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DESCRIPTION

OBJECT OF THE INVENTION

[0001] The present invention is framed in the technical field of wind turbines. Specifically it is
described a method of reducing loads acting on a wind turbine yaw system.

BACKGROUND OF THE INVENTION

[0002] Wind turbines of the state of the art comprise a tower, a nacelle mounted on top of the
tower and a rotor which is rotatably attached to the nacelle. In order to maximize energy
capture from the wind, wind turbines have to orient the nacelle in the wind direction so that the
rotor faces the wind.

[0003] Wind turbines of the state of the art also include a pitch system which makes the blades
rotate about their longitudinal axis, varying the aerodynamic forces acting on the blades, either
to obtain the maximum possible power of the wind in certain meteorological conditions, or to
limit the mechanical loads produced on the wind turbine. The pitch system is controlled by a
pitch control system.

[0004] The yaw misalignment is the angle between the wind direction and the longitudinal
direction of the nacelle. Yaw misalignment is usually measured by a wind vane or an ultrasonic
anemometer mounted on top of the nacelle. In the wind turbines of the state of the art, the yaw
system is in charge of aligning the nacelle in the wind direction to maximize the energy
capture.

[0005] The yaw system comprises two sub-systems:

« Drive sub-system: This sub-system comprises a plurality of drives installed in the nacelle
that engage with a ring gear fixed to the tower. This sub-system is responsible for
rotating the nacelle around a substantially vertical axis to orient the nacelle in the wind
direction.

» Retention sub-system: This sub-system normally comprises a brake disc attached to the
top of the tower and a set of brake calipers installed in the nacelle and acting on the
brake disc to fix the nacelle when no alignment operations are being performed.

[0006] In wind turbines of the state of the art, the nacelle is fixed by means of the retention
subsystem while the yaw misalignment is within an allowable interval, that is, when the yaw
misalignment is below a first yaw misalignment threshold. Once the yaw misalignment is over
this threshold, a yaw maneuver is performed in order to align the nacelle to the wind direction.
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This yaw maneuver comprises the following steps:

« disengaging the brakes of a yaw retention sub-system,

» starting the drive units of a yaw drive sub-system,

= stopping the drive units once the nacelle is aligned to the wind direction,
s applying the brakes.

[0007] The yaw system is dimensioned to be able to drive the nacelle to and retain the nacelle
in an oriented position in whatever working condition that the wind turbine is expected to have.
However, under extreme environmental conditions or wind turbine conditions, the yaw moment
acting on the wind turbine can reach such levels that the yaw system may have difficulties in
retaining the nacelle in its position and/or driving it to the adequate position.

[0008] The yaw moment is a moment in the direction of the axis of the wind turbine tower and
is usually induced by aerodynamic forces acting on the blades of the wind turbine.

[0009] This effect is nowadays becoming of higher importance as the size of the rotors is
increasing in order to get more energy from the wind. Due to the bigger size of the rotors, wind
turbines are more sensitive to environmental conditions and therefore, the loads that the yaw
system has to bear are bigger.

[0010] It is known document EP2159415 which discloses a method and an apparatus for
adjusting a yaw angle of a wind turbine comprising a rotor having a plurality of rotor blades and
a hub are provided. The method is adapted for adjusting the yaw angle from an actual yaw
angle to a desired yaw angle and comprises the steps of measuring a wind direction at the
location of the wind turbine, measuring the yaw angle of the wind turbine and/or a wind
direction relative to the nacelle orientation, calculating a pitch angle of at least one rotor blade
as a function of the measured wind direction and the measured yaw angle and/or a wind
direction relative to the nacelle orientation, and adjusting the pitch angle of the rotor blades
according to the calculated pitch angle such that a yaw momentum is generated for changing
the yaw angle from the actual yaw angle to the desired yaw angle.

DESCRIPTION OF THE INVENTION

[0011] A method of reducing loads acting on a wind turbine yaw system is described in claim 1.
The wind turbine comprises a nacelle, a yaw system and a rotor which in turn comprises at
least one rotor blade with a pitch control system.

[0012] In the proposed method, once a yaw misalignment is detected (the yaw misalignment is
not within an allowable interval, that is, the yaw misalignment is over a first yaw misalignment
threshold) and, prior to starting a yaw maneuver, a blade pitch control is performed in order to
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reduce a yaw moment acting on the wind turbine which is the moment acting on the yaw
system.

