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is provided. The wind farm includes a plurality of wind turbines and
a wind farm controller. The controller is configured to detect a high
wind condition from at least one wind turbine in the wind farm, re-
duce a parameter setpoint of at least one other wind turbine, and in-
crease a cut-out wind speed threshold of the at least one other wind
turbine.
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A WIND FARM AND A METHOD OF OPERATING A WIND FARM

Field of the Invention
The present invention relates generally to a wind farm, and in particular, to a

method for operating the wind farm during high wind condition.

Background of the Invention

Harsh weather conditions such as high wind speed have high impact on wind
turbines in a wind farm, causing large unbalanced loads on turbine components due to the
excessive aero-dynamic power of the wind acting on the wind turbine rotor. Typically,
these harsh or extreme conditions are rare but if no mitigation actions are taken to
alleviate these loads during such conditions, the turbine components may be damaged or
the overall lifetime of the components may be reduced by a significant amount.

It is known to cut-off the wind turbine from the grid or shut down the wind
turbine when the wind speed exceeds a predefined wind speed threshold in order not to
subject the turbine components to the extreme loads. This shutting down of the wind
turbine during high wind is a safety procedure to protect the turbine. When the turbine is
shut down due to high wind, it has to be re-started when normal wind condition is
detected. The start-up process of the turbine takes a significant amount of time and also
consumes power from the grid. Therefore, a substantial amount of power production is
lost every time the turbine is shut down due to high wind and re-started when the wind
condition returns to normal. Specifically, the period between the time the wind condition
returns to normal and the time the turbine is ready to produce power after re-starting can
be used for power production. This is especially true when the high wind condition only
lasts for a short time, and shutting down the turbine during this transient wind condition
seems impractical.

It is desirable to provide a method to allow some of the wind turbines in a wind
farm to remain connected to the grid even during high wind condition, as so to reduce

loss of power production.
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Summary of the Invention

According to a first aspect of the invention, a wind farm is provided. The wind
farm includes a plurality of wind turbines and a wind farm controller. The controller is
configured to detect a high wind condition from at least one wind turbine in the wind
farm, reduce a parameter setpoint of at least one other wind turbine, and increase a cut-
out wind speed threshold of the at least one other wind turbine.

According to a second aspect of the invention, a method of operating a wind farm
comprising a plurality of wind turbines and a wind farm controller is provided. The
method includes detecting a high wind condition from at least one wind turbine in the
wind farm, reducing a parameter setpoint of at least one other wind turbine, and

increasing a cut-out wind speed threshold of the at least one other wind turbine.

Brief Description of the Drawings

Embodiments of the present invention are explained, by way of example, and with
reference to the accompanying drawings. It is to be noted that the appended drawings
illustrate only examples of embodiments of this invention and are therefore not to be
considered limiting of its scope, for the invention may admit to other equally effective
embodiments.
Figure 1 illustrates a general layout of a wind farm comprising a plurality of the wind
turbines and a controller.
Figure 2 illustrates a general structure of a wind turbine.
Figure 3 illustrates a flow-chart of a method for operating the wind farm according to an
embodiment.

Figure 4 illustrates a layout of wind turbines in a wind farm.

Detailed Description of the Invention

In the following, reference is made to embodiments of the invention. However, it
should be understood that the invention is not limited to specific described embodiments.
Instead, any combination of the following features and elements, whether related to

different embodiments or not, is contemplated to implement and practice the invention.
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Furthermore, in various embodiments the invention provides numerous
advantages over the prior art. However, although embodiments of the invention may
achieve advantages over other possible solutions and/or over the prior art, whether or not
a particular advantage is achieved by a given embodiment is not limiting of the invention.
Thus, the following aspects, features, embodiments and advantages are merely illustrative
and are not considered elements or limitations of the appended claims except where
explicitly recited in a claim(s). Likewise, reference to "the invention" shall not be
construed as a generalization of any inventive subject matter disclosed herein and shall
not be considered to be an element or limitation of the appended claims except where

explicitly recited in a claim(s).

A wind farm includes a plurality of wind turbines and a wind farm controller.
The wind farm controller controls the operation of the wind turbines in the wind farm,
and may also control the operations of other components such as STATCOMs, capacitor
banks, etc, present in the wind farm. The controller is usually in data communication with
the wind turbines and controls the wind turbines by sending control signals. The
controller also receives data such as grid information, weather information and status of
the wind turbines. This information may be received by the controller from the wind
turbines, grid sensors, metrological stations or operators for processing, and the processed
information may then be used to determine the operation of the wind turbines.

