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ABSTRACT

A wind turbine system, comprising a tower, a plurality of blades, a rotor
supported by the tower and rotatably coupled to the plurality of blades, a pitch control
device for regulating pitch angles of the plurality of blades, a torque control device for
regulating torque of the rotor, a processing subsystem programmed to slow down the wind
turbine system by using the torque control device alone to slow down the rotor when the
torque control device is fully capable of slowing down the rotor, and using both the torque
control device and the pitch control device to slow down the rotor when the torque control

device alone is not fully capable of slowing down the rotor.
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TORQUE CONTROL DEVICE TO REDUCE ROTOR SPEED IN A WIND TURBINE

BACKGROUND

[0001] Wind turbines are increasingly gaining importance as renewable sources of
energy generation. In recent times, wind turbine technology has increasingly been applied
to large-scale power generation applications. Maximizing energy output while minimizing
loads of the wind turbines in varied wind conditions is a challenge that exists in harnessing

wind energy.

[0002] A wind turbine typically includes a tower and a rotor rotatably coupled to two
or more blades. The blades are acted upon by a wind flow to rotate the rotor. The speed
of the wind turbine is dependent upon multiple factors including angle of attack, speed of
wind, and pitch angle of a blade, for example. The angle of attack is an angle between a
reference line of an airfoil of the blade and a direction of the wind flow acting upon the
blade. The pitch angle of a blade of a wind turbine refers to a position of the blade with
respect to the direction of the wind through which the blade rotates. The pitch angle of the
blade may be changed to increase or decrease the speed of the wind turbine, and/or

slowdown the wind turbine. Changing a pitch angle of a blade changes the angle of attack
of the blade.

[0003] Typically, when a wind turbine is shut down, a pitch controller of the wind
turbine changes the pitch angles of the blades of the wind turbine towards feather.
However, changing the pitch angles of the blades towards feather when a rotor of the wind
turbine is rotating at a high speed may induce high loads on the wind turbine. The loads,
for example, may include tower top/hub loads and rotor imbalance loads and may lead to

wear and tear of the wind turbine.

[0004] Therefore, it would be advantageous to provide improved systems and methods

to shut down or slow down a wind turbine.

Date Regue/Date Received 2021-10-01
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BRIEF DESCRIPTION

[0005] In accordance with one embodiment, a wind turbine system includes a tower, a
plurality of blades, a rotor supported by the tower and rotatably coupled to the plurality of
blades, a pitch control device for regulating pitch angles of the plurality of blades, a torque
control device for regulating torque of the rotor, and a processing subsystem programmed
to slow down the wind turbine system by using the torque control device alone to slow
down the rotor when the torque control device is fully capable of slowing down the rotor,
and using both the torque control device and the pitch control device to slow down the rotor

when the torque control device alone is not fully capable of slowing down the rotor.

[00006] In accordance with another embodiment, a method of operating a wind turbine
system includes using a torque control device alone to slow down a rotor of the wind
turbine system when the torque control device is fully capable of slowing down the rotor,
and using both the torque control device and the pitch control device to slow down the rotor

when the torque control device alone is not fully capable of slowing down the rotor.
DRAWINGS

{0007] These and other features and aspects of embodiments of the present invention
will become better understood when the following detailed description is read with
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:
[0008] Fig. 1 is an exemplary representation of a wind turbine;

[0009] Fig. 2 is a partial-cut away perspective view of a portion of the wind turbine

shown in FIG. 1;

[0010] Fig. 3 is a block diagram of a control system and control devices for use with

the wind turbine shown in Figs. 1 and 2;
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[0011] Fig. 4 is a flow chart illustrating a method to operate a wind turbine such as

shown in Figs. 1 and 2;

[0012] Fig. 5 is a flow chart illustrating a more specific option for a step from the flow

chart of Fig 4; and

[0013] Fig.6is a flow chart illustrating another more specific option for a step from

the flow chart of Fig. 4.
DETAILED DESCRIPTION

[0014] Fig. 1 is an exemplary representation of a wind turbine 10. Although the wind
turbine 10 illustrated for purposes of example is a horizontal-axis electrical power
generating wind turbine, in some embodiments, the wind turbine 10 may comprise a
vertical-axis configuration and/or a wind mill type wind turbine (not shown). The wind
turbine 10 may be coupled to a power grid (not shown) for receiving electrical power
therefrom to drive operation of the wind turbine 10 and/or its associated components and/or
for supplying electrical power generated by wind turbine 10 thereto. Although only one
wind turbine 10 is shown, in some embodiments, a plurality of wind turbines 10 may be

grouped together such that the group may be referred to as a "wind farm".

