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(57) Abrégée/Abstract:

The invention relates to a method for operating at least a first wind turbine (31) including the steps of:
- recording a tower oscillation,

- Initiating a measure to reduce oscillation If the tower oscillation Is or contains a longitudinal oscillation (40), and If the amplitude of

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



CA 2885960 C 2018/11/27

anen 2 885 960
13) C

(57) Abrege(suite)/Abstract(continued):

the longitudinal oscillation (40) exceeds a predefined threshold value, and the measure for reducing the oscillation comprises

- freezing the current pitch angle at the current value for a predefined freezing period,

- switching the pitch control algorithm used, in particular in such a way that the control speed is reduced,

- adjusting the yaw position by a predefined yaw angle,

- switching the operation of the first wind turbine (31) from a first operating mode based on a first power curve to a second
operating mode based on a second power curve, and/or

- If, with regard to the current wind direction, the first wind turbine (31) in a wind park (34) Is located behind a second wind turbine
(32), adjusting the rotational speed of the first wind turbine (31) to the rotational speed of the second wind turbine (32) in such a
way that the rotational speed of the first wind turbine (31) differs from the rotational speed of the second wind turbine (32) by at
least a predefined differential rotational speed.
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Abstract

The invention relates to a method for operating at least a first wind turbine (31) including

the steps of:

recording a tower oscillation,

initiating a measure to reduce oscillation if the tower oscillation is or contains a
longitudinal oscillation (40), and if the amplitude of the longitudinal oscillation (40)
exceeds a predefined threshold value, and

the measure for reducing the oscillation comprises

freezing the current pitch angle at the current value for a predefined freezing period,
switching the pitch control algorithm used, in particular in such a way that the control
speed is reduced,

adjusting the yaw position by a predefined yaw angle,

switching the operation of the first wind turbine (31) from a first operating mode
based on a first power curve to a second operating mode based on a second power
curve, and/or

if, with regard to the current wind direction, the first wind turbine (31) in a wind park
(34) is located behind a second wind turbine (32), adjusting the rotational speed of
the first wind turbine (31) to the rotational speed of the second wind turbine (32) in
such a way that the rotational speed of the first wind turbine (31) differs from the ro-
tational speed of the second wind turbine (32) by at least a predefined differential ro-

tational speed.

Fig. 3
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Method of controlling vibration in a wind turbine

The present invention relates to a method for operating at least one wind turbine. The
present invention relates further to a wind turbine and it relates to a wind farm. In addition,

it relates to a method for operating a wind farm.

Wind turbines are generally known, they transform, in particular by means of a rotor,
which rotates around an essentially horizontally arranged axis, mechanical wind power
into electrical energy, for which, in addition, an electric generator is used. A schematic

view of an example of such a wind turbine is shown in Fig. 1.

It can occur that such a wind turbine starts oscillating and that these oscillations even
affect the tower, which supports the aerodynamic rotor of the wind turbine. Generally, a
differentiation is made between two types of oscillation, namely longitudinal oscillations

and transverse oscillations, which, in principle, can also cancel each other out.

Essentially, transverse oscillation is oscillation that occurs transversely to the orientation
of the rotor axis. Often, such transverse oscillation is caused by an imbalance of the rotor
and thus oscillates correspondingly with the rotational speed of the rotor. Since, during
rotation, this rotational imbalance directly causes these oscillations, they can also be

referred to as forced oscillations.

Essentially, longitudinal oscillation occurs in the ongitudinal direction of the rotation axis
of the rotor. Thus, the wind turbine oscillates back and forth so to speak. In most cases,
such longitudinal oscillations are caused by the wind and regularly interact with properties
of the wind turbine. In particular, the oscillation frequency of such longitudinal oscillation
orients itself on a natural frequency or a resonance frequency - which are usually very
similar to each other - or on many such frequencies. Especially if the wind itself is volatile
it can initiate such a longitudinal oscillation. Longitudinal oscillation can also be caused or
increased by the fact that, through its control system, the wind turbine reacts to an in-

crease in wind, including gusts of wind, and thus influences the motion of the wind tur-
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bine, wherein, in response to this regulating action, the reaction of the wind turbine leads

to another change, which, in the worst case, can lead to oscillation.

