglge det foregaende krav, hvor malingen involverer

mindst én af felgende:
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maling af en afstand mellem et afsnit (25) af rotorbladet (15) og et afsnit
(27) af tarnet (3);

maling af en afbejning af rotorbladet i mindst ét afsnit af rotorbladet,

hvor malingen er baseret p4 RADAR (28) og/eller LIDAR og/eller

streekmaling (43) og/eller accelerationsmaling.

4. Fremgangsmade ifelge et af de to foregaende krav, hvor estimeringen

indbefatter mindst én af felgende:

estimering af en afbejning af mindst ét afsnit, iseer en rotorbladspids (25),
af rotorbladet (15) pa basis af mindst ét maleresultat, isaer rotorbladstreek og/eller -

acceleration;

estimering af en afstand mellem et afsnit (25) af rotorbladet (15) og et
afsnit (27) af tarnet (3) pa basis af mindst ét maleresultat og/eller
estimeringsresultat, iseer afbgjning af rotorbladet i mindst ét afsnit og/eller

rotorbladsmoment.

5. Fremgangsmade ifglge et af de foregaende krav, hvor bestemmelse af

den afstandsrelaterede kvantitet omfatter:
maling af den afstandsrelaterede kvantitet for et ferste tidspunkt;

forudberegning af den afstandsrelaterede kvantitet for et andet tidspunkt,
iseer nar rotorbladet passerer forbi tarnet (3), pa basis af den afstandsrelaterede

kvantitet malt for et farste tidspunkt;
hvor styring af luftstremsreguleringssystemet (13) omfatter:

styring, inden det andet tidspunkt, af luftstreamsreguleringssystemet (13)

pa basis af kvantiteten som forudberegnet for det andet tidspunkt.

6. Fremgangsmade ifelge et af de foregaende krav, hvor den mindst ene
maling og/eller den mindst ene estimering er relateret til, at rotorbladet (13) er

positioneret i et pa forhand fastsat rotorblad-krejevinkelomrade, iseser med en
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vinkelbredde pa mellem 90° og 180°, i rotorbladets beveegelsesretning foran tarnet

(3).

7. Fremgangsmade ifglge et af de foregaende krav, hvor bestemmelse af

den afstandsrelaterede kvantitet omfatter:

maling af en rotorbladafbejning, nar rotorbladet befinder sig i et pa forhand

fastsat rotorblad-krgjeomrade, og

estimering af den aksiale afstand (da) mellem en spids pa rotorbladet og
tarnet pa det tidspunkt, hvor rotorbladspidsen passerer forbi tarnet, pa basis af

den tidligere malte rotorbladafbejning.

8. Fremgangsmade ifglge et af de foregaende krav, hvor styringen af
luftstremsreguleringssystemet (13) finder sted pa en sadan made, at en afstand
(da) mellem en spids (25) pa rotorbladet (15) og tarnet (3), nar rotorbladet
passerer forbi tarnet, er lig med eller starre end en pa forhand fastsat

minimumsafstand (dmin).

9. Fremgangsmade ifglge et af de foregaende krav, hvor styring af

luftstremsreguleringssystemet (13) omfatter:

adaption af luftstremsreguleringssystemet (13) pa en sadan made, at en
vindmodstand og/eller en bgjning/afbajning i mindst et afsnit af rotorbladet aftager,
hvis kvantiteten ligger under den farste teerskelveerdi, iseser omfattende at bevirke

en afbrydelse af luftstrem teet pa mindst ét afsnit af rotorbladet.

10. Fremgangsmade ifglge et af de foregaende krav, yderligere omfattende,
efter at rotorbladet (15) har passeret forbi tarnet (3), iseer hvis den
afstandsrelaterede kvantitet er mindre end den farste teerskelvaerdi, men starre

end den anden teerskelveerdi:

adaption af luftstremsreguleringssystemet (13) for at @ge den

aerodynamiske opdrift, isaer anvende en indstilling fra fer forbipassering af tarnet

(3).
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11. Fremgangsmade ifglge et af de foregaende krav, hvor styring af

luftstremsreguleringssystemet omfatter:

gendring af position og/eller orientering for mindst én aerodynamisk aktiv
flade af luftstreamsreguleringssystemet (13) i forhold til et vingeprofilafsnit af

rotorbladet.

12. Fremgangsmade ifglge et af de foregaende krav, hvor

luftstremsreguleringssystemet omfatter mindst én af:
en klap (23), iseer anbragt pa en bagkant af rotorbladet;

en, iseer segmenteret, spoiler (19a, ..., 19f) anbragt pa en sugeflade af
rotorbladet (15),

hvor luftstreamreguleringssystemet (13) er forskelligt fra et

pitchvinkeleendringssystem.

13. Konstruktion (20) til styring af mindst ét adaptivt
luftstremsreguleringssystem (13) til mindst ét rotorblad (15) pa en vindmelle (1)

med et vindmalletarn (3), hvilken konstruktion er adapteret til:

bestemmelse af en kvantitet relateret til en afstand (da) mellem rotorbladet

(15) og vindmelletarnet (3); og
styring af luftstremreguleringssystemet (13) pa basis af kvantiteten,
hvor styring af luftstremsreguleringssystemet (13) omfatter:

adaption af luftstremsreguleringssystemet (13) pa en sadan made, at en
aerodynamisk opdrift i mindst et afsnit af rotorbladet aftager, hvis kvantiteten ligger

under en farste teerskelveerdi,

kendetegnet ved, at et luftstramsreguleringssystem til mindst ét
yderligere rotorblad (15), hvis den afstandsrelaterede kvantitet ligger under en
anden teerskelvaerdi, yderligere styres pa basis af den afstandsrelaterede

kvantitet,

hvor den anden taerskelvaerdi er mindre end den farste teerskelvaerdi.
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14. Vindmeglle (1), omfattende:
et vindmaelletarn (3);
en nacelle (5) monteret pa tarnet;

en rotoraksel (7) installeret i nacellen (5), pa hvilken rotoraksel (7) et antal
rotorblade (15) er monteret, hvor mindst ét rotorblad (15) har mindst ét adaptivt

luftstremsreguleringssystem (13); og

en konstruktion (20) ifalge det foregaende krav, hvilken konstruktion er

forbundet med henblik pa styring af luftstremsreguleringssystemet (13).
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