According to the first aspect of the invention, the controller is configured to detect
a high wind condition from at least one wind turbine in the wind farm, reduce a
parameter setpoint of at least one other wind turbine, and increase a cut-out wind speed
threshold of the at least one other wind turbine. When a wind turbine encountered a high
wind condition, it may send a signal to inform the wind farm controller. Therefore, the
controller may detect the high wind condition by detecting whether it has received such a
signal from any of the wind turbines. Alternatively, the controller may query each wind
turbine in the wind farm to determine whether any of the wind turbines has encountered a
high wind condition.

The controller is configured to reduce the parameter setpoint of another wind

turbine if it has detected that one of the wind turbines in the wind farm has encountered a
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high wind condition. The wind turbine having its parameter setpoint been reduced by the
controller is different from the wind turbine which encountered and detected the high
wind condition, although it is also possible that the wind turbine which encountered the
high wind condition may also have its parameter setpoint reduced as well. The controller
can reduce the parameter setpoint of the other wind turbine by sending a control signal
containing a new parameter setpoint to the other wind turbine.

A parameter setpoint refers to a predefined parameter value which a wind turbine
aims to achieve. For example, the parameter may refer to the power output from the
generator of the wind turbine, and the setpoint may be set to 650 kW. Hence the
generator needs to be controlled such that it generates an output power of approximately
650 kW. It should be noted that this is an example only, and the parameter setpoint shall
not be restricted to the setpoint for generator output power.

Other than having its parameter setpoint reduced, the controller is also configured
to increase the cut-out wind speed threshold of this other wind turbine. The cut-out wind
speed threshold refers to the maximum wind speed that the wind turbine can operate in
normal operation such as at rated power level without substantial risk of damaging its
turbine components due to extreme loads. When the wind speed detected by the wind
turbine exceeds this wind speed threshold, it shuts down as a safety measure in order to
protect its components. Since the parameter setpoint of the wind turbine has been
reduced, the turbine loads may be reduced and the wind turbine may then be able to
continue operating at the cut-out wind speed threshold or higher without experiencing
extreme loads. By increasing its cut-out wind speed threshold, the wind turbine is able to
continue operating at a higher wind speed before shutting down.

All the wind turbines in the wind farm may have the same cut-out wind speed
threshold. It is also possible that the wind turbines have different cut-out wind speed
threshold depending on locations. For example, turbines in a region nearer to where the
wind strikes first may have a lower cut-out wind speed threshold and turbines in a region
further away from where the wind strikes first may have a higher cut-out wind speed
threshold.

According to the invention, the likelihood that all turbines are shut down if the

wind speed exceeded the cut-out wind speed threshold of the wind turbines is reduced.
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This is in contrast with prior art solutions where all the turbines in the wind farm will
shut down when the wind speed detected by the wind turbines exceeded their respective
cut-out wind speed threshold. Accordingly, the power production loss of the wind farm
during high wind condition is reduced.

According to an embodiment, the controller is configured to repeat the steps of
detecting a high wind condition from at least one wind turbine in the wind farm, reducing
the parameter setpoint of at least one other wind turbine, and increasing the cut-out wind
speed threshold of the at least one other wind turbine, until the cut-out wind speed
threshold of the at least one other wind turbine has reached a maximum cut-out wind
speed threshold. In other words, the method recited in the first aspect of the invention is
repeated and the cut-out wind speed threshold of the other wind turbine is increased.
This process is repeated until the cut-out wind speed of the other turbine reached the
maximum threshold. It is also possible the process is repeated until there is no further
high wind conditions being detected by any of the turbines.

When the parameter setpoint of the other one or more wind turbines has been
reduced and the cut-out wind speed threshold has been increase, the wind turbine is more
able to withstand the current high wind condition (because the loads on the turbine
components kept within acceptable limits). However when the high wind condition is
still detected by at least one wind turbine, it means that the loads on the turbine
components of the wind turbine is still too high. This could be due to the reduction of
parameter setpoint is insufficient to reduce the loads on the turbine components. Another
possibility is that the high wind condition has become more severe (e.g. further increase
in wind speed).

Therefore when the high wind condition is detected by the controller from a wind
turbine, the parameter setpoint of one or more of the other wind turbines is reduced, and
the cut-out wind speed threshold is increased according to the embodiment. This ensures
that the wind farm is adaptive to the high wind condition and continues to ensure that the
loads on the turbines in the wind farm are kept within acceptable limits. However when
the cut-out wind speed threshold has increased to its maximum allowable value, the
iterative process stops. The maximum cut-out wind speed threshold is the maximum

wind speed a wind turbine is still able to operate, and above this wind speed, the loads on
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the turbine components will not be able to be kept within acceptable limits even if the
turbine is operating at very low power level. Usually the turbine is shut down to prevent
damages.

