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The present invention relates to a method for controlling a wind power installation, and the
invention also relates to a corresponding wind power installation. In particular the invention
relates to carrying out individual adjustment of rotor blades of a rotor of the wind power

installation, which adjustment may also be referred to as individual blade adjustment.

Wind power installations are known; they convert kinetic energy from wind by means of a
rotor with a plurality of rotor blades into mechanical work and further into electrical energy
by means of a generator. The present invention relates at any rate to wind power installa-

tions operating in accordance with this principle.

Modern wind power installations nowadays have a rotor diameter of more than 100 meters.
The rotor blades therefore sweep over a circular area having a diameter of such a size.
Three rotor blades are conventionally provided which are correspondingly uniformly offset
from one another by 120° in the rotor and are therefore in each case in different regions of
the rotor surface at a specific time. As a result, the rotor blades may be exposed to different
wind conditions at the same time. In particular, the wind speed and also the wind direction

may be different.

In particular, these different wind conditions may be perceptible as different blade loads. In
order to take these into consideration, it is possible to provide an individual blade adjust-
ment which adapts the blade angle of the respective rotor blade to the specific loading of
the blade.

Such loadings frequently occur cyclically during rotation, and therefore a cyclic adjustment
of the blade during rotation may be expedient. In simplified and illustrative terms, the blade
loading may be greater in an upper region of the rotor surface than in a lower region, and
provision may correspondingly be made to rotate the rotor blade somewhat out of the wind
in the upper region of the rotor surface and to rotate it somewhat into the wind at the lower

region of the rotor surface. A sinusoidal function can be provided for this purpose.

To control the wind power installation overall, a suitable working point which comprises a
collective blade angle also has to be set. Such a collective blade angle may also be referred
to synonymously as collective pitch angle. Overall, a blade angle may also be synony-

mously referred to as pitch angle.

Such a collective blade angle is identical for all of the rotor blades and an individual offset

angle is then individually combined with or connected to it for each rotor blade.
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In one case, this can mean that an individual sinusoidal offset angle is combined with the
collective blade angle. Such a sinusoidal offset angle could basically also be identical for
all of the rotor blades, depending on amplitude and frequency, but with a phase displace-
ment. It could also have different amplitudes between the individual rotor blades whereas

the frequency is intended to be identical for all of the rotor blades.

In one specific implementation, the actual blade angle may not precisely correspond to the
predetermined and/or assumed blade angle. Such deviations are conventionally individual,
i.e. have to be noted individually for each blade. In order to take into consideration such a
deviation, a feedback controller can be provided which adjusts a deviation between de-
tected blade angle and intended blade angle. In order to come close to virtually stationary

accuracy, an integral response can be provided here.

It should be taken into consideration here that modern wind power installations have rotor
blades of such a size that the dynamics thereof should be taken into consideration during
the adjustment of their rotor blade. In other words, during the adjustment of the blades, said
rotor blades are rotated about their own longitudinal axis and said rotation cannot take
place either as rapidly as desired or as suddenly as desired since such rotor blades, in
addition to their great length, also have a considerable depth of some meters, at least in
the vicinity of the rotor hub. It is therefore frequently advantageous to already use the mas-
ter controller to determine blade angle adjustment rates instead of absolute values for the

adjustment of the blade angles.

In the case of the described individual blade adjustment, this means that an adjustment
rate for taking into consideration the individual offset blade angle should be provided in

addition to an adjustment rate for setting the collective blade angle.

All'in all, there can therefore be a complex system in which a collective blade angle has to
be predetermined and taken into consideration, an individual blade angle has to be prede-
termined and taken into consideration for each rotor blade, diverse properties of the rotor,
rotor blade and adjustment device have to be taken into consideration, and in particular
dynamics or at least a moment of inertia of the respective rotor blade, and also angular
deviations are intended to be taken into consideration as readily as possible. An example
of the prior art is disclosed in US 2011/229300 A1.

The present invention is therefore based on the object of addressing at least one of the

aforementioned problems. In particular, the intention is for a solution to be proposed, in
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which individual blade adjustment is intended to be improved in respect of dynamics, ac-
curacy and/or reliability, or at least a good solution is intended to be proposed. At least, an

alternative is intended to be proposed to previously known solutions.

According to the invention, a method as claimed in claim 1 is proposed. The method there-
fore relates to controlling a wind power installation. The wind power installation is based on
an installation having a rotor with a plurality of rotor blades, in particular with three rotor
blades. The rotor blades are adjustable in their blade angle, and each rotor blade is acti-
vatable individually and therefore also adjustable individually, namely in its blade angle.
For individual activation, a total adjustment rate which indicates an intended speed of
change of the respective blade angle is in each case predetermined. The adjustment rate

therefore describes a change in the blade angle per period of time.

Furthermore, a collective blade angle identical for all of the rotor blades is provided. Such
a collective blade angle can also be referred to synonymously as collective pitch angle or
as common blade angle. The collective blade angle is therefore a blade angle which basi-
cally does not take into consideration individual differences between the individual rotor
blades. It particularly determines the current working point. The collective blade angle can
have a fixed value, for example, in the partial load range, when the wind speed is still below
a nominal wind speed. However, the collective blade angle can also be changeable in the
partial load range if the corresponding regulation concept provides this. In particular, the
collective blade angle is changeable outside the partial load range, i.e. in particularin a full
load range or in a transition range from partial load range to full load range. If the collective
blade angle is changeable, this changeability is therefore also identical for all of the rotor

blades. The manner of taking this into consideration will also be described below.

In addition, a collective adjustment rate which is identical for all of the rotor blades and
which describes an intended speed of change of the collective blade angle is provided.
Accordingly, the collective adjustment rate can also be referred to synonymously as com-
mon adjustment rate. The collective adjustment rate is therefore closely associated with
the collective blade angle. It can be taken into consideration directly or via the collective
blade angle. Similarly, the collective blade angle can be taken into consideration directly or

by taking the collective adjustment rate into consideration.

Furthermore, an individual offset angle which indicates a value by which the blade angle is

intended to deviate from the collective blade angle is predetermined for each rotor blade.
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Via the collective blade angle or the collective adjustment rate, an identical value is there-
fore provided for all of the rotor blades. Individual differences can be taken into considera-

tion for each rotor blade via the respective individual offset angles.

For example, each individual offset angle can be continuously recalculated and/or prede-
termined by a cyclic function, in particular cyclic functions with the same frequency during
rotation. The frequency can correspond to a rotation frequency of the rotor. For example,
an individual offset angle can be predetermined for each rotor blade by a sine function.
Other functions, however, are also suitable, for example a triangular function. However, the

sine function is preferred.

Furthermore, provision is made that an individual feed forward control adjustment rate
which indicates an adjustment rate which is provided for reaching the offset angle is deter-
mined from the individual offset angle for each rotor blade. To this extent, provision is made
to determine the feed forward control adjustment rate directly from the individual offset
angle. In this respect, an implementation as in the case of an open-loop control is present
because the offset angle is transmitted directly into the feed forward control adjustment
rate. A setpoint/actual value comparison between predetermined individual offset angles

and actual or detected offset angles therefore does not take place.

