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Wind Turbine Control

The present invention relates to wind turbine control and, in particular, to wind
turbine control to prevent edgewise vibrations from building up on wind turbine

blades.

A wind turbine known in the art comprises a tapered wind turbine tower and a wind
turbine nacelle positioned on top of the tower. A number of wind turbine blades are

connected to the nacelle via a rotor, hub and drive shaft.

Edgewise vibrations of wind turbine blades can lead to significant damage of the
turbine blades due to high-cycle fatigue. The damage caused by the edgewise
vibrations can require frequent repairs of the turbine blades and, ultimately, lead to
reduced blade life time, as well as increasing the downtime of the wind turbine for
repairs or replacements which thereby negatively impacts the annual energy
production. Wind turbines are often erected in remote and hostile environments

where repairing or replacing a blade can also be very difficult and extremely costly.

Wind turbine blades are often protected until commissioning by a surface mounted
device on the blade that can reduce the risk of edgewise vibrations on the turbine
blades. However, once the wind turbine is commissioned the surface mounted

device is removed and the problem of edgewise vibrations may occur.

After commissioning the wind turbine, one mechanism to avoid edgewise vibration
is to maintain and position the nacelle/rotor upwind, in other words into the wind
direction. However, it is not always possible to keep the nacelle/rotor positioned
upwind, for example, during servicing of the wind turbine where the wind turbine
nacelle may be required to be positioned away from the wind for an extended
period of time, if the yaw system of the wind turbine is disabled/faulty, or if a

defective wind sensor cannot determine the upwind direction for the wind turbine.
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Accordingly, there is a need to prevent or substantially eliminate edgewise
vibrations on the wind turbine blades where the nacelle of the wind turbine cannot

be positioned upwind.

The present invention seeks to address, at least in part, some or all of the

problems and needs described hereinabove.

According to afirst aspect of the present invention there is provided a method for
controlling a wind turbine comprising a nacelle and one or more turbine blades
wherein the method comprises the steps of: identifying the nacelle is unable to
yaw to an upwind position; and initiating a corrective action to prevent edgewise
vibrations building up on the one or more turbine blades if the nacelle is unable to

yaw to an upwind position.

Accordingly, the present invention advantageously identifies that the nacelle is
unable to yaw to an upwind position and then initiates a corrective action to
prevent the buildup of damaging edgewise vibrations on one or more turbine
blades. The upwind position of the nacelle is where the nacelle, and therefore the
turbine blades, faces the wind direction. The method may be implemented by a
controller in the wind turbine. The method may be implemented in software,

hardware or any combination thereof.

The method may further comprise the step of determining if the nacelle can yaw
and initiating the corrective action based on the determination of whether the
nacelle can yaw. Accordingly, it may be determined whether the nacelle is able to
yaw, in other words the nacelle may not be able to yaw to the upwind position due
to, for example, being unable to determine or identify the upwind direction, under a
service or maintenance operation, due to safety reasons, and so on, but may still
be able to yaw. The corrective action to initiate may then be based on the

determination of whether the nacelle is able to yaw.

The step of initiating the corrective action may further comprise the step of

instructing the nacelle to continuously yaw at low speed. Accordingly, one
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corrective action that may be initiated in order to prevent edgewise vibrations from
building up on the one or more turbine blades may be to continuously yaw, at low

speed, the nacelle of the wind turbine.

The step of instructing the nacelle to continuously yaw at low speed may further
comprise the step of instructing the nacelle to yaw 45 degrees counter-clockwise
and then to yaw 45 degrees clockwise. Accordingly, the nacelle may be instructed
to continuously yaw between 45 degrees counter-clockwise and 45 degrees
clockwise. However, as will be appreciated, the nacelle may be instructed to yaw
between any suitable angles for the purpose of preventing the build-up of

damaging edgewise vibrations on the turbine blades.

The step of initiating the corrective action may further comprise the step of
instructing the one or more turbine blades to continuously at low speed change
pitch angle. Another corrective action that may be initiated may be to continuously
and at low speed, change the pitch angle of one or more turbine blades. This
corrective action is particularly advantageous if the nacelle is unable to yaw, for
example during service or maintenance operations but may be initiated even if the
nacelle is able to yaw. The method may identify or determine which of the one or
more turbine blades to continuously change the pitch angle. For example, if one
of the turbine blades is undergoing a service or maintenance operation then, for
safety or maintenance reasons, that turbine blade may not be able or permitted to
change the pitch angle and therefore the method may determine or identify which

of the one or more turbine blades that may have the corrective action applied.

