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DESCRIPTION

Description

FIELD OF THE INVENTION

[0001] The present subject matter relates generally to wind turbines and, more particularly, to
a system and method for overspeed monitoring of a wind turbine operating at reduced rotor
speeds (e.g., at a speed setpoint below its nominal speed).

BACKGROUND OF THE INVENTION

[0002] Wind power is considered one of the cleanest, most environmentally friendly energy
sources presently available, and wind turbines have gained increased attention in this regard.
A modern wind turbine typically includes a tower, a nacelle rotatably supported on the tower, a
generator housed in the nacelle, and one or more rotor blades. The rotor blades capture
kinetic energy from wind using known airfoil principles, and transmit the kinetic energy through
rotational energy to turn a shaft that couples the rotor blades to a gearbox, or if a gearbox is
not used, directly to the generator. The generator then converts the mechanical energy to
electrical energy that may be deployed to a utility grid. With the growing interest in wind
generated electricity, considerable efforts have been made to develop wind turbines that are
reliable and efficient.

[0003] Current wind turbines typically include an overspeed monitoring system that monitors
the rotor speed relative to a fixed overspeed setting(s) (i.e., a fixed maximum rotor speed
setting(s) for the wind turbine). In general, the fixed overspeed setting(s) is determined as a
function of the predetermined, nominal speed for the wind turbine. For example, the fixed
overspeed setting(s) may be set as a maximum speed setting that is greater than the wind
turbine's nominal speed. In such instance, if the rotor speed for the wind turbine exceeds the
fixed overspeed setting(s), a control action may be implemented by the overspeed monitoring
system to reduce the rotor speed and/or to shutdown the wind turbine. WO 2016/184470 A1
relates to a method for controlling a wind turbine generator.

[0004] In many instances, it is desired to operate a wind turbine at reduced speeds (e.g., at a
speed setting below the turbine's nominal speed). For example, a wind turbine may often be
operated at a derated speed to compensate for the higher loads caused by higher air
densities. Unfortunately, given the configuration of conventional overspeed monitoring
systems, the fixed overspeed setting(s) applied by a current monitoring system is the same
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regardless of whether the speed setpoint for the wind turbine is set at the nominal speed or a
reduced speed. Thus, if a failure of the turbine controller occurs while the wind turbine is
operating at reduced speeds, the turbine rotor is allowed to accelerate across a large range of
speed values from the reduced rotor speed to the fixed overspeed setting(s) prior to any
control action being implemented by the overspeed monitoring system. Such significant
acceleration of the rotor often results in the load capabilities of one or more of the wind turbine
components being exceeded, thereby leading to damage and/or failure of such component(s).

[0005] Accordingly, a system and method for improved overspeed monitoring of a wind turbine
operating at reduced rotor speeds (e.g., at a speed setpoint below its nominal speed) would be
welcomed in the technology.

BRIEF DESCRIPTION OF THE INVENTION

[0006] Aspects and advantages of the invention will be set forth in part in the following
description, or may be obvious from the description, or may be learned through practice of the
invention.

[0007] In one aspect, the present subject matter is directed to a method for overspeed
monitoring of a wind turbine according to claim 1. The method generally includes monitoring,
with a control device, an actual rotor speed of the wind turbine while the wind turbine is
operating at a current speed setpoint and referencing, with the control device, a dynamic
overspeed setting for the wind turbine. The method also includes determining, with the control
device, a final overspeed setting to be applied for the wind turbine based on a comparison
between the dynamic overspeed setting and a predetermined overspeed setting for the wind
turbine, wherein determining the final overspeed setting for the wind turbine includes selecting
the final overspeed setting as a minimum of the dynamic overspeed setting and the
predetermined overspeed setting. The method includes comparing, with the control device, the
actual rotor speed of the wind turbine to the final overspeed setting, and when the actual rotor
speed is equal to or exceeds the final overspeed setting, initiating, with the control device, a
control action to adjust an operation of the wind turbine in a manner that reduces the actual
rotor speed.

[0008] In another aspect, the present subject matter is directed to an overspeed monitoring
system for a wind turbine according to the independent system claim. The system includes a
turbine controller configured to control one or more components of the wind turbine so that the
wind turbine operates at a current speed setpoint. The turbine controller is also configured to
determine a dynamic overspeed setting for the wind turbine. The system also includes an
overspeed control device communicatively coupled to the turbine controller. The overspeed
control device is configured to receive the dynamic overspeed setting from the turbine
controller and determine a final overspeed setting to be applied for the wind turbine based on a
comparison between the dynamic overspeed setting and a predetermined overspeed setting
for the wind turbine, wherein determining the final overspeed setting for the wind turbine
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includes selecting the final overspeed setting as a minimum of the dynamic overspeed setting
and the predetermined overspeed setting. The overspeed control device is also configured to
monitor an actual rotor speed of the wind turbine and compare the actual rotor speed to the
final overspeed setting. In addition, when the actual rotor speed is equal to or exceeds the final
overspeed setting, the control device is configured to initiate a control action to adjust the
operation of the wind turbine in a manner that reduces the actual rotor speed.