It should be noted that in this embodiment, the wind turbine from which the high
wind condition is detected may be the same or different wind turbine from an earlier
iterative process.

According to an embodiment, the controller is configured to restore the at least
one other wind turbine to its original parameter setpoint and its original cut-out wind
speed threshold when the controller detects a normal wind condition. When there is no
high wind condition, the turbine components are not in danger of overloading due to high
wind. Hence the parameter setpoint and the cut-out wind speed threshold can revert to
their original values in order to maximize power production.

The controller may detect the normal wind condition based on information
received from one of the wind turbines in the wind farm. Specifically, the controller may
make use of existing wind sensing devices, for example wind anemometer, on the wind
turbines. It is also possible for the controller to detect wind condition using dedicated
wind anemometer at the wind farm controller or at other locations in the wind farm.
Alternatively or additionally, the controller may make use of metrological data to
determine whether there is normal wind condition.

According to an embodiment, the controller is configured to start up any wind
turbines in the wind farm which have been shut down due to high wind condition. As
mentioned earlier, a wind turbine normally shuts down when the wind speed detected is
above its cut-out wind speed threshold. Therefore, there might be wind turbines in the
wind farm which may have shut down due to high wind condition. When the controller
has detected a normal wind condition, such wind turbines are re-started in order to
maximize power production of the wind farm.

According to an embodiment, the controller is configured to detect wind direction,
and assign cut-out wind speed threshold for each of the plurality of wind turbines in the
wind farm based on the wind direction and the location of each of the plurality of wind
turbines in the wind farm. The wind direction may be detected by any wind vane

installed on any of the wind turbines or using a dedicated wind direction sensor. The
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wind turbine located in the upstream wind direction may be assigned a lower cut-out
wind speed threshold, and wind turbine located in the downstream wind direction may be
assigned a higher cut-out wind speed threshold. Thus not all the cut-out wind speed
thresholds of all the wind turbines need to be adjusted during a high wind condition.

According to an embodiment, detecting the high wind condition from the at least
one wind turbine comprises detecting whether the wind turbine has been shut down due
to high wind condition. Detecting whether any wind turbine has been shut down due to
high wind condition is a simple way of detecting high wind condition by the controller.
As mentioned earlier, a wind turbine normally shuts down when wind speed is above the
wind speed threshold or when the loads experienced by the turbine components exceed
the load threshold. When the wind turbine shuts down, it sends a signal to the controller
indicating its shut down status, and also other related information. The controller detects
this shut down signal from the wind turbine to determine if a high wind condition has
been detected according to the embodiment.

According to an embodiment, the high wind condition for shutting down the at
least one wind turbine comprises at least one of wind speed detected by the wind turbine
exceeds the cut-out wind speed threshold, the blade load moments of the wind turbine
exceeds a blade load moment threshold, the drive train loads of the wind turbine exceeds
a drive train load threshold, and the tower acceleration of the wind turbine exceeds a
acceleration threshold. High wind condition may cause the wind speed, blade load
moments, drive train loads and tower acceleration to exceed a certain threshold. By
monitoring any one of these parameters, the high wind condition may be detected and the
wind turbine may be shut down accordingly.

According to an embodiment, detecting the high wind condition from the at least
one wind turbine comprises detecting at least one of wind speed detected by the wind
turbine exceeds the cut-out wind speed threshold, the blade load moments of the wind
turbine exceeds a blade load moment threshold, the drive train loads of the wind turbine
exceeds a drive train load threshold, and the tower acceleration of the wind turbine
exceeds a acceleration threshold. In this embodiment, instead of detecting high wind
condition by detecting whether any wind turbine has been shut down, the controller can

detect whether the wind speed, blade load moments, drive train loads and tower
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acceleration in any wind turbine shutting has exceeded a certain threshold. It should be
noted that other ways of detecting high wind condition by the turbine is possible. In
other embodiments, a high wind condition may be detected by the wind turbine by
detecting wind direction, generator power, DC link voltage, etc.

According to an embodiment, reducing the parameter setpoint comprises reducing
a power setpoint so that the power production of the at least one other wind turbine is
reduced. A power setpoint is used to control the generator power output or the turbine
power output of the wind turbine. When this power setpoint of the wind turbine is
reduced, the generator or turbine power output will be reduced accordingly. This allows
the rotational speed of the rotor to also be reduced. In other words, the wind turbine is
de-rated. When the turbine is operating at a lower power production level and hence at a
lower rotor rotation speed, the loads on the turbine components are also lower.

