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DESCRIPTION

FIELD

[0001] The present disclosure relates generally to monitoring a bank of ultracapacitors for fault
conditions indicative of an inability of the ultracapacitors to power a pitch drive system of a wind
power system during an adverse condition, such as grid loss.

BACKGROUND

[0002] Ultracapacitors can be used to provide power in a variety of different applications. An
ultracapacitor can lose the ability to provide sufficient voltage to power a load as the
ultracapacitor ages. For instance, as an ultracapacitor approaches end of life, an output
voltage the ultracapacitor provides to a load can drop quickly. The inability of the ultracapacitor
to provide a required output voltage to power a load in certain condition can pose many
challenges. For instance, the inability of an ultracapacitor to power a load in a pitch drive
system of a wind turbine system can result in an inability to pitch a wind turbine blade on a
wind turbine, potentially leading to damage to the wind turbine. US 20110181045A1 concerns a
wind energy installation, monitoring device, and method. An exemplary wind energy installation
includes a rotor including at least one blade and a generator configured to be driven by the
rotor to produce electrical energy. The installation also includes a pitch device configured to
vary the at least one blade of the rotor. The pitch device includes a power supply unit with a
battery, an actuating drive, a monitoring, unit, and a load module configured to switch the
actuating drive between an operating mode and a test mode. In the test mode, the actuating
drive forms a preselectable defined load for the battery. US 20130088010A1 discloses a pitch
system of a wind energy system includes an emergency energy store for moving a rotor blade
into a safety position in the event of the failure of an external energy Supply. The emergency
energy store can be tested, for example to assess aging, by Supplying electrical energy to an
actuating device configured to set a pitch angle of a rotor blade even in a normal operating
mode of the wind energy system temporarily exclusively from the emergency energy store.
This configuration ensures reliable operation of a wind energy System In none of the identified
prior Art documents US2011/181045A1 and US2013/088010A1, it is disclosed to charge
ultracapacitors to a charging voltage that is greater than a nominal voltage of ultracapacitors
by a predefined amount.

BRIEF DESCRIPTION

[0003] Aspects and advantages of the invention will be set forth in part in the following
description, or may be obvious from the description, or may be learned through practice of the
invention.
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[0004] The invention is defined by the features of the independent claims 1 and 12. Preferred
embodiments are defined in the dependent claims

[0005] In one aspect, a method for monitoring a bank of ultracapacitors configured to power
an alternating current (AC) pitch motor of a pitch system in a wind turbine is provided. The
bank of ultracapacitors comprises a plurality of segments and each segment of the plurality of
segments comprises one or more ultracapacitors. The method includes obtaining, by one or
more control devices, data indicative of a voltage associated with the bank of ultracapacitors
that comprises data indicative of a total voltage across the ultracapacitors. The method
includes conducting, by the one or more control devices, a test operation of the bank of
ultracapacitors at predetermined intervals of time to determine a capacitance associated with
the bank of ultracapacitors. The test operation further comprises:

coupling the ultracapacitors to a charging circuit to charge the ultracapacitors to a charging
voltage that is greater than a nominal voltage of the ultracapacitors by a predefined amount;

responsive to charging the ultracapacitors to the charging voltage, coupling the ultracapacitors
to a resistive load such that the ultracapacitors discharge through the load;

obtaining, by the one or more control devices, data during discharge through the load, the data
indicative of at least one of a rate of discharge of the ultracapacitors and a discharge current of
the ultracapacitors; and

determining, by the one or more control devices, the capacitance associated with the
ultracapacitors based, at least in part, on the data obtained during discharge through the load.

[0006] The method further includes performing, by the one or more control devices, one or
more control actions based, at least in part, on the capacitance or the data indicative of the
voltage.