[0009] These and other features, aspects and advantages of the present invention will become
better understood with reference to the following description and appended claims. The
accompanying drawings, which are incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and, together with the description, serve to explain the
principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A full and enabling disclosure of the present invention, including the best mode thereof,
directed to one of ordinary skill in the art, is set forth in the specification, which makes
reference to the appended figures, in which:

FIG. 1 illustrates a perspective view of one embodiment of a wind turbine in accordance with
aspects of the present subject matter;

FIG. 2 illustrates a simplified, internal view of one embodiment of the nacelle of the wind
turbine shown in FIG. 1 in accordance with aspects of the present subject matter;

FIG. 3 illustrates a schematic view of one embodiment of an overspeed monitoring system in
accordance with aspects of the present subject matter;

FIG. 4 illustrates a schematic view of another embodiment of the overspeed monitoring system
shown in FIG. 3; and

FIG. 5 illustrates a flow diagram of one embodiment of a method for overspeed monitoring of a
wind turbine in accordance with aspects of the present subject matter.

DETAILED DESCRIPTION OF THE INVENTION

[0011] Reference now will be made in detail to embodiments of the invention, one or more
examples of which are illustrated in the drawings. Each example is provided by way of
explanation of the invention, not limitation of the invention. In fact, it will be apparent to those
skilled in the art that various modifications and variations can be made in the present invention
without departing from the scope of the invention. For instance, features illustrated or
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described as part of one embodiment can be used with another embodiment to yield a still
further embodiment. Thus, it is intended that the present invention covers such modifications
and variations as come within the scope of the appended claims.

[0012] In general, the present subject matter is directed to a system and method for
overspeed monitoring of a wind turbine. In particular, the disclosed system and method
provided from improved overspeed monitoring when a wind turbine is operating at reduced or
derated rotor speeds (i.e., at a speed setpoint below the nominal speed for the wind turbine).
As will be described below, in several embodiments, a turbine controller of the wind turbine
may be configured to calculate a dynamic overspeed setting that varies as a function of a
current speed-related parameter of the wind turbine, such as the current speed setpoint for the
wind turbine or the current air density of the air surrounding the wind turbine. The calculated
dynamic overspeed setting may then be transmitted to an independent overspeed control
device of the wind turbine. The overspeed control device also includes a fixed overspeed
setting stored therein that is determined as a function of the nominal speed for the wind
turbine. Upon receipt of the dynamic overspeed setting, the overspeed control device may
determine the overspeed setting to be applied for the wind turbine by selecting the minimum
overspeed setting between the dynamic overspeed setting and the fixed overspeed setting.
Given that the dynamic overspeed setting is determined as a function of a current speed-
related parameter for the wind turbine as opposed to its fixed nominal speed, the dynamic
overspeed setting may be less than the fixed overspeed setting when the wind turbine is
operating at reduced rotor speeds. As such, the overspeed control device may utilize the
reduced, dynamic overspeed setting to monitor the rotor speed in a manner that can prevent
the occurrence of extreme loading conditions in the event of a controller failure for a speed-
derated wind turbine.

[0013] Referring now to the drawings, FIG. 1 illustrates a perspective view of one embodiment
of a wind turbine 10 in accordance with aspects of the present subject matter. As shown, the
wind turbine 10 generally includes a tower 12 extending from a support surface 14, a nacelle
16 mounted on the tower 12, and a rotor 18 coupled to the nacelle 16. The rotor 18 includes a
rotatable hub 20 and at least one rotor blade 22 coupled to and extending outwardly from the
hub 20. For example, in the illustrated embodiment, the rotor 18 includes three rotor blades
22. However, in an alternative embodiment, the rotor 18 may include more or less than three
rotor blades 22. Each rotor blade 22 may be spaced about the hub 20 to facilitate rotating the
rotor 18 to enable kinetic energy to be transferred from the wind into usable mechanical
energy, and subsequently, electrical energy. For instance, the hub 20 may be rotatably coupled
to an electric generator 24 (FIG. 2) positioned within the nacelle 16 to permit electrical energy
to be produced.

[0014] The wind turbine 10 may also include a turbine control system or turbine controller 26
centralized within the nacelle 16 (or disposed at any other suitable location within and/or
relative to the wind turbine 10). In general, the turbine controller 26 may comprise a computing
device or any other suitable processor-based device. Thus, in several embodiments, the
turbine controller 26 may include suitable computer-readable instructions that, when
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implemented, configure the controller 26 to perform various different functions, such as
receiving, transmitting and/or executing wind turbine control signals. As such, the turbine
controller 26 may generally be configured to control the various operating modes (e.g., start-up
or shut-down sequences) and/or components of the wind turbine 10. For example, the
controller 26 may be configured to adjust the blade pitch or pitch angle of each rotor blade 22
(i.e., an angle that determines a perspective of the blade 22 with respect to the direction of the
wind) about its pitch axis 28 in order to control the rotational speed of the rotor blade 22 and/or
the power output generated by the wind turbine 10. For instance, the turbine controller 26 may
control the pitch angle of the rotor blades 22, either individually or simultaneously, by
transmitting suitable control signals to one or more pitch drives or pitch adjustment
mechanisms 32 (FIG. 2) of the wind turbine 10. Similarly, the turbine controller 26 may be
configured to adjust the yaw angle of the nacelle 16 (i.e., an angle that determines a
perspective of the nacelle 16 relative to the direction of the wind) about a yaw axis (not shown)
of the wind turbine 10. For example, the controller 26 may transmit suitable control signals to
one or more yaw drive mechanisms 46 (FIG. 2) of the wind turbine 10 to automatically control
the yaw angle.

