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DESCRIPTION

[0001] The present disclosure relates in general to wind turbine, and more particularly to
contingency autonomous yaw control for wind turbines.

[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 modem wind turbine typically includes a nacelle fixed atop a tower, a generator and a
gearbox housed with the nacelle, and a rotor configured with the nacelle having a rotatable
hub with one or more rotor blades. The rotor blades capture kinetic energy of wind using
known airfoil principles. The rotor blades transmit the kinetic energy in the form of rotational
energy so as to turn a shaft coupling 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.

[0003] At least some known nacelles, see for instance EP3124788 A1, include a yaw system
for controlling a perspective of the rotor relative to a direction of wind. Such yaw systems
generally include a yaw bearing, a plurality of yaw drives that operate to rotate the yaw
bearing, a controller, one or more batteries, a grid anemometer, etc. Further, the wind turbine
also includes sensors for sensing a direction of the wind. Thus, the controller is configured to
adjust the yaw of the wind turbine via the yaw system based on the sensed wind direction.

[0004] There are instances, however, where the controller may be offline, such as for example,
adverse grid or weather events (e.g. typhoons, hurricanes, etc.) as well as regular
maintenance. If the controller is offline, there is no way to operate the yaw system. Without the
yaw system, the wind turbine may be subjected to increased loads (e.g., asymmetric loads)
that result from yaw misalignment which may contribute to significant fatigue cycles on the wind
turbine components. As the wind turbine components become worn, the wind turbine becomes
less effective. In addition, the wear on the component may impact the machine life adversely.

[0005] To minimize the negative effects mentioned herein, it would be advantageous for the
wind turbine to include a protection logic that requires the highest availability of the yaw system
to steer the nacelle to align with the wind direction or out of the wind direction in case very high
wind speeds. Thus, the present disclosure is directed to an improved yaw control system and
method for operating same that provides individual failsafe parallel redundant controls so as to
isolate the system from failure due to malfunction or failure of any one component.

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

[0007] In one aspect, the present disclosure is directed to a yaw system of a wind turbine
having contingency autonomous control capabilities. The yaw system includes a plurality of
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yaw system components configured to change an angle of a nacelle of the wind turbine relative
to an incoming wind direction. The plurality of yaw system components includes an auxiliary
power supply comprising a brake power control device (e.g. such as a variable frequency
drive), a braking unit coupled to the brake power control device, at least two ww energy
storage device coupled to the braking unit, a plurality of yaw drive mechanisms
communicatively coupled to the auxiliary power supply via a communication link, and a
controller configured to implement a protective control strategy for the yaw system in response
to one of the yaw system components experiencing a failure. Each of the yaw drive
mechanisms includes a yaw power control device.

[0008] In one embodiment, if the communication link experiences the failure, the protective
control strategy includes controlling the remaining yaw system components via one or more
distributed 1/0O modules communicatively coupled to the controller.

[0009] In another embodiment, the yaw drive mechanism(s) may include, at least, a yaw drive
motor and a yaw bearing, with the yaw bearing arranged between the nacelle and a tower of
the wind turbine. In such embodiments, if one of the yaw drive motors experiences the failure,
the protective control strategy includes isolating the path of the yaw drive motor experiencing
the failure and maintaining operation of remaining yaw drive motors. In further embodiments, if
one or more of the yaw power control devices experiences the failure, the protective control
strategy includes isolating the path of the yaw power control device experiencing the failure
and maintaining operation of remaining yaw power control devices with equal automatic load
sharing spread over the balance of the working units.

[0010] In additional embodiments, the braking unit includes a brake chopper coupled to the
brake power control device and at least two dynamic brake resistors coupled to the brake
chopper. In such embodiments, if one of the dynamic brake resistors experiences the failure,
the protective control strategy includes automatically falling back to the other dynamic brake
resistor that is not experiencing the failure without interruption and continuing the operation of
the yaw system without interruption. In another embodiment, if the brake chopper experiences
the failure, the protective control strategy includes absorbing the excess energy of the yaw
system into the auxiliary power supply via the two energy storage devices automatically, and/or
diverting the energy to a hydraulic pump used in the system for dissipation.