[0007] In another aspect, a system for monitoring operation of a bank of ultracapacitors
configured to power an AC pitch motor of a pitch system in a wind turbine is provided. The
system includes a charging circuit configured to charge the ultracapacitors. The system
includes a resistive load to which the ultracapacitors can be coupled. The system includes a
current sensor configured to measure a discharge current of the ultracapacitors. The system
includes a control device configured to perform operations. The operations include coupling
the ultracapacitors to the charging circuit to charge the ultracapacitors to a charging voltage
that is greater than a nominal voltage of the ultracapacitors by a predefined amount. Once the
ultracapacitors have been charged to the charging voltage, the operations include coupling the
ultracapacitors to the resistive load to discharge through the load. While the ultracapacitors are
coupled to the resistive load, the operations include obtaining, via the current sensor, data
indicative of a discharge current of the ultracapacitors. The operations include determining a
capacitance of the ultracapacitors based, at least in part, on the discharge current. The



DK/EP 3624302 T3

operations include performing one or more control actions based, at least in part, on the
capacitance.

[0008] These and other features, aspects and advantages of the present invention will become
better understood with reference to the following description and appended claims. The
accompanying drawings, which are incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and, together with the description, serve to explain the
principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] A full and enabling disclosure of the present invention, including the best mode thereof,
directed to one of ordinary skill in the art, is set forth in the specification, which makes
reference to the appended figures, in which:

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

FIG. 2 depicts a perspective, internal view of a nacelle of a wind turbine according to one
embodiment of the present disclosure;

FIG. 3 depicts a schematic diagram of one embodiment of suitable components that may be
included in a wind turbine control device according to the present disclosure;

FIG. 4 depicts a schematic diagram of one embodiment of a pitch system of a wind turbine
according to the present disclosure;

FIG. 5 depicts a schematic diagram of one embodiment of a primary power converter of a wind
turbine according to example embodiments of the present disclosure;

FIG. 6 depicts a schematic diagram of a bank of ultracapacitors according to example
embodiments of the present disclosure;

FIG. 7 depicts a system for monitoring operation of a bank of ultracapacitors according to
example embodiments of the present disclosure;

FIG. 8 depicts sensors of the system of FIG. 7 configured to monitor voltages associated with
the bank of ultracapacitors according to example embodiments of the present disclosure;

FIG. 9 depicts a flow diagram of an example method for monitoring a bank of ultracapacitors
according to example embodiments of the present disclosure;

FIG. 10 depicts a flow diagram of a test operation to perform on a bank of ultracapacitors
according to example embodiments of the present disclosure;

FIG. 11 depicts a flow diagram of an example method according to example embodiments of
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the present disclosure;

FIG. 12 depicts a flow diagram of an example method according to example embodiments of
the present disclosure; and

FIG. 13 depicts a flow diagram of another test operation to perform on a bank of
ultracapacitors according to example embodiments of the present disclosure.

DETAILED DESCRIPTION

[0010] 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 or spirit 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.

[0011] Example aspects of the present disclosure are directed to a method for monitoring a
bank of ultracapacitors used to power an alternating current (AC) motor of a pitch system in a
wind turbine. The method includes obtaining data indicative of a voltage associated with the
bank of ultracapacitors. In example embodiments, the data indicative of the voltage can
comprise data indicative of a total voltage across the bank of ultracapacitors. Alternatively
and/or additionally, the data indicative of the voltage can comprise data indicative of a voltage
associated with one or more segments of a plurality of segments of the bank of ultracapacitors.
For example, the bank of ultracapacitors can be divided into eight segments, and each of the
eight segments can include one or more ultracapacitors. As will be discussed below in more
detail, one or more control devices (e.g., a pitch controller) of the wind turbine can be
configured to perform one or more control actions based, at least in part, on the data indicative
of the voltage.

[0012] When the total voltage is less than a first threshold voltage indicative of a voltage
needed to operate the AC pitch motor of the pitch system, the one or more control devices can
perform a control action associated with providing a notification indicative of a fault condition
(e.g., under voltage) associated with the bank of ultracapacitors. Additionally and/or
alternatively, the control device can perform a control action associated with shutting down the
wind turbine. In this manner, potential harm to the bank of ultracapacitors or the wind turbine
itself can be avoided.

[0013] When the total voltage is greater than the first threshold voltage but less than a second
threshold voltage indicative of the bank of ultracapacitors being fully-charged, the one or more
control devices can be configured to perform a control action associated with coupling the bank
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of ultracapacitors to a charging circuit via operation of one or more switching elements. In
example embodiments, the bank of ultracapacitors can remain coupled to the charging circuit
until the total voltage is equal to the threshold voltage. Once the bank of ultracapacitors is fully
charged, the one or more control devices can be configured to decouple the bank of
ultracapacitors from the charging circuit. In this manner, the control devices can control
charging of the bank of ultracapacitors based, at least in part, on the total voltage.