[0015] Referring now to FIG. 2, a simplified, internal view of one embodiment of the nacelle 16
of the wind turbine 10 shown in FIG. 1 is illustrated in accordance with aspects of the present
subject matter. As shown, a generator 24 may be disposed within the nacelle 16. In general,
the generator 24 may be coupled to the rotor 18 for producing electrical power from the
rotational energy generated by the rotor 18. For example, as shown in the illustrated
embodiment, the rotor 18 may include a rotor shaft 38 coupled to the hub 20 for rotation
therewith. The rotor shaft 38 may, in turn, be rotatably coupled to a generator shaft 40 of the
generator 24 through a gearbox 42. As is generally understood, the rotor shaft 38 may provide
a low speed, high torque input to the gearbox 42 in response to rotation of the rotor blades 22
and the hub 20. The gearbox 42 may then be configured to convert the low speed, high torque
input to a high speed, low torque output to drive the generator shaft 40 and, thus, the
generator 24.

[0016] Additionally, as indicated above, the controller 26 may also be located within the nacelle
16 (e.g., within a control box or panel). However, in other embodiments, the controller 26 may
be located within any other component of the wind turbine 10 or at a location outside the wind
turbine 10. As is generally understood, the controller 26 may be communicatively coupled to
any number of the components of the wind turbine 10 in order to control the operation of such
components. For example, as indicated above, the controller 26 may be communicatively
coupled to each pitch adjustment mechanism 32 of the wind turbine 10 (one for each rotor
blade 22) via a pitch controller 30 to facilitate rotation of each rotor blade 22 about its pitch axis
28. Similarly, the controller 26 may be communicatively coupled to one or more yaw drive
mechanisms 46 of the wind turbine 10 for adjusting the yaw angle or position of the nacelle 16.
For instance, the yaw drive mechanism(s) 46 may be configured to adjust the yaw position by
rotationally engaging a suitable yaw bearing 48 (also referred to as a slewring or tower ring
gear) of the wind turbine 10, thereby allowing the nacelle 16 to be rotated about its yaw axis.
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[0017] It should be appreciated that the turbine controller 26 may, in several embodiments,
correspond to a processor-based device, such as a computing device or any combination of
computing devices. For example, the turbine controller 26 may generally include one or more
processor(s) and associated memory configured to perform a variety of computer-
implemented functions (e.g., performing the methods, steps, calculations and the like disclosed
herein). As used herein, the term "processor” refers not only to integrated circuits referred to in
the art as being included in a computer, but also refers to a controller, a microcontroller, a
microcomputer, a programmable logic controller (PLC), an application specific integrated
circuit, and other programmable circuits. Additionally, the memory device(s) may generally
comprise memory element(s) including, but not limited to, computer readable medium (e.g.,
random access memory (RAM)), computer readable non-volatile medium (e.g.,, a flash
memory), a floppy disk, a compact disc-read only memory (CD-ROM), a magneto-optical disk
(MOD), a digital versatile disc (DVD) and/or other suitable memory elements. Such memory
may generally be configured to store information accessible to the processor(s), including data
that can be retrieved, manipulated, created and/or stored by the processor(s) and instructions
that can be executed by the processor(s). For instance, the memory device(s) may be
configured to store suitable computer-readable instructions that, when implemented by the
processor(s), configure the turbine controller 26 to perform various computer-implemented
functions including, but not limited to, any of the control functions described herein. It should
also be appreciated that the turbine controller 26 may include any suitable hardware that
allows the controller 26 to function as described herein. For instance, the instructions or logic
for the controller 26 may, in one embodiment, be implemented by hard-wired logic or other
circuitry.

[0018] In addition, the wind turbine 10 may also include one or more sensors for monitoring
various operating parameters of the wind turbine 10. For example, in several embodiments,
the wind turbine 10 may include one or more speed sensors 50 configured to monitor one or
more speed-related operating parameters of the wind turbine 10, such as the current rotor
speed of the wind turbine 10, the current generator speed of the wind turbine 10 and/or the
current air density of the air surrounding the wind turbine 10. Of course, the wind turbine 10
may further include various other suitable sensors for monitoring any other suitable operating
conditions of the wind turbine 10.

[0019] It should be appreciated that the various sensors described herein may correspond to
pre-existing sensors of a wind turbine 10 and/or sensors that have been specifically installed
within the wind turbine 10 to allow one or more operating parameters to be monitored. It
should also be appreciated that, as used herein, the term "monitor" and variations thereof
indicates that the various sensors of the wind turbine 10 may be configured to provide a direct
measurement of the operating parameters being monitored or an indirect measurement of
such operating parameters. Thus, the sensors may, for example, be used to generate signals
relating to the operating parameter being monitored, which can then be utilized by the
controller 26 to determine the actual operating parameters.

