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WIND TURBINE CONTROL USING SIGNAL CONTROLLER

ABSTRACT

Systems and methods for controlling a wind turbine based on sensor readings are
provided. A signal path between a sensor and a turbine controller can be modified and a
secondary controller can be inserted between the turbine controller and the sensor. The
secondary controller can receive a signal from the sensor and adjust the signal to an
adjusted signal. The adjusted signal can be communicated to the turbine controller which
can control operation of the wind turbine based at least in part on the adjusted signal. In
this way, the operation of the wind turbine based on various sensor readings can be
adjusted to provide for increased energy production without requiring access to
computer-readable instructions, such as source code, implemented by the wind turbine

controller.
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WIND TURBINE CONTROL USING SIGNAL CONTROLLER

FIELD OF THE INVENTION

[0001] The present subject matter relates generally to wind turbines and more
particularly to systems and methods for adjusting signal readings for a wind turbine

controller for energy production improvement.
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, generator, gearbox,
nacelle, and one or more rotor blades. The rotor blades capture kinetic energy from wind
using known foil principles and transmit the kinetic energy through rotational energy 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] During operation of a wind turbine, various components of the wind turbine
are subjected to various loads due to the aerodynamic wind loads acting on the blade.
The blade loading is dependent on the wind speed, tip speed ratio and/or pitch setting of
the blade. Tip speed ratio is the ratio of the rotational velocity of the blade tip to wind
speed. It can be desirable to adjust operation of the wind turbine based on signals
indicative of tip speed ratio (e.g. various speed readings) to adjust loading of the rotor

blades of the wind turbine and/or to increase energy production of the wind turbine.

[0004] To reduce rotor blade loading, various methods and apparatus have been
developed to allow the rotor blades to shed a portion of the loads experienced thereby.
Such methods and apparatus include, for example, pitching the rotor blades and/or

reducing generator torque during operation. Accordingly, many wind turbines include a
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wind turbine controller that can operate the wind turbine in various ways based on the tip
speed ratio wind turbine loading. For instance, under various operating conditions, the
wind turbine can adjust the torque of a generator and/or the pitch angle of the rotor blades
to adjust the tip speed ratio to meet a desired tip speed ratio setpoint to increase energy

capture by the wind turbine.

[0005] In certain instances, it can be desirable to adjust the performance (e.g. tip
speed ratio setpoints) of the wind turbine controller to increase or enhance energy
production. However, in some cases, it may be difficult to adjust the operation of turbine
controller itself. For instance, the computer-readable instructions (e.g. source code)
implemented by the turbine controller in executing various control routines may not be

accessible or otherwise capable of being modified.

[0006]  Accordingly, systems and methods for adjusting operation of a turbine control
system based on tip speed ratio would be welcome in the technology. For example,
systems and methods that allow for adjusting operation of a turbine controller based on
tip speed ratio without requiring access or modification of computer-readable instructions

implemented by the turbine controller would be particularly desirable.

BRIEF DESCRIPTION OF THE INVENTION

[0007]  Aspects and advantages of embodiments of the present disclosure will be set
forth in part in the following description, or may be learned from the description, or may

be learned through practice of the embodiments.

[0008] Omne example aspect of the present disclosure is directed to a system for
controlling a wind turbine. The system includes a sensor configured to provide a signal
indicative of one or more parameters of the wind turbine and a turbine controller

configured to control operations of the wind turbine. The system further includes a
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secondary controller inserted between the sensor and the turbine controller. The
secondary controller is separated from the turbine controller by a distance. The
secondary controller is configured to receive the signal from the sensor over a
communication interface. The secondary controller is configured to adjust the signal
based at least in part on a signal bias to an adjusted signal and to provide adjusted signal
to the turbine controller, wherein the signal bias is programmed into the secondary
controller using an auto tuning process, the auto-tuning process comprises for each of a
plurality of input conditions, incrementally adjusting the signal bias among a plurality of
incremental signal bias values; monitoring power production of the wind turbine at each
of the plurality of incremental signal bias values; and selecting the signal bias for the
input condition from the plurality of incremental signal bias values based at least in part
on the power production associated with each of the plurality of incremental signal bias

values.

