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DESCRIPTION

Wind power installation and method for operating a wind power installation

The present invention relates to a method for operating a wind power installation and to a

wind power installation of this kind.

Wind power installations are known and modern wind power installations generally relate
to so-called horizontal-axis wind power installations, in which the rotor axis is arranged
substantially horizontally and the rotor blades sweep a substantially vertical rotor area. The
present invention also relates to wind power installations of this kind or to

this type of wind power installation.

Modem wind power installations of this kind often usually have three rotor

blades of which the blade angle can additionally be adjusted. In this case, they can
generally be adjusted between a feathered position of approximately 90 degrees up to an
optimum angle in the partial-load operation of approximately 0 degrees, or at least only a
few degrees below zero. The present invention also relates to a wind power installation
with rotor blades of which the blade angle is adjustable.

Adjustment of the rotor blades is usually used for turning the rotor blades out of the wind,
specifically increasing the blade angle of said rotor blades, starting from a nominal wind
speed as the wind speed continues to increase. Moreover, the present invention is also
based on the nomenclature for the blade angle that said blade angle is increased toward

the feathered position.

An optimum blade angle is often fixedly set in a partial-load operation in which the wind
speed has not yet reached the nominal wind speed. This blade angle, which can also be
referred to as the partial load angle, is selected in an aerodynamically optimum manner.
To this end, the wind power installation is also operated as far as possible with an optimum
tip speed ratio in this partial-load operation. Care should be taken here that this optimum
partial load angle is matched to the optimum tip speed ratio, that is to say the ratio of the

rotor rotation speed to the wind speed.

Wind power installations are now also increasingly being installed in relatively remote
regions which can also differ significantly from customary boundary conditions in terms of
climate and installation height. The more the boundary conditions, particularly atmospheric

conditions, differ from customary conditions here, the less the assumptions which form the
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basis for the calculation of the optimum partial load angle and optimum tip speed ratio
match the installation site. Accordingly, at least a relatively poor degree of efficiency can
be established in the partial-load operation. It can even lead to a partial-load operation as
intended not being possible, at least operating in a comparatively unstable manner. In

particular, undesired stalls can occur.

A solution to the problem could involve matching each wind power installation to the
intended installation site in a correspondingly individual manner. However, this is
problematic at least inasmuch as individualized design of this kind can be costly and
additionally requires corresponding knowledge of the intended installation site. In addition,
care should also be taken in this case that a wind power installation which is individualized
in this way can also be moved to the associated installation site. Care should at least be

taken that correct parameterization is carried out at the installation site.

Even if these problems were to be handled, problems could nevertheless occur owing to

fluctuations relating to the time of year or time of day or other factors for example.

Various methods for controlling wind power installations, which all at least partially exhibit
the stated disadvantages, are known from US 2013/0101413 A1, US 2013/0280066 A1,
US 2012/0139244 A1, EP 2 463 520 A2 and DE 10 2010 054 013 A1 for example.

US 2013/0101413 A1 discloses a method for controlling the pitch angle of a wind power
installation. The wind power installation comprises a rotor with at least one rotor blade. The
method comprises setting the angle of attack of the at least one rotor blade as a function

of the determined air density.

US 2013/0280066 A1 comprises a method for operating a wind power installation
comprising operating the wind power installation in a noise reduction mode based on at
least one setpoint value of a wind power installation parameter in such a way that the noise
generated by the wind turbine remains below a predefined noise emission level. Provision
is made for a correction factor to be applied to the at least one setpoint value of a wind
power installation parameter. The correction factor is determined depending on an air

density-related value.

US 2012/0139244 A1 discloses a method for controlling at least one wind power
installation comprising selecting a first effective operating curve from amongst a plurality of
operating curves and using the first effective operating curve for controlling at least one
wind power installation. The operating curves can be made up of operating curve

segments.
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DE 10 2010 054 013 A1 finally discloses a method for operating a pitch-controlled wind
power installation with at least one rotor blade, of which the longitudinal axis can be
adjusted, and a generator, in which wind power installation a setpoint value for the
generator torque is prespecified depending on a rotation speed of the generator or of the
rotor, wherein a transition point is provided at which a changeover is made from a partial-
load operation to a full-load operation, said method comprising the steps of ascertaining a
value for a the air density p, setting a preliminary pitch angle ¢pre starting from a preliminary
pitch rotation speed which is lower than the rotation speed at the transition point, wherein
the value of the preliminary pitch angle ¢pr is dependent on the ascertained value of the
air density p in such a way that a larger preliminary pitch angle is set at a relatively low air
density than at a relatively large air density.