According to an embodiment, reducing the parameter setpoint comprises reducing
both the power setpoint and a rotor speed setpoint so that the power production and the
rotational speed of the rotor of the at least one other wind turbine are reduced.
Accordingly, the loads on the turbine components are also reduced.

It should be noted that a person skilled in the art would readily recognize that any
features described above could also be used in conjunction to the method of operating the

wind farm according to the second aspect of the invention.

The following is a detailed description of embodiments of the invention depicted
in the accompanying drawings. The embodiments are examples and are in such detail as
to clearly communicate the invention. However, the amount of detail offered is not
intended to limit the anticipated variations of embodiments; but on the contrary, the
intention is to cover all modifications, equivalents, and alternatives falling within the
spirit and scope of the present invention as defined by the appended claims

Fig.1 illustrates a general layout of a wind farm 100. The wind farm 100 includes
a plurality of wind turbines 101 (such as the wind turbine shown in Fig.2), a wind farm
controller 102, a wind farm transformer 104 and a wind farm network 105. The wind
farm 100 is connected to a utility system or grid 110 via power lines 112 and through the

wind farm transformer 104. The interface point between the wind farm 100 and the utility
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system 110 is called the point of common coupling (PCC) 111. Power produced by the
wind turbines 101 are distributed over the power lines 112 and provided to grid 110 via
the PCC 111. The wind farm transformer 104 steps up or down the voltage from the wind
farm 100 into a voltage suitable for transmission in the grid 110.

The wind farm 100 may further include compensation devices 103. The
compensation device is a reactive power generation device used to compensate reactive
power of the wind farm 100. Examples of the compensation device 103 include but not
limited to a thyristor switched capacitor bank and a static VAR compensator (SVC). The
reactive power from the compensation device 103 is also delivered to the grid 110 over
power lines 112.

The wind farm controller 102 generally fulfils a plurality of control functions. For
example, the wind farm controller 102 may collect different types of data which
characterizes the current state of the wind turbines 101 or components thereof, and in
response thereto control the operation of the wind turbines 101. The wind turbines 101
communicate with the controller 102 through the wind farm network 105 using control
lines 113 as shown as dotted lines in Fig.1. The signals communicated between the
controller 102 and the wind turbines 101 may include power output signal, turbine status,
power reference, turbine command, power setpoints, etc. The controller 102 is also
connected to the PCC 111 via control line 113. This allows the controller 102 to detect
power parameters such as voltage and current levels at the PCC 111.

It should be noted that the layout of the wind farm 100 shown in Fig.1 is only an
example, and the invention is not restricted to the exact layout of the wind farm shown in
Fig.1. For example, although 4 wind turbines 101 are shown in the wind farm 100, it is
possible that the wind farm includes more or less than 4 wind turbines 101. It is also
possible that the wind farm only has one wind turbine 101. Similarly, the wind farm 101
may include more than 1 compensation devices in other examples.

Fig.2 illustrates an exemplary wind turbine 130 according to an embodiment. As
illustrated in Fig.2, the wind turbine 130 includes a tower 140, a nacelle 150, and a rotor
160. In one embodiment, the wind turbine 130 may be an onshore wind
turbine. However, embodiments of the invention are not limited only to onshore wind

turbines. In alternative embodiments, the wind turbine 130 may be an offshore wind
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turbine located over a water body such as, for example, a lake, an ocean, or the like. The
tower 140 of such an offshore wind turbine is installed on either the sea floor or on
platforms stabilized on or above the sea level.

The tower 140 of wind turbine 130 may be configured to raise the nacelle 150 and
the rotor 160 to a height where strong, less turbulent, and generally unobstructed flow of
air may be received by the rotor 160. The height of the tower 140 may be any reasonable
height, and should consider the length of wind turbine blades extending from the rotor
160. The tower 140 may be made from any type of material, for example, steel, concrete,
or the like. In some embodiments the tower 140 may be made from a monolithic
material. However, in alternative embodiments, the tower 140 may include a plurality of
sections, for example, two or more tubular steel sections 141 and 142, as illustrated in
Fig.2. In some embodiments of the invention, the tower 140 may be a lattice
tower. Accordingly, the tower 140 may include welded steel profiles.