[0009]  Another example aspect of the present disclosure is directed to a method for
controlling a wind turbine. The wind turbine comprises a sensor in communication with a
wind turbine controller over a signal path. The method includes modifying a signal path
between the sensor and the wind turbine controller and inserting a secondary controller
between the sensor and the wind turbine controller. The method further includes
generating a signal indicative of parameter of the wind turbine with the sensor; receiving
the signal at the secondary controller; determining, at the secondary controller, an
adjusted signal that is different from the signal based at least in part on a signal bias; and
providing the adjusted signal to the wind turbine controller, wherein the signal bias is
programmed into the secondary controller using an auto tuning process, the auto-tuning
process comprises for each of a plurality of input conditions, incrementally adjusting the
signal bias among a plurality of incremental signal bias values; monitoring power
production of the wind turbine at each of the plurality of incremental signal bias values;

and selecting the signal bias for the input condition from the plurality of incremental
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signal bias values based at least in part on the power production associated with each of

the plurality of incremental signal bias values.

[0010]  Yet another example embodiment of the present disclosure is directed to a
secondary controller for adjusting a speed signal provided by a speed sensor for
communication to a wind turbine controller. The secondary controller includes a first
mterface configured to receive a speed signal indicative of a speed of one or more
components of a wind turbine and a second interface configured to receive one or more
signals associated with an input condition. The method further includes one or more
processors and one or more memory devices. The one or more memory devices store
computer-readable instructions that when executed by the one or more processors cause
the one or more processors to perform operations. The operations include receiving the
speed signal via the first interface and receiving one or more signals associated with the
mput condition via a second interface. The operations further include determining an
adjusted speed signal that is different from the speed signal based at least in part on the

input condition.

[0011]  Variations and modifications can be made to these example embodiments of

the present disclosure.
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[0012]  These and other features, aspects and advantages of various embodiments will
become better understood with reference to the following description and the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]  Detailed discussion of embodiments directed to one of ordinary skill in the art

are set forth in the specification, which makes reference to the appended figures, in
which:

[0014]  FIG. 1 depicts a perspective view of one embodiment of a wind turbine;

[0015]  FIG. 2 depicts a perspective, internal view of one embodiment of a nacelle of

a wind turbine;

[0016]  FIG. 3 depicts an example control system according to example embodiments

of the present disclosure;

[0017]  FIG. 4 illustrates a schematic diagram of one embodiment of a secondary
controller for a wind turbine according to example embodiments of the present

disclosure;

[0018]  FIG. 5 depicts a flow diagram of an example method for controlling a wind

turbine according to example embodiments of the present disclosure; and

[0019] FIG. 6 depicts a flow diagram of an example auto-tuning process for
determining a signal bias for a secondary controller according to example embodiments

of the present disclosure.
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DETAILED DESCRIPTION OF THE INVENTION

[0020] 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 and their equivalents.

[0021] Example aspects of the present disclosure are directed to systems and methods
for adjusting operation of a wind turbine control system based on various signals received
from sensor (e.g. speed sensors) configured to monitor various parameters. Wind turbine
control systems can include a turbine controller configured to receive various signals
indicative of operations parameters (e.g. speed signals). These signals can be used by the
wind turbine controller to control various operations of the wind turbine. For instance,
the speed signals can be used to determine a tip-speed ratio for the wind turbine and to
adjust operating conditions of the wind turbine, for instance, by adjusting a pitch angle of

one or more rotor blades and/or adjusting generator torque.

[0022] In some cases, it can be desirable to modify operation of the turbine controller
in response to these speed signals to further increase or enhance energy production of the
wind turbine. However, it can be difficult in some cases to access programming (e.g.
computer-readable instructions such as source code and source parameters) associated

with the turbine controller to make such adjustments.

[0023] According to example aspects of the present disclosure, a secondary controller
can be provided at a wind turbine. The secondary controller can be external to the wind

turbine controller and/or can be separated from the turbine controller by a distance. In
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example embodiments, the secondary controller can be inserted between one or more
sensors configured to generate the signals and the turbine controller. The secondary
controller can also receive inputs such as signals indicative of wind speed and/or power
(e.g. kilowatts) from the wind turbine control system and can determine an adjustment to
the signal(s) based at least in part on the various inputs. The adjusted speed signal(s) can
be provided to the turbine controller which can then be used to control operation of the

wind turbine.