Nevertheless, provision is also made that an individual offset deviation is determined for
each rotor blade depending on a comparison of the individual offset angle and a detected,
in particular measured, blade angle of the rotor blade. Provision is made here in particular
that an individual offset deviation is determined from the comparison of the individual offset
angle and the detected blade angle of the rotor blade, adjusted by the collective blade
angle. The comparison is in particular a difference between the two variables. The adjust-
ment means in particular that, before the comparison of the detected blade angle, the col-
lective blade angle is subtracted, or the collective blade angle is added to the individual
offset angle, or that the collective blade angle is subtracted after the comparison. The offset
deviation is intended here to reproduce a deviation between the predetermined offset angle
and individual offset angle set at the rotor blade, in order to monitor the implementation.
However, the sum of the collective blade angle and individual offset, rather than the offset
angle, is connected to the rotor blade, and therefore the adjustment by the collective blade

angle takes place again for the comparison.
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In this respect, a closed-loop control is also provided which carries out said setpoint/actual
value comparison between predetermined individual offset angles and detected blade an-

gles and uses said comparison as explained below.

For the total adjustment rate of each rotor blade, provision is made that this is determined

depending on

- the collective blade angle and/or the collective adjustment rate,

- the individual feed forward control adjustment rate, and

- the individual offset deviation.

The total adjustment rate is therefore determined depending on three variables. The in-
tended working point of the wind power installation is taken into consideration via the col-
lective blade angle. The collective blade angle, or instead the collective adjustment rate, or
both variables together, can be taken into consideration here. The collective blade angle
and the collective adjustment rate are closely associated, and one of these two variables
can be used directly, depending on the feedback control concept, and therefore an associ-
ation with the other variable is also produced in each case therefrom. It is also suitable for

the two variables to be directly taken into consideration.

From the individual feed forward control adjustment rate and the individual offset deviation,
it is possible to determine an individual adjustment rate which can be connected to the
collective adjustment rate in order thereby to form the total adjustment rate for the respec-
tive rotor blade. The total adjustment rate of each rotor blade is therefore composed of the
collective adjustment rate and the individual adjustment rate. In particular, the sum of the
collective adjustment rate and of the individual adjustment rate forms the total adjustment

rate.

The individual offset angle enters into the determination of the individual adjustment rate in
two ways, namely, firstly, via the individual feed forward control adjustment rate and, sec-
ondly, via the individual offset deviation. The individual offset angle is therefore entered
both via an open-loop control and via a closed-loop control. The open-loop control can also
be referred to as feed forward control and this therefore outputs the individual feed forward

control adjustment rate.
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By means of such a forward feed control, the individual adjustment rate can take into con-
sideration the individual offset angle rapidly and also without dynamic influences which
could otherwise arise through closed-loop feedback control, the individual offset angle

thereby immediately and directly influencing the individual adjustment rate.

Nevertheless, deviations can be adjusted by taking into consideration the individual offset
deviation. Such deviations are, however, small because of the feed forward control also
used, and therefore preferably also a slow feedback controller is suitable which can achieve
stationary accuracy or, in the case of a slowly changing offset angle, can at least improve

virtually stationary accuracy.

It should also be noted that, in the case of the feedback control which takes the individual
offset deviation into consideration, a blade angle or a blade angle deviation, namely the

individual offset deviation, is implemented in an adjustment rate.

Each individual offset angle can thus be directly implemented. The implementation is rapid

and at the same time achieves a high degree of accuracy.

According to one aspect, it is proposed that the individual feed forward control adjustment
rate is determined from the individual offset angle by means of a feed forward control, and
a feedback controller adjustment rate is determined from the individual offset deviation by
means of an offset feedback controller in order to adjust the individual offset deviation,
wherein the total adjustment rate is determined from the collective adjustment rate, from
the feed forward control adjustment rate and the feedback controller adjustment rate, in
particular from the sum thereof. The individual adjustment rate is determined here from the
feed forward control adjustment rate and the feedback controller adjustment rate. The in-

dividual offset angle is therefore taken into consideration in two ways.

Firstly, an individual feed forward control adjustment rate is determined from the individual
offset angle, namely in particular by derivation of the individual offset angle. This is based
here particularly on the finding that the individual offset angle is a function which is variable
over time, in particular a cyclic function. A sine function is frequently suitable. Such a time
function can be derived according to the time and optionally modified with an amplification
factor. The result is the individual feed forward control adjustment rate. This individual feed
forward control adjustment rate therefore specifies an intended adjustment speed of the
blade angle. If the rotor blade angle is adjusted at said adjustment speed, the individual

offset angle arises as the rotor blade angle if the rotor blade angle would otherwise be zero.
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If, in other words, such an individual feed forward control adjustment rate is therefore con-

nected to a rotor blade angle with the value zero, the individual offset angle ideally arises.

During the running operation, however, the collective blade angle is added to this, and it
can be provided as the collective adjustment rate. The collective adjustment rate and the
individual feed forward control adjustment rate can be added up, and an adjustment rate,
i.e. a change of speed of the blade angle at which the blade angle is adjusted can be
produced. In an ideal implementation, the result is that the rotor blade angle corresponds

to the sum of the collective blade angle and individual offset angle.

With such a procedure, in particular the use of the feed forward control for determining the
individual feed forward control adjustment rate, both the collective blade angle and the
individual offset angle are rapidly implemented. Owing to the fact that the feed forward
control is an open-loop control, i.e. does not contain any feedback, possible regulating os-
cillations can be eliminated. The individual offset angle can be predetermined directly and

implemented by the individual feed forward control adjustment rate.

Possible deviations, in particular stationary inaccuracies or virtually stationary inaccuracies,
cannot, however, be taken into consideration by such a feed forward control. Virtually sta-
tionary inaccuracy is understood to this extent as meaning tracking accuracy for a time-
variable signal, in particular for a sine signal, which can be predetermined for the individual

offset angle.

In order to achieve such a stationary or virtually stationary accuracy, the offset feedback
controller which determines a feedback controller adjustment rate from the individual offset
deviation is therefore additionally provided. Deviations can thereby be identified and ad-
justed. However, it should be noted that such an offset feedback controller is provided only
in addition to the feed forward control. As a result, the rapid and direct dynamic implemen-
tation of the individual offset angle in said individual feed forward control adjustment rate
can continue to be ensured, but nevertheless — generally small — deviations can additionally
be adjusted. Accordingly, it is also possible for a feedback controller gain of the offset feed-
back controller to be selected in such a manner that the offset feedback controller plays a
minor dynamic role. In particular, oscillations induced by the feedback controller or even
instability induced by the feedback controller can be avoided while a rapid implementation

of the individual offset angle can nevertheless be achieved.
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A P feedback controller is preferably provided as the offset feedback controller. It should
be noted that this offset feedback controller also outputs an adjustment rate, i.e. a speed
of change of the angle. A constant speed of change leads to a continuous increase of the
blade angle. The system therefore has an integral response. This means that the closed-
loop control as a whole, i.e. a P feedback controller with a system, also has an integral
response. It has therefore been recognized that it is possible to achieve an integral re-
sponse by an offset feedback controller with a P response if the feedback controller outputs

an adjustment rate.