[0013] The technical effect is that, when the yaw controller commands a yaw movement to
reduce the yaw misalignment, the yaw moment due to aerodynamic forces has been reduced
by means of the pitch control. Thus, undesired yaw movements are prevented when the
brakes are disengaged.

[0014] In an embodiment of the invention, the blade pitch control performed in order to reduce
a yaw moment acting on the wind turbine is active until the yaw maneuver has finished.

[0015] In an embodiment of the invention, the pitch control is a collective pitch actuation that
sets the same pitch angle for all the blades of the rotor according to a collective pitch angle set
point. The new set point of the pitch angle can be calculated as the actual set point plus an
increment value.

[0016] In one embodiment, the increment value of the pitch angle can take a predetermined
value or a value dependent on several factors such as:

» Wind speed

Electrical power generated by the wind turbine
e Turbulence intensity

Yaw misalignment

Wind direction

[0017] As a result of the pitch control, a pitch angle set point higher than the actual set point is
set that will usually result in a loss of energy production. Therefore, it is an important goal of
the proposed method to consider not only the yaw moment reduction but also the loss of
energy production. Therefore, based on a measured or estimated yaw moment, the pitch
angle set point can be determined in order to reduce the initial yaw moment to a point that can
be handled by the drive sub-system and at the same time, minimize the loss of energy
production.

[0018] The moment acting on the yaw system before the yaw maneuver starts, can be
measured by different means, among o:

e Load sensors in the blade roots
e Load sensors in the main shaft
+ Load sensors in the yaw axis

[0019] If yaw moment measuring means are not available, yaw moment can be estimated from
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environmental or operational measurements and/or historic values, such as:

¢ Wind speed

o Wind direction

« Electrical power generated by the wind turbine
¢ Pitch angle of the blades

« Inflow angle

« Orography

» Yaw misalignment

¢ Yaw movements

[0020] During the resource assessment analysis of the wind farm and based on historic data,
the inflow angle is characterized at each wind turbine position and at each wind direction. If no
inflow data is available, it can be estimated based on the orography of the wind farm.

[0021] The inflow angle, among other conditions like wind speed and yaw misalignment,
influences the yaw moment acting on the wind turbine. Therefore, yaw moment can be
estimated from mean historic inflow angle values and wind speed and yaw misalignment
measurements at a given instant prior to a yaw maneuver. Based on this yaw moment
estimation, the pitch control system establishes the pitch set point for reducing the estimated
yaw moment to a point that can be handled by the drive sub-system.

[0022] If the yaw moment acting on the wind turbine is such that the retention sub-system
cannot retain the nacelle in place leading to undesired yaw movements, the amount and
direction of the yaw movements is used to estimate the direction and magnitude of the yaw
moment acting on the wind turbine.

[0023] In an embodiment, the braking applied to the brakes of the retention subsystem is
gradually reduced until the start of a yaw movement is detected at a certain remaining braking
level of the brakes. Then, when the start of a yaw movement is detected, the remaining
braking level of the brakes and the direction of the yaw movement are used to estimate the
direction and magnitude of the yaw moment acting on the wind turbine. Additionally, the
amount of the yaw movement can also be used in combination with the remaining braking level
of the brakes and the direction of the yaw movement to estimate the direction and magnitude
of the yaw moment acting on the wind turbine. The start of a yaw movement is detected for
example, by means of nacelle vibrations measurements being above a threshold or small yaw
movements.

[0024] In an embodiment of the invention, the pitch control system calculates the pitch angle
set point based on the measured or estimated yaw moment.

[0025] The effect of the pitch angle on the yaw moment depends among other characteristics,
on the wind speed and yaw misalignment. To account for that, in another embodiment of the
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invention, the pitch control system calculates the pitch angle set point based on the measured
or estimated yaw moment and wind speed and yaw misalignment measurements.

[0026] By applying the pitch control prior to enabling a yaw maneuver, the loads in the yaw
system are reduced so that undesired movements of the nacelle after releasing the brakes are
avoided and the yaw drive sub-system is able to turn the nacelle at the desired speed.

[0027] While the collective pitch control only allows reducing the acting yaw moment, the
individual pitch control allows generating the desired counteracting yaw moment.

[0028] The individual pitch angle set points can be constant values at each azimuthal position
of the blades, or can be dependent on the measured or estimated yaw moments and other
measurements as explained before for the case of the collective pitch actuation.