[0024] In example embodiments, the sensor can be a secondary controller can be
configured to adjust speed signals received from various speed sensors. The secondary
controller can adjust a speed signal to an adjusted speed signal based at least in part on a

speed signal bias and provide the adjusted speed signal to a wind turbine controller.

[0025] The wind turbine controller can use the adjusted speed signal to control
operation of the wind turbine. For instance, the adjusted speed signal can be used by the
wind turbine controller to determine a tip speed ratio for the wind turbine. The wind
turbine controller can then adjusting loading of one or more rotor blades based at least in
part on the tip speed ratio to achieve a desired tip speed ratio for increased energy
production. For instance, the wind turbine controller can adjust the pitch angle of one or
more rotor blades and/or adjust a generator torque based at least in part on the tip speed
ratio. In this way, a tip speed ratio setpoint implemented by the controller can effectively
by adjusted by the secondary controller without requiring access or modification of the
computer-readable instructions associated with the turbine controller as a result of
different speed readings (e.g. the adjusted speed signals) triggering different operational

conditions of the wind turbine.

[0026] In example implementations, an adjusted signal can be determined to achieve
energy production improvement using a signal bias. The signal bias can be different for
various input conditions. The input conditions can be based on, for instance, various
wind speeds and/or power production of the wind turbine. For instance, a first signal bias
can be used for wind speeds below a certain wind speed threshold. A second signal bias
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can be used for wind speeds above a certain wind speed threshold. The different signal
biases for each input condition can be stored in a look up table, matrix, or other

correlation stored in a memory at the secondary controller.

[0027] The signal bias for each of the input conditions can be programmed into the
secondary controller in various ways. In example embodiments, the speed signal bias can
be automatically determined when the secondary controller is integrated into the wind
turbine control system using an auto-tuning process. For instance, for each of a plurality
of input conditions, a secondary controller can incrementally adjust the signal bias among
a plurality of incremental values. The secondary controller can monitor various inputs to
determine which incremental signal bias provides the greatest or a sufficiently greater
improvement in energy production for the particular input condition. This incremental

signal bias can be selected as the signal bias for the particular input condition.

[0028] Example aspects of the present disclosure will be discussed with reference to a
secondary controller configured to adjust a speed signal indicative of a speed of a
component of a wind turbine to an adjusted speed signal for purposes of illustration and
discussion. Those of ordinary skill in the art, using the disclosures provided herein, will
understand that the secondary controller can adjust other types of signals associated with
operational conditions of a wind turbine received from different types of sensors without

deviating from the scope of the present disclosure.

[0029] Referring now to FIG. 1, a perspective view of one embodiment of a wind
turbine 10 is illustrated. 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 rotof 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
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subsequently, electrical energy. For instance, the hub 20 may be rotatably coupled to an
electric generator positioned within the nacelle 16 to permit electrical energy to be

produced.

[0030] The wind turbine 10 may also include a turbine control system including
turbine controller 26 within the nacelle 16 or somewhere else associated with the wind
turbine 10. In general, the turbine controller 26 may comprise one or more processing
devices. Thus, in several embodiments, the turbine controller 26 may include suitable
computer-readable instructions that, when executed by one or more processing devices,
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.

[0031] For example, the controller 26 may be configured to control the blade pitch or
pitch angle of each of the rotor blades 22 (i.e., an angle that determines a perspective of
the rotor blades 22 with respect to the direction 28 of the wind) to control the loading on
the rotor blades 22 by adjusting an angular position of at least one rotor blade 22 relative
to the wind. 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/commands to various pitch drives or pitch adjustment mechanisms 32 (FIG. 2) of
the wind turbine 10. Specifically, the rotor blades 22 may be rotatably mounted to the hub
20 by one or more pitch bearing(s) (not illustrated) such that the pitch angle may be
adjusted by rotating the rotor blades 22 about their pitch axes 34 using the pitch

adjustment mechanisms 32.

[0032] Further, as the direction 28 of the wind changes, the turbine controller 26 may
be configured to control a yaw direction of the nacelle 16 about a yaw axis 36 to position
the rotor blades 22 with respect to the direction 28 of the wind, thereby controlling the

loads acting on the wind turbine 10. For example, the turbine controller 26 may be
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configured to transmit control signals/commands to a yaw drive mechanism 38 (FIG. 2)

of the wind turbine 10 such that the nacelle 16 may be rotated about the yaw axis 30.