[0020] As shown in FIG. 2, the wind turbine may also include an independent overspeed
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control device 60 configured to monitor the rotor speed of the wind turbine 10 so as to
determine when the rotor speed reaches or exceeds a given overspeed setting(s) (e.g., a
maximum speed limit) for the wind turbine 10. In several embodiments, the overspeed control
device may correspond to a separate device from the turbine controller 26 (e.g., as shown in
FIG. 2). Thus, the overspeed control device 60 may monitor the rotor speed independently
from the turbine controller 26, which may allow the overspeed control device 60 to implement
or initiate a corrective or control action to adjust the operation of the wind turbine when an
overspeed condition is detected for the wind turbine 10 regardless of whether the turbine
controller 26 is functioning properly. Accordingly, the overspeed control device 60 may serve as
an independent means for ensuring that the rotor speed of the wind turbine 10 does not
exceed the desired speed limit or setting.

[0021] Similar to the turbine controller 26, the overspeed control device 60 may, in several
embodiments, correspond to a processor-based device, such as a computing device or any
combination of computing devices. In such embodiments, the overspeed control device 60
may include one or more processor(s) and associated memory configured to perform a variety
of computer-implemented functions (e.g., performing the methods, steps, calculations and the
like disclosed herein). For instance, the memory device(s) may be configured to store suitable
computer-readable instructions that, when implemented by the processor(s), configure the
overspeed control device 60 to perform various computer-implemented functions including, but
not limited to, any of the control functions described herein. It should be appreciated that the
overspeed control device 60 may also include any suitable hardware that allows the overspeed
control device 60 to function as described herein. For instance, the instructions or logic for the
overspeed control device 60 may, in one embodiment, be implemented by hard-wired logic or
other circuitry.

[0022] As will be described below with reference to FIG. 3, the overspeed control device 60
may, in several embodiments, be configured to receive a dynamic overspeed setting for the
wind turbine 10 from the turbine controller 26. Thus it should be appreciated that the
overspeed control device 60 may be configured to be communicatively coupled to the turbine
controller 26 via any suitable communicative link. For instance, in one embodiment, a wired
connection may be provided between the overspeed control device 60 and the turbine
controller 26. In another embodiment, the overspeed control device 60 and the turbine
controller 26 may be configured to communicate via a wireless connection using any suitable
wireless communications protocol.

[0023] Additionally, it should be appreciated that, for purposes of illustration, the overspeed
control device 60 is shown in FIG. 2 as being located within the same control box or panel as
the turbine controller 26. However, in other embodiments, the overspeed control device 60
may be located at any other suitable location relative to the turbine controller 26, such as at
any other location on and/or within the nacelle 16, any other location on and/or within another
component of the wind turbine 10 and/or at a location external to the wind turbine 10.

[0024] Referring now to FIG. 3, schematic diagram of one embodiment of an overspeed
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monitoring system 100 for a wind turbine is illustrated in accordance with aspects of the
present subject matter. As shown, both the turbine controller 26 and the overspeed control
device 60 may be configured to receive speed signals (e.g., as indicated by arrows 102) from
one or more components of the wind turbine 10 (e.g., from the one or more speed sensor(s)
50) that are associated with the current or actual rotor speed of the wind turbine 10. As
indicated above, in several embodiments, it may be desired or necessary to operate a wind
turbine at reduced or derated rotor speeds, such as at a speed setpoint that is less than then
nominal speed setpoint for the wind turbine 10. In such embodiments, the speed setpoint for
the wind turbine 10 may be set at a speed value that is less than the nominal speed setpoint,
such as a value that is less than 5% of the nominal rotor speed setpoint or less than 10% of the
nominal rotor speed setpoint or less than 20% less of the nominal rotor speed setpoint or less
than 30% less than the nominal rotor speed setpoint.

[0025] As shown in FIG. 3, the turbine controller 26 may, in one embodiment, be configured to
implement an internal or first overspeed monitor 104 that monitors the current rotor speed of
the wind turbine 10 (e.g., via speed signal 102) relative to a first predetermined overspeed
setting 106 for the wind turbine 10. For instance, the first predetermined overspeed setting 106
may correspond to a fixed maximum speed limit that is determined based on the nominal
speed setting for the wind turbine 10 (e.g., by setting the first predetermined overspeed setting
106 at a value that exceeds the nominal speed setting for the wind turbine 10 by a
predetermined amount). When implementing the first overspeed monitor 104, the turbine
controller 26 may be configured to compare the current rotor speed of the wind turbine 10 to
the first predetermined overspeed setting 106 to determine whether the rotor speed is equal to
or exceeds such overspeed setting. In the event that the rotor speed is equal to or exceeds the
first predetermined overspeed setting 106, the turbine controller 26 may be configured to
initiate a corrective action to adjust the operation of the wind turbine 10 in a manner that
reduces the rotor speed to a level below the first predetermined overspeed setting 106. For
instance, in one embodiment, the turbine controller 26 may be configured to implement a
controller-based shutdown sequence of the wind turbine 10 to initiate a controlled shutdown of
the turbine 10. Alternatively, the turbine controller 26 may be configured to initiate any other
suitable corrective action that results in a reduction of the rotor speed, such as by pitching the
rotor blades 22, yawing the nacelle 16, adjusting the torque demand on the generator 24
and/or activating a brake of the wind turbine 10.