[0011] In several embodiments, the two energy storage devices may include at least two
battery units coupled to at least two battery chargers via a fuse. In such embodiments, if one of
the battery chargers experiences the failure, the protective control strategy may include
automatically falling back to the other battery charger that is not experiencing the failure and
operating the yaw system without interruption. Further, if one of the battery units experiences
the failure, the protective control strategy includes automatically falling back to the other
battery unit that is not experiencing the failure and operating the yaw system without
interruption.

[0012] In certain embodiments, if the controller experiences the failure, the yaw power control
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devices are configured and programmed to take over the control operation of the yaw system
and operate the system without interruption.

[0013] In another aspect, the present disclosure is directed to a method for operating a yaw
system of a wind turbine having contingency autonomous control capabilities. The yaw system
has an auxiliary power supply with a brake power control device, a braking unit coupled to the
brake power control device, at least two energy storage devices coupled to the braking unit,
and a plurality of yaw drive mechanisms communicatively coupled to the auxiliary power supply
via a communication link. Further, each of the yaw drive mechanisms has a yaw power control
device. As such, the method includes monitoring, via at least one of a turbine controller or the
yaw power control devices, the yaw system for failures. In response to detecting a failure, the
method includes determining whether the failure is critical or non-critical based on a location of
the failure. If the failure is critical, the method includes implementing, via the yaw power control
devices, a protective control strategy for the yaw system. Alternatively, if the failure is non-
critical, the method includes implementing, via the turbine controller, the protective control
strategy for the yaw system.

[0014] In one embodiment, the method may also include communicatively coupling at least
one wind sensor, e.g. a turbine anemometer, to the turbine controller and the yaw power
control devices and monitoring, via the at least one wind sensor, a wind speed near the wind
turbine. Thus, if the wind speed exceeds a predetermined threshold, the method also includes
implementing the protective control strategy for the yaw system via either the yaw power
control devices or the turbine controller depending on whether the failure is critical or non-
critical.

[0015] In another embodiment, the critical failures are those failures generally located in the
turbine controller, the auxiliary power supply, a filter unit of the auxiliary power supply, or a
power path to the nacelle. Alternatively, non-critical failures are generally located in the braking
unit, one of the energy storage devices, one of the yaw drive mechanisms, or the
communication link. It should be understood that the method may also include any of the steps
and/or features as described herein. Various 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.

[0016] In the drawings:

FIG. 1 illustrates a perspective view of one embodiment of a wind turbine according to the
present disclosure;

FIG. 2 illustrates a simplified, internal view of one embodiment of a nacelle according to the
present disclosure;

FIG. 3 illustrates a block diagram of one embodiment of a controller according to the present
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disclosure;

FIG. 4 illustrates a schematic diagram of one embodiment a yaw system of a wind turbine
having contingency autonomous control capabilities according to the present disclosure;

FIG. 5 illustrates a schematic diagram of one embodiment a yaw system of a wind turbine
having contingency autonomous control capabilities according to the present disclosure,
particularly illustrating controlling the yaw system via distributed 1/O modules when a
communication link of the system has failed;

FIG. 6 illustrates a schematic diagram of one embodiment a yaw system of a wind turbine
having contingency autonomous control capabilities according to the present disclosure,
particularly illustrating controlling the yaw system via the remaining motors of the system when
one of the motors has failed;

FIG. 7 illustrates a schematic diagram of one embodiment a yaw system of a wind turbine
having contingency autonomous control capabilities according to the present disclosure,
particularly illustrating controlling the yaw system via the remaining power control devices of
the system when one of the power control devices has failed;

FIG. 8 illustrates a schematic diagram of one embodiment a yaw system of a wind turbine
having contingency autonomous control capabilities according to the present disclosure,
particularly illustrating controlling the yaw system via one of the dynamic brake resistors of the
system when one of the dynamic brake resistors has failed;

FIG. 9 illustrates a schematic diagram of one embodiment a yaw system of a wind turbine
having contingency autonomous control capabilities according to the present disclosure,
particularly illustrating absorbing excess energy of the yaw system into the auxiliary power
supply and/or one or more energy storage device when a brake chopper of the system has
failed;

FIG. 10 illustrates a schematic diagram of one embodiment a yaw system of a wind turbine
having contingency autonomous control capabilities according to the present disclosure,
particularly illustrating absorbing excess energy of the yaw system into the auxiliary power
supply, one or more energy storage device, and/or a hydraulic pump when a brake chopper of
the system has failed;