[0033] Still further, the turbine controller 26 may be configured to control the torque
of a generator 24 (FIG. 2). For example, the turbine controller 26 may be configured to
transmit control signals/commands to the generator 24 in order to modulate the magnetic
flux produced within the generator 24, thus adjusting the torque demand on the generator
24. Such temporary de-rating of the generator 24 may reduce the rotational speed of the
rotor blades 22, thereby reducing the aerodynamic loads acting on the blades 22 and the

reaction loads on various other wind turbine 10 components.

[0034] Referring now to FIG. 2, a simplified, internal view of one embodiment of the
nacelle 16 of the wind turbine 10 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 of the
wind turbine 10 for generating electrical power from the rotational energy generated by
the rotor 18. For example, the rotor 18 may include a main rotor shaft 40 coupled to the
hub 20 for rotation therewith. The generator 24 may then be coupled to the rotor shaft 40
such that rotation of the rotor shaft 40 drives the generator 24. For instance, in the
illustrated embodiment, the generator 24 includes a generator shaft 42 rotatably coupled
to the rotor shaft 40 through a gearbox 44. However, in other embodiments, it should be
appreciated that the generator shaft 42 may be rotatably coupled directly to the rotor shaft
40. Alternatively, the generator 24 may be directly rotatably coupled to the rotor shaft 40

(often referred to as a “direct-drive wind turbine”).

[0035] It should be appreciated that the rotor shaft 40 may generally be supported
within the nacelle by a support frame or bedplate 46 positioned atop the wind turbine
tower 12. For example, the rotor shaft 40 may be supported by the bedplate 46 via a pair
of pillow blocks mounted to the bedplate 46.

[0036] Additionally, as indicated herein, the turbine controller 26 may also be located

within the nacelle 16 of the wind turbine 10. For example, as shown in the illustrated
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embodiment, the turbine controller 26 is disposed within a control cabinet 52 mounted to
a portion of the nacelle 16. However, in other embodiments, the turbine controller 26 may
be disposed at any other suitable location on and/or within the wind turbine 10 or at any
suitable location remote to the wind turbine 10. Moreover, as described herein, the
turbine controller 26 may also be communicatively coupled to various components of the
wind turbine 10 for generally controlling the wind turbine and/or such components. For
example, the turbine controller 26 may be communicatively coupled to the yaw drive
mechanism(s) 38 of the wind turbine 10 for controlling and/or altering the yaw direction
of the nacelle 16 relative to the direction 28 (FIG. 1) of the wind. Similarly, the turbine
controller 26 may also be communicatively coupled to each pitch adjustment mechanism
32 of the wind turbine 10 (one of which is shown) for controlling and/or altering the pitch
angle of the rotor blades 22 relative to the direction 28 of the wind. For instance, the
turbine controller 26 may be configured to transmit a control signal/command to each
~ pitch adjustment mechanism 32 such that one or more actuators (not shown) of the pitch

adjustment mechanism 32 may be utilized to rotate the blades 22 relative to the hub 20.

[0037] Example aspects of the present disclosure are further directed to methods for
controlling wind turbine 10 based on speed signals, for instance, by determining a tip
speed ratio of the wind turbine 10. Tip speed ratio is the ratio of the rotational velocity of
the blade tip to wind speed. The tip speed ratio of the wind turbine may be determined,
for instance, based at least in part on various speed signals provided by speed sensors
indicative of the speed of various components (e.g. shafts, rotor blades, etc.) of the wind
turbine 10 as well as signals indicative of wind speed (e.g. from sensor 80). For instance,
tip speed ratio may generally be calculated by multiplying the current rotational speed of
the wind turbine 10 as measured by a speed sensor (such as the rotor 18 thereof) by the
maximum radius of the rotor 18, and dividing this result by the wind speed. In particular,
controller 26 may be utilized to perform such methods, and may control torque
adjustment of the generator 24 and/or pitch adjustment of the rotor blades 22 based on
such methods in order to control loading on the rotor blades 22 and the wind turbine 10 in

general to increase energy production.