[0015] The wind turbine 10 includes a tower 14, a body 16 (sometimes referred to as a
"nacelle") and a rotor 18 coupled to the body 16 for rotation with respect to the body 16
about an axis of rotation 20. The rotor 18 includes a hub 22 and one or more blades 24
extending radially outwardly from the hub 22 for converting wind energy into rotational
energy. Although the rotor 18 is described and illustrated herein as having three blades 24,
the rotor 18 may have any number of blades 24. The length of the blades 24 may vary
depending on the application. In some embodiments, the rotor 18 generally faces upwind
to harness the wind cnergy. In certain other embodiments, the rotor 18 faces downwind to
harness the wind energy. In some embodiments, the rotor 18 may not face exactly upwind
and/or downwind, but may be inclined generally at any angle (which may be variable) with

respect to a direction of the wind to harness energy therefrom.
3
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[0016] The rotor 18 may include the blades 24 of any shape, type, and configuration.
For example, based on the shape, type and configuration of the blades 24, the rotor 18 may
include a ducted rotor, a darrieus wind turbine rotor, a savonious wind turbine rotor, a
traditional windmill rotor, or the like. The traditional windmill rotor, for example may be
for pumping water, such as, but not limited to, four-bladed rotors having wooden shutters

and/or fabric sails.

[0017] The wind turbine 10 further includes one or more sensors 12 coupled to one or
more components of the wind turbine 10 and/or the power grid, for measuring one or more
parameters of such components. The sensors 12 may include, but are not limited to, sensors
configured to measure current rotor speed, current pitch angles of one or more of the blades
24, displacements, yaw, moments, strain, stress, twist, damage, failure, rotor speed, a grid
anomaly in the power grid, generator speed, and/or an anomaly of power supplied to any

component of the wind turbine 10.

[0018] The wind turbine 10 further includes one or more control systems 28 coupled
to the sensors 12 and at least some of the components of wind turbine 10 for generally
controlling operation of wind turbine 10. In the presently contemplated configuration, the
control system 28 is disposed within the wind turbine 10. However, additionally or
alternatively, the control system 28 may be remote from the wind turbine 10 and/or other
components of the wind turbine 10. The control system 28 may be used for overall system
monitoring and control including, for example, blade pitch and speed regulation, high-
speed shaft and yaw brake applications, yaw and pump motor applications, and/or fault
monitoring. Alternative distributed or centralized control architectures may be used in

some embodiments.

[0019] Fig. 2 is a partial-cut away perspective view of a portion of the wind turbine 10
shown in Fig. 1. The wind turbine 10 includes an electrical generator 26 coupled to the
rotor 18 for generating electrical power from the rotational energy generated by the rotor
18. In one embodiment, the electrical generator 26 is coupled to the rotor 18 via a gearbox
(not shown). The electrical generator 26 may be any suitable type of electrical generator,

4
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such as, but not limited to, a wound rotor induction generator. In some embodiments, the
wind turbine 10 may include a brake 30 such as, for example, a hydraulic parking brake,
an electromechanical brake, a centrifugal brake, an Eddie-current brake (retarder), or a
magnetic brake, for braking rotation of the rotor 18 to, for example slow rotation of the
rotor 18, brake the rotor 18 against full wind speed, and/or reduce the generation of

electrical power from the electrical generator 26.

{0020] The wind turbine 10 may further include a variable blade pitch system 32 for
selectively controlling a pitch angle of the blades 24. In somc embodiments, the pitch
angles of the blades 24 are individually controlled by the variable blade pitch system 32.
The variable blade pitch system 32 may include one or more actuators 34 coupled to the
hub 22 and the blades 24 for changing the pitch angle of the blades 24. The actuators 34
may include but are not limited to, electrical motors, hydraulic cylinders, springs, and/or
servo-mechanisms and may be driven by any suitable means, such as, but not limited to,
hydraulic fluid, electrical power, electro-chemical power, and/or mechanical power.
Additionally or alternatively, the actuators 34 may be driven by energy extracted from
rotational inertia of the rotor 18, and/or a stored energy source (not shown) that supplies
power to components of the wind turbine 10 during a grid anomaly in the power grid

coupled to wind turbine 10.