Provision is therefore preferably made for the offset feedback controller to have a P feed-
back controller or to be designed as a P feedback controller which, by means of a corre-
sponding P factor, converts the angular difference, i.e. the individual offset deviation, into

an adjustment rate, namely the feedback controller adjustment rate.

The individual feed forward control adjustment rate and the feedback controller adjustment
rate can be added up and can thereby take into consideration or reach the individual offset

angle, i.e. the implementation thereof, together.

The individual feed forward control adjustment rate can then be added up together with the
feedback controller adjustment rate to form the collective adjustment rate. The offset feed-

back controller can then be guided as a whole by the sum of the three adjustment rates.

This can be carried out for each rotor blade and, as a result, a rapid, oscillation-free imple-
mentation of an individual blade adjustment can be readily achieved, with simultaneously

high control precision.

According to one aspect, it is proposed that the feed forward control adjustment rate is
determined independently of the detected blade angle, in particular independently of the
individual offset deviation. This embodiment emphasizes that no signal feedback from the
detected blade angle enters into the determination of the feed forward control adjustment
rate. This is precisely what distinguishes an open-loop control or feed forward control.
Rapid implementability of the individual offset angle in the feed forward control adjustment

rate is therefore achieved and oscillation induced by closed-loop control eliminated.

According to one aspect, it is proposed that the individual offset angle is predetermined as
a temporal offset profile, in particular by an offset function which is time-dependent and/or

dependent on a position or rotation of the rotor. In particular, a cyclic function during rotation



10

15

20

25

30

DK/EP 4234920 T3

is therefore suitable here, which can be a sine function in particular during uniform rotation
of the rotor, i.e. during rotation at a constant rotational speed. However, even when rotation
of the rotor is not quite uniform, the adoption of a sine function or the specification of a sine

function may be expedient.

Particularly in the case of such a temporal offset profile of the individual offset angle, it is
advantageous to provide and to take into consideration the individual feed forward control
rate, namely in particular via the aforementioned feed forward control, i.e. without feedback
of the resulting blade angle. Dynamic feedback effects due to feedback are avoided and,
as a result, problems of design for a corresponding feedback controller, which would carry
out such a taking of the individual offset angle into consideration by itself, can thereby also
be avoided. It should be particularly noted here that the rotational speed of the rotor can
greatly vary depending on the situation. Accordingly, when designing a feedback controller,
either a correspondingly robust feedback controller would be required, or an individual ad-
aptation of the feedback controller, in particular of the gain thereof, to the different speeds

would be necessary.

The individual offset angle can therefore be predetermined as a temporal offset profile, but
it may also be defined as a profile depending on a position of the rotation of the rotor. To
this extent, a sine function can be defined as a function depending on the rotor position,

i.e. the rotational position of the rotor.

This of course takes place individually for each rotor blade. For example, a 12 o’clock po-
sition, in which the rotor blade points vertically upward, can be adopted as a rotational
position with a value of 0° or 0w, which then continuously increases, as the rotor rotates,
to 360° or 2m, when the rotor has rotated once and the rotor is again in the 12 o’clock
position. This rotational position can be used as an input variable for a sine function for the
individual offset angle. The extent to which the use of a sine function may be advantageous
for further calculations or implementations within the scope of determining the individual

feed forward control adjustment rate is also described further below.

According to one aspect, it is proposed that each individual offset angle is predetermined
as a temporal offset profile having a pitching component for reducing a pitching moment

and a yaw component for reducing a yaw moment.

The effect intended to be achieved by specifying the collective blade angle is an operating

setting which is as optimum as possible and which, together with selected rotational speed
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and generated power, is intended as far as possible to form an optimum operating point.
However, the wind speed is frequently not constant over the large rotor area swept over by
the rotor blades. In particular, in exemplary and simplified terms, the wind speed is fre-

quently higher in higher regions than in low regions.

This results in cyclic changes in loading during rotation which are intended to be taken into
consideration and reduced by the blade adjustment. There should be a differentiation here
between two loading directions, namely a loading direction leading to a pitching moment of
a nacelle of the wind power installation, and a loading direction leading to a yaw moment

of the nacelle of the wind power installation.

The pitching moment refers to a moment, i.e. torque, which points in the pitching direction
of the nacelle, i.e. a movement in which the nacelle moves forward and rearward, which
leads in the region of the rotor also to a component upward and downward, or the force
points in this direction. The yaw moment refers to a moment in a direction about a vertical
axis of rotation of the nacelle. An azimuth adjustment can also be undertaken about this
axis of rotation and, to this extent, the yaw moment or the associated direction also points

in the direction of an azimuth adjustment.

Depending on the position of the rotor blade as it rotates with rotation of the rotor, wind
forces on the rotor blade have a differing effect on the pitching moment or the yaw moment.
In the case of rotor blades which are substantially perpendicular, a force in the direction of
the pitching moment and thus a pitching component are particularly large. If a rotor blade
is substantially horizontal, force acts on the rotor blade substantially in the form of a yaw

moment.

Therefore, for each rotor blade, there is a loading in the pitching direction and a loading in
the yaw direction. Both loadings can be cyclic during rotation as the rotor rotates, but with
amplitudes in different rotor positions. In other words, the loading in the pitching direction
and the loading in the yaw direction can have a dedicated amplitude and a dedicated phase
position. In other words, these two loading functions are displaced with respect to one an-

other and have different amplitudes.

In order to counteract every loading in the pitching direction and every loading in the yaw
direction, in each case for one rotor blade, the temporal offset profile of the individual offset
angle of the rotor blade concerned has a component which counteracts the pitching mo-

ment, and is referred to as pitching component, and a component which counteracts the
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yaw moment, and is referred to as yaw component. The pitching component and the yaw
component, which can therefore be desighed or considered to be a partial blade angle
profile, can, for their part, also be formed cyclically during rotation of the rotor, with dedi-
cated amplitudes and dedicated phase angles or phase positions. The pitching component
and the yaw component are themselves also offset or displaced in terms of phase in rela-

tion to each other.

It is now provided here to provide each individual offset angle as a temporal profile which
has a pitching component and a yaw component. It is namely provided to combine the

pitching component and the yaw component in this one temporal offset profile.

Owing to the fact that both components are combined in the temporal profile of the individ-
ual offset angle, only one such temporal profile of the individual offset angle is required.
The individual feed forward control adjustment rate of the rotor blade can therefore be de-
termined solely on the basis of this one temporal offset profile. In particular, a correspond-
ing feed forward control requires only one temporal profile of the individual offset angle as

an input variable.

According to one aspect, it is proposed that each individual offset angle is predetermined
as a temporal offset profile by a time-dependent offset function in order to reduce a pitching
moment and a yaw moment. The temporal profile of the time-dependent offset function is
characterized here by an amplitude parameter and a phase parameter. The amplitude pa-
rameter and the phase parameter take into consideration a reduction both of the pitching
moment and of the yaw moment, i.e. simultaneously. In particular, a pitching component
and a yaw component are each taken into consideration by the amplitude parameter and

the phase parameter.