FIG. 11 illustrates a schematic diagram of one embodiment a yaw system of a wind turbine
having contingency autonomous control capabilities according to the present disclosure,
particularly illustrating controlling the yaw system via one of the battery chargers when the
other battery charger has failed;

FIG. 12 illustrates a schematic diagram of one embodiment a yaw system of a wind turbine
having contingency autonomous control capabilities according to the present disclosure,
particularly illustrating controlling the yaw system via one of the battery units when the other
battery unit has failed,;
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FIG. 13 illustrates a schematic diagram of one embodiment a yaw system of a wind turbine
having contingency autonomous control capabilities according to the present disclosure,
particularly illustrating controlling the yaw system via the yaw power control devices when one
or more critical components of the yaw system have failed; and

FIG. 14 illustrates a flow diagram of one embodiment of a method for operating a yaw system
of a wind turbine according to the present disclosure.

[0017] 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
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

[0018] Referring now to the drawings, FIG. 1 illustrates a perspective view of one embodiment
of a wind turbine 10 according to the present disclosure. 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.

[0019] The wind turbine 10 may also include a wind turbine controller 26 centralized within the
nacelle 16. For example, as shown, the turbine controller 26 is located in the top box cabinet
48 (FIG 2). 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. Further, 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 and/or implement a correction
action. As such, the controller 26 may include a computer or other suitable processing unit.
Thus, in several embodiments, the controller 26 may include suitable computer-readable
instructions that, when implemented, configure the controller 26 to perform various different
functions, such as receiving, transmitting and/or executing wind turbine control signals.
Accordingly, the controller 26 may generally be configured to control the various operating
modes (e.g., start-up or shut-down sequences), de-rating or up-rating the wind turbine, and/or
individual components of the wind turbine 10.
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[0020] 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. 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 34 coupled to
the hub 20 for rotation therewith. The rotor shaft 34 may, in turn, be rotatably coupled to a
generator shaft 36 of the generator 24 through a gearbox 38. As is generally understood, the
rotor shaft 34 may provide a low speed, high torque input to the gearbox 38 in response to
rotation of the rotor blades 22 and the hub 20. The gearbox 38 may then be configured to
convert the low speed, high torque input to a high speed, low torque output to drive the
generator shaft 36 and, thus, the generator 24.

[0021] Each rotor blade 22 may include a yaw drive mechanism 40 configured to change the
angle of the nacelle 16 relative to the wind (e.g., by engaging a yaw bearing 42 of the wind
turbine 10 that is arranged between the nacelle 16 and the tower 12 of the wind turbine 10).
Further, each yaw drive mechanism 40 may include a yaw drive motor 44 (e.g., any suitable
electric motor), a yaw drive gearbox 45, and a yaw drive pinion 46. In such embodiments, the
yaw drive motor 44 may be coupled to the yaw drive gearbox 45 so that the yaw drive motor
44 imparts mechanical force to the yaw drive gearbox 45. Similarly, the yaw drive gearbox 45
may be coupled to the yaw drive pinion 46 for rotation therewith. The yaw drive pinion 46 may,
in turn, be in rotational engagement with the yaw bearing 42 coupled between the tower 12
and the nacelle 16 such that rotation of the yaw drive pinion 46 causes rotation of the yaw
bearing 42. Thus, in such embodiments, rotation of the yaw drive motor 44 drives the yaw
drive gearbox 45 and the yaw drive pinion 46, thereby rotating the yaw bearing 42 and the
nacelle 16 about the yaw axis 43. Similarly, the wind turbine 10 may include one or more pitch
adjustment mechanisms 32 communicatively coupled to the wind turbine controller 26, with
each pitch adjustment mechanism(s) 32 being configured to rotate the pitch bearing 47 and
thus the individual rotor blade(s) 22 about the pitch axis 28.

[0022] In addition, the wind turbine 10 may also include one or more sensors 52 for monitoring
various wind conditions of the wind turbine 10. For example, as shown in FIG. 2, the wind
direction, wind speed, or any other suitable wind condition near of the wind turbine 10 may be
measured, such as through use of a suitable weather sensor 52. Suitable weather sensors 52
include, for example, Light Detection and Ranging ("LIDAR") devices, Sonic Detection and
Ranging ("SODAR") devices, anemometers, wind vanes, barometers, radar devices (such as
Doppler radar devices) or any other sensing device which can provide wind directional
information now known or later developed in the art.