A possible regulating action that could cause or increase such oscillation is the so-cailed
pitch control, where the rotor blade angle is adjusted by a respective adjustment drive.
Thus, increased wind pressure, for example, can be reduced by the respective adjust-
ment of the rotor blades, through which, in turn, the wind pressure might become too
weak so that the rotor blades have to be adjusted back until the wind pressure possibly
becomes too high again, causing the pitch control to react once again, thereby possibly

causing oscillating behavior.

With regard to the control system, such a problem could, of course, be taken into ac-
count, for example by setting up appropriate damping or by using more complex regula-
tors, including, for example, a disturbance observer for an improved ability to take the
disturbance into account. In this context, there is however the problem that such a
change in the regulation structure may regularly have unforeseeable consequences. In
addition, each wind turbine is individual and reacts individually. Naturally, one of the
reasons for this is that each wind turbine is installed at a different location and that, there-

fore, conditions are never identical.

Another problem, which the present invention is also based on and which might have not
been noticed in prior art, can occur in the case of several wind turbines impacting each
other. In particular, in such a case, one can observe a phenomenon where a first wind
turbine in a specific operating status is located, in particular in case of a certain wind
direction. in the wind shadow behind a second wind turbine. In addition to the known

energy deficits of the wind turbine in the wind shadow, oscillations can be transferred
from the wind turbine in the front, i.e. the second wind turbine, to the wind turbine in the

back. i.e. the first wind turbine, or may only be triggered in the wind turbine in the back.

The problem with such influences is, in particular, that they rarely occur and that it is

therefore hard or even impossible to study them. Finally, the type of phenomenon being
described can only occur if the wind direction is such that the first wind turbine is located

behind the second wind turbine. However, even then such influences do not occur in
orinciple but instead depend on other conditions, such as the prevailing wind speed or

maybe the gustiness of the prevailing wind.
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The German Patent and Trade Mark Office researched the following prior art in the priori-
ty application: DE 10 2006 001 613 A1, DE 10 2008 009 740 A1, DE 10 2009 039 340
A1, DE 699 01 876 T2, US 2009/0200804 A1, WO 2007/089136 A2 and

WO 2012/125842 A2.

The object of the invention is therefore to address at least one of the problems mentioned
above. In particular, a solution shall be proposed that counters the described longitudinal
oscillations in as simple and uncomplicated a manner as possible and, if possible, without

affecting existing regulators. At least one alternative solution shall be proposed.

In accordance with the invention, a method is proposed which relates to at least the
operation of at least one first wind turbine. Taking into account a second wind turbine or
even more wind turbines can make sense, but the method does not necessarily have to
depend on a second wind turbine, even after oscillation occurring in a specific case.
Finally, at least according to one embodiment, the method can also be implemented on
one single wind turbine, even if the problems addressed are possibly only caused or
Increased by another wind turbine. Preferably, the proposed method does not require

identification of the specific cause of the oscillation to be eliminated.

Thus, first of all, the method according to the invention identifies oscillation of the tower. |f
this oscillation of the tower is a longitudinal oscillation or includes longitudinal oscillation,
a measure to reduce the oscillation will be Initiated once the amplitude of the longitudinal
oscillation exceeds a predefined threshold value. According to one alternative, only the
amplitude of one longitudinal oscillation is examined and a measure is introduced accord-
ingly. In this context, there is no heed to consider whether or not this longitudinal oscilla-

tion, and its recorded longitudinal oscillation amplitude, is superimposed by a transverse

oscillation. But, in addition or alternatively, the transverse oscillation can also be taken

into account, which, If applicable, might influence the threshold value triggering the
measure. Preferably, the threshold value is determined in such a way that the wind tur-

bine will not be overloaded due to an oscillation.

Several versions, which, in principle can also be combined, are now proposed as
measures to reduce oscillation. The measure to reduce oscillation can also be simply
referred to as oscillation reduction. The decisive factor with regard to the respective
measures is that they have to be initiated. Checking whether and to what extent oscilla-

tion reduction was actually achieved is not required Iin the individual case on site during
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wind turbine operation. Thus, the measures preferably, but not exclusively, relate to

control measures.