[0026] Additionally, the turbine controller 26 may also be configured to implement a calculator
(e.g., as indicated by box 108) that is configured to calculate a dynamic overspeed setting for
the wind turbine 10 (e.g., indicated by arrow 110) and transmit such overspeed setting 110 to
the overspeed control device 60 (e.g., via the communicative link provided between the
controller 26 and the overspeed control device 60). In several embodiments, the controller 26
may be configured to calculate the dynamic overspeed setting 110 based on the current speed
setpoint for the wind turbine 10 such that the dynamic overspeed setting 110 varies as a
function of the current speed setpoint. For example, when the wind turbine 10 is being
operated within a reduced speed mode, the current speed setpoint for the wind turbine 10 may
be set at a desired rotor speed that is less than the nominal speed setpoint for the wind turbine
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10. In such instance, the turbine controller 26 may utilize the reduced speed setpoint to
calculate the dynamic overspeed setting 110. For example, in one embodiment, the dynamic
overspeed setting 110 may be calculated using the following equation (Equation 1):

DOS = C55 « OF (0

wherein, DOS corresponds to the dynamic overspeed setting 110 for the wind turbine 10, CSS
corresponds to the current speed setpoint for the wind turbine 10, and OF corresponds to an
overspeed factor used by the turbine controller 26 to set the dynamic overspeed setting 110 as
a function of the current speed setpoint.

[0027] It should be appreciated that, in general, the overspeed factor may correspond to any
suitable value or table of value(s) that may be used to provide the desired relationship between
the current speed setpoint and the dynamic overspeed setting 110. For instance, in one
embodiment, the overspeed factor may be selected as a value between 1.10 and 1.40 so that
the dynamic overspeed setting 110 corresponds to a speed limit or setting that ranges from
about 10% to about 40% higher than the current speed setpoint, such as by selecting the
overspeed factor to be a value between 1.20 and 1.30 so that the dynamic overspeed setting
110 corresponds to a speed limit or setting that ranges from about 20% to about 30% higher
than the current speed setpoint. It should also be appreciated that, in one embodiment, the
overspeed factor used to calculate the dynamic overspeed setting may remain constant across
all speed setpoints for the wind turbine. Alternatively, the overspeed factor may be varied
based across one or more of the speed setpoints for the wind turbine.

[0028] It should be appreciated that, in other embodiments, the dynamic overspeed setting
may be determined based on any other suitable speed-related parameter for the wind turbine.
For instance, in one embodiment, the dynamic overspeed setting may be determined as a
function of the current air density of the air surrounding the wind turbine. Specifically, as
indicated above, a wind turbine may often be operated at a given speed setpoint based on the
current air density, such as when a wind turbine is operated at a reduce speed to compensate
for the higher loads caused by higher air densities. In such instances, the dynamic overspeed
setting may be varied as a function of the air density, such as by correlating various air density
values to corresponding dynamic overspeed settings using a look-up table or any other
suitable means.

[0029] As shown in FIG. 3, similar to the turbine controller 26, the overspeed control device 60
of the disclosed system 100 may also be configured to implement an overspeed monitor 120
that monitors the current rotor speed of the wind turbine 10 (e.g., via speed signal 102) relative
to a given overspeed setting. In doing so, the overspeed control device 60 may be configured
to receive the dynamic overspeed setting 110 from the turbine controller 26 and, based on
such overspeed setting 110, determine a final overspeed setting (e.g., as indicated by arrow
122) to be applied for the wind turbine 10 (e.g., as indicated at box 124). Specifically, as shown
in FIG. 3, the overspeed control device 60 may, in one embodiment, be configured to compare
the dynamic overspeed setting 110 to a second predetermined overspeed setting (e.g.,
indicated by box 126) stored within the overspeed control device 60 to a determine the lowest
or minimum speed value between the two settings. In such an embodiment, the minimum
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overspeed setting between the dynamic overspeed setting 110 and the second predetermined
overspeed setting 126 may then be set as the final overspeed setting 122 to be applied within
the overspeed monitor 120.

[0030] When implementing the overspeed monitor 120, the overspeed control device 60 may
be configured to compare the final overspeed setting 122 with the current rotor speed to
determine whether the rotor speed is equal to or exceeds the overspeed setting 122. In the
event that the rotor speed is equal to or exceeds the final overspeed setting 122, the
overspeed control device 60 may be configured to initiate a corrective or control action to
adjust the operation of the wind turbine 10 in a manner that reduces the rotor speed to a level
below the applicable overspeed setting 122. For instance, as shown in FIG. 4, the overspeed
control device 60 may, in one embodiment, be configured to activate a safety chain (e.g., at
box 130) that, in turn, initiates a non-controller-based shutdown sequence so as to implement
an immediate shutdown of the turbine 10. Specifically, when the safety chain is activated, the
turbine controller 26 may be decoupled from the other wind turbine components or otherwise
rendered incapable of performing its conventional control functions such that the wind turbine
10 may be shutdown independent of the turbine controller 26. Alternatively, the overspeed
control device 60 may be configured to initiate any other suitable corrective action that results
in a reduction of the rotor speed, such as by simply pitching the rotor blades 22, yawing the
nacelle 16, adjusting the torque demand on the generator 24 and/or activating a brake of the
wind turbine 10.