[0029] In another embodiment of the invention, the pitch angle set points of each blade are
calculated based on the determined (measured or estimated) yaw moment. In this way the
pitch control system can generate a moment that counteracts the moment acting on the yaw
system. That is to say, the aerodynamic forces acting on the rotor generates a counter
moment that compensates, at least in part, the initial yaw moment acting on the wind turbine
prior to applying the pitch control.

[0030] The yaw moment estimation can have a significant error as it is calculated, among
others, from historic values that consist usually of mean values for a certain situation. If the real
yaw moment acting on the wind turbine is different from the estimated value, the yaw driving
sub-system will not be able to turn the nacelle at the yaw speed set point.

[0031] In another embodiment of the invention, once the yaw movement has been enabled,
the yaw moment estimation is recalculated using, among other factors, the difference between
the yaw speed set point and the actual yaw speed. The actual yaw speed is detected, for
example, with a sensor. The pitch angle set point is then recalculated based on the new yaw
moment estimation.

[0032] In another embodiment, the pitch control is performed based on an error calculated
between a yaw speed set point and an actual yaw speed once the yaw maneuver has been
enabled. Preferably, the pitch control is an individual pitch control that sets different pitch angle
set points to each blade according to its azimuthal position.

[0033] Alternatively, if the yaw drives are working at a constant speed, the yaw moment is
estimated based on the power consumption needed to keep the yaw speed.

[0034] Additionally, the retention sub-system can be used to regulate the yaw speed. In this
case, once the yaw maneuver has been enabled, and if the actual yaw speed is above the yaw
speed set point (or in the case of the yaw drives working at a constant speed, no energy is
needed to keep the yaw speed), the method comprises a step of adjusting the pressure of a
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brake hydraulic system according to the yaw speed.

[0035] In another embodiment of the invention, when the yaw misalignment has little or no
impact on the energy production of the wind turbine, the method sets a second yaw
misalignment threshold, bigger than the first yaw misalignment threshold. By doing so, the
number of yaw maneuvers is reduced and therefore, the risk of undesired yaw movements is
reduced.

[0036] The situations where the yaw misalignment has little or no impact on the energy
production of the wind turbine take place at low wind speeds, where there is little available wind
power, and at high wind speeds, when the wind turbine is operating at rated power, and
therefore there is more available wind power than the power that the wind turbine can
generate.

[0037] Additionally, when the yaw moment measurement or estimation is over a determined
level, the method can set the second yaw misalignment threshold, bigger than the first yaw
misalignment threshold in order to minimize the risk of undesired yaw movements, even
though it can imply a significant loss of energy production.

[0038] In another embodiment of the invention, the method can further comprise the following
steps:

= comparing a wind speed value with a wind speed threshold value and,
« performing the pitch control in order to reduce the yaw moment acting on the wind
turbine when the wind speed value is over the wind speed threshold value.

[0039] Therefore, just when the wind speed value exceeds the wind speed threshold (that
indicates a wind speed level above which the wind speed conditions may be harmful for the
yaw system), the pitch control will be performed and thus avoid additional energy losses in
other wind speed conditions.

[0040] In an embodiment of the invention the method of reducing loads acting on a wind
turbine yaw system further comprises the following steps:

= comparing a signal indicative of turbulence with a turbulence threshold value; and
« performing the pitch control in order to reduce the yaw moment acting on the wind
turbine when signal indicative of turbulence is over the turbulence threshold value.

Therefore, just when the turbulence values exceed the turbulence threshold (that indicates a
turbulence level above which the wind speed conditions may be harmful for the yaw system),
the pitch control will be performed and thus avoid additional energy losses in other turbulence
conditions.

DESCRIPTION OF THE DRAWINGS



DK/EP 3343027 T3

[0041] To complement the description being made and in order to aid towards a better
understanding of the characteristics of the invention, in accordance with a preferred example
of practical embodiment thereof, a set of drawings is attached as an integral part of said
description wherein, with illustrative and non-limiting character, the following has been
represented:

Figure 1.- Shows part of the yaw drive sub-system.

Figure 2.- Shows part of the yaw retention sub-system.

Figure 3.- Shows an example of pitch angle set points depending on the azimuthal position (8).
Figure 4 .- Indicates the azimuthal position (8) of the blades.

Figure 5.- Shows the power curve of a wind turbine and the zones in which a bigger yaw
misalignment (a) can be tolerated, which are over the nominal speed and near the cut-in
speed.

Figure 6.- lllustrates different average inflow values at different wind direction sectors
calculated during the assessment phase of the site.