According to one measure for reducing oscillation, the current pitch angle is frozen at the
current value for a predefined freezing period. Accordingly, the precondition for this is that
the wind turbine is pitch controlled. Such a wind turbine has a control algorithm, which
adjusts the pitch angle depending on a large variety of different predefined settings.
Essentially, this control algorithm runs constantly during wind turbine operation and can
lead to constant updating of the pitch angle, which may be desired. For example, the
control algorithm constantly sets a desired pitch value, which is implemented by one or
several pitch drives for each individual rotor blade or, if applicable, for all the rotor blades.
This desired value, in particular, is set at a fixed value when the current pitch angle is
frozen. The pitching control algorithm continues to run without changes and, if needs be,
continuously calculates a new desired pitch value. However, the pitch value that was
newly calculated within this freezing period is not passed on. Of course, the internal

realization can also be performed in a different manner.

In any case, this means a pitch movement is stopped for a short time. Thus, a potential
oscillation rhythm that has started can be interrupted. In most cases, such a short inter-
ruption is sufficient and the control algorithm for the pitch angle can continue to be oper-
ated normally afterwards. This stops the oscillation and the pitch control algorithm itself -
as well as other control algorithms in the turbine - did not have to be changed or adjusted.

In particular, this means no lasting interference with the stability of the overall control

concept.

This proposed measure is also based on the finding that such longitudinal oscillations
occur comparatively seidom and that - at least presumably - in most cases a large num-

ber of circumstances must occur at the same time to cause them. Once the predefined
freezing period has passed, there is no longer a situation where such longitudinal oscilla-
tion takes place or is caused. In most cases, this short-term freezing measure can remain
a one-time measure and might not have to be repeated soon. This measure might even

be a one-time measure within the lifespan of the wind turbine.

The freezing period selected can be comparably short and falls preferably in the range
between 5 s to 1 min, in particular in the range between 10 to 20 s. This measure for
reducing oscillation by freezing the pitch angle aims to interrupt the oscillation once, and
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thus to create new conditions in which longitudinal oscillation no longer regularly occurs

and thus no longer exceeds the predefined threshold value.

Furthermore, the predefined threshold value can be a displacement amplitude of the
tower oscillation path, for example in the area of the top of the tower, or even a maximum

acceleration.

Additionally or alternatively it is proposed that the pitch algorithm used be changed.
Generally, the pitch control is specifically performed by a basic pitch control algorithm or a
standard pitch control algorithm. Only if longitudinal oscillation occurs, and the amplitude
exceeds the predefined threshold value, will the pitch control algorithm be changed. To
this end, a second, alternative pitch control algorithm can be stored, or just one time
parameter in the regulation algorithm is changed. In both cases, changing the pitch
control algorithm can be performed in such a way that the control speed is reduced. For
example, a control time constant can be increased by 10% or by 20%. Once the ampii-
tude of the longitudinal oscillation has diminished and/or at the end of a predefined peri-
od, it changes back to the original pitch control algorithm.

Alternatively or additionally, it is proposed that the yaw position be changed by a prede-
fined yaw angle. Such a measure for reducing oscillation is proposed in particular, but not
exclusively, for a wind turbine in a wind farm. In such a case, a second wind turbine,
which, with regard to the wind, is located in front of the first wind turbine, can affect the
wind in such a way that it causes oscillations in the first wind turbine located behind the
second one. By slightly adjusting the yaw angle, i.e. the direction of the rotor axis, the
influence of such a second wind turbine located in front of the first wind turbine can at

least be changed.

In the case of an individual wind turbine, too, changing the yaw position by a smali value
can reduce any high longitudinal oscillation that has occurred, since, for example certain
obstacles in the area of the wind turbine, which may even be located some hundred

meters away, cause a certain disadvantageous wind flow, which can be mitigated by

even a minimum yaw adjustment.

Preferably, the yaw angle is changed in the range between 2 and 8°, in particular in the
range between 4 and 5°. Such oscillation can be prevented even by such a small value

and. at the same time, a potential loss in performance due to the yaw angle no longer
being set at the optimum value remains small. It can be assumed that the reduced output
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due to a yaw angle not being set to the optimum value is reduced by the cosine of this
yaw angle deviating from the optimum yaw angle. Since in the area around 0, i.e. even up
to 8°, the cosine hardly changes, there will hardly be any loss in performance either. It

might not even be able to be proven.