The invention is therefore based on the object of addressing at least one of the
abovementioned problems. A particular aim is to propose a solution which takes into
account the individual atmospheric conditions or at least does so better than before. The

aim is at least to propose an alternative solution to known solutions.

The invention proposes a method for operating a wind power installation as claimed in
claim 1. Accordingly, the invention is based on a wind power installation with an
aerodynamic rotor which has a plurality of rotor blades of which the blade angle can be
adjusted. A rotor with only one rotor blade can also be used in principle, but an aerodynamic
rotor with three rotor blades is preferably proposed. The rotor can also be operated at a
variable rotor rotation speed. The rotor rotation speed can therefore be changed, for

example, depending on the wind speed, particularly in the partial-load operation.

The aerodynamic rotor is coupled to a generator which generates an output power.
Disregarding the power loss, the generator therefore generates the power drawn from the

wind.

The output power is set depending on the wind, that is to say depending on the wind speed,
in a partial-load operation in which the wind is so weak that the wind power installation
cannot yet be operated at its maximum output power. The partial-load operation is therefore
the operation in which the wind power installation cannot yet reach its maximum output
power on account of excessively weak wind, specifically in which it can in particular not yet
reach its rated power. The rated power can usually be achieved when the wind speed has
reached the nominal wind speed. Accordingly, the partial-load operation also relates to an

operation of the wind power installation up to the nominal wind speed.
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It is now proposed that the current air density of the wind, that is to say the current air

density of the atmosphere surrounding the wind power installation, is detected.

It is then proposed that each blade angle is set depending on the output power or the rotor

rotation speed and depending on the detected air density.

Accordingly, it is proposed that the blade angle of each rotor blade is set in the partial-load
operation. This can also mean that said blade angles can be set at the same values
synchronously to one another. Therefore, however, a constant blade angle is not provided
over the entire range of the partial-load operation, but rather said blade angle is changed.
This change is made depending on the output power or the rotor rotation speed. The output
power or the rotor rotation speed therefore forms an input variable for this process of setting
the blade angle. It should be taken into consideration for this purpose that the output power
or the rotor rotation speed is directly detected and used for this process of setting the blade
angle, or that a value which is equivalent to the output power or to the rotor rotation speed
is used, for example a value which is proportional to the output power or rotor rotation

speed and ranges from zero to one due to a standardization.

In addition, the detected air density is taken into account as a factor on which the process
of setting the blade angle is dependent. The blade angle therefore also depends directly
on the air density. Therefore, an air density which changes during operation can also be
taken into account and this takes place by means of corresponding setting of the blade

angle here.

Therefore, a solution is proposed which allows different air density values to be taken into
account. Therefore, it is possible to match the operation of a wind power installation to
locations with average air density values which significantly differ from customary air
density values. However, it is also possible to take into account fluctuating air density
values. Therefore, good operation of a wind power installation can also be realized at sites

which are subject to severe fluctuations in air density.

In this case, it has been found that particularly low air density values lead to an effective
angle of attack on the rotor blade increasing. Owing to the air density-dependent
adjustment of the blade angles, referred to as pitching by a person skilled in the art, this

effective angle of attack which is increased in this way can be compensated again.

In this case, the angle of attack is the angle between the rotor blade and the apparent wind,

that is to say the angle between the rotor blade and the direction of the actually incoming
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air flow during operation, that is to say taking into account the movement of the rotor blade.

The angle of attack can also be referred to as the effective angle of attack.

For the purpose of detecting the air density, an air pressure and an air temperature outside
the wind power installation, but in the vicinity of the wind power installation, are preferably
measured and the air density is determined therefrom, in particular is calculated therefrom.
Therefore, the air pressure is detected directly by current measurements and as a result
changes in the air density can also be immediately identified and it is possible to react

thereto if necessary.

According to one embodiment, it is proposed that the blade angle is set depending on a
pitch characteristic. This pitch characteristic specifies, for the partial-load operation, the
blade angle to be set as a function of the output power or of the rotor rotation speed. To
this end, it is proposed that the pitch characteristic also depends on the air density.
Therefore, the process of setting the blade angle can be performed in a simple manner by
means of a pitch characteristic. Setting depending on the output power can be easily
implemented because the output power is often available as a control-related variable in a
process computer which is used. If the rotor rotation speed is used as an input variable, it
can be measured and can likewise be available as such in a process computer which is
used. In addition, the output power and the rotor rotation speed are often in a fixed

relationship.