An individual taking into consideration of the pitching component as a temporal, cyclic pro-
file, in particular as a sinusoidal profile, can be described by a corresponding function
through amplitude and phase, namely in particular depending on a rotor position. A corre-
sponding temporal function is thereby also produced by the uniformly or virtually uniformly
rotating rotor, i.e. by a constant or virtually constant rotational speed. A function for the yaw
component can be provided in the same manner. Both components differ in amplitude and
phase, but not in frequency, because they are both dependent on the same revolving rotor

position, i.e. on the same rotational speed.
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It has been recognized here that two such functions can be combined into a new function
with amplitude and phase, this being referred to here as amplitude parameter or as phase
parameter. The amplitude parameter therefore takes into consideration the two amplitudes
of the individual functions mentioned, and the phase parameter takes into consideration
the two phases of the individual functions mentioned. Particularly when two sine functions

with the same frequency are adopted, this common function can be determined.

The pitching component and the yaw component can therefore be taken into consideration

simultaneously by means of one function.

According to one aspect, it is proposed that at least one amplitude limit value is predeter-
mined for the offset profile, it is checked for each rotor blade whether the offset profile
reaches the amplitude limit value, and, if it is reached, a connection of the individual feed
forward control adjustment rate to the collective adjustment rate is interrupted, in particular
such that a or the feedback controller adjustment rate continues to be connected to the
collective adjustment rate. In particular, the feedback controller adjustment rate continues
to be connected to the collective adjustment rate, i.e. added up therewith, in order thereby
to form the total adjustment rate. The total adjustment rate is therefore then the sum of the

collective adjustment rate and feedback controller adjustment rate.

To no longer connect the feed forward control adjustment rate to the collective adjustment
rate is therefore provided whenever it is recognized that the offset profile reaches or ex-

ceeds the amplitude limit value.

For each individual offset angle, an amplitude limit value is therefore a minimum angle
which must not be fallen short of or a maximum angle which must not be exceeded. It is
conceivable that in each case a minimum angle and a maximum angle are predetermined,
and therefore the offset angle is intended to remain between the minimum angle and the

maximum angle, and that this is checked.

It is particularly assumed here that the offset profile is a cyclic, in particular sinusoidal,
profile which basically lies below the amplitude limit value but, toward its maximum points,
can reach or even exceed a magnitude of the amplitude limit value. It can therefore exceed
a maximum angle, or fall below a minimum angle. The assumption is based here particu-
larly on the fact that the offset profile is predetermined continuously depending on detected
loadings or other operating conditions. The offset profile can therefore fluctuate in its am-

plitude.
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If such a fluctuation leads to the fact that the offset profile temporarily reaches, or would
reach, the amplitude limit value, it is now not proposed to restrict the offset profile to said
amplitude limit value, i.e. to cut off said profile in height, but instead only to interrupt the
connection of the feed forward control adjustment rate in this case. Only the feed forward
control is therefore switched off. The closed-loop control which outputs the feedback con-

troller adjustment rate remains active.

Particularly the described cutting off of a cyclic function can thereby be avoided. It has been
particularly recognized here that the proposed feed forward control carries out a derivation
of the offset profile. If said offset is cut off, a non-physical bending point therefore arises,
which may lead to undesirable effects during the derivation. The problem is avoided by
deactivating the feed forward control. Owing to the fact, however, that the feedback con-
troller continues to remain active, the offset angle can nevertheless continue to be taken

into consideration although not as well as with the feed forward control.

It has also been recognized here that, although the proposed individual blade adjustment,
i.e. the predetermining of the individual adjustment rate, constitutes an improvement and
discharge of the wind power installation, and in particular can also extend the total service
life, it is acceptable that such an individual blade adjustment is occasionally and temporarily

weakened.

According to one aspect, it is proposed that the offset profile is predetermined via the fol-

lowing offset function f(t):

f(t) = A*sin(o*t+¢)

wherein

A refers to a predeterminable amplitude,

o describes a rotational speed of the rotor, and

¢ describes a predeterminable angular displacement relative to a reference angle.

By means of such an offset function, the offset profile can be characterized by the amplitude

A and the angular displacement ¢. The amplitude A can also be referred to as an amplitude
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parameter, and the angular displacement ¢ as a phase parameter. Both a pitching compo-
nent and a yaw component can be taken into consideration simultaneously by said offset

function.

Said offset function can likewise be readily and continuously derived. It is already possible
at the preliminary stage for the derivative to be determined, at least partially, and therefore
a function results depending on the amplitude A and the angular displacement ¢. Said de-
rivative or an, in particular proportional, variable corresponding thereto can form the starting
point of the feed forward control and/or the individual feed forward control adjustment rate.
The individual feed forward control adjustment rate is therefore then already permanently
present as a function from which only the parameterization has to be adapted, namely
depending on the predeterminable amplitude A and the angular displacement ¢, and also

on the rotational speed ® of the rotor.
A derivation is therefore avoided in the feed forward control during ongoing operation. This
simplifies the computing effort and also avoids possible noise amplification which may oc-

cur if a noise-affected signal is derived during ongoing operation.

If the amplitude A and/or the angular displacement ¢ are/is time-dependent, only they

would still have to be derived. If they are constant, no further derivation is required.

According to one aspect, the method is characterized in that the feed forward control ad-

justment rate is predetermined as a feed forward control profile via the following feed for-

ward control function v(t):

v(t) = A*cos(o*t+$)* (o+dd/dt) + dA/dE*sin(o*t+)

wherein

A refers to a predeterminable amplitude,

o describes a rotational speed of the rotor, and

¢ describes a predeterminable angular displacement relative to a reference angle.
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This feed forward control function v(t) is obtained particularly as a derivative of the offset
function f(t) = A*sin(o*t+¢) if the amplitude A and the angular displacement ¢ are time-
dependent variables or functions. The predeterminable amplitude A and the predetermina-
ble angular displacement ¢ therefore correspond to the corresponding values of the afore-

mentioned offset function f(t) = A*sin(o*t+¢).

It is particularly advantageous in this regard that parts of the feed forward control function
v(t), i.e. parts of the derivative, can be predetermined or calculated in advance. During use
during operation, it suffices to use the corresponding variables in the feed forward control
function v(t) or to carry out the derivation of the predeterminable amplitude A and the pre-
determinable angular displacement ¢. This predeterminable amplitude can also form the
previously described amplitude parameter, and the predeterminable angular displacement
¢ can form the previously described phase parameter, particularly if these are in each case

constant values.

The predeterminable amplitude A and/or the predeterminable angular displacement ¢ can
be determined in particular depending on a detection of a loading. Such a detection of a
loading can take place directly at the rotor blade concerned, in particular at the blade root
thereof orin the vicinity of the blade root, or also determined in some other way, for example
by observing a blade deflection. In the determination both of the amplitude A and of the
angular displacement ¢, there can still be freedom in terms of design, such as filtering,
described below, so that both amplitude A and also angular displacement ¢ do not neces-
sarily have to be obtained unambiguously from the loadings. They can therefore be prede-

termined at least by selection of their calculation.