10
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[0038] FIG. 3 depicts a control system for a wind turbine, such as wind turbine 10 of
FIG. 1, according to example embodiments of the disclosure. As shown, the control
system 10 includes a wind turbine controller 26. The turbine controller 26 can include
computer-readable instructions that when executed by one or more processors cause the
one or more process to implement various control routines, such as determination of tip
speed ratio and controlling loading of the wind turbine 10 based on tip speed ratio. In
some embodiments, the computer-readable instructions associated with the turbine
controller 26 can be inaccessible or otherwise unavailable. For instance, the turbine

controller 26 may have been installed and/or configured by a different service provider.

[0039] The control system can further include various speed sensors 110 and 120
configured to measure a speed associated with various components of the wind turbine.
For instance, speed sensor 110 can be configured to measure a rotational speed of a rotor
shaft of the wind turbine 10. Speed sensor 120 can be configured to measure a rotational
speed of a generator shaft of the wind turbine 10. Speed sensors 110 and 120 can include
any suitable sensors or components for measuring speed, such as one or more encoders,
proximity sensors, transducers, resolvers, or the like. Two speed sensors 110 and 120 are
illustrated in FIG. 3 for purposes of illustration and discussion. Those of ordinary skill in
the art, using the disclosures provided herein, will understand that more or fewer speed

sensors can be used without deviating from the scope of the present disclosure.

[0040] To adjust the operation of the turbine controller 26 without requiring access to
the computer-readable instructions associated with the turbine controller, signal paths 122
and 124 for communicating speed signals from the speed sensors 110 and 120 can be
broken. A secondary controller 100 can be inserted in a new signal path between the

wind turbine controller 26 and the speed sensors 110 and 120.

[0041] The secondary controller 100 can be separated from the wind turbine
controller 26 by a distance (e.g. 1 m, 1 cm or less, 2 m or more, or other suitable
distance). In addition, the secondary 'controller 100 can be located in a separate housing
and/or can include one or more components (e.g. processors, memory devices, etc.) that

11
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are different from the components of the wind turbine controller 26. In embodiments, the
secondary controller 100 can use different computer-readable instructions stored in a
different language or protocol relative to the turbine controller 26. In this way, the
secondary controller 100 can be a standalone and separate device from the turbine

controller 26.

[0042] The secondary controller 100 can be configured to receive a speed signal from
the speed sensor 110 via a signal path 126. The secondary controller 100 can be
configured to receive a speed signal from the speed sensor 120 via a signal path 128. As
used herein, a signal path can include any suitable communication medium for
transmitting the signals. For instance, a signal path can 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. Signals can be communicated over a signal path using any
suitable communication protocol, such as a serial communication protocol, broadband

over power line protocol, wireless communication protocol, or other suitable protocol.

[0043] The secondary controller 120 can also receive one or more signals associated
with various input conditions. The input conditions can be representative of power
production for the wind turbine, wind speed conditions for the wind turbine, and/or other
suitable parameters. For example, the secondary controller 100 can receive a signal from
sensor 102 over signal path 132. The sensor 102 can be a sensor associated with the
electrical system of the wind turbine that provides signals indicative of the power
production of the wind turbine. The secondary controller 100 can also receive a signal
from sensor 80 over signal path 134. The sensor 80 can be a sensor configured to provide
signals indicative of wind speed, such as an anemometer or other suitable method or

apparatus.

[0044] For example, the wind speed of the wind turbine 10 may be measured, such as

through use of a suitable weather sensor. Suitable weather sensors include, for example,

Light Detection and Ranging (“LIDAR”) devices, Sonic Detection and Ranging
12
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(“SODAR?”) devices, anemometers, wind vanes, barometers, and radar devices (such as
Doppler radar devices). In still other alternative embodiments, sensors may be utilized to
measure the deflection of the rotor blades 22. This deflection may be correlated to the
wind speed to which the rotor blades 22 are subjected. Still further, any suitable
measurement methods and apparatus may be utilized to directly or indirectly measure the

current wind speed.

[0045] The secondary controller 100 can be configured to adjust the speed signals
received from the speed sensors 110 and 120 to an adjusted speed signal based on a speed
signal bias. The speed signal bias can be, for instance, 1 or 2 rpm. An adjusted speed
signal can be determined, for instance, by adding or subtracting the speed signal bias

from a speed signal.

[0046] In particular implementations, the secondary controller 100 can be configured
to determine an adjusted speed signal based at least in part on the input condition (e.g.
wind speed) as determined from, for instance, the signals received from the sensors 102
and 80. For instance, different signal bias values can be associated with different input
conditions. The signal bias values for each input condition can be determined, for
instance, using an auto-tuning process. Example methods for programming different
signal bias values for different input conditions into the secondary controller 100 will be

discussed in more detail below.