Figure 7.- Shows a block diagram of an embodiment of the method of the invention.

Figure 8.- Shows the yaw misalignment (a). The wind direction (Wp) and longitudinal direction

of the nacelle (Np) are represented.

Figure 9.- Shows the range of yaw misalignments (a) which is allowed in usual conditions. It is
also represented a broader range of yaw misalignment which is tolerated under certain
conditions, corresponding to the first yaw misalignment threshold (a4) and second yaw

misalignment threshold (ay).

PREFERRED EMBODIMENT OF THE INVENTION

[0042] The present invention describes a method of reducing loads acting on a wind turbine
yaw system. The wind turbine comprising a nacelle (2) mounted on top of a tower (1), and a
rotor, rotatably attached to the nacelle (2). The rotor further comprises three rotor blades (3).
The wind turbine comprises also a wind vane (8) or an ultrasonic anemometer mounted on top
of the nacelle (2) to measure a yaw misalignment (a) (angle between the wind direction (Wp)

and the longitudinal direction of the nacelle (Np), shown in figure 8).
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[0043] The wind turbine also comprises:

+ a pitch system which make the blades (3) rotate about their longitudinal axis. varying the
aerodynamic forces acting on the blades (3), either to obtain the maximum possible
power from the wind, or to limit the mechanical loads produced on the wind turbine.

e a yaw system which is in charge of aligning the nacelle (2) in the wind direction (WWo) to
maximize the energy capture,:

o a drive sub-system (partially shown in figure 1) responsible for rotating the nacelle
(2) around a substantially vertical axis to align the nacelle (2) in the wind direction
(Wp);

o a retention sub-system (partially shown in figure 2) which fixes the nacelle (2)
when no alignment operations are being performed.

[0044] Along the description it is used the expression "to align the nacelle (2) in the wind
direction (Wp)" which refers to aligning the nacelle direction (Np) to the wind direction (Wp).

[0045] Part of the yaw drive sub-system has been represented in figure 1. The figure includes
a section view were the tower (1) and the nacelle (2) of the wind turbine can be appreciated.
Furthermore, in the figure is shown a yaw bearing (4), which is also part of the wind turbine.
The yaw drive sub-system further comprises at least a yaw drive (5).

[0046] Part of the yaw retention sub-system has been represented in figure 2. The figure
includes a section of the tower (1), the nacelle (2) and the yaw bearing (4). In the figure, it is
shown a brake disc (6) and a brake caliper (7).

[0047] The proposed method comprises at least the following steps:

¢ detecting a yaw misalignment (a);
= performing a pitch control;
« enabling a yaw maneuver.

[0048] The step of performing a pitch control is done in order to reduce a yaw moment (M;)

acting on the wind turbine once the yaw misalignment (a) is detected and prior to enabling the
yaw maneuver.

[0049] The yaw maneuver comprises the steps of:

+ disengage the brake calipers (7) of a yaw retention sub-system,
» starting the drive units (5) of a yaw drive sub-system,
« stopping the drive units (5) once the nacelle (2) is aligned to the wind direction (Wp),

« applying the brakes calipers (7).
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[0050] In a preferred embodiment of the invention, the blade pitch control performed in order
to reduce a yaw moment acting on the wind turbine is active until the yaw maneuver has
finished.

[0051] In an embodiment of the invention, the pitch control is performed prior to starting the
drive units (5) of the yaw drive sub-system.

[0052] In an embodiment of the invention, the pitch control is performed after at least partially
releasing the brakes (7) of the yaw retention sub-system, preferably at least partially
disengaging the brake calipers (7) of the yaw retention sub-system.

[0053] In an embodiment of the invention, the pitch control is a collective pitch actuation that
sets a new pitch angle set point that is the same pitch angle set point for all the rotor blades
(3). In this case a new set point of the pitch angle can be calculated as the actual set point plus
an increment value. The increment value of the pitch angle set point can be a predetermined
value. Alternatively, the increment value of the pitch angle set point depends on at least one of
the following:

Wind speed

» Electrical power generated by the wind turbine (P)
« Turbulence intensity

Yaw misalignment ()

Wind direction (Wp)

[0054] Preferably, the pitch control is an individual pitch control that sets different pitch angle
set points (B1, B2, B3) to each blade (3) according to its azimuthal position (81, 82, 83. The pitch

angle set points (B4, B2, B3) of each blade (3) can be predetermined values according to its
azimuthal position (81, 82, 83), as represented in figure 3. Also, in figure 4 can be appreciated
the azimuthal positions (81, 82, 83) of the blades (3). Preferably, the pitch angle set points (B4,
B2, B3) of each blade (3) are values according to its azimuthal position (81, 62, 83) that depend

on at least one of the following:

+ Wind speed

Electrical power generated by the wind turbine (P)
» Turbulence intensity

Yaw misalignment ()

Wind direction (Wp)
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[0055] In the preferred embodiment of the invention, the method further comprises a step of
determining a yaw moment (M) acting on the wind turbine.