The rotor 160 may include a rotor hub (hereinafter referred to simply as the
“hub”) 162 and at least one blade 170 (three such blades 170 are shown in Fig.2). The
rotor hub 162 may be configured to couple the at least one blade 170 to a shaft (not
shown). In one embodiment, the blades 170 may have an aerodynamic profile such that,
at predefined wind speeds, the blades 170 experience lift, thereby causing the blades to
radially rotate around the hub. The hub 170 further comprises mechanisms (not shown)
for adjusting the pitch of the blade 170 to increase or reduce the amount of wind energy
captured by the blade 170. Pitching adjusts the angle at which the wind strikes the blade
170. Tt is also possible that the pitch of the blades 170 cannot be adjusted. In this case,
the aerodynamic profile of the blades 170 is designed in a manner that the lift
experienced by the blades are lost when the wind speed exceeded a certain threshold,
causing the turbine to stall.

The hub 162 typically rotates about a substantially horizontal axis along a drive
shaft (not shown) extending from the hub 162 to the nacelle 150. The drive shaft is
usually coupled to one or more components in the nacelle 150, which are configured to
convert and the rotational energy of the shaft into electrical energy.

Although the wind turbine 130 shown in Fig.2 has three blades 170, it should be

noted that a wind turbine may have different number of blades. It is common to find
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wind turbines having two to four blades. The wind turbine 130 shown in Fig.2 is a
Horizontal Axis Wind Turbine (HAWT) as the rotor 160 rotates about a horizontal axis.
It should be noted that the rotor 160 may rotate about a vertical axis. Such a wind turbine
having its rotor rotates about the vertical axis is known as a Vertical Axis Wind Turbine
(VAWT). The embodiments described henceforth are not limited to HAWT having 3
blades. They may be implemented in both HAWT and VAWT, and having any number
of blades 170 in the rotor 160.

Fig.3 illustrates a flow-chart of a method for operating the wind farm according to
an embodiment. The steps illustrated in this flow-chart may be implemented by the
controller 102 of the wind farm 100. Step 201 includes detecting a high wind condition
from at least one turbine in the wind farm. In an embodiment, the high wind condition
may be detected from one of the wind turbines 101 in the wind farm 100 as shown in
Fig.1. It is possible that the high wind condition is detected from more than one wind
turbines 101. Step 202 includes reducing a parameter setpoint of at least one other wind
turbine. In an embodiment, the parameter setpoint of another wind turbine 101 (different
from the wind turbine mentioned in Step 201) is reduced. The parameter setpoint may be
a power setpoint. Reducing the power setpoint results in a reduction of the power output,
and hence the rotor rotational speed, of this other wind turbine 101. It is possible that the
parameter setpoint of more than one turbines 101 is reduced. In this case, the turbines
with their parameter setpoints reduced may include both the other turbine 101 mentioned
in Step 202 and the turbine 101 mentioned in Step 201. In another embodiment, both the
power setpoint and a rotor speed setpoint of the other wind turbine 101 are reduced.

Step 203 includes increasing a cut-out wind speed threshold of the other turbine.
For the turbine where its parameter setpoint is reduced, its cut-out wind speed threshold
is also increased. If the parameter setpoint of more than one turbines is reduced in Step
202, the cut-out wind speed threshold of these turbines are also increased. To more
clearly illustrate the method according to the embodiment, different examples of
operating the wind farm based on the method according to the embodiment is illustrated
with reference to Fig.4.

Fig.4 illustrates a layout of wind turbines in a wind farm 300. The wind farm 300

includes a plurality of wind turbines 301, 302, 303, 311, 312, 313, 321, 322, 323, a wind
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farm controller 330 and a wind farm transformer 340. All the wind turbines are
connected, either directly or indirectly, to the controller 330. For simplicity sake, the
lines 305 in Fig.4 represent both power and data communication paths among the various
components in the wind farm 300. The arrows 350 represent the wind direction.

A first example (example 1) of operating the wind farm during high wind
condition will now be described with reference to Fig.4. The cut-out wind speed
threshold for all the wind turbines 301, 302, 303, 311, 312, 313, 321, 322, 323 are set at
25 m/s. At the onset of a high wind condition with wind speed above 25 m/s, wind
turbine 301 detects that wind speed is above its threshold of 25 m/s and shuts down
accordingly as a safety measure. The wind turbine 301 also informs the controller 330
that it has shut down due to high wind. When the controller 330 has detected that the
wind turbine 301 has shut down due to high wind condition, it sends a de-rate signal to all
the other wind turbines 302, 303, 311, 312, 313, 321, 322, 323 to reduce its power
setpoint to 80% of its rated power production. Accordingly, the other wind turbines 302,
303,311, 312, 313, 321, 322, 323 are controlled to reduce its power production to 80% of
their original power production. The rotational speed of the rotor of the wind turbines
302, 303, 311, 312, 313, 321, 322, 323 is also reduced correspondingly. In addition, the
controller also send a signal to request the other turbines 302, 303, 311, 312, 313, 321,
322, 323 to increase their cut-out wind speed threshold to 28 m/s.