[0014] When the total voltage is greater than a threshold voltage indicative of a rated voltage
of the bank of ultracapacitors, the one or more control devices can be configured to perform a
control action associated with providing a notification indicative of a fault condition (e.g.,
overvoltage) associated with the bank of ultracapacitors. Additionally and/or alternatively, the
one or more control devices can perform a control action associated with shutting down the
wind turbine. In this manner, potential harm to the bank of ultracapacitors or the wind turbine
itself can be avoided.

[0015] In example embodiments, the method for monitoring the bank of ultracapacitors can
include conducting a test operation of the bank of ultracapacitors to determine a capacitance of
the bank of ultracapacitors. For example, the test operation can be initiated by coupling the
bank of ultracapacitors to a charging circuit to charge the bank of ultracapacitors to a charging
voltage that is greater than a nominal voltage by a predetermined amount (e.g., 10 Volts).
Once the bank of ultracapacitors is charged to the charging voltage, the bank of ultracapacitors
can be coupled to a resistive load such that the bank of ultracapacitors can discharge through
the resistive load. While the bank of ultracapacitors discharge through the resistive load, data
indicative of a discharge current associated with the bank of ultracapacitors can be obtained.
Additionally and/or alternatively, data indicative of a rate of discharge of the bank of
ultracapacitors can be obtained.

[0016] In some embodiments, one or more control devices implementing the test operation
can be configured to determine whether the bank of ultracapacitors returns to the nominal
voltage within a predetermined amount of time (e.g., two seconds) after coupling the bank of
ultracapacitors to the resistive load. If the bank of ultracapacitors do not return to the nominal
voltage within the predetermined amount, the one or more control devices can perform a
control action associated with providing a notification indicative of a fault condition (e.g., loss of
capacitance) associated with the bank of ultracapacitors. Additionally and/or alternatively, the
one or more control device can perform a control action associated with shutting down the
wind turbine.

[0017] If, however, the one or more control devices determine the bank of ultracapacitors does
return to the nominal voltage within the predetermined amount of time, test operation can
proceed. More specifically, the capacitance of the bank of ultracapacitors can be determined
based, at least in part, on the discharge current and the rate of discharge of the bank of
ultracapacitors. In example embodiments, the capacitance determined during the test
operation can be a total capacitance of the bank of ultracapacitors. Alternatively and/or
additionally, the capacitance can be a capacitance associated with one or more segments of
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the plurality of segments of the bank of ultracapacitors. As will be discussed below in more
detail, the method for monitoring the bank of ultracapacitors can include performing one or
more control actions based, at least in part, on the capacitance of the bank of ultracapacitors.

[0018] When the total capacitance of the bank of ultracapacitors is less than a nominal
capacitance indicative of a threshold capacitance needed to operate the AC motor of the pitch
system, the one or more control devices can perform a control action associated with providing
a notification or alert indicative of a need to perform a maintenance action (e.g., repair or
replace) on the bank of ultracapacitors. In some embodiments, the one or more control
devices can perform a control action associated with providing a notification indicative of a fault
condition (e.g., loss of capacitance) associated with the bank of ultracapacitors. Alternatively
and/or additionally, the one or more control devices can perform a control action associated
with shutting down the wind turbine to avoid potential harm to the bank or ultracapacitors or the
wind turbine itself.

[0019] The present disclosure provides numerous technical benefits. For instance, the one or
more control devices implementing the method of the present disclosure can detect one or
more fault conditions indicative of degraded performance of the bank of ultracapacitors. For
instance, the one or more control devices of the present disclosure can determine one or more
fault conditions (e.g., under voltage and overvoltage) based, at least in part, on the voltage of
the bank of ultracapacitors. Additionally, the one or more control devices can determine fault
conditions (e.g., loss of capacitance) based, at least in part, on the capacitance of the bank of
ultracapacitors. In this manner, the one or more control devices can take precautionary actions
(e.g., shut down) based on detected fault conditions and avoid potential harm to the bank of
ultracapacitors and the wind turbine.