[0047] Once determined, the adjusted speed signals can be communicated by the
secondary controller 100 to the turbine controller 26 over signal path 130. The turbine
controller 26 can use the adjusted speed signals to control various operations of the wind
turbine. For instance, in some embodiments, the turbine controller 26 can calculate a tip
speed ratio based on the adjusted speed signal (e.g. based on speed signal from sensor
110), a radius of the rotor blade, and a signal indicative of wind speed as determined, for
instance, from the sensor 80. The turbine controller 26 can be configured to adjust
operation of the wind turbine 10 based at least in part on the tip speed ratio, for instance,
by pitching the rotor blades and/or adjusting the torque of the generator 24,
13
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[0048] The present disclosure has been discussed with reference to adjusting
operation of a wind turbine based on tip speed ratio for purposes of illustration and
discussion. Those of ordinary skill in the art, using the disclosures provided herein, will
understand that example aspects of the present disclosure are applicable to other control
routines that can be implemented by the turbine controller 26 based on various speed

signals received from, for instance, sensors 110, 120, or other speed sensors.

[0049] In particular implementations, the speed sensors 110, 120 and other speed
sensors can be in communication with a safety chain that monitors various turbine
conditions based on the speed signals provided by speed sensors 110, 120. The safety
chain can take actions to prevent damage to the wind turbine (e.g. send alerts, adjust
operation to prevent overspeed/underspeed conditions, etc.) based at least in part on the
speed readings from the speed sensors 110, 120. In example embodiments, a signal path ‘
coupling the speed sensors 110, 120 to the safety chain can be preserved such that the

secondary controller 100 does not adjust the speed signals provided to the safety chain.

[0050] Referring now to FIG. 4, there is illustrated a block diagram of one
embodiment of suitable components that may be included within the secondary controller
100 (or the turbine controller 26) in accordance with example aspects of the present
disclosure. As shown, the secondary controller 100 may include one or more
processor(s) 112 and associated memory device(s) 114 configured to perform a variety of
computer-implemented functions (e.g., performing the methods, steps, calculations and

the like disclosed herein).

[0051] 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) 114 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

14
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memory (CD-ROM), a magneto-optical disk (MOD), a digital versatile disc (DVD)

and/or other suitable memory elements.

[0052] Such memory device(s) 114 may generally be configured to store suitable
computer-readable instructions that, when implemented by the processor(s) 112,
configure the secondary controller 100 to perform various functions including, but not
limited to, receiving directly or indirectly signals from one or more sensors (e.g. wind
speed sensors, speed sensors sensors) indicative of various input conditions, determining
adjusted speed signals, and/or transmitting adjusted speed signals to a turbine controller

26, and various other suitable computer-implemented functions.

[0053] As illustrated, the memory device(s) 114 can also store a speed signal bias
116. The speed signal bias 116 can be used to offset the speed signal received from one
or more sensors to determine an adjusted speed signal. In particular implementations, a
different speed signal bias 116 can be associated with each of a plurality of input
conditions. The speed signal bias 116 can be programmed into the memory device(s) 114
in any suitable manner. In one example embodiment, the speed signal bias 116 can be
automatically programmed into the memory device(s) 114 using an auto-tuning process

as will be discussed in more detail below.

[0054] Additionally, the secondary controller 100 may also include a
communications interface 142 to facilitate communications between the secondary
controller 100 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 secondary controller may
include a sensor interface 144 (e.g., one or more analog-to-digital converters) to permit
signals transmitted from the sensors (e.g. sensors 80, 102, 110, and 120) to be converted

into signals that can be understood and processed by the processors 112.

[0055] FIG. 5 depicts a flow diagram of an example method (200) for controlling a

wind turbine according to example embodiments of the present disclosure. The method
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(200) can be implemented using one or more control devices, such as one or more of the
controllers depicted in FIG. 3. In addition, FIG. 5 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.