[0031] It should be appreciated that the second predetermined overspeed setting 126 may
generally correspond to a fixed maximum speed limit that is determined based on the nominal
speed setting for the wind turbine 10 (e.g., by setting the second predetermined overspeed
setting 126 at a value that exceeds the nominal speed setting for the wind turbine 10 by a
predetermined amount). For instance, in one embodiment, the second predetermined
overspeed setting 126 may correspond to the nominal speed setpoint for the wind turbine 10
multiplied by a given overspeed factor (e.g., a value ranging from 1.1 to 1.4). It should also be
appreciated that the second predetermined overspeed setting 126 may, in several
embodiments, differ from the first predetermined overspeed setting 106. For instance, in one
embodiment, the first predetermined overspeed setting 106 used by the turbine controller 26
may be equal to a speed limit or value that is less than the speed limit or value corresponding
to the second predetermined overspeed setting 126.

[0032] By calculating the dynamic overspeed setting 110 based on a current speed-related
parameter of the wind turbine, such as the current speed setpoint for the wind turbine 10 or the
current air density, the disclosed system 100 may adjust the overspeed control settings applied
by the overspeed control device 60 in order to accommodate instances in which the wind
turbine 10 is being operated at reduced speeds. For instance, by scaling down the dynamic
overspeed setting 110 as the speed setpoint for the wind turbine 10 is reduced, the dynamic
overspeed setting 110 may be equal to a speed limit or value that is less than the speed limit or
value corresponding to the second predetermined overspeed setting 126 when the wind
turbine 10 is operating at a speed setpoint that is less than its nominal speed setpoint. In such
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instance, the final overspeed setting 122 applied by the overspeed control device 60 may
correspond to the dynamic overspeed setting 110, thereby allowing the control device 60 to
adapt its control functionality to the reduced rotor speeds. Accordingly, in a situation in which
the turbine controller 26 fails while the wind turbine 10 is operating in a reduced speed mode,
the overspeed control device 60 may be allowed to activate the safety chain 130 to implement
an immediate shutdown of the wind turbine 10 prior to the rotor speed reaching and/or
exceeding the higher, second predetermined overspeed setting 126, thereby preventing an
extreme loading condition on the wind turbine 10.

[0033] Referring now to FIG. 4, a variation of the embodiment of the overspeed monitoring
system 100 described above with reference to FIG. 3 is illustrated in accordance with aspects
of the present subject matter. In general, the overspeed monitoring system 100 shown in FIG.
4 is configured the same as the system 100 described above. However, in addition to the
overspeed control device 60 being configured to adjust its final overspeed setting 122 based
on the dynamic overspeed setting 110 received from the turbine controller 26, the overspeed
control device 60 may also be configured to perform a "watch dog" function for the turbine
controller 26. Specifically, as shown in FIG. 4, the overspeed control device 60 may be
configured to continuously monitor the health or operational status of the turbine controller 26
(e.g., as indicated at box 140) based on "life sign" signals received from the controller 26 (e.g.,
indicated by arrow 142). For example, the turbine controller 26 may be configured to
periodically transmit a "life sign” signal 142 to the overspeed control device 60 (e.g., every 100
microseconds) that provides an indication of whether the turbine controller 26 is operating
properly. For instance, the controller 26 may be configured to transmit a "life sign” signal 142 at
a given frequency that toggles between a value of zero and a value of one. In the event that
the overspeed control device 60 does not receive the "life sign” signal 142 at the required
frequency and/or if the signal 142 is not properly toggled between the appropriate values, the
overspeed control device 60 may determine that the turbine controller 26 is not functioning
properly. Thereafter, the overspeed control device 26 may be configured to activate the safety
chain 130 to initiate an immediate shutdown of the wind turbine 10.

[0034] It should be appreciated that, although the turbine controller 26 and the overspeed
control device 60 of the disclosed system 100 are described above with reference to FIGS. 3
and 4 as performing specific control functions, each individual control device 26, 60 may be
configured to perform any of the functions described above. For instance, in an alternative
embodiment, the overspeed control device 60 may be configured to calculate the dynamic
overspeed setting 110 based on a current speed-related parameter for the wind turbine such
as the current speed setpoint or the current air density. Similarly, in another alternative
embodiment, the turbine controller 26 may be configured to implement all of the functions of
the overspeed control device 60.

[0035] Referring now to FIG. 5, a flow diagram of one embodiment of a method for overspeed
monitoring of a wind turbine is illustrated in accordance with aspects of the present subject
matter. In general, the method 200 will be described herein with reference to the system 100
described above with reference to FIGS. 3 and 4. However, it should be appreciated by those
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of ordinary skill in the art that the disclosed method 200 may be implemented within any other
system. In addition, although FIG. 5 depicts steps performed in a particular order for purposes
of illustration and discussion, the methods discussed herein are not limited to any particular
order or arrangement. One skilled in the art, using the disclosures provided herein, will
appreciate that various steps of the methods disclosed herein can be omitted, rearranged,
combined, and/or adapted in various ways without deviating from the scope of the present
disclosure.