[0020] As used herein the use of the term "about" in conjunction with a numerical value is
intended to refer to within 20% of the stated amount. The use of the term "obtaining” or
"obtain" can include receiving, determining, calculating, accessing, reading or otherwise
obtaining data.

[0021] Aspects of the present disclosure are discussed with reference to a capacitor used to
power a pitch system in a wind turbine.

[0022] Referring now to the drawings, FIG. 1 illustrates a perspective view of one embodiment
of a wind turbine 10 according to example aspects of the present disclosure. As shown, the
wind turbine 10 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
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to an electric generator 24 (FIG. 2) positioned within the nacelle 16 to permit electrical energy
to be produced.

[0023] 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. The generator 24 may be coupled to the rotor 18 of the wind turbine 10. In this
manner, rotational energy generated by the rotor 18 can be converted into electrical power. In
example embodiments, the rotor 18 may include a main shaft 40 coupled to the hub 20 for
rotation therewith. The generator 24 may then be coupled to the main shaft 40 such that
rotation of the main shaft 40 drives the generator 24. For instance, in the illustrated
embodiment, the generator 24 includes a generator shaft 42 rotatably coupled to the main
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 main shaft 40. Alternatively, the
generator 24 may be directly rotatably coupled to the main shaft 40.

[0024] It should be appreciated that the main shaft 40 may generally be supported within the
nacelle 16 by a support frame or bedplate 46 positioned atop the wind turbine tower 12. For
example, the main shaft 40 may be supported by the bedplate 46 via a pair of pillow blocks 48
mounted to the bedplate 46.

[0025] As shown in FIGS. 1 and 2, the wind turbine 10 may also include a turbine control
system or a turbine controller 26 within the nacelle 16. For example, as shown in FIG. 2, the
turbine controller 26 is disposed within a control cabinet 52 mounted to a portion of the nacelle
16. However, it should be appreciated that the turbine controller 26 may be disposed at any
location on or in the wind turbine 10, at any location on the support surface 14 or generally at
any other location. 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.

[0026] Each rotor blade 22 may also include a pitch adjustment mechanism 32 configured to
rotate each rotor blade 22 about its pitch axis 34. Further, each pitch adjustment mechanism
32 may include a pitch drive motor 33 (e.g., any suitable electric, hydraulic, or pneumatic
motor), a pitch drive gearbox 35, and a pitch drive pinion 37. In such embodiments, the pitch
drive motor 33 may be coupled to the pitch drive gearbox 35 so that the pitch drive motor 33
imparts mechanical force to the pitch drive gearbox 35. Similarly, the pitch drive gearbox 35
may be coupled to the pitch drive pinion 37 for rotation therewith. The pitch drive pinion 37
may, in turn, be in rotational engagement with a pitch bearing 54 coupled between the hub 20
and a corresponding rotor blade 22 such that rotation of the pitch drive pinion 37 causes
rotation of the pitch bearing 54. Thus, in such embodiments, rotation of the pitch drive motor
33 drives the pitch drive gearbox 35 and the pitch drive pinion 37, thereby rotating the pitch
bearing 54 and the rotor blade 22 about the pitch axis 34. Similarly, the wind turbine 10 may
include one or more yaw drive mechanisms 38 communicatively coupled to the turbine
controller 26, with each yaw drive mechanism(s) 38 being configured to change the angle of
the nacelle 16 relative to the wind (e.g., by engaging a yaw bearing 56 of the wind turbine 10).
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[0027] Further, 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) through a separate
or integral pitch controller 30 (FIG. 1) for controlling and/or altering the pitch angle 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).

[0028] In addition, as shown in FIG. 2, one or more sensors 57, 58, 59 may be provided on the
wind turbine 10. More specifically, as shown, a blade sensor 57 may be configured with one or
more of the rotor blades 22 to monitor the rotor blades 22. Further, as shown, a wind sensor
58 may be provided on the wind turbine 10. For example, the wind sensor 58 may be a wind
vane, an anemometer, a LIDAR sensor, or another suitable sensor that measures wind speed
and/or direction. In addition, a pitch sensor 59 may be configured with each of the pitch drive
mechanism(s) 32, e.g. with a bank of ultracapacitors associated with the pitch drive motors 33
thereof, which will be discussed in more detail below. As such, the sensors 57, 58, 59 may
further be in communication with the pitch controller 30, and may provide related information to
the pitch controller 30. Additional sensors (not illustrated) can include voltage and current
sensors used as part of a test system for conducting test operations of a bank of
ultracapacitors to determine a capacitance of the bank of ultracapacitors.