[0056] At (202), the method includes receiving a speed signal at a secondary
controller from a speed sensor. For instance, the secondary controller 100 of FIG. 3 can
receive a speed signal indicative of the speed of one or more components of the wind
turbine from speed sensor 110 and/or speed sensor 120. At (204) of FIG. 5, one or more
signals associated with an input condition can be received. For instance, the secondary
controller 100 can receive signals from various sensors, such as sensor 102 and sensor 80.
The input condition can be a particular level of power production, a particular wind
speed, or combination. The input condition can also be based on other suitable

parameters without deviating from the scope of the present disclosure.

[0057] At (206), a signal bias can be accessed. For instance, a speed signal bias
programmed into a memory device 114 associated with or in communication with the
secondary controller 100 can be accessed. In example embodiments, different speed
signal bias values can be associated with different input conditions. For instance, a first
speed signal bias can be associated with wind speeds below a threshold. A second speed

signal bias can be associated with speeds above a threshold.

[0058] According to example aspects of the present disclosure, the speed signal bias
can be programmed into the secondary controller using an auto-tuning process. FIG. 6
depicts a flow diagram of one example auto-tuning process. The auto-tuning process can
be performed at any suitable time, such as when a secondary controller is first
implemented in the control system and/or at periodic intervals. Generally, the auto-
tuning process includes incrementally adjusting the signal bias among a plurality of
incremental speed signal bias values (e.g. £ 0.5 rpm, = 1.0 rpm, £ 1.5 rpm, + 2.0 rpm, £
16
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2.5rpm, etc.). Any suitable number of incremental speed signal bias values can be used
without deviating from the scope of the present disclosure. Power production of the wind
turbine can be monitored at each of the plurality of different incremental speed signal
bias values. The signal bias value for the input condition can be selected based at least in
part on the power production associated with each incremental speed signal bias value
such that the incremental speed signal bias value associated with the most improved
and/or enhanced power production is selected as the speed signal bias value for the input

condition.

[0059] More particularly at (302), a new input condition can be identified. For
instance, based on signals received from sensors 102 and 80, the secondary controller 100
can identify that a new input condition is present (e.g. a new wind speed). At (304), the
method can include incrementally adjusting the speed signal bias value to a next
incremental speed signal bias value. At (306) it is determined whether the incremental
speed signal bias value results in a violation of a speed constraint (e.g. an overspeed limit
or underspeed limit) associated with the wind turbine. If so, the auto-tuning process
includes limiting the incremental speed signal bias to a value that does not violate the

speed constraint (308).

[0060] The auto-tuning process proceeds to (310) where the power production at the
incremental speed signal bias can be monitored (306). It can then be determined whether
the power production at the incremental speed signal bias is improved or enhanced at
(312). If not, it is then determined whether the incremental speed signal bias is the last
speed signal bias in the plurality of incremental speed signal bias values (316). If so the
method terminates. Otherwise, the auto-tuning process returns to (304) where the speed

signal bias is incrementally adjusted to the next incremental speed signal bias value.

[0061] If the power production is improved or enhanced at (312), the incremental

speed signal bias is selected as the speed signal bias for the input condition (310). Itis

then determined whether incremental speed signal bias is the last incremental speed

signal bias in the plurality of incremental speed signal bias value (312). If so the method
17
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terminates. Otherwise, the method return to (304) where the speed signal bias is
incrementally adjusted to the next incremental speed signal bias value. This process
repeats itself until all incremental speed signal bias values in the plurality of incremental

speed signal bias values have been tested.

[0062] FIG. 6 depicts one example method for programming a speed signal bias into
a secondary controller according to example aspects of the present disclosure. Other
suitable methods can be used without deviating from the scope of the present disclosure.
For instance, in other implementations, the speed signal bias can be manually

programmed into the secondary controller.

[0063] Referring back to FIG. 5 at (208), the method can include determining an
adjusted speed signal based at least in part on the speed signal. For instance, the speed
signal bias corresponding to the input condition can be added or subtracted by the

secondary controller 100 to determine the adjusted speed signal.

[0064] At (210), the adjusted speed signal is communicated to the turbine controller.
For instance, the adjusted speed signal can be communicated by the secondary controller
100 over the signal path 130 to the turbine controller 26. At (212) the turbine controller
can control operation of the wind turbine based at least in part on the adjusted speed

signal.