[0056] The yaw moment (M) acting on the wind turbine can be measured by load sensors.
Alternatively, the yaw moment (M,) acting on the wind turbine can be estimated from at least

one of;

¢ Wind speed

¢ Wind direction (Wp)

e Electrical power generated by the wind turbine (P)
« Pitch angle of the blades

« Inflow angle

» Orography

* Yaw misalignment (a)

¢ Yaw movements

[0057] Regarding the inflow angle, figure 6 shows different average inflow values at different
wind direction sectors calculated during the assessment phase of the site. If no inflow
measurements at the wind turbine site are available, these average inflow values are used for
the yaw moment (Mz) estimation.

[0058] In the preferred embodiment, the pitch control is an individual pitch control that sets
different pitch angle set points to each blade (3) according to its azimuthal position (81, 62, 83).

The pitch angle set points of each blade (3) are calculated based on the determined
(measured or estimated) yaw moment (M), so that the aerodynamic forces acting on the rotor

generates a counter moment that compensates, at least partially, the initial yaw moment (M)

acting on the wind turbine prior to applying the pitch control.

[0059] In addition, once the yaw maneuver has been enabled, the pitch angle set points (B4,
B2, B3) of each blade (3) are recalculated using, among other factors, the difference between a
yaw speed set point (¢re) and an actual yaw speed (cp). The actual yaw speed (cp) is

detected, for example, with a sensor.

[0060] The first step of the method, which is detecting a yaw misalignment (a), further
comprises the following sub-steps:

» determine the yaw misalignment (a) by means of the nacelle wind vane (8) or ultrasonic
anemometer;
e comparing a yaw misalignment (a) with a first yaw misalignment threshold (ay).
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[0061] A yaw misalignment (a) is detected when the angle between the wind direction (\Wp)
and the nacelle direction (Np) is not within an allowable interval, that is, the yaw misalignment

(a) is over the first yaw misalignment threshold (ay).

[0062] When a yaw misalignment (a) is detected which is over the first yaw misalignment
threshold (a4), the method further comprises the step of comparing the determined (measured

or estimated) yaw moment (M,) with a yaw moment threshold.

[0063] As shown in figure 7, when the yaw control system detects a yaw misalignment (q)
above a first yaw misalignment threshold (a1) and prior to enabling a yaw maneuver, sends a
signal to the pitch control system. The pitch control system receives measurements of the
electrical power being generated by the wind turbine (P) and the yaw moment (Mz) acting on
the wind turbine (for example from load sensors located on the main shat). Based on the these
measurements, the pitch control system set pitch angle set points (B4, B2, B3) for each blade

(3) according the rotor azimuthal position (8). Once the yaw moment (Mz) has been reduced to
a certain level, the yaw control system enables the yaw maneuver sending the hydraulic brake
pressure set point to the yaw retention subsystem and the yaw speed set point to the yaw drive
subsystem.

[0064] As explained before, the yaw moment (M) is mainly due to aerodynamic forces acting
on the wind turbine. If the estimated yaw moment (M,) is below a yaw moment threshold, the

yaw system of the wind turbine can align the nacelle (2) (i.e. enable the yaw maneuver) without
performing the pitch control. If the determined yaw moment (M;) is over the yaw moment

threshold, the method of the invention performs a pitch control in order to reduce the yaw
moment (M) acting on the wind turbine once the yaw misalignment (a) is detected and prior to

enabling the yaw maneuver.

[0065] Once the yaw maneuver is finished, the method of the invention further comprises the
step of disabling the pitch control that reduces the moment acting on the wind turbine.

[0066] In the preferred embodiment of the invention, once the yaw maneuver has been
enabled, the yaw moment (M,) estimation is recalculated using, among other factors, the

difference between the yaw speed set point (¢ and the actual yaw speed (¢). The actual

yaw speed (¢) is detected, for example, with a sensor.