[0029] Referring now to FIG. 3, a block diagram of an example control device 60 is provided
according to example embodiments of the present disclosure. In general, the control device 60
corresponds to any suitable processor-based device, including one or more computing
devices. For instance, FIG. 3 illustrates one embodiment of suitable components that may be
included within the control device 60. As shown in FIG. 3, the control device 60 can include a
processor 62 and associated memory 64 configured to perform a variety of computer-
implemented functions (e.g., performing the methods, steps, calculations and the like disclosed
herein). As used herein, the term "processor" refers not only to integrated circuits referred to in
the art as being included in a computer, but also refers to a controller, microcontroller, a
microcomputer, a programmable logic controller (PLC), an application specific integrated circuit
(ASIC),a Field Programmable Gate Array (FPGA), and other programmable circuits.
Additionally, the memory 64 may generally include memory element(s) including, but not
limited to, computer readable medium (e.g., random access memory (RAM)), computer
readable non-volatile medium (e.g., flash memory), a compact disc-read only memory (CD-
ROM), a magneto-optical disk (MOD), a digital versatile disc (DVD) and/or other suitable
memory elements or combinations thereof.

[0030] Additionally, as shown in FIG. 3, the control device 60 can include a communications
module 66 to facilitate communication between the control device 60 and various components
of the wind turbine 10 (FIG. 1). For instance, the control device 60 can send control signals via
the communications module 66 to switching elements (e.g., relays to couple ultracapacitors to
resistive loads and/or a charging circuit).

[0031] Further, the communications module 66 can include a sensor interface 68 (e.g., one or
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more analog-to-digital converters) to permit signals transmitted from one or more sensors 57,
58, 59 to be converted into signals that can be understood and processed by the control
device 60. It should be appreciated that the sensors 57, 58, 59 can be communicatively
coupled to the communications module 66 using any suitable means. For example, as shown
in FIG. 3, the sensors 57, 58, 59 are coupled to the sensor interface 68 via a wired connection.
However, in other embodiments, the sensors 57, 58, 59 may be coupled to the sensor
interface 68 via a wireless connection, such as by using any suitable wireless communications
protocol known in the art.

[0032] Other sensors can be in communication with the control device 60. For instance, one or
more voltage sensors 158 can be in communication with the control device 60. The one or
more voltage sensors 158 can be part of the system for monitoring operation of the bank of
ultracapacitors used to power a pitch adjustment mechanism of a wind turbine. As will be
discussed below in more detail, the one or more voltage sensor 158 can be configured to
measure an output voltage at various locations on the bank of ultracapacitors.

[0033] Alternatively and/or additionally, a current sensor 159 can be in communication with the
control device 60. The current sensor 159 can be part of the system for monitoring operation
of a bank of ultracapacitors. In example embodiments, the current sensor 159 can be
configured to measure an output current (e.g., discharge current) of the bank of ultracapacitors
when the bank of ultracapacitors is coupled to the resistive load.

[0034] Referring now to FIG. 4, a schematic diagram of one embodiment of a pitch system 70
for the wind turbine 10 (FIG. 1) is provided. More specifically, as shown, the pitch system 70
includes a plurality of pitch drive mechanisms 32, i.e. one for each pitch axis 34 (FIG. 2).
Further, as shown, each of the pitch drive mechanisms 32 may be communicatively coupled to
a power grid 45 as well as a bank of ultracapacitors 72. More specifically, as shown, a bank of
ultracapacitors 72 associated with each pitch drive mechanism 32 can be stored in a cabinet
74. In some embodiments, the cabinet 74 can be a thermally isolated container.