According to one aspect, it is proposed that the amplitude A and the angular offset ¢ of the
offset function f(t) = A*sin(e*t+¢) are determined depending on a detection of a loading.
Such a determination depending on the detection of a loading has already been explained
above. Itis in particular conceivable here that a pitching moment and a yaw moment are
detected, or a pitching moment component of the respective rotor blade and a yaw moment
component of the respective rotor blade are detected. These can each be characterized by
a sinusoidal function having amplitude and a phase angle, i.e. angular displacement, with
the frequency being the same. A sine function for both loadings, i.e. for pitching moment
and yaw moment, can be derived therefrom, and therefore an amplitude and an angular

displacement for both together are obtained for each rotor blade.
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In particular, it is proposed that the amplitude A and/or the angular displacement ¢ form
filtered variables. It is particularly taken into consideration here that, during a further calcu-
lation for determining the feed forward control adjustment rate, a derivation is carried out
which can also comprise a derivation of the amplitude A and the angular displacement ¢.
Particularly, a higher-frequency interfering variable, in particular noise variable, combined
with the amplitude and/or the angular displacement may be unfavorable during the deriva-

tion. This problem can be solved, or at least mitigated, by filtering.

In particular, it is proposed that a preliminary amplitude Av and/or a preliminary angular
displacement ¢v are determined depending on the detection of a loading. Basically, the
preliminary amplitude Av corresponds to the unfiltered amplitude A, and the preliminary
angular displacement ¢v to the unfiltered angular displacement ¢. Accordingly, the ampli-
tude A and/or the angular displacement ¢ are each determined from the preliminary ampli-
tude Av and/or the preliminary angular displacement ¢v by filtering of the preliminary am-
plitude Av and/or the preliminary angular displacement ¢v. It is also conceivable that a
ramp is predetermined as the filter or instead of the filter, as the maximum speed of change
for the preliminary amplitude Av and/or for the preliminary angular displacement ¢v. Exces-
sive increases are therefore avoided and therefore the maximum amplitude of the tempo-

rally derived signal is predetermined.

Alternatively, itis proposed to predetermine the amplitude A and the angular displacement
¢ as constant values depending on the detection of a load, and therefore to be able to
predetermine a simplified feed forward control function vs(t) from a derivative of the offset
function f(t) = A*sin(o*t+¢). Thus, namely, the following simplified feed forward control func-

tion vs(t) is obtained as follows:

vs(t) = A*cos(o*t+¢)*m.

Such a simplified feed forward control function vs(t) can be particularly readily determined
beforehand and, in online use, avoids the necessity of a continuous derivation of the am-
plitude A and the angular displacement ¢. Instead, only these simplified constant values
need to be determined, in particular from the above-described detection of a loading, i.e.
in particular from a pitching moment component and a yaw moment component in each
case. These values can then be simply input into said simplified feed forward control func-
tion vs(t), together with the rotor rotational speed . The problems during the derivation of

noisy signals are thereby also avoided.
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For this purpose, however, it is particularly proposed that these two variables, i.e. the am-
plitude A and the angular displacement ¢, are assumed to be constant only for the purpose
of the derivation. It is therefore assumed for simplification that said variables are constant.
However, it has been shown that such an assumption is frequently permissible. In particu-

lar, it can frequently be assumed that these two variables change only slowly.

It has been particularly recognized here that, although the offset function has a profile
changing over time, namely the sinusoidal function, the amplitude A and the angular dis-
placement ¢, as characteristic variables of this function, change substantially more slowly.
This simplified feed forward control function can therefore be predetermined despite, how-
ever, a changing amplitude A and a changing angular displacement ¢ being taken into

consideration.

According to the invention, a wind power installation is also proposed. The wind power
installation has a rotor with a plurality of rotor blades, the rotor blades are adjustable in their
blade angle, and each rotor blade is activatable individually. In addition, the wind power
installation has a control device, and is set up for carrying out an individual blade adjust-
ment. The wind power installation, in particular the control device thereof, is set up here to
carry out a method according to one of the above-described aspects. For this purpose, the
method can be implemented in the wind power installation, in particular in the control de-

vice.

According to one aspect, provision is made that the wind power installation has a detection
device, for detecting a loading of a wind power installation. This can be in particular loading
measurement devices, such as strain gauges, in each case on the rotor blade in the region

of its blade root.

In particular, the detection device is set up for detecting a pitching moment component and
a yaw moment component for each rotor blade. The wind power installation, in particular
the control device, is set up so as to determine, from the detected pitching moment com-
ponent and the detected yaw moment component, an offset angle individual to the rotor
blade concerned. Furthermore, the wind power installation or the control device thereof is
set up to determine an individual feed forward control adjustment rate from the individual

offset angle for the rotor blade concerned.

The design in this regard emerges from the description of the corresponding method as-

pects, as explained further above.
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For the wind power installation, but also for the method as a whole, it is also conceivable
that the feed forward control adjustment rate is determined directly from detected loadings
by virtue of it being possible to dispense with an express outputting of the individual offset

angle as an intermediate variable.

The individual offset deviation can be derived from the feed forward control adjustment
rate, or an individual offset angle can be determined for the offset deviation, for example,
from the detected loadings, but without being used for the feed forward control adjustment

rate.

The invention will be explained in more detail below by way of example using embodiments

with reference to the accompanying figures.

Figure 1 shows a wind power installation in a perspective illustration.

Figure 2 schematically shows a closed-loop control structure of a conventional individual

blade adjustment.

Figure 3 schematically shows an individual blade control via an adjustment rate specifica-

tion.

Figure 4 shows a schematic closed-loop control structure of an individual blade adjustment
via a pitch rate with feed forward control and an offset feedback controller for controlling

the individual blade angle to be connected.

Figure 5 schematically shows an overall structure of an individual blade adjustment with

feed forward control and an offset feedback controller for the offset angle to be connected.

Figure 6 shows a simplified diagram of a possible offset angle profile of a rotor blade.

Fig. 1 shows a schematic illustration of a wind power installation according to the invention.
The wind power installation 100 has a tower 102 and a nacelle 104 on the tower 102. An
aerodynamic rotor 106 with three rotor blades 108 and a spinner 110 is provided on the
nacelle 104. During operation of the wind power installation, the aerodynamic rotor 106 is
set into a rotational movement by means of the wind and therefore also rotates an electro-

dynamic rotor of a generator which is coupled directly or indirectly to the aerodynamic rotor
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106. The electrical generator is arranged in the nacelle 104 and generates electrical en-
ergy. The pitch angles of the rotor blades 108 can be changed by pitch motors on the rotor

blade roots 109 of the respective rotor blades 108.

Fig. 2 shows a closed-loop control structure 200 which relates to a conventional blade an-
gle control with individual blade adjustment. The structure shows an operating control block
202 which predetermines a collective blade angle ac. Said operating control block 202
comprises, for example, a known rotational speed control which outputs the blade angle as
correcting variable for controlling the rotational speed. This operating control therefore re-
lates to a blade angle which is identical for all of the rotor blades and which is referred to
as the collective blade angle. It can also be synonymously referred to as the common blade

angle.