[0021] As previously noted with reference to Fig. 1, the wind turbine 10 further
includes the sensors 12 and the control system 28. The control system 28 is operationally
coupled to the brake 30 and the variable pitch controller 32. As previously noted with
reference to Fig. 1, the sensors 12 are positioned with respect to one or more components
of the wind turbine 10 and/or the power grid, for measuring one or more parameters of such
components. Although the exemplary sensors 12 are illustrated herein as coupled to
various components of wiﬁd turbine 10, including the tower 14, the plurality of blades 24,
and the hub 22, the sensors 12 illustrated herein are not limited to the components each

sensor is shown as coupled to, nor the location shown on such components. Rather, the
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sensors 12 may be coupled to any component of the wind turbine 10 and/or the power grid

at any location thereof for measuring any parameter thereof.

[0022] Fig. 3 is a block diagram 300 of the control system 28 described in conjunction
with a torque control device 302 and a pitch control device 304 to slow down or shut down
the rotor 18 and/or the wind turbine 10, in accordance with certain embodiments of the
present disclosure. As used herein, the term “slow down” is used to refer to reduction of a
current speed or torque of the rotor 18. The term “shut down” is a more specific variant of

slow down wherein the slow down of the rotor 18 is substantially towards zero.

[0023] The control system 28, may comprise a processing subsystem, a dynamic
controller, a proportional-integral-derivative controller (PID), a proportional-intcgral
controller, an integral-derivative, a proportional-derivative controller, a microprocessor, a
microchip, or the like, for example. Although for purposes of illustration, the control
system 28 is illustrated as operationally coupled to the torque control device 302 and the
pitch control device 304, in another embodiment at least some of the various control
functions may be included in an integral system. In one embodiment, the torque control ‘
device 302 includes a processing device that generates control commands for regulating
the torque of the rotor 18. In another embodiment, the torque control device 302 further
includes a structural element that has a capability to apply a counter torque on the rotor 18
to regulate the speed of the rotor 18. For example, the torque control device 302 may be
considered as including the electrical generator 26 referred to in Fig. 1. For example, the
torque control device 302 may further include a converter, a battery storage device and/or
a shunt resistor load. The pitch control device 304 includes a device that regulates the pitch
angles/collective pitch angle of the blades 24. In one embodiment, the pitch control device
304 includes a processing device that sends command for regulating the pitch angles of the
blades 24. In some embodiments, the pitch control device 304 may also include the

variable blade pitch system 32 and/or the actuators 34 described in FIG. 1.

[0024] As previously noted with reference to Fig.1 and Fig.2, the control system 28 is
operationally coupled to the sensors 12 which may generate signals representative of

6
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current rotor speed 306 of the rotor 18, current pitch angles 308 of the blades 24, and/or
current rotor acceleration 307 of the rotor 18. Additionally, the control system 28 may be
operationally coupled to a data repository 310. The data repository 310 stores transfer
functions 312 that define pitch control dynamics and torque control dynamics of the wind
turbine 10. For example, the transfer functions 312 may include one transfer function
defining torque control dynamics of the wind turbine 10 that may be represented by the
following equation (1), and another transfer function defining pitch control dynamics of

the wind turbine 10 may be represented by the following equation (2).

oM Aero )

NéY'LT" =—— aM)r - I<I’wr 5‘4’; + Klw, J.(&vr,rgf - 5"", ) - Kl),w, 5 w, (1)
oM A oM g A

égero 80 =~ azfero ow, —K,, 6w, +K,, J'(c?w,,,_e/ -ow,)-K, , 6w, +NdT,, (2)

r

wherein dM,Aero is aerodynamic torque, K, is a proportional control gain, &7, is

gen

required counter torque, K, ,, is a derivative control gain, K, is an integral control gain,

ow is the commanded rotor speed, Ow, is current rotor speed, N is gear ratio of a

rref

gearbox, & W, is current rotor acceleration, and 90 is a collective current pitch angle of the

blades 24.