Care should also be taken that the dynamics of the power control arrangement are much
more rapid than the dynamics of the pitch control arrangement, so that any vibration
problems between the power control arrangement on the one hand and the pitch control

arrangement on the other hand can also be avoided in this way.

It is preferably proposed that a plurality of pitch characteristics are stored and that one pitch
characteristic is selected from amongst the stored pitch characteristics depending on the
detected air density, said pitch characteristic matching the corresponding air density or
having been stored for the corresponding air density. This pitch characteristic is then used
for setting the blade angle. As a result, the air density can be taken into account by means
of the pitch characteristic in a simple manner by way of, specifically, the pitch characteristic
as such specifying only one relationship between blade angle and rotor rotation speed, but
the dependence on air density being incorporated by way of a plurality of pitch
characteristics, that is to say in particular a set of pitch characteristics, being stored and

the pitch characteristic which matches the respective air density being selected.
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It is preferably proposed that the blade angle is increased as the air density decreases. As
a result, it is possible, in particular, to counteract an effective angle of attack which
increases due to the decreasing air density. It has been found that by increasing the blade
angle as the air density decreases it is possible to prevent the effective angle of attack

increasing and therefore a stall is avoided.

As a result, a stall can occur particularly at comparatively low air densities, which is now

avoided.

According to the invention, it is proposed that the method is characterized in that the output
power is dynamically set with a first time constant and the rotor blade angle is dynamically
set with a second time constant. To this end, it is proposed that the first time constant is
selected to be smaller than the second time constant, preferably at least by a factor of 10.
It is therefore proposed that the output power is set with higher dynamics. In particular, a
delay element of the first order or a delay element of the second order can be applied here
as dynamics and to this end the time constants are determined in accordance with
generally customary definition. In this case, the time constant for the delay element of the
first order can be considered to be the time at which the step response of the delay element
assumes the value 0.63, based on an input step with the amplitude 1.

Therefore, it is possible for the priority control in the partial-load operation to be carried out
by setting the output power. This can be limited substantially to a response of the control
arrangement for the output power particularly in the case of small fluctuations in the wind
speed and therefore small fluctuations in the rotor rotation speed. Blade adjustments are

then preferably carried out less frequently or at least with a comparatively low amplitude.

According to a further embodiment, it is proposed that, in the partial-load operation, the
output power is set by means of an operating characteristic. This operating characteristic
specifies the output power to be set depending on the rotor rotation speed. An operating
characteristic of this kind can therefore be stored just like the abovementioned pitch

characteristic or the abovementioned pitch characteristics.

To this end, it is now additionally proposed that the output power additionally depends on
the detected air density. This can be realized, in particular, such that, for the purpose of
taking into account different air densities, a plurality of operating characteristics are stored
and these are selected depending on the air density. In this respect, a set of operating
characteristics can also be stored here, wherein an operating characteristic is associated
with in each case one air density and the correspondingly associated operating

characteristic is selected depending on the detected air density.
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The use of an operating characteristic for setting the output power is also preferably
proposed when the operating characteristic does not depend directly on the air density,
that is to say when the air density is taken into account only or particularly by means of

setting the blade angle.

The invention further relates to a wind power installation according to claim 8 for generating
electrical power from wind and a wind power installation of this kind comprises an
aerodynamic rotor with rotor blades of which the blade angle can be adjusted, wherein the
rotor can be operated at a variable rotor rotation speed. The wind power installation also
has a generator which is coupled to the aerodynamic rotor and with which an output power
is generated. These wind power installations are equipped to be operated in a partial-load
operation which is defined as above. In this case, said wind power installation is equipped
to detect a current air density of the wind and to set each blade angle depending on the

rotor rotation speed or the output power and also depending on the detected air density.

Therefore, the output power is set depending on the wind in the partial-load operation here
too. In this case, this is not necessarily done directly depending on the wind, that is to say
not necessarily depending on a wind measurement, but rather preferably by setting the
output power depending on the rotor rotation speed. A stable operating point is preferably
found here, at which the set output power is set such that the rotor rotation speed does not
change provided that the wind speed does not change either. As a result, the output power

is then ultimately set at the wind speed prevailing at that instant.