The step of instructing the one or more turbine blades to continuously at low speed
change pitch angle may further comprise the step of instructing the one or more
turbines to change pitch angle between 90 degrees and 70 degrees. Therefore,
the pitch angle of the turbine blades may be continuously and at low speed
changed between 90 degrees and 70 degrees. However, as will be appreciated,
the one or more turbine blades may be instructed to pitch between any suitable
angles for the purpose of preventing the build-up of damaging edgewise vibrations

on the turbine blades.
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The one or more turbine blades may be instructed to change pitch angle in a
synchronized manner (e.g. the turbine blades move between 90 degrees and 70
degrees simultaneously) or the one or more turbine blades may be instructed to
change pitch angle in an out of synchronized manner (e.g. one turbine blade
moves between 90 degrees and 70 degrees and another turbine blades moves

between 70 degrees and 90 degree simultaneously).

According to a second aspect there is provided a wind turbine comprising: a
nacelle; one or more turbine blades; a first processor adapted to identify the
nacelle is unable to yaw to an upwind position; and a second processor adapted to
initiate a corrective action to prevent edgewise vibrations building up on the one or

more turbine blades if the nacelle is unable to yaw to an upwind position.

According to a third aspect of the present invention there is provided a wind
turbine comprising a nacelle and one or more turbine blades being adapted to or
comprising means for: identifying the nacelle is unable to yaw to an upwind
position; and initiating a corrective action to prevent edgewise vibrations building
up on the one or more turbine blades if the nacelle is unable to yaw to an upwind

position.

The wind turbine may further comprise a third processor adapted to determine if
the nacelle can yaw and the second processor is further adapted to initiate the

corrective action based on the determination of whether the nacelle can yaw.

The second processor may be further adapted to instruct the nacelle to

continuously yaw at low speed.

The second processor may be further adapted to instruct the nacelle to yaw 45
degrees counter-clockwise and then to yaw 45 degrees clockwise. However, as
will be appreciated, the nacelle may be instructed to yaw between any suitable
angles for the purpose of preventing the build-up of damaging edgewise vibrations

on the turbine blades.
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The second processor may be further adapted to instruct the one or more turbine

blades to continuously at low speed change pitch angle.

The second processor may be further adapted to instruct the one or more turbines
to change pitch angle between 90 degrees and 70 degrees. However, as will be
appreciated, the one or more turbine blades may be instructed to pitch between
any suitable angles for the purpose of preventing the build-up of damaging

edgewise vibrations on the turbine blades.

The second processor may be further adapted to instruct the one or more turbine
blades to change pitch angle in a synchronized manner (e.g. the turbine blades
move between 90 degrees and 70 degrees simultaneously) or in an out of
synchronized manner (e.g. one turbine blade moves between 90 degrees and 70
degrees and another turbine blades moves between 70 degrees and 90 degree

simultaneously).

The first processor, second processor, and third processor may be the same
processor, different processors or any combination thereof. The wind turbine may
be adapted by software, hardware or any combination thereof. The wind turbine
may comprise any means, or be adapted to, implement any or all of the features or

functions of the method of the present invention.

According to a fourth aspect of the present invention there is provided a computer
program product comprising computer readable executable code for: identifying

the nacelle is unable to yaw to an upwind position; and initiating a corrective action
to prevent edgewise vibrations building up on the one or more turbine blades if the

nacelle is unable to yaw to an upwind position.

The computer program product may comprise any computer readable executable
code for implementing any or all of the features of functions of the present

invention.
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Embodiments of the present invention will now be described, by way of example

only, and with reference to the accompanying drawings, in which:

Figure 1 shows a simple schematic of wind turbine according to many of the

embodiments of the present invention.

Figure 2 shows a flow chart according to many of the embodiments of the present

invention.

With reference to Figure 1, a wind turbine 101 typically comprises turbine blades

102 coupled to a nacelle 103, which in turn is typically mounted on a tower 104.

In Figure 1, three turbine blades 102 are shown however, as will be appreciated,
the number of turbine blades 102 is dependent on the design of the wind turbine

and may include one or more turbine blades 102.

Also, Figure 1 shows a horizontal axis turbine blade arrangement however, as will
be appreciated, the wind turbine may alternatively or additionally include a vertical

axis turbine blade arrangement.