The yaw angle can be set back to an optimum value once the longitudinal oscillation has
diminished and its amplitude is significantly below the predefined value, or, as an addi-
tional or alternative criterion, a predefined waiting period of, for example, one minute or
five minutes can be observed before the yaw position is reset. Additionally or alternative-
ly, the 'yaw position can be set to the nominal value if the wind direction has changed, or
at least slightly changed. Since in this case it has to be expected that there is no longer a
cause of wind direction-dependent oscillations, and with regard to its yaw angle, the wind
turbine can be operated normally again. In any case, this new yaw angle is no longer the
original yaw angle from which the wind turbine adjustments to reduce oscillations were
made. Such an adjustmént of the yaw angle is proposed in particular if a first wind turbine
is located exactly in the wind shadow of another one.

Additionally or alternatively, it is proposed that the operation of the first wind turbine be
switched from a first to a second operating mode. The first operating mode is based on a
first power curve, and, accordingly, the second operating mode is based on a second
power curve. In this context, the power curve indicates the connection between perfor-
mance and rotational speed, and, in particular, performance is set depending on the
rotational speed. Thus, the performance is set at the respectively applicable value of the
characteristic curve until the rotational speed maintains this value. Such an adjustment by
switching the operating mode may be small, but changes one parameter of the wind
turbine in such a way that the initial position, which, ultimately, must also have led to the
longitudinal oscillation, is changed. After the end of a predefined time, a change back to
the first, in particular the standard power curve, is possible. Changing the power curve
may, for example, lead anyway to a small change in rotational speed as compared to the

previous value. This can be sufficient to interrupt the longitudinal oscillation.

According to another or an alternative embodiment, it is proposed that two wind turbines
that influence each other, i.e. through the wind, are synchronized. In this context, it is
proposed that the first wind turbine, i.e. the one located in the wind shadow of the second
wind turbine, is synchronized with the rotational speed of the second wind turbine, in

particular in such a way that the rotational speed of the first wind turbine differs by a
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minimum predefined differential rotational speed from the rotational speed of the second

wind turbine.

The rotational speed of the second wind turbine is preferably at least 0.2 rpm above or
below the rotational speed of the second wind turbine. Preferably, it is at least 0.5 rpm
above or below the rotational speed of the second wind turbine. This specifically allows
the desynchronization of the two wind turbines. This means the rotors of the first and the
second wind turbine rotate at least at slightly different rotational speeds and can thus
prevent or interrupt oscillations in the first wind turbine caused or supported by the sec-
ond wind turbine, i.e. the wind turbine in the front.

This measure of specific synchronization between the two rotational speeds can be used
for two wind turbines with essentially the same design, but such desynchronization can

~ also be proposed for wind turbines differing from each other. However, such a measure is

to be expected more often in the case of two identical wind turbines, since, in most cases,

different wind turbines inherently also have different rotational speeds.

Accordingly, the use of a wind turbine with a variable rotational speed is proposed in any
case for this measure, but preferably also for other measures. Such a wind turbine with a
variable rotational speed can, in particular, use a synchronous generator that generates
an alternating current, which is rectified and then fed into the grid through an inverter. In
other words, the use of a wind turbine with variable rotational speed and a so-called full

power conversion concept is an advantageous embodiment.

Preferably, when the measure for reducing oscillations that proposes switching the oper-
ating mode, i.e. switching between two power curves, is used, it is ensured that the power

curve of a neighboring wind turbine is not switched, especially if it has the same design.
Thus, it is prevented in a targeted manner that, in the case of two wind turbines influenc-

ing each other, the proposed measure for reducing longitudinal oscillation is performed
identically at both wind turbines, resulting in the oscillation reduction measure being
ineffective or not sufficiently effective. The preferred approach is to make the wind turbine
in the back, i.e. the first wind turbine, run at a lower, In particular a reduced, rotational

speed. This means that, in this case, the power curve or the rotational speed of the wind

turbine that is subject to the problematic longitudinal oscillation is changed.