In addition, an individual blade control 204 is provided which provides an offset angle dor
for each rotor blade. To this extent, fig. 2 shows the structure for an individual blade. A wind
power installation conventionally has three rotor blades and, accordingly, three such control

structures would be required.

The offset angle aor and the collective blade angle ac are added up at the first summing
point 206 to form the blade setpoint angle as. To this extent, three blade setpoint angles
are also produced for three rotor blades and correspondingly three structures. Since, how-
ever, only the structure for one rotor blade is shown here for illustrative purposes, possible
indices for displaying one specific rotor blade are dispensed with. The presented structure

is identical to this extent for all of the rotor blades.

The blade setpoint angle as is then compared at the second summing point 208 with a
detected actual angle ai. The result is a control deviation which is further processed in the
blade control in accordance with the blade control block 210 in order to activate the sche-
matically illustrated wind power installation 212 or the corresponding pitch motor there of
the rotor blade. As a result, the detected blade angle q; is obtained which is fed back as

described.

An individual blade adjustment can therefore be implemented via such a structure accord-
ing to fig. 2, but the control dynamics may be unfavorable because of the stipulation of the

absolute blade angle for the collective blade angle. In particular, it has turned out that it is
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already advantageously possible for the operating control block to predetermine a collec-
tive adjustment rate, which is also referred to as collective pitch rate, instead of a collective

blade angle.

Such a structure is illustrated in fig. 3. The closed-loop control structure 300 of figure 3
therefore likewise has an operating control block 302 which can likewise comprise a rota-
tional speed control and also other operating controls and can in that respect produce a
collective blade angle. However, in this structure, the operating control block 302 outputs

a collective blade rate Rc.

An individual blade control 304 is likewise provided which outputs an offset angle cor. This
is compared at a third summing point 314 with a detected blade angle a'i. The detected
blade angle d'i can therefore be a blade actual angle adjusted by the collective blade angle.
However, it is also conceivable that the actual blade angle is fed to the third summing point
314, instead of the offset angle acr being adjusted by the collective blade angle. At any rate,
a control deviation is obtained at the third summing point 314 by the differential formation,
the control deviation indicating the extent to which the offset angle aor has been success-

fully connected.

The deviation of the blade angle is then fed to the offset feedback controller 316 which
determines an individual adjustment rate Ror. Said individual adjustment rate Ror and the
collective adjustment rate Rc are added up in the first summing point 306 and produce the

setpoint adjustment rate or setpoint pitch rate for the rotor blade concerned.

In the second summing point 308, a setpoint/actual value is compared with the actual ad-
justment rate or actual pitch rate R which has been detected at the wind power installation
312. This control deviation as an output from the second summing point 308 is then imple-
mented in the adjustment rate control 310 and leads to activation of the wind power instal-

lation, in particular of a corresponding pitch drive system.

A problem with this structure in figure 3 is that the offset angle is compared with a detected
blade angle and the deviation is adjusted with the offset feedback controller 316. Although
such an adjustment is desirable, a control response with good stationary accuracy may,
however, lead to poor, in particular slow, dynamics. In particular, there can be a propor-
tional or integral response in the offset feedback controller 316 and/or inert dynamics can
be provided in order to avoid excessive control excursions during changes of the guide

variable. In other words, a feedback controller for stationary accuracy is provided also to
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adjust minor deviations. It can do this slowly so that it is then inert overall, or rapidly, but

this may lead to powerful control activities during guide changes.

Fig. 4 shows a closed-loop control structure 400 which is intended to be an improvement
to this extent over the closed-loop control structure 300 of fig. 3 and explains the solution
according to the invention. First of all, a collective adjustment rate Rc is also output here in

an operating control block 402. The operating control blocks 402 and 302 can be identical.

Similarly, an individual blade control 404 is provided which outputs an offset angle aor. To
better explain the operation, the closed-loop control structure 400 shows that the individual
blade control 404 outputs the offset angle aor twice. This serves, however, for illustrative
purposes and it can just as readily be provided to output the offset angle acr only at one
point or another structural implementation also comes into consideration, in which, for ex-

ample, the feed forward control adjustment rate is derived directly from loading data.

At any rate, provision is made that the offset angle acr is fed, inter alia, into the feed forward
control 418. The feed forward control 418 determines an individual feed forward control
adjustment rate Ry from the individual offset angle a.r. Said feed forward control adjustment
rate Rv is provided to already substantially implement the offset angle acr and, for this pur-
pose, is intended to be added to the collective adjustment rate Rc in order thereby to obtain

a setpoint adjustment rate overall.

For this purpose, the feed forward control 418 can form a derivative of the offset angle aor,
optionally provided with a gain factor, in order thereby to directly determine a corresponding
adjustment rate. However, it also comes into consideration that implementations equivalent
thereto are carried out, for example to undertake a simplified derivation, to undertake filter-
ing beforehand, and/or to calculate part of the derivative beforehand. It also comes into
consideration to carry out such a simplification so that the derivative can be completely

calculated beforehand and only still to use specific parameters induced by the situation.

By means of such a feed forward control, a corresponding adjustment rate can therefore
be implemented rapidly and specifically for the offset angle. A stationary or virtually station-

ary deviation can neither be recognized nor adjusted.

It is therefore additionally provided to compare the offset angle dor in the third summing
point 414 with a detected blade angle d'i. As in the closed-loop control structure of fig. 3,

the detected blade angle can be a modified blade angle, namely a measured blade angle
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modified by a collective blade angle. Here too, a modification by the collective blade angle
in the offset angle dor can be carried out instead. In this case, however, such a modification
would be carried out only for the offset angle aor which enters the third summing point 414.

The value which enters the feed forward control 418 should not be modified.

At any rate, a setpoint/actual value comparison is carried out in the third summing point
414 and a feedback controller adjustment rate R is determined depending thereon. This
takes place by means of the offset feedback controller 416 which, however, can now be
parameterized differently from the offset feedback controller 316 of fig. 3 since the offset
feedback controller 416 of fig. 4 does not need to carry out a rapid dynamic implementation
of the offset angle aor in a feed forward control adjustment rate. The offset feedback con-
troller 416 can be configured in a targeted manner for the pure adjustment or taking a

feedback controller deviation into consideration in some other way.

The feed forward control adjustment rate Ry and the feedback controller adjustment rate R,
are added up at the fourth summing point 420 to form the individual adjustment rate Ror.
Said individual adjustment rate Ror is therefore the adjustment rate for the offset angle that
is produced in total by the feed forward control 418 and the offset feedback controller 416.
It is added at the first summing point 406 to the collective adjustment rate Rc, thus resulting
in the total setpoint adjustment rate Rs. This can then be compared, similarly to in fig. 3, in
the second summing point 408 with a detected actual adjustment rate R;, thus resulting in
a control error. The latter is implemented in the blade rate control 410, and the blade rate
control 410 then activates the wind power installation 412, in particular the corresponding

blade adjustment system.