The nacelle 103 will typically house a wind turbine controller 105 for controlling the
wind turbine, a pitch control system 106, for controlling the pitch of the turbine
blades 102, and a yaw control system 107, for controlling the yaw, or direction, of

the nacelle 103.

Typically, the nacelle 103 will also house the wind turbine’s 101 electrical
generator, gearbox, drive shafts, and other electrical and mechanical equipment,

which are not shown in Figure 1 for ease of reference.

As described hereinabove, edgewise vibrations can cause significant problems for
wind turbines 101. Typically, to reduce the edgewise vibrations on the turbine

blades 102 the conventional wind turbines 101, via the controller 105 and the yaw
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control system 107, yaw the nacelle 103 such that the nacelle 103, and therefore

the turbine blades, are positioned in the upwind direction.

However, in certain circumstances or situations the nacelle 103 is unable to yaw
upwind and as such the turbine blades 102 will be subject to edgewise vibrations

which may cause fatigue and damage to the turbine blades 102.

For example, one or more defective sensors, e.g. a wind sensor such as an
anemometer sensor, Light Detecting and Ranging (LIDAR) device, may prevent
the wind turbine controller 105 from being able to determine the upwind direction

and thus will be unable to yaw the nacelle 103 into an upwind position.

In another example, during service operations on the yaw system of the wind
turbine 101 it will not be possible to position the nacelle 103 upwind or change the

yaw position of the nacelle 103 to maintain an upwind direction.

In further examples, during various service operations, e.g. during blade repair,
gearbox repair, and so on, the nacelle 103 of the wind turbine 101 may also not be
able to be positioned upwind or may be required to be positioned away from the
upwind direction and kept there for an extended time. During various service
operations equipment such as a crane may be needed, which can also prevent the

nacelle 103 from yawing to a position that is upwind.

In all these circumstances and situations the turbine blades 102 may be subject to
edgewise vibrations which will damage or reduce the lifetime of the turbine blades
102.

As will be appreciated by a person skilled in the art, there are several service
operations, maintenance operations or safety operations (e.g. a shutdown due to
conditions affecting the wind turbine), other than those listed above as examples,

during which the nacelle will be unable to be positioned upwind.
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With reference to Figure 2, which shows a flow chart 201 according to
embodiments of the present invention, in step 202 the controller of the wind
turbine determines or identifies that the nacelle cannot be moved or yawed to an

upwind position.

In step 203, the controller identifies that a corrective action should be performed in

order to prevent edgewise vibrations from damaging the turbine blades.

In step 204, the controller determines whether the nacelle is able to yaw. For
example, the nacelle may be able to yaw if a defective wind sensor is identified
such that the controller is unable to detect the upwind direction and thus position
the nacelle upwind. However, as will be appreciated there may be other
circumstances in which the nacelle is able to yaw but the wind turbine controller is

unable to yaw the nacelle into an upwind position.

In this case the controller determines that the nacelle is able to yaw and as such
initiates, in step 205 as a corrective action, the yaw control system to substantially
continuously and at low speed yaw the nacelle of the wind turbine. For example,
the controller may instruct the yaw system to continuously yaw 45 degrees
counter-clockwise and then 45 degrees clockwise. By continuously yawing
edgewise vibrations cannot build up on the turbine blades to damaging levels.
However, as will be appreciated, the nacelle may be instructed to yaw between
any suitable angles for the purpose of preventing the buildup of damaging

edgewise vibrations on the turbine blades.

If, in step 204, the controller determines that the nacelle is unable to yaw, for
example, servicing or maintenance operations are being carried out on the wind
turbine then, in step 206, the controller initiates, as a corrective action, the pitch
control system to continuously pitch at low speed one or more of the turbine
blades in order to prevent damaging levels of edgewise vibrations on the turbine

blades.
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For example, if a servicing operation is being performed on one of the turbine
blades then usually the blade being serviced is kept pointing downwards and it is
not possible to yaw the nacelle. The controller may instruct the remaining two
turbine blades (in a three turbine blade arrangement) to continuously pitch at low
speed so that edgewise vibrations cannot be built up to damaging levels on the

blades.

In another example, if a servicing or maintenance operation is being performed in
the nacelle or other equipment in the nacelle, e.g. a gear box exchange, then
again it is not possible to yaw the nacelle into an upwind position. In this case, the
controller instructs the pitch control system to continuously pitch at low speed all
three turbine blades so that edgewise vibrations cannot be built up to damaging

levels for the blades.