[0023] Referring now to FIG. 3, a block diagram of one embodiment of the controller 26
according to the present disclosure is illustrated. As shown, the controller 26 may include a
computer or other suitable processing unit that may include suitable computer-readable
instructions that, when implemented, configure the controller 26 to perform various different
functions, such as receiving, transmitting and/or executing wind turbine control signals. More
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specifically, as shown, there is illustrated a block diagram of one embodiment of suitable
components that may be included within the controller 26 in accordance with example aspects
of the present disclosure. As shown, the controller 26 may include one or more processor(s)
58 and associated memory device(s) 60 configured to perform a variety of computer-
implemented functions (e.g., performing the methods, steps, calculations and the like disclosed
herein).

[0024] 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) 60 may generally
comprise memory element(s) including, but not limited to, computer readable medium (e.g.,
random access memory (RAM)), computer readable non-volatiie 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.

[0025] Such memory device(s) 60 may generally be configured to store suitable computer-
readable instructions that, when implemented by the processor(s) 58, configure the controller
26 to perform various functions as described herein. Additionally, the controller 26 may also
include a communications interface 62 to facilitate communications between the controller 26
and the various components of the wind turbine 10. An interface can include one or more
circuits, terminals, pins, contacts, conductors, or other components for sending and receiving
control signals. Moreover, the controller 26 may include a sensor interface 64 (e.g., one or
more analog-to-digital converters) to permit signals transmitted from the sensors to be
converted into signals that can be understood and processed by the processors 58.

[0026] Referring now to FIGS. 4-13, a distributed control system 100 for a wind turbine, such
as wind turbine 10 of FIG. 1, according to example embodiments of the disclosure is illustrated.
As shown, the control system 100 includes the main wind turbine controller 26 and a plurality of
distributed input and output (I/O) modules 104, 106, 108 for individual control of one or more
wind turbine components. More specifically, as shown in the illustrated embodiment, the control
system 100 includes a top box distributed 1/O module 104, a downtower distributed 1/O module
106, and a tower distributed 1/O module 108. Further, as shown, each of the distributed 1/O
modules 104, 106, 108 are connected to the main turbine controller 26 via a plurality of
communication link 92 for command and monitoring. It should be understood that the
communications links 92 as described herein may include any suitable communication medium
for transmitting the signals. For instance, the communications links 92 may include any number
of wired or wireless links, including communication via one or more Ethernet connections, fiber
optic connections, network buses, power lines, conductors, or circuits for transmitting
information wirelessly. Further, signals may be communicated over the communications links
92 using any suitable communication protocol, such as a serial communication protocol,
broadband over power line protocol, wireless communication protocol, or other suitable
protocol.
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[0027] Thus, during normal operation, the turbine controller 26 is configured to receive
information from the input modules and send information to output modules. The inputs and
outputs can be either analog signals which are continuously changing or discrete signals. More
specifically, in certain embodiments, the top box distributed 1/O module 104 is configured to
provide 1/O to the turbine controller 26 so as to control uptower components of the wind turbine
10, e.g. the yaw drive mechanisms 40. Similarly, the downtower distributed 1/O module 106 is
configured to provide I/O to the turbine controller 26 so as to control the downtower electrical
assembly, e.g. transformers, etc. The tower distributed I/O module 108 is configured to provide
I/O to the tower components as described herein. In addition, the control system 100 may
include more or less distributed 1/O modules than those depicted in FIG. 4 depending on the
specific components of the wind turbine 10.

[0028] Referring still to FIGS. 4-13, the control system 100 of the present disclosure more
specifically provides contingency autonomous yaw control capabilities. More specifically, the
control system 100 includes a yaw system 70 having a plurality of yaw system components
configured to change an angle of the nacelle 16 of the wind turbine 10 relative to an incoming
wind direction 66 that can operate through various failures of the overall system 100. For
example, as shown, one of the yaw system components may include an auxiliary power supply
72 having a hydraulic brake power control device (e.g. a variable frequency drive 74). More
specifically, the auxiliary power supply 72 is configured to power all programmable logic
controllers (PLC) of the system 70, as well as providing the communication and controls of the
system 70. In addition, another yaw system component includes a filter unit 73 that is
connected to the output of the auxiliary power supply 72. For example, in one embodiment, the
auxiliary power supply 72 may correspond to a fixed frequency inverter (i.e. running at desired
frequency that is equal to the prevailing grid frequency) that provides a PWM output. In such
an embodiment, the filter unit 73 may include a sinusoidal filter to eliminate the harmonics of
the output.