The controller 330 continues to monitor the status of the wind turbines 302, 303,
311,312, 313, 321, 322, 323. When the wind speed further increases above 28 m/s, wind
turbine 302 shuts down and informs the controller 330 accordingly. The controller 330,
upon detecting that the wind turbine 302 has shut down due to high wind, sends a de-rate
signal to the other wind turbines 303, 311, 312, 313, 321, 322, 323 to further reduce their
power setpoint to 60% of its original value. This results in the power production of the
other wind turbines 303, 311, 312, 313, 321, 322, 323 to be reduced to 60% of its rated
power production. Additionally, the controller 330 also requests the cut-out wind speed
threshold to be further increased to 30 m/s.

When the wind speed further increases above 30 m/s, wind turbines 311, 312 shut
down and inform the controller 330 accordingly. The controller 330, upon detecting that

the wind turbines 311, 312 have shut down due to high wind, sends a de-rate signal to the
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other wind turbines 303, 313, 321, 322, 323 to further reduce their power setpoint to 40%
of its original value. This results in the power production of the other wind turbines 303,
313, 321, 322, 323 to be reduced to 40% of its rated power production. The controller
330 also requests the cut-out wind speed threshold to be further increased to 33 m/s.

When the wind speed further increases above 33 m/s, wind turbines 303, 313 shut
down and inform the controller 330 accordingly. The controller 330, upon detecting that
the wind turbines 303, 313 have shut down due to high wind, sends a de-rate signal to the
other wind turbines 321, 322, 323 to further reduce their power setpoint to 20% of its
original value. This results in the power production of the other wind turbines 321, 322,
323 to be reduced to 20% of its rated power production. The controller 330 also requests
the cut-out wind speed threshold to be further increased to 35 m/s, which is the maximum
cut-out wind speed threshold.

When the wind speed further increases above 35 m/s, all remaining wind turbine
321, 322, 323 are shut down. This is because 35 m/s is the maximum cut-out wind speed
threshold and above this threshold, the loads on the turbine components will be too
extreme even if the turbines are operating at a low power production level.

At any time when normal wind condition is detected, the power setpoint of the
remaining operating wind turbines is reset to its original power setpoint. For example if
normal wind condition is detected when wind turbines 303, 313, 321, 322, 323 are
operating at 40% of its rated power production (i.e. wind speed has not reached 33 m/s
yet), the power setpoint of these turbines 303, 313, 321, 322, 323 are reset back to 100%
rated power production and the power production is restored back to 100% accordingly
by increasing the rotor speed back to its original rotational speed. The cut-out wind
speed threshold of the turbines 303, 313, 321, 322, 323 is also reset back to its original
threshold value, i.e. 25 m/s.

In an embodiment, the controller 330, upon detecting the normal wind condition,
causes the turbines which have been shut down to be restarted. For example, the turbines
301, 302, 311, 312 which have been shut down when the wind speed exceeded 30 m/s are
re-started when normal wind condition has been detected.

The normal wind condition includes the condition when the wind speed is below

25 m/s. The normal wind condition may be detected by any of the wind turbines in the
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wind farm 300. Alternatively or additionally, the normal wind condition may be detected
by the controller 330 itself (e.g. wind anemometer mounted on or near the controller 330)
or based on metrological data from metrological station.

It can be seen from this example that during high wind condition with wind speed
between 25 m/s to 35 m/s, there are still some turbines operating and not all the turbines
in the wind farm have shut down. Therefore the method according to the embodiment
reduces overall loss of power production during high wind condition.

A second example (example 2) of operating the wind farm during high wind
condition will now be described with reference to Fig.4. The cut-out wind speed
threshold for all the wind turbines 301, 302, 303, 311, 312, 313, 321, 322, 323 are set at
25 m/s. At the onset of a high wind condition, wind turbine 301 detects that its blade
load moments exceeded its blade load moment threshold and informs the controller 330
of the high wind condition. When the controller 330 has been informed of the high wind
condition, it sends a de-rate signal to all the wind turbines 301, 302, 303, 311, 312, 313,
321, 322, 323 to reduce its power setpoint to 80% of its rated power production.
Accordingly, the wind turbines 301, 302, 303, 311, 312, 313, 321, 322, 323 are controlled
to reduce its power production to 80% of their original power production. In addition,
the controller also send a signal to request the turbines 301, 302, 303, 311, 312, 313, 321,
322, 323 to increase their cut-out wind speed threshold to 28 m/s.