The wind power installation can be equipped to set the blade angle depending on the rotor
rotation speed or the output power and depending on the detected air density particularly
by way of a process computer or, overall, the process management or process control
technology provided in the wind power installation being able in general to detect an air
density. To this end, a sensor for measuring the air pressure and also a sensor for
measuring the air temperature can be provided for example. As an alternative,
corresponding data inputs come into consideration. Furthermore, a corresponding data
memory can be provided, in which corresponding desired relationships between blade
angle and air density are stored discretely or as functions. Provision can particularly be

made to provide a data memory which stores a set of pitch characteristics.

A power control means which is equipped for setting the output power depending on the
rotor rotation speed is preferably provided. Particularly for an externally excited
synchronous generator, the control means can set the external excitation. To this end, for

example, a corresponding current controller can be provided for controlling an excitation



10

15

20

25

30

35

DK/EP 3548737 T3

current, which current controller can be controlled depending on the rotor rotation speed in

particular.

Furthermore, a pitch control means which is equipped for setting a blade angle depending
on the rotor rotation speed and the air density is provided. This pitch control means can
therefore comprise, for example, a pitch drive for each rotor blade and a control processor
can also be provided for this purpose, said control processor controlling the pitching
depending on the rotor rotation speed and the air density, the pitch drive then implementing
said pitching. Some of the process of calculating the blade angle to be respectively set can

also be performed centrally for all rotor blades and therefore all pitch drives.

A storage means which is equipped for storing blade angle settings depending on the rotor
rotation speed and the air density is also proposed. Provision is particularly made here for

this storage means to store air density-dependent pitch characteristics.

The wind power installation is preferably equipped to execute at least one method
according to one of the above-described embodiments. In particular, a method of said kind

can be implemented on a control apparatus in the wind power installation.

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

exemplary embodiments with reference to the accompanying figures.

Figure 1 schematically shows a perspective illustration of a wind power
installation.

Figures 2 and 3 each show a set of pitch characteristics.

Figure 4 shows a simplified control structure for carrying out setting of a blade

angle in the partial-load operation depending on the output power and

the detected air density.

Figure 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 made to rotate by the wind, and therefore an electrodynamic rotor of a generator,
which is directly or indirectly coupled to the aerodynamic rotor 106, also rotates. The

electric generator is arranged in the nacelle 104 and generates electrical energy. The pitch
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angle of the rotor blades 108 can be changed by pitch motors at the rotor blade roots 108b

of the respective rotor blades 108.

Figures 2 and 3 show, in principle, two different types of sets of characteristics. Both
Figures 2 and 3 show the blade angle «, which can also be referred to as pitch or pitch
angle, depending on the output power P. In both cases, there is initially a constant blade
angle o, which can have the value of a fixedly prespecified partial load angle ar, at low
powers. As the power P increases, it is proposed to then increase the blade angle «. In this
case, different characteristics are provided for the blade angle depending on the air density
p, said different characteristics therefore forming a set of characteristics. The two

exemplary proposals of Figures 2 and 3 differ in respect of the set of characteristics.

Figure 2 shows a profile in which the blade angle is increased at all the more smaller powers
P, the lower the air density p. In this case, the solid curve shows the profile of the blade
angle for a normal air density po, for which a value of 1.225 kg/m? is taken as a basis. For
this normal air density, the blade angle increases starting from a power Po. The dotted
characteristic shows a profile for a lower air density p1 and the dashed-and-dotted
characteristic shows a profile for an even lower air density p2. According to these two
characteristics, the blade angle is already increased for a lower output power than Po. The

value of p2 can be 1 kg/m? and that of p1 can be 1.1 kg/m? for example.

It can be seen that the characteristics of Figure 2 have been selected such that they run

approximately parallel to one another.

In the embodiment of Figure 3, it is proposed to also increase the blade angles for different
air densities po, p1 and pz starting from a power Po. However, a profile which is all the more

steeper the lower the air density is then proposed.

The values for Po, po, p1 and pz can be the same for both Figures 2 and 3. The two Figures
2 and 3 also show a profile of the blade angle characteristics and therefore of the sets of

characteristics up to the rated power Pn.