[0067] Alternatively, once the yaw maneuver has been enabled, if the yaw drives are working
at a constant speed, the yaw moment (M,) is estimated based on the power consumption
needed to keep the yaw speed (¢$). The pitch angle set point is then recalculated based on the
new yaw moment (M;) estimation.

[0068] Additionally, the retention sub-system can be used to regulate the yaw speed (¢) once
the yaw maneuver has started. In this case, if the actual yaw speed (¢) is above the yaw speed
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set point (¢¢p) (or in the case of the yaw drives working at a constant speed, no energy is

needed to keep the yaw speed (¢9)), the method comprises a step of adjusting the pressure of
a brake hydraulic system (comprising the brake disc (6) and the brake caliper (7)) according to
the yaw speed (¢).

[0069] In another embodiment of the invention, when the yaw misalignment (a) has little or no
impact on the energy production of the wind turbine, the method sets a second yaw
misalignment threshold (ay), bigger than the first yaw misalignment threshold (a4). By doing so,

the number of yaw maneuvers is reduced and therefore, the risk of undesired yaw movements
is reduced. In figure 9 the first yaw misalignment threshold (a4) and the second yaw

misalignment threshold (ay) have been represented.

[0070] The situations where the yaw misalignment (a) has little or no impact on the energy
production of the wind turbine take place at low wind speeds, where there is little available wind
power, and at high wind speeds, when the wind turbine is operating at rated power, and
therefore there is more available wind power than the power that the wind turbine can
generate. In figure 5 a power curve with the zones in which higher yaw misalignments can be
tolerated is shown.

[0071] Additionally, when the yaw moment (M;) measurement or estimation is over a
determined level, the method can set the second yaw misalignment threshold (a»), bigger than
the first yaw misalignment threshold (aq) in order to minimize the risk of undesired yaw

movements, even though it can imply a significant loss of generated energy.

[0072] In an embodiment of the invention, the method of reducing loads acting on a wind
turbine yaw system further comprises the following steps:

« comparing a wind speed value with a wind speed threshold value and,
e performing the pitch control in order to reduce the yaw moment (M) acting on the wind

turbine when the wind speed value is over the wind speed threshold value.

[0073] In an embodiment of the invention the method of reducing loads acting on a wind
turbine yaw system further comprises the following steps:

= comparing a signal indicative of turbulence with a turbulence threshold value; and
« performing the pitch control in order to reduce the yaw moment (M) acting on the wind

turbine when signal indicative of turbulence is over the turbulence threshold value.
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Patentkrav

Fremgangsmade til reduktion af belastninger, der virker pa en vindturbines
krejesystem, hvor vindturbinen omfatter en nacelle (2), en rotor, der omfatter
mindst ét rotorblad (3) med et bladvinkelkontrolsystem, og desuden omfatter et

krojesystem, kendetegnet ved, at den omfatter trinnene:

— detektion af krejejusteringsfejl (a);

— aktivering af en krgjemangvre; krgjemangvren omfatter start af
drevenheder (5) i krgjesystemet pa vindturbinen;

— gennemforelse af en bladvinkelkontrol i et bladvinkelkontrolsystem for

mindst ét blad pa en rotor, der virker pa

vindturbinen, nar krgjejusteringsfejlen (o) detekteres,
hvor bladvinkelkontrollen udferes for aktivering af krejemanegvren; og, hvor

bladvinkelkontrollen omfatter:

— etablering af et bladvinkelsatpunkt til reduktion af kregjemoment (M) til
et punkt, der kan handteres af krgjesystemets drevenheder (5), og
—indstilling af en bladvinkel pa det mindst ene blad til det etablerede
setpunkt og dermed reducere krgjemomentet, der virker pa vindturbinen og
er induceret af aerodynamiske kreafter, der virker pa det mindst ene blad pa

vindturbinen.

Fremgangsmaden til reduktion af belastninger pa en vindturbines krgjesystem
ifelge krav 1, kendetegnet ved, at bladvinkelkontrollen er en fzlles
bladvinkelaktivering, der indstiller et nyt bladvinkelsatpunkt, der er det samme

for alle rotorbladene (3).

Fremgangsmaden til reduktion af belastninger, der virker pa en vindturbines
krojesystem, ifolge krav 2, kendetegnet ved, at det nye setpunkt for bladvinkel

beregnes som det faktiske s@tpunkt plus en foragelsesvardi.



10

15

20

25

30

DK/EP 3343027 T3

Fremgangsmaden til reduktion af belastninger, der virker pa en vindturbines
krojesystem, ifolge krav 3, kendetegnet ved, at foregelsesvardien af det nye

setpunkt for bladvinkel er en forudbestemt verdi.