The controller 330 continues to monitor the status of the wind turbines. When the
wind speed further increases above 28 m/s, wind turbines 301, 302 have blade load
moments exceeding their blade load moment threshold and inform the controller 330
accordingly. The controller 330 again sends a de-rate signal to all the wind turbines 301,
302, 303, 311, 312, 313, 321, 322, 323 to further reduce their power setpoint to 60% of
its original value. The controller 330 also requests the cut-out wind speed threshold of
the turbines 301, 302, 303, 311, 312, 313, 321, 322, 323 to be further increased to 30 m/s.

This process is repeated until the cut-out wind speed threshold of all the turbines
have increased to 35 m/s. If any of the turbines still have their blade load moment
exceeding the blade load moment threshold, all the turbines are shut down to prevent

extreme loading on the turbine components.
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Similarly, at any time when normal wind condition is detected, the power setpoint
of all the wind turbines is reset to its original power setpoint. For example when normal
wind condition is detected, the power setpoint of the turbines 301, 302, 303, 313, 321,
322, 323 are reset back to 100% rated power production and the power production is
restored back to 100% accordingly. The cut-out wind speed threshold of the turbines 301,
302, 303, 313, 321, 322, 323 is also reset back to its original threshold value, i.e. 25 m/s.

It can be seen from this example that during high wind condition with wind speed
between 25 m/s to 35 m/s, the turbines are still operating albeit at a de-rated manner.
Therefore the method according to the embodiment reduces overall loss of power
production during high wind condition.

A third example (example 3) of operating the wind farm during high wind
condition will now be described with reference to Fig.4. In this example, not all the wind
turbines have the same cut-out wind speed threshold. Specifically, the cut-out wind
speed threshold is assigned to the wind turbines 301, 302, 303, 311, 312, 313, 321, 322,
323 based on their location in the wind farm 300 and the wind direction.

In Fig.4, the wind direction is shown by the arrows 350. Based on the detected
wind direction, wind turbines which are nearer or upstream of the wind are assigned
lower cut-out wind speed threshold than wind turbines which are further away or
downstream of the wind. In this example, wind turbine 301 is assigned a cut-out wind
speed threshold of 25 m/s. Wind turbines 302, 311, 312 are assigned a cut-out wind
speed threshold of 26 m/s, wind turbines 303, 313, 321, 322 are assigned a cut-out wind
speed threshold of 27 m/s and wind turbine 323 is assigned a cut-out wind speed
threshold of 28 m/s.

The controller 330 then detects whether any of the wind turbines 301, 302, 303,
311,312, 313, 321, 322, 323 are shut down due to high wind. If wind turbine 301 is shut
down, the controller de-rates the other wind turbines 302, 303, 311, 312, 313, 321, 322,
323 to 90% of their rated power production. There is no need to increase the cut-out
wind speed threshold of the other wind turbines 302, 303, 311, 312, 313, 321, 322, 323 as
they have already been assigned a higher cut-out wind speed threshold previously.

If wind turbines 302, 311 shut down, the other wind turbines 303, 312, 313, 321,
322, 323 are de-rated further to 80% of their rated power production. The cut-out wind
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speed threshold of the wind turbine 312 is increased to 27 m/s. If wind turbine 303 shuts
down due to high wind condition, the wind turbines 312, 313, 321, 322, 323 are de-rated
to 70% of their rated power production. The cut-out wind speed threshold of the wind
turbines 312, 313, 321, 322 is increased to 28 m/s. If wind turbine 312 shuts down, the
remaining other wind turbines 313, 321, 322, 323 are de-rated to 60% and the cut-out
wind speed threshold is increased to 30 m/s. The process then continues until the cut-out
wind speed threshold of the remaining wind turbines is increased to 35 m/s (i.e.
maximum cut-out wind speed threshold). If the wind speed increases above 35 m/s, all
the remaining turbines are shut down. Similarly if normal wind condition is detected, all
the remaining operating wind turbines are reset to their original power setpoint and cut-
out wind speed threshold.

It should be noted that the values of the power setpoints and cut-out wind speed
thresholds used in the examples described above are only examples and the embodiments
of the invention should not be restricted as such. Other power setpoints and cut-out wind
speed threshold values may be used or assigned to the wind turbines in other
embodiments. For example, it has been described that between wind speed 25 m/s and
35 m/s, the turbines are operated in a de-rated manner, and beyond 35 m/s, the turbines
are shut down. It is also possible that the turbines are operated in a de-rated manner in a
different range such as between wind speed 24 m/s and 34 m/s, where 34 m/s is the
maximum wind speed threshold.