Fig. 5 illustrates an overall view of the underlying method. A wind power installation 512 is
indicated for this purpose. Said wind power installation 512 has three rotor blades 552, of
which only two can be seen in the schematic illustration. Each of said rotor blade 552 has
a plurality of load sensors 554. The latter can each be provided on the rotor blade 552

concerned as strain gauges in the region of a rotor blade root, to mention one example.

Itis schematically indicated that corresponding load signals L are fed to an evaluation block
556. Said evaluation block evaluates these measurement values and, for this purpose, can
also take into consideration further operating data, such as the rotor rotational speed  and

the respective rotor position @.
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In dependence thereon, the evaluation block 556 can calculate a pitching moment compo-
nent mn and a yaw moment component me. This is indicated by the pitching moment block
558 and the yaw moment block 560. The pitching moment component mn and the yaw
moment component mg therefore do not form the total pitching moment or yaw moment,
but rather only the portion which is to be assigned to the respectively evaluated rotor blade.

To this extent, fig. 5 illustrates merely the evaluation for one rotor blade.

A calculation of an offset function, fn(t) for the pitching moment and fs(t) for the yaw mo-
ment, then takes place in the pitching moment block 558 and the yaw moment block 560.
This offset function indicates how an offset angle profile could be selected depending on
the rotational speed o of the rotor 551 in order to compensate for the pitching moment
component my or yaw moment component mg as far as possible. This is illustrated by the
first and second individual offset blocks 561 and 562. The partial offset functions which are
shown in these two blocks are combined in the overall offset block 564 into a common
offset function f(t).

This offset function f(t) therefore reproduces a time function for the offset angle cor. The
overall offset block 564 correspondingly outputs the offset angle acr. For illustrative pur-
poses, this also takes place here in the illustration of fig. 5 in such a manner that two offset
angles aor are output, but they may be identical. The overall offset block 564 can therefore
correspond to the individual blade control 404 of fig. 4. The further processing of the offset

angle aor therefore also corresponds to that illustrated in figure 4.

A feed forward control 518 is therefore provided, in respect of which itis made clear in fig. 5
that it substantially forms a derivative. It is also true for this feed forward control 518 that it
does not necessarily have to be an exact derivative, but that simplifications and/or addi-
tional functions, such as filtering or the provision of a gain factor, may also enter into con-

sideration. The result is therefore a feed forward control adjustment rate Rv.

In addition, an offset feedback controller 516 is provided which obtains a control deviation
as a difference between the offset angle aor and a detected blade angle d'i. Itis also pointed
out here that the detected blade angle d'i can be modified by the collective blade angle ac.

Alternatively, the offset angle aor entering said third summing point 514 can be modified.

The offset feedback controller 516 therefore outputs a feedback controller adjustment rate
Rr and the latter is added at the fourth summing point 520 to form the individual adjustment

rate Ror.
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The individual adjustment rate Ror is finally added at the first summing point 506 to the
collective adjustment rate Rc, thus resulting in the setpoint adjustment rate Rs, i.e. the total
setpoint adjustment rate. Said setpoint adjustment rate Rs is then entered into the operating
control block 502 which has previously also produced the collective pitch rate Rc. This
operating control block 502 therefore carries out a plurality of functions, i.e. more functions
than the operating control block 402 of figure 4. The second summing point 408 of fig. 4
can also be realized analogously in the operating control block 502 of the structure of fig-
ure 5. At any rate, the operating control block 502 interacts with the wind power installation
512, or it is finally also part of the wind power installation 512, and can therefore both
intervene in a controlling manner and also receive, evaluate and transmit measurement

values.

Therefore, loads are detected, are taken into consideration in respect of pitching and yaw
moment, an overall offset function for determining the offset angle is produced depending
thereon and, depending thereon, the individual blade adjustment is carried out. The indi-
vidual blade adjustment is undertaken by stipulating an individual adjustment rate Ror which
depends on the feed forward control 518 and the offset feedback controller 516. It is then
added to the collective pitch rate Rc in order then to obtain a setpoint adjustment rate Rs.
Said setpoint adjustment rate Rs then takes into consideration both the blade setting for

the general system control and the individual load reduction.

Fig. 6 illustrates such an offset function f(t). It is plotted here depending on the rotor angle

@ and is clearly cyclical through 360°. It can be considered to be a sine function.

It does not pass through the zero point, but rather intersects the abscissa during the angular
displacement ¢. The angular displacement is relative to a reference angle and can be con-

sidered here to be zero.

To this extent, figure 6 shows the offset function as a profile of the offset angle cor. An
amplitude limit value amax can be provided for the offset angle aor. For this, a horizontal
dashed line is also shown. If the offset function f(t), i.e. the offset angle dor, reaches said
amplitude limit value amax, the offset function f(t) would have to be cut off, which is illustrated
by the function partial section as in the diagram. The dashed line profile of the offset func-

tion f(t), as’, may not be implemented.

However, it is proposed not to cut off the offset function, as is illustrated by the section as,

but rather to interrupt the feed forward control for the moment. During the interruption, the
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measurement value detection and evaluation can continue to be carried out, i.e. can pro-
ceed normally. Furthermore, control of the offset angle can also be active, but the feed
forward control, and therefore the connection of the feed forward control adjustment rate,

is temporarily deactivated.

For illustrative purposes in the sequence diagram of fig. 5, only the feed forward control
518 is therefore deactivated. The entire offset block 564 can continue here to calculate the
offset function f(t), despite interruption of the individual blade adjustment, and it can then
be determined whether or not the amplitude limit value amax is still reached or would still be
reached. The feed forward control 518 can then be correspondingly taken into operation

again.
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Patentkrav

1. Fremgangsmade til styring af en vindmglle (100), hvor

- vindmgllen har en rotor (106) med en flerhed af rotorblade (108),

- rotorbladene (108) er justerbare i deres bladvinkel,

- hvert rotorblad (108) kan styres individuelt,

- en samlet justeringshastighed Roter forudbestemt i hvert tilfeelde for individuel
aktivering, som angiver en tilsigtet eendringshastighed for den respektive blad-
vinkel,

- der tilvejebringes en kollektiv bladvinkel, som er den samme for alle rotor-
blade (108),

- en kollektiv justeringshastighed (Rc), som er den samme for alle rotorblade,
beskriver en tilsigtet eendringshastighed for den kollektive bladvinkel,

- en individuel forskydningsvinkel ( « of) er specificeret for hvert rotorblad, som
specificerer en veerdi, hvormed bladvinklen skal afvige fra den kollektive blad-
vinkel ( ac),

- for hvert rotorblad (108) bestemmes en individuel fremadrettet justeringsha-
stighed ud fra den individuelle forskydningsvinkel, som specificerer en juste-
ringshastighed, der er beregnet til at opna forskydningsvinklen,

- en individuel forskydningsafvigelse bestemmes for hvert rotorblad afheengigt
af en sammenligning af den individuelle forskydningsvinkel ( « of) 0g en detek-
teret bladvinkel for rotorbladet, og

- den samlede forskydningshastighed for hvert rotorblad bestemmes af-
haengigt af

- den kollektive bladvinkel og/eller den kollektive justeringshastighed,

- den individuelle fremadrettede justeringshastighed og

- den individuelle forskydningsafvigelse

bestemmes.