Fremgangsmaden til reduktion af belastninger, der virker pa en vindturbines
krojesystem, ifolge krav 2, kendetegnet ved, at det nye setpunkt for bladvinkel

afhenger pa mindst én af folgende:

— Vindhastighed,

— Elektricitet, der genereres af vindturbinen (P),
— Turbulensintensitet,

— Krgjejusteringsfejl (a), og

— Vindretning (Wp).

Fremgangsmaden til reduktion af belastninger, der virker pa en vindturbines
krojesystem ifolge krav 1, kendetegnet ved, at bladvinkelkontrollen er en
individuel bladvinkelkontrol, der indstiller forskellige bladvinkelsaetpunkter (B1,
B2, B3) for hvert blad (3) 1 forhold til dets azimutposition (61, 02, 63).

Fremgangsmaden til reduktion af belastninger, der virker pa en vindturbines
krgjesystem, ifelge krav 6, kendetegnet ved, at bladvinkelsetpunkterne (1, B2,
B3) for hvert blad (3) er forudbestemte vaerdier 1 forhold til deres azimutposition

(61, 62, 03).

Fremgangsmaden til reduktion af belastninger, der virker pa en vindturbines
krgjesystem, ifelge krav 6, kendetegnet ved, at bladvinkelsetpunkterne (1, B2,
B3) for hvert blad (3) er verdier i forhold til deres azimutposition (61, 62, 63),

som afhenger af mindst én af felgende:

— Vindhastighed,

— Elektricitet, der genereres af vindturbinen (P),
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— Turbulensintensitet,
— Krgjejusteringsfejl (a), og
— Vindretning (Wp).

Fremgangsmaden til reduktion af belastninger, der virker pa en vindturbines
krojesystem, ifolge krav 1, kendetegnet ved, at krgjemangvren aktiveres, nar

krejejusteringsfejl (o) er over en forste teerskel for krejejusteringstejl (o).

Fremgangsmaden til reduktion af belastninger, der virker pa en vindturbines
krgjesystem, ifelge krav 1, kendetegnet ved, at den desuden omfatter et trin til

bestemmelse af krgjemoment (M.), der virker pa en vindturbine.

Fremgangsmaden til reduktion af belastninger, der virker pa en vindturbines
krojesystem, ifolge krav 10, kendetegnet ved, at bladvinkelkontrolsystemet
beregner mindst et bladvinkelsatpunkt pa grundlag af det bestemte krgjemoment

(Mz).

Fremgangsmaden til reduktion af belastninger, der virker pa en vindturbines
krgjesystem, ifelge krav 10, kendetegnet ved, at krgjemomentet (M), der

virker pa vindturbinen, méles af belastningssensorer.

Fremgangsmaden til reduktion af belastninger, der virker pa en vindturbines
krgjesystem, ifelge krav 10, kendetegnet ved, at krgjemomentet (M), der

virker pa vindturbinen, vurderes ud fra mindst én af:

— Vindhastighed,

— Vindretning (Wp),

— Elektricitet, der genereres af vindturbinen (P),
— Bladenes bladvinkel,

— Indlgbsvinkel,

— Orografi,

— Krgjejusteringsfejl (o), og
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— Krejebevaegelser.

Fremgangsmaden til reduktion af belastninger, der virker pa en vindturbines

krojesystem ifelge krav 13, kendetegnet ved, at den desuden omfatter trinnet:

— gradvis frigerelse af bremser (7) fra et krgjefastholdelsesundersystem,

indtil starten pa en krgjebevagelse detekteres.

Fremgangsmaden til reduktion af belastninger, der virker pa en vindturbines
krgjesystem, ifelge krav 14, kendetegnet ved, at krgjemomentet (M), der
virker pa vindturbinen, vurderes ud fra bremsernes (7) resterende bremseniveau

og en retning af krejebevagelserne.

Fremgangsmaden til reduktion af belastninger, der virker pa en vindturbines
krojesystem, ifelge krav 10, kendetegnet ved, at trinnet til gennemforelse af en
bladvinkelkontrol for at reducere et krgjemoment (M;) for aktivering af
krgjemangvren udferes, nar det bestemte krgjemoment (M) er over en

kregjemomentteerskel.