[0025] In the presently contemplated configuration, when the need to slow down the
wind turbine 10 occurs, the control system 28 first determines whether the torque control
device 302 alone is fully capable of carrying out the slow down. In one specific
embodiment, the control system 28 makes such a determination based upon the one or more
of the transfer functions 312 and information from the sensors 12 regarding the current
rotor speed 306, the current rotor acceleration 307, and the current collective pitch angle
308. The torque control device 302 alone is fully capable to slow down the rotor 18 when
a required counter torque for the slowdown of the rotor 18 is less than or equal to an

available counter torque corresponding to the torque control device 302. The required

7
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counter torque for the slow down of the rotor 18, for example, may not be less than or equal
to the available counter torque when the torque control device 302 is being used for
reducing one or more loads, such as blade edge oscillations, tower side-side oscillations,
drive train oscillations, or the like. In some instances, the torque control device 302 alone
may be also fully capable when the available counter torque is substantially close to (such
as 90% or greater than) the required counter torque. As used herein, the term “available
counter torque” includes an amount of counter torque that is available with the torque
control device 302 or a maximum rated counter torque that may be commanded from the
torque control device 302 at a given time. As used herein, the term “required counter

torque” includes an amount of torque that is required to slow down the rotor 18.

[0026]  When the control system 28 determines that the torque control device 302 alone
is fully capable to slow down the rotor 18, the control system 28 uses only the torque
control device 302 to slow down the rotorl8/wind turbine 10 and thus leaves the pitch
control device 304 available for tasks other than the slow down of the rotor 18 such as tasks
that reduce loads acting on the wind turbine 10. The other tasks, for example may include
regulating an imbalance of the rotor 18, constraining a deflection of the tower 14, or both

during the slowdown of the rotor 18.

[0027] When the control system 28 determines that the torque control device 302 alone
is not fully capable to slow down the rotor 18, the control system 28 uses the pitch control
device 304 in addition to the torque control device 302 to slow down the rotor 18. In one
embodiment, the control device 28 uses as much counter torque as possible from the torque
control device 302 and uses support from the pitch control device 304 to slow down of the

rotor 18.

[0028] Fig. 4 is a flow chart illustrating a method 400 to operate the wind turbine 10 in

accordance with one embodiment of the present invention, wherein the torque control

device 302 and the pitch control device 304 are used in a coordinated fashion, such that the

pitch control device 304 is made substantially available for the other tasks and for reducing

loads acting on the wind turbine 10. At block 402, it is determined whether the torque
8
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control device 302 alone is fully capable of slowing down the rotor 18. The step 402, for
example may be executed by the control system 28 as discussed with respect to Fig. 3. At
block 404, when it is determined that the torque control device 302 alone is fully capable,

the control is transferred to block 406.

[0029]' At block 406, the torque control device 302 is used for slowing down the rotor
18. The torque control device 302, for example, may be used by substantially applying the
required counter torque via the torque control device 302 on th’e rotor 18. For example,
when the torque control device 302 is the electrical generator 26, the required counter
torque may be applied on the rotor 18 using the electrical generator 26. By using the torque
control device 302 to slow down the rotor 18, the pitch control device 304 is made available
to execute other tasks such as reducing the loads acting on the wind turbine 10 at block
408. At block 404, when it is determined that the torque control device 302 alone is not
fully capable, the control is transferred to block 410. At block 410, the torque control

device 302 and the pitch control device 304 are used to slow down the rotor 18.

{0030] Fig. 5 is a flow chart illustrating an exemplary method 500 to determine whether
the torque control device 302 alone is fully capable to slow down the rotor 18, in
accordance with one embodiment of the present invention. In one embodiment, Fig. 5
explains step 402 of Fig.4 in greater detail. As previously noted with reference to Fig. 3,
reference numeral 306 is representative of current rotor speed of the rotor 18, reference
numeral 307 is representative of current rotor acceleration of the rotor 18, reference
numeral 308 is representative of current collective pitch angle of the blades 24, and
reference numeral 312 is representative of the transfer functions. Furthermore, reference
numeral 502 is representative of commanded rotor toque of the rotor 18. When the wind

turbine 10 is shut down, the commanded rotor speed 502 is substantially zero.

[0031] At block 504, the required counter torque (referred to in Fig. 3) for the slow
down of the rotor 18 is determined. The required counter torque, for example is determined
at least in part based upon the transfer functions 312. In the presently contemplated
configuration, the required counter torque is determined based upon the transfer functions

9
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312, the current rotor speed 306, the current rotor acceleration 307, the current collective
pitch angle 308, the commanded rotor speed 502, or the like. In one embodiment, the

required counter torque may be determined using the equation 1.