Preferably, the current pitch angle and/or switching of the pitch control algorithm is/are
frozen at full-load operation. Full-load operation is the situation, where the prevailing wind
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speed is the nominal speed, the generated output is the nominal output and/or the rota-
tional speed is approximately the nominal rotation. In this full-load operation, the pitch
angle is regularly used to keep the rotational speed constant. Thus, if the actual rotational
speed differs by a minimum value from the desired rotational speed, namely the nominal
speed, attempts will be made to counter or compensate this by adjusting the pitch angle.
Longitudinal oscillations arising directly from such a deviation are to be reduced or elimi-
nated by freezing the pitch angle and/or switching the changed pitch algorithm, which is
why it is proposed that these measures be performed in full-load operation.

Additionally or alternatively, the measure of adjusting the yaw position, switching the
operation of the first wind turbine and/or changing the rotational speed of the first wind
turbine is performed in partial-load operation. Partial-load operation exists when the
prevailing wind speed is below the nominal wind speed. In such a partial-load operation,
the pitch angle can be set at a constant value. Freezing the pitch angle or switching the
pitch algorithm, which is not effective in such cases, thus makes little sense, while a
different rotational speed can be set in this case and/or a different power curve can be
chosen. In this partial-load operation, the specific rotational speed as well as the specific
performance respectively depend on the prevailing wind and constantly change along
with the wind. This constant change in rotational speed and/or in performance is taken
into account, which is why switching the operation and/or changing the rotational speed is

proposed.

Adjusting the yaw position can be useful in this case too, especially if weaker winds
prevail. However, the yaw position can also be adjusted in full-load operation.

Preferably, a shift of the power curve, in particular of the second power curve, in the area
of transition between partial-load operation and full-load operation is proposed. Thus, an
improved or additional intervention option can be created, especially in the transition area
if some of the proposed measures do not work or hardly work, by shifting the characteris-

tic curve.

Furthermore, a wind turbine for generating electrical energy from wind, which uses a

method according to at least one of the above mentioned embodiments, is proposed.

Preferably, such a wind turbine includes a synchronous generator, which is excited by a
direct current and which, in order to reduce oscillations, is changed by a predefined value,
namely by a predefined excitation current value. By changing the excitation current and,
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thus, the excitation of the synchronous generator, the latter can respectively generate
more or less output at the same rotational speed. However, this also involves increasing
a torque, which counteracts the rotation of the rotor. Through this, the rotational speed of
the rotor can be reduced or, if excitation is reduced, be increased. This intervention via
excitation is a preferred embodiment, which, in the case of other types of turbines, cannot
be implemented at all or not as well. Therefore, preferably, such a wind turbine with a

synchronous generator with direct current excitation is proposed.

Furthermore, a wind farm comprising at least one wind turbine, in particular one accord-
ing to one of the above mentioned embodiments, and/or at least one, preferably at least
two, wind turbines, operated by a method according to at least one of the above de-

scribed embodiments, is proposed.

The invention is described in more detail below by embodiments as examples with refer-

ence to the accompanying figures.

Fig. 1 shows a wind turbine in a perspective view.

Fig. 2 shows a simplified flow diagram explaining oscillation reduction according to

the invention.

Fig. 3 shows a schematic top view of two wind turbines illustrating their mutual

impact.

Fig. 1 shows a wind turbine 100 with a tower 102 and nacelle 104. A rotor 106 with three
rotor blades 108 and a spinner 110 is located on the nacelle 104. The rotor 106 is set In

operation by the wind in a rotating movement and thereby drives a generator in the

nacelle 104.

Fig. 2 shows a simplified flow diagram 2, starting with a measuring block 4. In the meas-
uring block 4, a longitudinal oscillation is recorded, for example by means of an accelera-
tion amplitude which can be measured by respective acceleration sensors at the top of

the tower. The recorded longitudinal oscillation is marked in the measuring block 4 with

the letter S.

In the first test block 6, which can also be referred to as exceedance test block 6, the
recorded value for S is continuously being compared with a predefined threshold value,
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which, in this context, is referred to as Spa. The embodiment shown in Fig. 2 does not

account for a potential recording of a transverse oscillation.

If it is found in the first test block 6 that the recorded longitudinal oscillation S does not

exceed the predefined threshold value Syax, No further steps will be taken and the method
will logically return to measuring the longitudinal oscillation S in the measuring block 4.