Also in the above examples, wind speed and/or blade load moment are used to
detect high wind condition. It is also possible to detect high wind condition using other
values such as tower acceleration in other embodiments.

It should be emphasized that the embodiments described above are possible
examples of implementations which are merely set forth for a clear understanding of the
principles of the invention. The person skilled in the art may make many variations and
modifications to the embodiment(s) described above, said variations and modifications

are intended to be included herein within the scope of the following claims.

16



10

15

20

25

30

WO 2012/163359 PCT/DK2012/050183

Claim:

1. A wind farm comprising:

a plurality of wind turbines; and
a wind farm controller, the controller is configured to:

detect a high wind condition from at least one wind turbine in the wind
farm;

reduce a parameter setpoint of at least one other wind turbine; and

increase a cut-out wind speed threshold of the at least one other wind
turbine, wherein detecting the high wind condition from the at least one wind
turbine comprises detecting whether the at least one wind turbine has been shut

down due to high wind condition.

2. The wind farm of claim 1, wherein the controller is configured to repeat the steps
of claim 1 until the cut-out wind speed threshold of the at least one other wind turbine has

reached a maximum cut-out wind speed threshold.

3. The wind farm of claims 1 or 2, wherein the controller is configured to restore the
at least one other wind turbine to its original parameter setpoint and cut-out wind speed

threshold when the controller detects a normal wind condition.

4. The wind farm of claim 3, wherein the controller is configured to start up any

wind turbines in the wind farm which have been shut down due to high wind condition.

5. The wind farm of claim 1, wherein the controller is configured to:

detect wind direction; and

assign the cut-out wind speed threshold to each of the plurality of wind turbines
based on the detected wind direction and location of each of the plurality of wind turbines

in the wind farm.
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6. The wind farm of any of the preceding claims, wherein the high wind condition
for shutting down the at least one wind turbine comprises at least one of the following:

the wind speed detected by the wind turbine exceeds the cut-out wind speed
threshold;

the blade load moments of the wind turbine exceeds a blade load moment
threshold;

the drive train loads of the wind turbine exceeds a drive train load threshold; and

the tower acceleration of the wind turbine exceeds a acceleration threshold.

7. The wind farm of any of the preceding claims, wherein reducing the parameter
setpoint comprises reducing a power setpoint so that the power production of the at least

one other wind turbine is reduced.

8. The wind farm of any of the preceding claims, wherein reducing the parameter
setpoint comprises reducing both a power setpoint and a rotor speed setpoint so that both
the power production and the rotational speed of the rotor of the at least one other wind

turbine is reduced.

9. A method of operating a wind farm comprising a plurality of wind turbines and a
wind farm controller, the method comprises:
detecting a high wind condition from at least one wind turbine in the wind
farm;
reducing a parameter setpoint of at least one other wind turbine; and
increasing a cut-out wind speed threshold of the at least one other wind
turbine, wherein detecting the high wind condition from the at least one wind
turbine comprises detecting whether the at least one wind turbine has been shut

down due to high wind condition
10. The method of claim 9, further comprising repeating the steps of claim 9 until the

cut-out wind speed threshold of the at least one other wind turbine has reached a

maximum cut-out- wind speed threshold.
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11. The method of claims 9 or 10, further comprising restoring the at least one other
wind turbine to its original parameter setpoint and cut-out wind speed threshold when a

normal wind condition is detected.

12. The method of claim 11, further comprising starting up any wind turbines in the

wind farm which have been shut down due to high wind condition.

13. The method of claim 9, further comprising:

detecting wind direction; and

assigning the cut-out wind speed threshold to each of the plurality of wind
turbines based on the detected wind direction and location of each of the wind turbines in

the wind farm.

14. The method of any of claims 9 to 13, wherein the high wind condition for shutting
down the at least one wind turbine comprises at least one of the following:
the wind speed detected by the wind turbine exceeds the cut-out wind speed
threshold;
the blade load moments of the wind turbine exceeds a blade load moment
threshold;
the drive train loads of the wind turbine exceeds a drive train load threshold; and

the tower acceleration of the wind turbine exceeds a acceleration threshold.

15. The method of any one of claims 9 to 14, wherein reducing the parameter setpoint
comprises reducing a power setpoint so that the power production of the at least one other

wind turbine is reduced.

16. The method of any one of claims 9 to 15, wherein reducing the parameter setpoint
comprises reducing both a power setpoint and a rotor speed setpoint so that both the
power production and rotational speed of the rotor of the at least one other wind turbine is

reduced.
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