[0032] Reference numeral 505 is representative of the available counter torque referred
to in Fig. 3. The available counter torque 505, for example, may be determined, for
example, based upon the torque characteristics of the electrical generator 26 with respect
to the electrical generator’s 26 speed, the state of one or more actuators, and/or the brake
30. Alternatively or additionally, the available counter torque 505 may be a function of
other control algorithm requirements. Finally, at block 500, the required counter torque is
compared to the available counter ‘torque 505 to determine whether the torque control
device 302 alone is fully capable of slowing down the rotor 18. As discussed with respect
to Fig. 3, the torque control device 302 alone is fully capable to slow down the rotor 18
when a required counter torque for the slowdown of the rotor 18 is less than or equal to an
available counter torque 505 corresponding to the torque control device 302. The required
counter torque for the slow down of the rotor 18, for example, may not be less than or equal
to the available counter torque when the torque control device 302 is being used for
reducing one or more loads, such as blade edge oscillations, tower side-side oscillations,
drive train oscillations, or the like. Furthermore, in some instances, the torque control
device 302 alone may be also fully capable when the available counter torque is

substantially close to (such as 90% or greater than) the required counter torque.

[0033] Fig. 6 is 4 flow chart illustrating an exemplary method 600 for using the torque
control device 302 and the pitch control device 304 when the torque control device 302
alone is not fully capable of slowing down the rotor 18, in accordance with one embodiment
of the present invention. At block 602 a required residual counter torque for the slow down
of the rotor 18 is determined. In one embodiment, the required residual counter torque is
determined when the torque control device 302 alone is not fully capable of slowing down
the rotor 18. The required residual counter torque, for example, may be determined using

the following equation (3):

10
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Required residual counter torque = Required counter torque — Available counter torque of

the rotor 3)

[0034] At block 604, a required pitch alteration is determined based upon the required
residual counter torque. In one embodiment, the required pitch alteration may further be
determined based upon the current pitch angle 308, or the like. In one embodiment, the
required pitch alteration may be determined based upon the current pitch angle 308, the
required residual counter torque, one or more aerodynamics sensitivities, or combinations
thereof. For example, the aerodynamic sensitivities may include rate of change of
aerodynamic load with respect to rate of change of pitch angle. In one embodiment, the
required pitch alteration may be determined using the following equation (4):

_OM ,Aero

60 * (required residual counter torque)* N ®

z

. . . . . M Aero . . e .
wherein 66 is required pitch alteration, 7 is an aerodynamic sensitivity, N is gear

ratio of a gearbox (not shown).

[0035] At block 606 the torque control device 302 is controlled to substantially apply
the available counter torque 505 from the torque control device 302 on the rotor 18, and at
block 608 the pitch control device 304 may be controlled to change the pitch angles or the
collective pitch angle of the blades 24 to attain the remaining required pitch alteration. The
change in the pitch angles or the collective pitch angle to attain the required pitch alteration

results in the slow down of the rotor 18.

[0036]  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.

11
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WHAT IS CLAIMED IS:

1. A wind turbine system, comprising:
a tower;,
a plurality of blades;
a rotor supported by the tower and rotatably coupled to the plurality of blades;
a pitch control device for regulating pitch angles of the plurality of blades;
a torque control device for regulating torque of the rotor;
a processing subsystem programmed to slowdown the wind turbine system by:
determining a required counter torque for the slowdown of the rotor;
determining that the torque control device is fully capable of slowing
down the rotor when the required counter torque for the slowdown of the rotor is less than
or equal to an available counter torque corresponding to the torque control device;

determining that the torque control device is not fully capable of slowing
down the rotor when the required counter torque for the slowdown of the rotor is greater
than the available counter torque corresponding to the torque control device;

determining a required residual counter torque required for the slowdown
of the rotor when the torque control device is not fully capable of slowing down the rotor;
and

determining a required pitch alteration in the pitch angles of one or more
of the plurality of blades based at least in part on the required residual counter torque;

using the torque control device alone to slowdown the rotor when the
torque control device is fully capable of slowing down the rotor; and

using both the torque control device and the pitch control device to
slowdown the rotor when the torque control device alone is not fully capable of slowing

down the rotor.

2. The wind turbine system of claim 1, wherein the processing subsystem
is further programmed to use the pitch control device for tasks other than the slowdown of

the rotor when the torque control device is fully capable of slowing down the rotor.

12
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3. The wind turbine system of claim 2, wherein the tasks comprise

regulating an imbalance of the rotor, constraining a deflection of the tower, or both.

4. The wind turbine system of claim 1, wherein the required counter torque
for the slowdown of the rotor is based upon a plurality of transfer functions that define
pitch control dynamics and torque control dynamics of the wind turbine system, a current

rotor speed and a commanded rotor speed, or combinations thereof.