If however, it is noticed in the first measuring block 6 that the longitudinal oscillation S
exceeds the predefined threshold value Sp.x, oscillation reduction, which is symbolically
marked as S-Red, will be performed in the oscillation reduction block 8. The oscillation
reduction measure performed there can refer to one or several measures. It can refer to
freezing the pitch angle, switching the pitch control algorithm, adjusting the yaw position,
switching the operation of the first wind turbine from a first into a second operating mode

and/or synchronizing the rotational speeds of two neighboring wind turbines.

Once at least one of these oscillation reduction measures has been performed or initiat-
ed, the expiry of a predefined waiting time T is waited for in the holding block 10, which
can also be referred to as a waiting block. Then it is tested in the second test block 12,
which can also be referred to as normalization test block 12, whether or not the recorded
longitudinal oscillation S is now below the predefined threshold value S, Instead of the
predefined threshold Sqax, Which the first test block 6 is also based on, another, smaller
value can be used in this block, e.g. a normalization threshold Sy. While the flow diagram
2 shows a measuring block 4, which marks the start of the described process, the oscilla-
tion amplitude is constantly being recorded and thus also continues to be recorded, even
during the waiting time pursuant to the symbolically illustrated waiting block 10. Thus, for
the assessment in the second test block 12, an updated value of the longitudinal oscilla-

tion S is available. This is illustrated by the dotted line with the arrow from the measuring

block 4 to the second test block 12.

If the second test block 12 finds that the longitudinal oscillation S and its amplitude have
not fallen below the normalization threshold Sy, the oscillation reduction measure accord-
ing to block 8 will be continued for the time being. Accordingly, the process will go back

from the second test block 12 to the oscillation reduction block 8.

If however, the oscillation amplitude is smaller than the normalization threshold value Sy,
the process will continue with the normalization block 14. The normalization block 14,
which for the purposes of illustration is marked as ‘Norm', stops the measure or measures
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initiated in the oscillation reduction block 8. The process starts again, which is symbolized

by the measuring block 4.

Fig. 3 shows a schematic top view of a first wind turbine 31 and a second wind turbine 32.
Thus, these two wind turbines can form a wind farm 34 or at least be two wind turbines of

the many wind turbines of a wind farm 34.

Fig. 3 shows a very specific situation, where the wind 36, or the wind direction 36, is
directed at the second wind turbine 32 in such a way that, with regard to the wind direc-
tion 36, the first wind turbine 31 is operated exactly behind the second wind turbine 32.

For illustration purposes and merely schematically, two propeller lines 38 are indicated by
dotted lines. which are intended to illustrate how the wind 36 reaching the second wind
turbine 32 is changed by this second wind turbine 32 and proceeds to the first wind
turbine 31. In reality, a lot of turbulence will occur and, essentially, the propeller line 38 is
to illustrate that the first wind turbine 31 is not only in the wind shadow of the second wind
turbine 32. but that the quality or type of wind flow is also changed by the second wind
turbine 32 and reaches the first wind turbine 31 in a respectively changed condition.

This can trigger or increase oscillations at the first wind turbine 31. A longitudinal oscilla-
tion 40 is illustrated by the double arrow at the first wind turbine 31.

In addition, the first wind turbine 31 is shown in Fig. 3 by dotted lines as swiveled first
wind turbine 41. This swiveling, namely swiveling or adjustment of the yaw position or

yaw orientation only serves for illustration purposes. The angle actually shown is compa-
rably large and in practice is mostly set to smaller values. The swiveled wind turbine 41,

indicated by the dotted line, is to illustrate, especially with the propeller line 38 shown for
illustration purposes that the wind changed by the second wind turbine 32 reaches the
wind turbine 41 with the adjusted yaw position entirely differently. In particular, potential
turbulence reaches the wind turbine at different times. This is to be illustrated by the fact
that one of the propeller lines now reaches a first rotor blade 42, illustrated by a dotted
line, sooner, while the second rotor blade 44, also illustrated by a dotted line, is reached
later due to the changed wind, which is to be illustrated by the distance to the respective
propeller line 38. Solely by way of precaution, it is pointed out that Fig. 3 only shows two
rotor blades for each one of the first and second wind turbines 31 and 32 respectively,
while, according to a preferred embodiment, the wind turbine comprises three rotor