[0029] The yaw system components may further include a braking unit 76 coupled to the brake
variable frequency drive 74. More specifically, as shown in the illustrated embodiment, the
braking unit 76 may include a brake chopper 78 coupled to the brake variable frequency drive
74 and at least two dynamic brake resistors 80, 82 coupled to the brake chopper 78. As such,
the multiple dynamic brake resistors 80, 82 provide redundancy to the braking unit 76 of the
yaw system 70 in the event of a resistor failure.

[0030] Further, as shown, the yaw system 70 includes at least two energy storage devices 84,
86 coupled to the braking unit 76. More specifically, as shown, each of the energy storage
device(s) 84, 86 may include at least two battery units 85, 87 coupled to at least two battery
chargers 88, 89 via a fuse 90. In other words, the battery units 85, 87 and/or battery chargers
88, 89 are designed to operate in a load-sharing configuration, with each of the battery units
85, 87 and/or battery chargers 88, 89 capable of taking the complete load. Further, the fuse 90
described herein provides DC fuse protection at the output of battery unit(s) 85, 87, particularly
for overload and arc flash protection against short circuits.
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[0031] As mentioned, the yaw system 70 also includes a plurality of yaw drive mechanisms 40
(including, at least, the yaw drive motor 44 and the yaw bearing 42) that are communicatively
coupled to the auxiliary power supply 72 generated internally to cater to electrical loads during
grid event or unavailability of mains via a communication link 92. More specifically, as shown,
each of the yaw drive mechanisms 40 includes a yaw power control device (e.g. yaw variable
frequency drive 75. For example, in certain embodiments, the yaw variable frequency drives
75 may correspond to four-quad front end converters that provide back-to-back AC DC bridges
to enable energy flow in both the directions with a common DC bus. In addition, as shown, the
yaw system 70 may include a multiple-winding transformer 77 to facilitate the bidirectional
energy transfer, thereby enabling the exchange of energy between all yaw system
components.

[0032] Referring still to FIGS. 4-13, the yaw system 70 may also include one or more
controllers 79 configured to implement a protective control strategy for the yaw system 70 in
response to one of the yaw system components experiencing a failure. For example, in one
embodiment, the yaw variable frequency drives 75 may correspond to intelligent converters
each having a separate controller 79 configured to evaluate the forces locally and compare
with one or more driving command(s), which eliminates the dependency on the turbine
controller 26.

[0033] As such, FIGS. 5-13 illustrate various scenarios of operating the yaw system 70 in
response to a failure of one of the yaw system components. For example, referring particularly
to FIG. 5, if one or more of the communication link 92 experiences the failure, the protective
control strategy includes controlling the remaining yaw system components via one or more of
the distributed /O modules 104, 106, 108 communicatively coupled to the turbine controller 26,
i.e. as indicated by the dotted lines 91.

[0034] Referring particularly to FIG. 6, if one of the yaw drive motors 44 experiences the failure
(as indicated by dotted box 93), the protective control strategy includes isolating a path of the
yaw drive motor 44 experiencing the failure and maintaining operation of remaining yaw drive
motors 44 so as to provide automatic load sharing of the remaining motors 44. For example, in
one embodiment, a switch associated with the yaw drive motor 44 experiencing the failure may
be opened to isolate the path thereof. Such operation can be possible due a safety margin of
the power path.