[0036] As shown in , at (202), the method 200 includes monitoring an actual rotor speed of the
wind turbine while the wind turbine is operating at a current speed setpoint. For instance, as
indicated above, the overspeed control device 60 may be configured to monitor the rotor
speed of the wind turbine based on rotor speed signals 102 received from one or more
components of the wind turbine 10 (e.g., the speed sensor(s) 50).

[0037] Additionally, at (204), the method 200 includes referencing a dynamic overspeed setting
for the wind turbine. Specifically, as indicated above, the turbine controller 26 may, in one
embodiment, be configured to calculate a dynamic overspeed setting 110 based on a current
speed-related parameter of the wind turbine 10 (e.g., the current speed setpoint or the current
air density) and transmit the overspeed setting 110 to the overspeed control device 60. In such
an embodiment, the overspeed control device 60 may be configured to reference the dynamic
overspeed setting 110 received from the turbine controller 26 to determine the final overspeed
setting (e.g., as indicated below).

[0038] Moreover, at (206), the method 200 includes determining a final overspeed setting to
be applied for the wind turbine based on a comparison between the dynamic overspeed setting
and a predetermined overspeed setting for the wind turbine. The overspeed control device is
configured to select the final overspeed setting as the minimum value between the dynamic
overspeed setting and the predetermined overspeed setting.

[0039] Referring still to FIG. 5, at (208), the method 200 includes comparing the actual rotor
speed of the wind turbine to the final overspeed setting. Additionally, at (210), the method 200
includes initiating a control action to adjust an operation of the wind turbine in a manner that
reduces the actual rotor speed when the actual rotor speed is equal to or exceeds the final
overspeed setting. For example, as described above, the overspeed control device 60 may be
configured to activate a safety chain 130 to initiate a shutdown sequence of the wind turbine
when it is determined that the actual rotor speed is equal to or exceeds the final overspeed
setting applied by the overspeed control device 60.

[0040] This written description uses examples to disclose the invention, including the best
mode, and also to enable any person skilled in the art to practice the invention, including
making and using any devices or systems and performing any incorporated methods. The
scope is defined by the claims.
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KRAV

1. Fremgangsmade (200) til overvdgning af overhastighed af en vindmglle (10), hvor
fremgangsmaden (200) omfatter:

overvdgning, med en kontrolenhed (60), af en faktisk rotorhastighed for vindmgllen
(10), mens vindmgllen (10) arbejder ved et aktuelt hastighedsindstillingspunkt;
referere, med kontrolenheden (60), til en dynamisk overhastighedsindstilling (110)
for vindmgllen (10);

bestemmelse, med kontrolenheden (60), af en endelig overhastighedsindstilling
(122), der skal anvendes for vindmgllen (10) baseret pd en sammenligning mellem
den dynamiske overhastighedsindstiling (110) og en forudbestemt
overhastighedsindstilling for vindmgllen (10), hvor bestemmelse af den endelige
overhastighedsindstilling for vindmgllen (10) omfatter valg af den endelige
overhastighedsindstilling som et minimum for den dynamiske
overhastighedsindstilling (110) og den forudbestemte overhastighedsindstilling;
sammenligning, med kontrolenheden (60), af vindmgllens (10) faktiske
rotorhastighed med den endelige overhastighedsindstilling (122); og

ndr den faktiske rotorhastighed er lig med eller overstiger den endelige
overhastighedsindstilling (122), initiering, med kontrolenheden (60), en
kontrolhandling til at justere en styring af vindmgllen (10) pd en méde, der reducerer

den faktiske rotorhastighed.

2. Fremgangsmdde (200) ifelge krav 1, hvor det aktuelle hastighedsindstillingspunkt svarer til et
hastighedsindstillingspunkt, der er mindre end et nominelt hastighedsindstillingspunkt for

vindmgllen (10).

3. Fremgangsmdde (200) ifglge krav 2, hvor den dynamiske overhastighedsindstilling (110)
varierer som en funktion af den aktuelle hastighedsindstilling, sdledes at den dynamiske
overhastighedsindstilling (110) er mindre end den forudbestemte overhastighedsindstilling, nar
den aktuelle hastighedsindstiling er mindre end den nominelle hastighedsindstilling for

vindmgllen (10).

4. Fremgangsmade (200) ifslge et hvilket som helst af de foregdende krav, hvor referering til den

dynamiske overhastighedsindstiling (110) omfatter modtagelse af den dynamiske
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overhastighedsindstiling (110) fra en turbineregulator (26) i vindmgllen (10), hvor

turbineregulatoren (26) svarer til en separat enhed fra kontrolenheden (60).

Fremgangsmdde (200) ifglge et hvilket som helst af de foregdende krav, hvor den dynamiske
overhastighedsindstilling (110) bestemmes som en funktion af mindst én af den aktuelle

overhastighedsindstilling og en overhastighedsfaktor.