The control structure of Figure 4 shows, in an illustrative manner, a generator 401 and a
rotor blade 403 which can be adjusted by means of a pitch drive 405. These elements are
only symbolically illustrated and it is possible for, for example, three rotor blades 403 which
each have a pitch drive 405 and are driven by the wind and as a result drive the generator
401 to be provided.
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The generator 401 is provided as an externally excited synchronous generator here and,
in this structure, is driven by means of a current controller 407 which controls the excitation
current [e. As a result, power control is performed, this being only simply indicated here and
it being possible for this to also be performed differently. Other generators can also be
provided. The current controller 407 also represents other power control arrangements
here. Said current controller receives a power value P as a prespecification and this power
value P is given by a rotation speed/power characteristic which is stored in the
characteristic block 409. The characteristic block 409 outputs a power value P based on
the rotation speed/power characteristic depending on the rotation speed n of the rotor to
which the rotor blades 403 belong.

The power value P is not only input into the current controller in order to control the power
of the generator 401 by means of the power controller 407, but rather the power value P is
also used as an input variable for a blade angle prespecification unit 411. The blade
prespecification unit 411 determines a blade angle « to be set depending on the power P.
In this case, the output power of the wind power installation, that is to say the power actually
output by the wind power installation, is preferably used as the input variable. However, for
the sake of simplicity and for illustration purposes, the output power can be equated to the
power P which the characteristic block 409 outputs. The output power is set with high
dynamics, so that this simplification for illustration is permissible and so that there are no
vibration problems or hazards between the power setting on the one hand and the blade

angle adjustment on the other hand.

The blade angle prespecification unit 411 has a plurality of characteristic blocks, of which
three characteristic blocks K1, K2 and K3 are shown here by way of example. Each of
these characteristic blocks has a power-dependent blade angle characteristic, which blade
angle characteristics together form a set of characteristics and, respectively, provide a set
of characteristics for selection. It is now proposed to select one of the characteristic blocks
and therefore one of the characteristics depending on the air density p. For this purpose,

the air density p can be detected, for example, by a measurement unit 413.

The blade angle o can therefore be set depending on the output power P and the air density
p. For this purpose, the output power P forms the input variable for the blade
prespecification unit 411 and the air density p is input by way of a matched characteristic
being selected depending on the air density p. The blade angle o ascertained in this way
is then passed to the pitch drive 405 in order to correspondingly set the respective rotor
blade 403.
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According to the invention in order to improve the prior art in which rotor blades are
designed such that air can flow around them at a normal air density of p = 1.225 kg/m? at
all operating points of the installation without separation. It has been found that installations
are now increasingly being planned at locations at which the air density is, sometimes
considerably, below the standard air density. This leads to flow separations possibly
occurring due to the increase in the effective angle of attack on the rotor blade, this in turn
possibly leading to substantial power losses. In this case, it has been found that the smaller
the air density becomes, the more the effective angles of attack on the rotor blade increase
and the more likely it is that power-reducing flow separations will occur. The flow
separations can be avoided by pitching of the rotor blades. It is proposed here that pitching
of the rotor blades is matched to the air density. Accordingly, it is proposed that the pitch
angle to be setis now a function of the electrical output power, specifically the output power,
and the air density. It is therefore proposed that not only a function of the electrical output
power forms the basis for setting of the blade angle. It is therefore proposed to measure
the air pressure and the temperature at the wind power installation and to calculate the air
density therefrom, so that the respective pitch angle can be determined with the aid of a

stored function.

Ultimately, the increase in the annual yields of a pitch-controlled, variable-speed wind
power installation can therefore also be achieved by the proposed use of pitch

characteristics which are matched to the air density of the location.
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Patentkrav

1. Fremgangsmade til drift af et vindenergianleeg til generering af elektrisk ef-
fekt fra vind, hvor

- vindenergianlaegget har en aerodynamisk rotor med rotorvinger, der kan ind-
stilles mht. deres vingevinkel, og rotoren kan drives med et variabelt rotorom-
drejningstal, og

- vindenergianleegget omfatter en generator, der er koblet med den aerodyna-
miske rotor, til generering af en udgangseffekt, omfattende trinnene

- i en delbelastningsdrift, hvori vinden er sa svag, at vindenergianleegget endnu
ikke kan drives med den maksimale udgangseffekt, at indstille udgangseffek-
ten afhaengigt af vinden,

- at registrere en aktuel luftteethed af vinden og

- at indstille hver vingevinkel afhaengigt af udgangseffekten eller rotoromdrej-
ningstallet og derudover afhaengigt af den registrerede luftteethed, kendeteg-
net ved, at

indstillingen af udgangseffekten sker dynamisk med en fagrste tidskonstant og
indstillingen af rotorvingevinklen sker dynamisk med en anden tidskonstant,
hvor den ferste tidskonstant veelges mindre end den anden tidskonstant.