blades, as shown in Fig. 1.
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Thus, according to the invention, a measure for reducing, preventing or interrupting or
stopping an excessively large longitudinal oscillation of a wind turbine is proposed, which,
essentially, is based on the approach of proposing a short-term change of the operating
behavior of the wind turbine, wherein, after the successful termination of such a measure,
the respective wind turbine can return to its previous operating mode or can continue to
be operated normally. To this end, threshold values of the longitudinal oscillation, which
can be, for example, in the area of 400 and 500 mm for the oscillation displacement of the
top of a steel tower, or in the area of 40 to 50 mm for the oscillation displacement at the
top of a concrete tower, can be used as a basis. A specific problem was identified when,
with regard to the prevailing wind, wind turbines are located precisely behind each other.
Increasing the excitation of a synchronous generator used in the wind turbine is also an
option. This can be achieved by increasing the excitation current or by feeding a reactive
power share into the generator, since this, too, can lead to increased excitation.
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Claims

1. Method for operating at least a first wind turbine (31) including the steps of:

- detecting a tower oscillation,

- initiating a measure to reduce oscillation if the tower oscillation is or contains a longitudinal
oscillation (40), and if the amplitude of the longitudinal oscillation (40) exceeds a predefined

threshold value,

wherein the measure to reduce oscillation comprises freezing a current pitch angle of the

wind turbine at a current value for a predefined freezing period,

characterized in that the measure to reduce oscillation further comprises at least one of the

following:

- switching a pitch control algorithm used,

- adjusting a yaw position by a predefined yaw angle;

- switching the operation of the first wind turbine (31) from a first operating mode based on a

first power curve to a second operating mode based on a second power curve; and

- if, with regard to a current wind direction, the first wind turbine (31) in @ wind park (34) is
located behind a second wind turbine (32), synchronizing a rotational speed of the first wind

turbine (31) to a rotational speed of the second wind turbine (32) in such a way that the
rotational speed of the first wind turbine (31) differs from the rotational speed of the second

wind turbine (32) by at least a predefined differential rotational speed, and

characterized in that the operation of the first wind turbine (31) is switched from the first
operating mode to the second operating mode if, with regard to the current wind direction, the
first wind turbine (31) in a wind farm (34) is located behind a second wind turbine (32), the
operating mode of the second wind turbine (32) is not changed, and wherein the first power
curve of the first wind turbine (31) corresponds to a nominal power curve and/or an optimum
power curve and the second wind turbine (32) Is operated in an operating mode with a

nominal and/or optimum power curve.
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2. Method according to claim 1, wherein switching the pitch control algorithm used

reduces a control speed of the wind turbine.

3. Method according to claim 1 or claim 2,

characterized in that the predefined freezing period is in the range between 5 s and 1 minute.

4. Method according to claim 3, wherein the predefined freezing period is in the range

between 10 s and 20 s.

D. Method according to claim 1,
characterized in that the predefined yaw angle is in the range between 2° and 8°.

B. Method according to claim 5, wherein the predefined yaw angle iIs in the range
between 4° and 5°.

/. Method according to claim 1,
characterized in that the differential rotational speed is at least 0.2 rom.

8. Method according to claim 1,

characterized in that the first power curve and the second power curve respectively provide a
specified output performance depending on a rotational speed, and that, with respectively the
same rotational speed values, the performance values of the second power curve are lower

than the performance values of the first power curve.

0. Method according to any one of claims 1-8,

characterized in that

- freezing the pitch angle is performed in a full-load operation when the prevailing wind speed

corresponds to or exceeds the nominal wind speed.

10. Method according to claim 1,
characterized in that switching the pitch control algorithm used is performed in a full-load
operation when the prevailing wind speed corresponds to or exceeds the nominal wind

speed.
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11. Method according to claim 10, wherein freezing the pitch angle is performed In the

full-load operation.

12. Method according to claim 1, characterized in that adjusting the yaw position,
switching the operation of the first wind turbine (31) and/or changing the rotational speed of

the first wind turbine (31) is performed in a partial-load operation when the prevailing wind

speed is below the nominal wind speed.

13. Method according to claim 1,
characterized in that the second power curve is shifted in an area of a transition between a

partial-load operation when the prevailing wind speed is below the nominal wind speed, and

a full-load operation when the prevailing wind speed corresponds to or exceeds the nominal

wind speed.
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