[0035] Referring now to FIG. 7, if one or more of the yaw variable frequency drives 75
experiences the failure (as indicated by dotted box 94), the protective control strategy includes
isolating a path of the yaw variable frequency drive 75 experiencing the failure and maintaining
operation of remaining yaw variable frequency drives 75 so as to provide automatic load
sharing of the remaining yaw variable frequency drives 75. Such load sharing is configured to
drive the common load and share it equally despite the number of variable frequency drives
75. Therefore, failure of one or two of the variable frequency drives 75 (or motors 44) requires
the remaining of drives 75 to take more load to compensate failed component.
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[0036] Referring now to FIG. 8, if one of the dynamic brake resistors 80 or 82 experiences the
failure (as indicated by dotted box 95), the protective control strategy includes automatically
falling back to the other dynamic brake resistor 80 that is not experiencing the failure and
operating the yaw system 70 using the same without interruption. Such operation is possible
due to control logic that monitors the health of the resistors 80, 82 to provide redundant
operation thereof so as to not stop operation due to the failure. For systems with a single
dynamic brake resistor, failure thereof causes the wind turbine to stop for repair work. As such,
the present disclosure avoids such shut down and allows the brake chopper 78 to operate with
the functional dynamic brake resistor without interruption.

[0037] Referring now to FIGS. 9 and 10, if the brake chopper 78 experiences the failure (as
indicated by dotted box 96), the protective control strategy includes absorbing excess energy
of the yaw system 70 into one or more of the yaw system components. More specifically, as
shown in FIG. 9, the excess energy may be absorbed into the auxiliary power supply 72 and/or
the energy storage device(s) 84, 86. Alternatively, as shown in FIG. 10, the excess energy may
be absorbed into a hydraulic pump 81. In such an embodiment, the hydraulic pump 81 may
then use the energy to apply the brake pads 83 to the yaw bearing 42.

[0038] Referring now to FIG. 11, if one of the battery chargers 88 experiences the failure (as
indicated by dotted box 97), the protective control strategy may include automatically falling
back to the other battery charger 89 that is not experiencing the failure and operating the yaw
system 70 using same without interruption. Further, as shown in FIG. 12, if one of the battery
units 87 experiences the failure (as indicated by dotted box 98), the protective control strategy
includes automatically falling back to the other battery unit 85 that is not experiencing the
failure and operating the yaw system 70 using same without interruption.

[0039] Referring now to FIG. 13, if certain yaw system components experience a failure, the
failure 99 is considered critical and the protective control strategy must take appropriate action.
For example, as shown, such critical components may include any one of the turbine controller
26, the auxiliary power supply 72, the filter unit 73, the fuse 90, or combinations thereof.

[0040] More specifically, in one embodiment, if the turbine controller 26 experiences the
failure, the yaw variable frequency drives 75 are configured to control operation of the yaw
system 70. In addition, the multiple-winding transformer 77 is configured to facilitate
bidirectional energy transfer between all of the yaw system components, including the power
grid and the backup system). In addition, as stated herein, the multiple energy storage devices
84, 86 divide the battery capacity into smaller elements to cater to the individual power paths to
each yaw motor 44, thereby mitigating the common failure mode due to the failure of the fuse
90. Further, as mentioned, using intelligent converters for the yaw variable frequency drives 75
to evaluate the forces locally and compare with driving command eliminates the dependency
on the turbine controller 26. Moreover, the wind sensor 52 can be separately connected to the
turbine controller 26 and the yaw system 70 to enable the yaw system 70 to operate
independently of the turbine controller 26. In addition, if the auxiliary power supply 72 fails, the
yaw variable frequency drives 75 can generate the required micro grid and work in load
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sharing mode, while also supplying power to auxiliaries as well as the control system.

[0041] Referring now to FIG. 14, a flow diagram of one embodiment of a method 200 for
operating a yaw system of a wind turbine 10 according to the present disclosure is illustrated.
More specifically, the method 200 provides contingency autonomous yaw control of the wind
turbine 10. In addition, FIG. 14 depicts steps performed in a particular order for purposes of
illustration and discussion. Those of ordinary skill in the art, using the disclosures provided
herein, will understand that the steps of any of the methods disclosed herein can be modified,
expanded, omitted, rearranged, and/or adapted in various ways without deviating from the
scope of the present disclosure.

[0042] As shown at 202, the method 200 includes monitoring, via the turbine controller 26 or
the yaw variable frequency drives 75, the yaw system 70 for failures. As shown at 204, the
method 200 included determining whether a failure is detected. In response to detecting a
failure, as shown at 206, the method 200 includes monitoring, via at least one wind sensor 52,
a wind speed near the wind turbine 10. More specifically, as mentioned, the method 200 may
include communicatively coupling the wind sensor(s) 52, e.g. a turbine anemometer, to the
turbine controller 26 and the yaw variable frequency drives 75.