In the above examples of the pitch control system continuously pitching one or
more of the turbine blades, the blades may be continuously pitched at low speed
from 90 degrees to 70 degrees. However, as will be appreciated, the one or more
turbine blades may be instructed to pitch between any suitable angles for the
purpose of preventing the build-up of damaging edgewise vibrations on the turbine

blades.

Furthermore, the one or more blades may be pitched collectively or independently.
Also, the one or more turbine blades may be instructed to change pitch angle in a
synchronized manner (e.g. the turbine blades move between 90 degrees and 70
degrees simultaneously) or the one or more turbine blades may be instructed to
change pitch angle in an out of synchronized manner (e.g. one turbine blade
moves between 90 degrees and 70 degrees and another turbine blades moves

between 70 degrees and 90 degree simultaneously).

Accordingly, in the above described embodiments the edgewise vibrations can be
reduced or prevented from building up to damaging levels on the turbine blades in
circumstances or operational conditions where the wind turbine is unable to yaw

into an upwind position.
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In circumstances where the wind turbine is able to yaw the nacelle of the wind
turbine then the controller may take a corrective action to initiate a continuous low
speed yaw of the wind turbine. In circumstances where the wind turbine is unable
to yaw then the controller may take a corrective action to initiate a continuous low
speed pitching of one or more of the turbine blades. In both circumstances the
corrective actions advantageously reduce, limit or prevent edgewise vibrations
from building up on the turbine blades which can be very damaging to the turbine

blades.

While embodiments of the invention have been shown and described, it will be
understood that such embodiments are described by way of example only.
Numerous variations, changes and substitutions will occur to those skilled in the
art without departing from the scope of the present invention as defined by the
appended claims. Accordingly, it is intended that the following claims cover all

such variations or equivalents as fall within the spirit and the scope of the invention.
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Claims

1. A method for controlling a wind turbine comprising a nacelle and one
or more turbine blades wherein the method comprises the steps of:
identifying said nacelle is unable to yaw to an upwind position; and
initiating a corrective action to prevent edgewise vibrations building up
on said one or more turbine blades if said nacelle is unable to yaw to an upwind

position.

2. The method as claimed in claim 1 further comprising the step of:
determining if said nacelle can yaw and initiating said corrective action

based on said determination of whether said nacelle can yaw.

3. The method as claimed in claim 1 or 2 in which said step of initiating
said corrective action further comprises the step of:

instructing said nacelle to continuously yaw at low speed.

4. The method as claimed in claim 3 in which said step of instructing said
nacelle to continuously yaw at low speed further comprises the step of:
instructing said nacelle to yaw 45 degrees counter-clockwise and then

to yaw 45 degrees clockwise.

. The method as claimed in claim 1 or 2 in which said step of initiating
said corrective action further comprises the step of:
instructing said one or more turbine blades to continuously at low

speed change pitch angle.

6. The method as claimed in claim 5 in which said step of instructing said
one or more turbine blades to continuously at low speed change pitch angle
further comprises the step of:

instructing said one or more turbines to change pitch angle between

90 degrees and 70 degrees.
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7. A wind turbine comprising:

a nacelle;

one or more turbine blades;

a first processor adapted to identify said nacelle is unable to yaw to an
upwind position; and

a second processor adapted to initiate a corrective action to prevent
edgewise vibrations building up on said one or more turbine blades if said nacelle

is unable to yaw to an upwind position.

8. The wind turbine as claimed in claim 7 further comprising:
a third processor adapted to determine if said nacelle can yaw and
said second processor is further adapted to initiate said corrective action based on

said determination of whether said nacelle can yaw.

9. The wind turbine as claimed in claim 7 or 8 in which said second
processor is further adapted to instruct said nacelle to continuously yaw at low

speed.

10. The wind turbine as claimed in claim 9 in which said second processor
is further adapted to instruct said nacelle to yaw 45 degrees counter-clockwise and

then to yaw 45 degrees clockwise.

11. The wind turbine as claimed in claim 7 or 8 in which said second
processor is further adapted to instruct said one or more turbine blades to

continuously at low speed change pitch angle.

12. The wind turbine as claimed in claim 11 in which said second
processor is further adapted to instruct said one or more turbines to change pitch

angle between 90 degrees and 70 degrees.

13. A computer program product comprising computer readable
executable code for:

identifying said nacelle is unable to yaw to an upwind position; and
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initiating a corrective action to prevent edgewise vibrations building up
on said one or more turbine blades if said nacelle is unable to yaw to an upwind

position.
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