Fremgangsmdde (200) ifglge krav 5, hvor overhastighedsfaktoren er valgt sdledes, at den
dynamiske overhastighedsindstilling (110) svarer til en hastighedsindstilling, der er 10% til 40%
hgjere end den aktuelle hastighedsindstilling.

Fremgangsmdde (200) ifglge et hvilket som helst af de foregdende krav, hvor den forudbestemte
overhastighedsindstilling svarer til en fast hastighedsgreense for vindmgllen (10) bestemt

baseret pd en nominel hastighedsindstilling for vindmellen (10).

Fremgangsmdde (200) ifglge et hvilket som helst af de foregdende krav, hvor initiering af
kontrolhandlingen for at justere styringen af vindmgllen (10) omfatter initiering af en

nedlukningssekvens for vindmgllen (10).

Fremgangsmdde (200) ifalge et hvilket som helst af kravene 1-3 eller 5-8, hvor initiering af
kontrolhandlingen for at justere styringen af vindmgllen (10) omfatter aktivering af en
sikkerhedskeede for at afkoble en turbineregulator (26) af vindmgllen (10) fra andre

komponenter i vindmgllen (10).

Fremgangsmdde (200) ifglge et hvilket som helst af kravene 1-3 eller 5-8, yderligere omfattende
overvdgning, med kontrolenheden (60), af en driftsstatus for en turbineregulator (26) af
vindmgllen (10), hvor turbineregulatoren (26) svarer til en separat enhed fra kontrolenheden
(60).

Et overhastighedsovervdgningssystem (100) til en vindmglle (10), hvor systemet (100) omfatter:

en turbineregulator (26), der er konfigureret til at styre en eller flere komponenter i
vindmgllen (10), sdledes at vindmgllen (10) arbejder ved et aktuelt
hastighedsindstillingspunkt, hvor turbineregulatoren (26) yderligere er konfigureret til

at bestemme en dynamisk overhastighedsindstilling (110) for vindmgllen (10); og
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en overhastighedskontrolenhed (60), der er kommunikativt koblet til
turbineregulatoren (26), hvor overhastighedskontrolenheden (60) er konfigureret til
at modtage den dynamiske overhastighedsindstilling (110) fra turbineregulatoren
(26) og bestemme en endelig overhastighedsindstilling (122) der skal anvendes for
vindmgllen (10) baseret pd& sammenligning mellem den dynamiske
overhastighedsindstilling (110) og en forudbestemt overhastighedsindstilling for
vindmgllen (10), hvor bestemmelsen af den endelige overhastighedsindstilling for
vindmgllen (10) omfatter at veelge den endelige overhastighedsindstilling som et
minimum af den dynamiske overhastighedsindstilling (110) og den forudbestemte
overhastighedsindstilling; hvor overhastighedskontrolenheden (60) er yderligere
konfigureret til at overvdge en faktisk rotorhastighed for vindmgllen (10) og
sammenligne den faktiske rotorhastighed med den endelige overhastighedsindstilling
(122),

hvor, ndr den faktiske rotorhastighed er lig med eller overstiger den endelige
overhastighedsindstilling (122), kontrolenheden (60) er konfigureret til at initiere en
kontrolhandling for at justere styringen af vindmgllen (10) pd en mdde, der reducerer

den faktiske rotorhastighed.

System (100) ifglge krav 11, hvor det aktuelle hastighedsindstillingspunkt svarer til et
hastighedsindstillingspunkt, der er mindre end et nominelt hastighedsindstillingspunkt for

vindmgllen (10).

System (100) ifglge krav 12, hvor den dynamiske overhastighedsindstilling (110) varierer som
en funktion af den aktuelle hastighedsindstilling, sdledes at den dynamiske
overhastighedsindstilling (110) er mindre end den forudbestemte overhastighedsindstilling, nar
den aktuelle hastighedsindstiling er mindre end den nominelle hastighedsindstilling for

vindmgllen (10).

System (100) ifglge krav 11-13, hvor overhastighedskontrolenheden (60) svarer til en separat

enhed fra turbineregulatoren (26).
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200
202
MONITOR AN ACTUAL SPEED OF THE WIND TURBINE
WHILE THE WIND TURBINE IS OPERATING AT A
CURRENT SPEED SETPOINT

I 204

REFERENCE A DYNAMIC OVERSPEED FOR THE

WIND TURBINE

I 206

DETERMINE A FINAL OVERSPEED SETTING TO BE APPLIED
FOR THE WIND TURBINE BASED ON A COMPARISON
BETWEEN THE DYNAMIC OVERSPEED SETTING AND A

PREDETERMINED OVERSPEED SETTING FOR THE

WIND TURBINE
! V. 208
COMPARE THE ACTUAL ROTOR SPEED OF THE WIND
TURBINE TO THE FINAL OVERSPEED SETTING
] /‘210

WHEN THE ACTUAL ROTOR SPEED IS EQUAL TO OR
EXCEEDS THE FINAL OVERSPEED SETTING, INITIATE A
CONTROL ACTION TO ADJUST AN OPERATION OF THE
WIND TURBINE IN A MANNER THAT REDUCES THE
ACTUAL ROTOR SPEED

FIG. —5-
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