[0065] For instance, in one example implementation, the wind turbine controller can
determine a tip speed ratio based at least in part on the adjusted speed signal. The wind
turbine controller can adjust loading of the rotor blades of the wind turbine based at least
in part on the tip speed ratio. For instance, the wind turbine controller can adjust the
pitch angle of one or more rotor blades based at least in part on the tip speed ratio to
increase or decrease loading of the turbine blades. In addition and/or in the alternative,
the wind turbine controller can adjust the torque of generator to adjust the speed of the

rotor blades.
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[0066] While there have been described herein what are considered to be preferred
and exemplary embodiments of the present invention, other modifications of these
embodiments falling within the scope of the invention described herein shall be apparent

to those skilled in the art.
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WHAT IS CLAIMED 1S:

1. A system for controlling a wind turbine, comprising:

a sensor configured to provide a signal indicative of one or more parameters of the wind
turbine;

a turbine controller configured to control operations of the wind turbine;

a secondary controller inserted between the sensor and the turbine controller, the
secondary controller separated from the turbine controller by a distance, the secondary
controller configured to receive the signal from the sensor over a communication interface;

wherein the secondary controller is configured to adjust the signal based at least in part
on a signal bias to an adjusted signal and to provide the adjusted signal to the turbine controlier,

wherein the signal bias is programmed into the secondary controller using an auto tuning
process, the auto-tuning process comprising:

for each of a plurality of input conditions, incrementally adjusting the signal bias
among a plurality of incremental signal bias values;

monitoring power production of the wind turbine at each of the plurality of
incremental signal bias values; and

selecting the signal bias for the input condition from the plurality of incremental
signal bias values based at least in part on the power production associated with each of

the plurality of incremental signal bias values.

2. The system of claim 1, wherein the secondary controller is configured to adjust
the signal independently of computer-readable instructions from the turbine controller.

3. The system of claim 1 or claim 2, wherein the secondary controller is located in a
housing that is external to the turbine controller.

4. The system of any one of claims 1 to 3, wherein the signal is a speed signal
received from a speed sensor.

5. The system of any one of claims 1 to 4, wherein the turbine controller is
configured to adjust a pitch angle of one or more rotor blades or to adjust a generator torque
based at least in part on the adjusted signal.

20
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6. The system of any one of claims 1 to 5, wherein the secondary controller
comprises an interface configured to receive one or more input signals, the secondary controller

configured to determine the signal bias based at least in part on the one or more input signals.

7. The system of claim 6, wherein the one or more input signals comprise a signal
indicative of power or wind speed.

8. The system of claim 6 or claim 7, wherein the signal bias is determined from a
look up table associating a signal bias value with each of a plurality of input conditions.

9. The system of claim 1, wherein the auto-tuning process further comprises limiting
the signal bias based at least in part on one or more operational limits for the wind turbine.

10. A method for controlling a wind turbine, the wind turbine comprising a sensor in
communication with a wind turbine controller over a signal path, the method comprising:
modifying the signal path between the sensor and the wind turbine controller;
inserting a secondary controller between the sensor and the wind turbine controller;
generating a signal indicative of parameter of the wind turbine with the sensor;
receiving the signal at the secondary controller;
determining, at the secondary controller, an adjusted signal that is different from the signal
based at least in part on a signal bias; and
providing the adjusted signal to the wind turbine controller,
wherein the signal bias is programmed into the secondary controller using an auto tuning
process, the auto-tuning process comprising:
for each of a plurality of input conditions, incrementally adjusting the signal bias
among a plurality of incremental signal bias values;
monitoring power production of the wind turbine at each of the plurality of
incremental signal bias values; and
selecting the signal bias for the input condition from the plurality of incremental
signal bias values based at least in part on the power production associated with each of

the plurality of incremental signal bias values.
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11. The method of claim 10, wherein the method comprises determining, by the wind
turbine controller, a tip speed ratio or a rotational speed based at least in part on the adjusted

signal.

12. The method of claim 10 or claim 11, wherein the method comprises adjusting a
pitch angle associated with the one or more rotor blades.

13. The method of claim 10 to 12, wherein the method further comprises adjusting a
generator torque associated with the wind turbine.

14. The method of any of claims 10 to 13, wherein the method further comprises

receiving one or more signals associated with an input condition at the secondary
controller; and

determining, by the secondary controller, the signal bias based at least in part on the input
condition.

15. The method of any one of claims 10 to 14, wherein the auto-tuning process
further comprises limiting the signal bias based at least in part on one or more operational
restraints associated with the wind turbine.
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