[0043] As shown at 208, the method 200 included determining whether the wind speed
exceeds a predetermined threshold. As shown at 210, if the wind speed exceeds the threshold,
the method 200 includes determining whether the failure is critical or non-critical based on a
location of the failure. More specifically, as mentioned, the critical failures may include failures
generally located in the turbine controller 26, the auxiliary power supply 72, the filter unit 73 of
the auxiliary power supply 72, or a direct current (DC) path to the nacelle 16 (i.e. the fuse 90).
Alternatively, non-critical failures may be located in the braking unit 76, one of the energy
storage devices 84, 86, one of the yaw drive mechanisms 40, and/or the communication link
92.

[0044] Accordingly, if the failure is critical, as shown at 212, the method 200 includes
implementing, via the yaw variable frequency drives 75, a protective control strategy for the
yaw system 70. Alternatively, as shown at 214, if the failure is non-critical, the method 200
includes implementing, via the turbine controller 26, the protective control strategy for the yaw
system 70.

[0045] This written description uses examples to disclose the invention, including the preferred
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
patentable scope of the invention is defined by the claims.
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Krgjesystem (70) til en vindmgille (10) med beredskabsautonome (ENG: contingency
autonomous) styringsmuligheder, hvor krgjesystemet (70) omfatter:

en flerhed af krgjesystemkomponenter konfigureret til at @ndre en vinkel af en nacelle
(16) af vindmgllen (10) i forhold til en indkommende vindretning (66), hvor flerheden af
krgjesystemkomponenter omfatter:

en reservestrgmforsyning (72) omfattende en bremseeffektstyringsindretning (74);
en bremseenhed (76), der er koblet til bremseeffektstyringsindretningen (74);
mindst to energilagringsindretninger (84, 86) koblet til bremseenheden (76);

en flerhed af krgjedrivmekanismer (40), der er kommunikativt koblet til
reservestrgmforsyningen (72) via en kommunikationsforbindelse (92), hvor hver af
krgjedrivmekanismerne (40) omfatter en krgjeeffektstyringsindretning (75); og

en styreenhed (26), der er konfigureret til at implementere en beskyttende
styrestrategi for krgjesystemet (70) som falge af, at en af
krgjesystemkomponenterne oplever en fejl.

Krgjesystem (70) ifglge krav 1, hvor hvis kommunikationsforbindelsen (92) oplever fejlen,
omfatter den beskyttende styrestrategi styring af resterende krgjesystemkomponenter via
et eller flere distribuerede I/O-moduler, der er kommunikativt koblet til styreenheden (26).

Krgjesystem (70) ifglge krav 1 eller 2, hvor den ene eller de flere krgjedrivmekanismer
(40) omfatter i det mindste en krgjedrivmotor (44) og et krgjeleje (42), hvor krgjelejet
(42) er arrangeret mellem nacellen (16) og et tdrn (12) af vindmgllen (10).

Krgjesystem (70) ifglge krav 3, hvor hvis en eller flere af krgjedrivmotorerne (44) oplever
fejlen, omfatter den beskyttende styrestrategi isolering af en bane for krgjedrivmotoren
(44) der oplever svigtet og opretholdelse af driften af resterende krgjedrivmotorer (44).

Krgjesystem (70) ifglge et hvilket som helst af de foregdende krav, hvor hvis en eller flere
af krgjeeffektstyringsindretningerne (75) oplever fejlen, omfatter den beskyttende
styrestrategi isolering af en bane for krgjeeffektstyringsindretningen (75) der oplever
svigtet og opretholdelse af driften af resterende krgjeeffektstyringsindretninger (75).
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Krgjesystem (70) ifglge et hvilket som helst af de foregdende krav, hvor bremseenheden
(76) omfatter en bremsechopper (ENG: brake chopper) (78) koblet til
bremseeffektstyringsindretningen (74) og mindst to dynamiske bremsemodstande (80, 82)
koblet til bremsechopperen (78).