5. The wind turbine system of claim 1, wherein the processing subsystem
determines the required pitch alteration in the pitch angles of the one or more of the
plurality of blades based upon current aerodynamic torque of the rotor, current pitch angles
of the plurality of blades, gear ratio of a gearbox, the required residual counter torque, or

combinations thereof.

6. The wind turbine system of claim 1, wherein the processing subsystem
is programmed to use the torque control device when the torque control device is fully
capable of slowing down the rotor by controlling the torque control device to apply the

required counter torque on the rotor.

7. The wind turbine system of claim 6, wherein the processing subsystem
is programmed to use the torque control device and the pitch control device to slowdown
the rotor when the torque control device alone is not fully capable of slowing down the
rotor by:

controlling the torque control device to apply the available counter torque on the
rotor; and

controlling the pitch control device to change the pitch angles of the plurality of

blades to attain the required pitch alteration.

8. A method of operating a wind turbine system, comprising:
using a torque control device to slowdown a rotor of the wind turbine system

when the torque control device is fully capable of slowing down the rotor;

13
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using both the torque control device and the pitch control device to slowdown
the rotor when the torque control device alone is not fully capable of slowing down the
rotor;

determining a required counter torque for the slowdown of the rotor;

determining a residual counter torque required for the slowdown of the rotor
when the torque control device is not fully capable of slowing down the rotor; and

determining a required pitch alteration in pitch angles of one or more of a

plurality of blades based at least in part on the required residual counter torque.

9. The method of claim 8, further comprising the step of using the pitch
control device for tasks other than the slowdown of the rotor when the torque control device

is fully capable of slowing down the rotor.

10.  The method of claim 8, wherein the required counter torque for the
slowdown of the rotor is based upon a plurality of transfer functions that define pitch
control dynamics and torque control dynamics of the wind turbine system, a current rotor

speed and a commanded rotor speed, or combinations thereof.

11.  The method of claim 8, further comprising determining that the torque
control device is fully capable of slowing down the rotor when the required counter torque
for the slowdown of the rotor is less than or equal to an available counter torque

corresponding to the torque control device.

12.  The method of claim 8, further comprising determining the required pitch
alteration in the pitch angles of the one or more of the plurality of blades based upon current
aerodynamic torque of the rotor, current pitch angles of the plurality of blades, gear ratio

of a gearbox, the residual counter torque, or combinations thereof.

13.  The method of claim 8, further comprising using the torque control
device when the torque control device is fully capable of slowing down the rotor by

controlling the torque control device to apply the required counter torque on the rotor.

14
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14, The method of claim 13, further comprising when the torque control
device is not fully capable of slowing down the rotor by controlling the torque control
device to apply the required counter torque on the rotor by:

controlling the torque control device to apply the available counter torque on the
rotor; and

controlling the pitch control device to change the pitch angles of the plurality of

blades to attain the required pitch alteration to provide the required residual counter torque.

15. A wind turbine system, comprising:
a tower;,
a plurality of blades;
a rotor supported by the tower and rotatably coupled to the plurality of blades;
a pitch control device for regulating pitch angles of the plurality of blades;
a torque control device for regulating torque of the rotor;
a processing subsystem programmed to slowdown the wind turbine system by:
determining a required counter torque for the slowdown of the rotor;
determining that the torque control device is fully capable of slowing
down the rotor when the required counter torque for the slowdown of the rotor is less than
or equal to an available counter torque corresponding to the torque control device;

determining that the torque control device is not fully capable of slowing
down the rotor when the required counter torque for the slowdown of the rotor is greater
than the available counter torque corresponding to the torque control device;

determining a required residual counter torque required for the slowdown
of the rotor when the torque control device is not fully capable of slowing down the rotor;
and

determining a required pitch alteration in the pitch angles of one or more
of the plurality of blades based at least in part on the required residual counter torque;

using the torque control device alone to slowdown the rotor when the

torque control device is fully capable of slowing down the rotor; and

15

Date regue/ date received 2021-12-23



274525

using the pitch control device during slowdown of the rotor for tasks
other than the slowdown of the rotor when the torque control device is fully capable of

slowing down the rotor.

16.  The wind turbine system of claim 15, wherein the tasks comprise

regulating an imbalance of the rotor, constraining a deflection of the tower, or both.

17. The wind turbine system of claim 15, wherein the tasks comprise

reducing loads acting on the wind turbine.
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