2. Fremgangsmade ifalge krav 1, kendetegnet ved, at
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- den individuelle fremadrettede justeringshastighed bestemmes ud fra den in-
dividuelle forskydningsafvigelse ved hjeelp af en pilotstyring (414), og

- en reguleringsjusteringshastighed bestemmes ud fra den individuelle for-
skydningsafvigelse ved hjeelp af en forskydningsregulator (416) for at kompen-
sere for den individuelle forskydningsafvigelse, hvor

- den samlede justeringshastighed bestemmes ud fra den kollektive justerings-
hastighed, den fremadrettede justeringshastighed og reguleringsjusteringsha-
stigheden, iseer ud fra deres sum.

3. Fremgangsmade ifglge krav 1 eller 2, kendetegnet ved, at

den fremadrettede justeringshastighed bestemmes uafheengigt af den detek-
terede bladvinkel, i seerdeleshed uafhaengigt af den individuelle forskydnings-
afvigelse.

4. Fremgangsmade ifolge et af de foregaende krav, kendetegnet ved, at den
individuelle forskydningsvinkel er forudbestemt som en tidsmaessig forskyd-
ningskurve, iseer ved en tidsafheengig forskydningsfunktion og/eller en forskyd-
ningsfunktion, der er athaengig af en position eller rotation af rotoren.

5. Fremgangsmade ifglge et af de foregaende krav, kendetegnet ved, at hver
enkelt forskydningsvinkel er defineret som en tidsmaessig forskydningskurve
med

- en stampekomponent til reduktion af et stampemoment og

- en kreengningskomponent til reduktion af et kreengningsmoment, isger ved at
- stampekomponenten og kraengningskomponenten er overlejret i den tids-
meessige kurve for den individuelle forskydningsvinkel.

6. Fremgangsmade ifalge et af de foregaende krav, kendetegnet ved, at
hver enkelt forskydningsvinkel er forudbestemt som en tidsmaessig forskyd-
ningskurve ved hjeelp af en tidsafheengig forskydningsfunktion, iseer en cyklisk
forskydningsfunktion, for at
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- at reducere et stampemoment og et kreengningsmoment, hvor

- den tidsmaessig kurve er kendetegnet ved en amplitudeparameter (A) og en
faseparameter (¢ ), 0g

- amplitudeparameteren (A) og faseparameteren ( ¢ ) tager hgjde for en reduk-
tion af stampemomentet og kreengningsmomentet, iseer at

- amplitudeparameteren og faseparameteren hver isaer tager hgjde for en

stampekomponent og en kraengningskomponent.

7. Fremgangsmade ifglge et af de foregaende krav, kendetegnet ved, at

- mindst en amplitudegraensevaerdi er specificeret for en forskydningskurve el-
ler forskydningskurven,

- det kontrolleres for hvert rotorblad, om forskydningskurven nar amplitude-
greenseveerdien, og

- hvis den nas, afbrydes en forbindelse af den individuelle fremadrettede juste-
ringshastighed til den kollektive justeringsrate, iseer saledes at en eller flere
reguleringsjusteringshastigheder fortsat er forbundet med den kollektive juste-
ringshastighed.

8. Fremgangsmade ifalge et af de foregaende krav, kendetegnet ved, at en
forskydningskurve eller forskydningskurven specificeres via fglgende forskyd-
ningsfunktion f(t):

f(t)= A*sin{o*t+9)

hvor

A betegner en forudbestemmelig amplitude,

o beskriver en rotationshastighed for rotoren, og

¢ beskriver en forudbestemmelig vinkelforskydning i forhold til en reference-

vinkel.

9. Fremgangsmade ifglge et af de foregaende krav, kendetegnet ved, at



10

15

20

25

DK/EP 4234920 T3

den fremadrettede justeringshastighed specificeres som en fremadrettet juste-
ringskurve ved hjeelp af felgende fremadrettede styrefunktion v(t):
VIH)=A*CoS (@ t+0)*(0+di/dt) + dA/dt*sin(o*t+9)

hvor

A betegner en eller den forudbestemmelige amplitude,

o beskriver en eller rotorens hastighed, og

¢ beskriver en eller den forudbestemmelige vinkelforskydning i forhold til en

referencevinkel.

10. Fremgangsmade ifglge et af de foregaende krav, kendetegnet ved, at

- en amplitude eller amplituden A og en vinkelforskydning eller vinkelforskyd-
ningen ¢ af en forskydningsfunktion eller forskydningsfunktionen f(t)= A*sin(
o *t+ ¢ ) bestemmes afheengigt af en belastningsdetektering, og i seerdeleshed
- amplituden A og/eller vinkelforskydningen ¢ udger filtrerede variabler, iseer
saledes at

- en preeamplitude Av og/eller en praevinkelforskydning ¢ v bestemmes af-
haengigt af belastningsdetekteringen, og

- amplituden A og/eller vinkelforskydningen ¢ v bestemmes ud fra praeampli-
tuden Av og/eller vinkelforskydningen ¢ i hvert tilfaelde ved at filtrere preeam-
plituden Av og/eller vinkelforskydningen ¢ v og/eller i hvert tilfeelde ved at an-
give en rampe som den maksimale eendringshastighed for praeamplituden Ay
og/eller for vinkelforskydningen ¢ v

eller

afheengigt af en belastningsdetektering specificeres amplituden A og vinkelfor-
skydningen ¢ som konstante veerdier, og dermed specificeres en forenklet
fremadrettet styrefunktion vs(t) fra en afledning af forskydningsfunktionen
f(t)=A*sin( v *t+ ¢ ) som:

vs(t)=A*cos (o t+¢) .
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11. Vindmglle (100), hvor

- vindmgllen (100) har en rotor (106) med en flerhed af rotorblade (108),

- rotorbladene (108) er justerbare i deres bladvinkel,

- hvert rotorblad (108) kan styres individuelt, og

- vindmgllen (100) har en styreenhed (502) og er indrettet til at udfgre en indi-
viduel bladjustering, og hvor

- vindmgllen, iszer styreenheden (502), er indrettet til at udfere en fremgangs-
made ifalge et af kravene 1 til 10.

12. Vindmglle ifglge krav 11, kendetegnet ved, at

- vindmgllen (100) har en detekteringsenhed (554) til at detektere en belast-
ning pa vindmgllen, iszer

- til at detektere en stampemomentkomponent og en kreengningsmomentkom-
ponent for hvert rotorblad (108), og hvor vindmgllen (100), isaer styreenheden
(502), er indrettet til at bestemme en individuel forskydningsvinkel for det rele-
vante rotorblad (108) ud fra den detekterede stampemomentkomponent og
den detekterede kreengningsmomentkomponent og til derudfra at bestemme
en individuel fremadrettet justeringshastighed for det relevante rotorblad.
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