Krgjesystem (70) ifglge krav 6, hvor hvis en af de dynamiske bremsemodstande (80, 82)
oplever fejlen, omfatter den beskyttende styrestrategi automatisk at falde tilbage til den
anden dynamiske bremsemodstand (80, 82), som ikke oplever fejlen og drift af
krgjesystemet (70) ved at bruge samme uden afbrydelse.

Krgjesystem (70) ifglge krav 6 eller 7, hvor hvis bremsechopperen (78) oplever fejl,
omfatter den beskyttende styrestrategi automatisk absorbering af overskydende energi fra
krgjesystemet (70) ind i mindst én af reservestrgmforsyningerne (70) 72), de mindst to
energilagringsindretninger (84, 86) eller en hydraulisk pumpe.

Krgjesystem (70) ifglge et hvilket som helst af de foregdende krav, hvor de mindst to
energilagringsindretninger (84, 86) omfatter mindst to batterienheder (85, 87) koblet til
mindst to batteriopladere (88, 89) via en sikring (90).

Krgjesystem (70) ifglge krav 9, hvor hvis en af batteriopladerne (88, 89) oplever fejlen,
omfatter den beskyttende styrestrategi automatisk at falde tilbage til den anden
batterioplader (88, 89) som ikke oplever fejlen og drift af krgjesystemet (70) ved at bruge
samme uden afbrydelse.

Krgjesystem (70) ifglge krav 10, hvor hvis en af batterienhederne oplever fejlen, omfatter
den beskyttende styrestrategi automatisk at falde tilbage til den anden batterienhed der
ikke oplever fejlen, og drift af krgjesystemet (70) ved at bruge samme uden afbrydelse.

Krgjesystem (70) ifglge et hvilket som helst af de foregdende krav, hvor, hvis
styreenheden (26) oplever fejlen, er krgjeeffektstyringsindretningerne (75) konfigureret til
at styre driften af krgjesystemet (70) uden afbrydelse.

Fremgangsmade til drift af et krgjesystem (70) af en vindmglle (10) med
beredskabsautonome styringsmuligheder, hvor krgjesystemet (70) har

en reservestrgmforsyning (72) med en bremseeffektstyringsindretning (74),
en bremseenhed (76) koblet til bremseeffektstyringsindretningen (74),
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mindst to energilagringsindretninger (84, 86) koblet til bremseenheden (76), og

en flerhed af krgjedrivmekanismer (40), der er kommunikativt koblet til
reservestrgmforsyningen (72) via en kommunikationsforbindelse (92), hvor hver af
krgjedrivmekanismerne (40) har en krgjeeffektstyringsindretning (75), hvor
fremgangsmaden omfatter:

overvagning, via mindst én af en turbinestyreenhed (26) eller
krgjeeffektstyringsindretningerne (75), af krgjesystemet (70) for fejl;
som fglge af detektering af en fejl, bestemmelse af om fejlen er
kritisk eller ikke-kritisk baseret pa en placering af fejlen;

hvis fejlen er kritisk, implementering, via
krgjeeffektstyringsindretningerne (75), af en farste beskyttende
styrestrategi for krgjesystemet (70); og

hvis fejlen er ikke-kritisk, implementering, via turbinestyreenheden
(26), af en anden beskyttende styrestrategi for krgjesystemet (70).

Fremgangsmade ifglge krav 13, yderligere omfattende:

kommunikativ kobling af mindst én vindsensor til turbinestyreenheden (26) og
krgjeeffektstyringsindretningerne (75);

overvagning, via den mindst ene vindsensor, af en vindhastighed naer vindmgllen
(10); og,

hvis vindhastigheden overstiger en forudbestemt taerskel, implementering af den
forste eller anden beskyttende styrestrategi for krgjesystemet (70) via enten
krgjeeffektstyringsindretningerne (75) eller turbinestyreenheden (26), afthaengigt af
om fejlen er kritisk eller ikke-kritisk.

Fremgangsmade ifglge krav 13 eller 14, hvor kritiske fejl er placeret i mindst én af
turbinestyreenhederne (26), reservestrgmforsyningen (72), en filterenhed i
reservestrgmforsyningen (72) eller en jaevnstrgm (DC) vej til nacellen (16), og hvor ikke-
kritiske fejl er placeret i mindst én af bremseenheden (76), én af
energilagringsindretningerne (84, 86), én af krgjedrivmekanismerne (40), eller
kommunikationslinket (92).
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