Fremgangsmaden til reduktion af belastninger pa en vindturbines krgjesystem
ifolge krav 6, kendetegnet ved, at bladvinkelsatpunkterne (B1, B2, B3) er
bestemt for at generere et kontramoment, der kompenserer, mindst delvist, for

det krgjemoment (M), der virker pa vindturbinen.

Fremgangsmaden til reduktion af belastninger, der virker pa en vindturbines
krgjesystem, ifelge krav 10, kendetegnet ved, at krgjemomentet (M)
bestemmes pa grundlag af en fejl, der blev beregnet mellem en forudbestemt
krejehastighed (¢) og en faktisk krejehastighed (¢), nar krejemanevren er blevet

aktiveret.

Fremgangsmaden til reduktion af belastninger, der virker pa en vindturbines

krgjesystem, ifelge krav 10, kendetegnet ved, at krgjemomentet (M)
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bestemmes pa grundlag af det stremforbrug, der kraeves for at holde

krejerotationshastigheden, nér krgjemangvren er blevet aktiveret.

Fremgangsmaden til reduktion af belastninger, der virker pa en vindturbines
krgjesystem, ifelge krav 1, kendetegnet ved, at den desuden omfatter et trin til
justering af trykket 1 et hydraulisk bremsesystem i forhold til

krejerotationshastigheden, nér krgjemangvren er blevet aktiveret.

Fremgangsmaden til reduktion af belastninger, der virker pa en vindturbines
krojesystem, ifolge krav 1, kendetegnet ved, at krgjemanegvren omfatter

trinnene:

— frigerelse af bremser (7) fra et krogjefastholdelsesundersystem,

— start af drevenheder (5) 1 et krgjedrevsundersystem,

— standsning af drevenheder (5), nar nacellen (2) er justeret med en
vindretning (Wp) og

— anvendelse af bremserne (7).

Fremgangsmaden til reduktion af belastninger, der virker pa en vindturbines
krojesystem, ifolge krav 21, kendetegnet ved, at bladvinkelkontrollen udferes
efter mindst delvist at have udlgst bremserne (7) pa

krejefastholdelsesundersystemet.

Fremgangsmaden til reduktion af belastninger, der virker pa en vindturbines
krgjesystem, ifelge krav 1, kendetegnet ved, at den desuden omfatter felgende

trin:

— sammenligning af en vindhastighedsvaerdi med en
vindhastighedsterskelverdi og

— gennemforelse af bladvinkelkontrollen for at reducere krgjemomentet
(M_), der virker pa vindturbinen, nar vindhastighedsvardien er over

vindhastighedstaerskelverdien.
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Fremgangsmaden til reduktion af belastninger, der virker pa en vindturbines
krojesystem, ifolge krav 1, kendetegnet ved, at den desuden omfatter folgende

trin:

— sammenligning med et signal, der er indikativ for turbulens med en

turbulensveerdi; og

— gennemforelse af bladvinkelkontrollen for at reducere krgjemomentet
(M_), der virker pa vindturbinen, nar det signal, der er indikativ for

turbulens, er over turbulenstaerskelvardien.

Fremgangsmaden til reduktion af de belastninger, der virker pa en vindturbines
krojesystem, ifolge krav 9, kendetegnet ved, at krojemanegvren under visse
omstendigheder aktiveres, nar krojejusteringsfejlen (o) er over en anden terskel
for krejejusteringsfejl (a2), der er hgjere end den forste terskel for

krojejusteringsfejl (o).

Fremgangsmaden til reduktion af de belastninger, der virker pa en vindturbines
krojesystem, ifolge krav 1, kendetegnet ved, at den bladvinkelkontrol, der
udfores for at reducere et krgjemoment (M,), der virker pa vindturbinen, er

aktiv, indtil krejemanevren er fuldfert.

Fremgangsmaden til reduktion af belastninger, der virker pa en vindturbines
krojesystem, ifolge krav 1, kendetegnet ved, at bladvinkelkontrollen udferes pa
grundlag af en fejl, der beregnes mellem et krgjehastighedssaetpunkt (¢rr) 0g en

faktisk krejehastighed (¢), nar krejemangvren er blevet aktiveret.

Fremgangsmaden til reduktion af belastninger, der virker pa en vindturbines
krojesystem ifolge krav 27, kendetegnet ved, at bladvinkelkontrollen er en
individuel bladvinkelkontrol, der indstiller forskellige bladvinkelsatpunkter (B1,
B2, B3) for hvert blad (3) 1 forhold til dets azimutposition (61, 02, 63).
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