2. Fremgangsmade ifelge krav 1, kendetegnet ved, at der til registrering af
luftteetheden males et lufttryk og en lufttemperatur uden for vindenergianleeg-
get, og luftteetheden bestemmes, isaer beregnes, derudfra.

3. Fremgangsmade ifelge krav 1 eller 2, kendetegnet ved, at indstillingen af
vingevinklen sker afhaengigt af en pitchkarakteristik, der for delbelastningsdrif-
ten angiver vingevinklen, der skal indstilles, som funktion af udgangseffekten
eller rotoromdrejningstallet, hvor pitchkarakteristikken afhaenger af lufttaethe-
den.

4. Fremgangsmade ifelge et af de foregaende krav, kendetegnet ved, at der
er gemt flere pitchkarakteristikker, og der ud fra de gemte pitchkarakteristikker
afhaengigt af den registrerede luftteethed veelges en pitchkarakteristik, der an-
vendes til indstilling af vingevinklen.
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5. Fremgangsmade ifelge et af de foregaende krav, kendetegnet ved, at vin-
gevinklen for@ges med aftagende Iufttesthed, iseer for at modvirke en effektiv
pitchvinkel, der tiltager i kraft af den aftagende luftteethed.

6. Fremgangsmade ifalge et af de foregaende krav, kendetegnet ved, at den
farste og anden tidskonstant hver iseer er tidskonstanten af et forsinkelsesele-
ment af farste orden eller et forsinkelseselement af anden orden.

7. Fremgangsmade ifelge et af de foregaende krav, kendetegnet ved, at ud-
gangseffekten i delbelastningsdrift indstilles ved hjeelp af en driftskarakteristik,
der angiver udgangseffekten, der skal indstilles, afhaengigt af rotoromdrej-
ningstallet, hvor udgangseffekten endvidere afhaenger af den registrerede Iuft-
teethed, iseer saledes, at der er gemt flere driftskarakteristikker for at tage hen-
syn til forskellige Iuftteetheder, og en af disse driftskarakteristikker veelges af-
haengigt af |uftteetheden.

8. Vindenergianleeg til generering af elektrisk effekt fra vind, omfattende:

- en aerodynamisk rotor med rotorvinger, der kan indstilles mht. deres vinge-
vinkel, hvor rotoren kan drives med et variabelt rotoromdrejningstal, og

- en generator, der er koblet med den aerodynamiske rotor, til generering af
en udgangseffekt, hvor vindenergianleegget er indrettet til

- i en delbelastningsdrift, hvori vinden er sa svag, at vindenergianleegget endnu
ikke kan drives med den maksimale udgangseffekt, at generere en udgangs-
effekt afhaengigt af vinden,

- at registrere en aktuel luftteethed af vinden og

- at indstille hver vingevinkel afhaengigt af udgangseffekten eller rotoromdrej-
ningstallet og derudover afhaengigt af den registrerede luftteethed, kendeteg-
net ved, at

indstillingen af udgangseffekten sker dynamisk med en fagrste tidskonstant og
indstillingen af rotorvingevinklen sker dynamisk med en anden tidskonstant,
hvor den ferste tidskonstant veelges mindre end den anden tidskonstant.

9. Vindenergianleeg ifelge krav 8, kendetegnet ved, at
- der er tilvejebragt et effektstyremiddel, der er indrettet til at indstille udgangs-
effekten afhaengigt af rotoromdrejningstallet,



10

DK/EP 3548737 T3

- der er tilvejebragt et pitch-styremiddel, der er indrettet til at indstille en vinge-
vinkel afhaengigt af rotoromdrejningstallet og luftteetheden, og

- der er tilvejebragt et lagringsmiddel, der er indrettet til at lagre vingevinkel-
indstillinger afheengigt af rotoromdrejningstallet og luftteetheden, iseer til at
lagre luftteethedafhaengige pitchkarakteristikker.

10. Vindenergianleeg ifalge krav 8 eller 9, kendetegnet ved, at det er indrettet
til at udfere en fremgangsmade ifelge et af kravene 1 til 7, iseer, at det dertil
omfatter en styreindretning.
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