[0035] During normal operation of the wind turbine 10, a primary power converter 76 of the
wind turbine 10 (FIG. 1) receives alternating current (AC) power from the power grid 45 and
converts the AC power to AC power suitable for driving the pitch drive motors 33 (e.g., AC
motors) of each pitch drive mechanism 32. Additionally, the primary power converter 76 can
convert AC power received from the power grid 45 into direct current (DC) power suitable for
charging the bank ultracapacitors 72. As will be discussed below in more detail, in some
instances (e.g., adverse grid event or grid loss), the pitch drive motors 33 may be driven by the
bank of ultracapacitors 72.

[0036] When pitching of the rotor blades 22 relies on the bank of ultracapacitors 72 (i.e. due to
a grid loss), it is important to ensure that the bank of ultracapacitors 72 are capable of
operating when needed. Thus, as will be discussed below in more detail, the control device 60
(FIG. 3) is configured to implement a control strategy to monitor the bank of ultracapacitors 72
to reduce or eliminate the potential for damaging loads occurring during an adverse grid event
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of the wind turbine 10 or any other scenario where the bank of ultracapacitors is used to pitch
the rotor blades 22.

[0037] FIG. 5 depicts an example embodiment of the primary power converter 76 according to
example embodiments of the present disclosure. The primary power converter 76 can include
an AC rectifier 78 configured to receive AC power from the power grid 45 at a first AC voltage
and convert the first AC voltage to DC power at a first DC voltage. Additionally, the AC rectifier
78 can be coupled to a power inverter 80 of the primary power converter 76. More specifically,
the AC rectifier 78 can be coupled to the power inverter 80 via one or more conductors (e.g.,
wires). In this manner, the output (e.g., DC power at first DC voltage) of the AC rectifier 78 can
be provided to the power inverter 80. As shown, the primary power converter 76 can include
one or more capacitors 82 (e.g., electrolytic capacitors) coupled between the output of the AC
rectifier 78 and the input of the power inverter 80. In example embodiments, the one or more
capacitors 82 can be configured to reduce or eliminate noise associated with the DC power the
AC rectifier 78 provides to the power inverter 80.

[0038] The power inverter 80 can be configured to convert the DC power at the first DC
voltage to AC power at a second AC voltage. In example embodiments, the second AC voltage
can be different (e.g., greater than or less than) than the first AC voltage associated with the
AC power the AC rectifier 78 receives from the power grid 45. As shown, the output (e.g., AC
power at the second AC voltage) can be provided to the pitch drive motor 33 of the pitch drive
mechanisms 32 (FIG. 4).

[0039] The primary power converter 76 can include a DC to DC power converter 84. As
shown, the power converter 84 can be coupled to one or more input terminals (e.g., leads)
associated with the power inverter 80. In this manner, the power converter 84 can receive the
DC power at the first DC voltage. Additionally, the power converter 84 can be coupled to the
bank of ultracapacitors 72. In example embodiments, the power converter 84 can convert the
DC power at the first DC voltage to DC power at a second DC voltage that is suitable for
charging the bank of ultracapacitors 72. It should be appreciated that the second DC voltage
can be different (e.g., less than or greater than) than the first DC voltage.

[0040] FIG. 6 depicts the bank of ultracapacitors 72 according to example embodiments of the
present disclosure. As shown, the bank of ultracapacitors 72 can include a plurality of
segments. For instance, the bank of capacitors 72 depicted in FIG. 6 include a first segment
90, a second segment 92, a third segment 94, a fourth segment 96, and a fifth segment 98. In
other embodiments, the bank of ultracapacitors 72 can include more or fewer segments. For
instance, in some embodiments, the bank of ultracapacitors 72 can include eight segments.

[0041] As shown, each segment of the plurality of segments can include a pair of
ultracapacitors C arranged in a series configuration. In other embodiments, each segment can
include more or fewer ultracapacitors C. Additionally, the ultracapacitors C within each segment
can be arranged in any suitable configuration. For instance, in some embodiments, the
ultracapacitors C included in each of the segments can be arranged in a parallel configuration.
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[0042] In example embodiments, the plurality of segments can be coupled to one another in
succession. For example, the first segment can be coupled to the DC/DC power converter 84
of the primary power converter 76 (FIG. 5); the second segment 92 can be coupled to the first
segment 90; the third segment 94 can be coupled to the second segment 92; the fourth
segment 96 can be coupled to the third segment 94; and the fifth segment 98 can be coupled
to the fourth segment 96. In example embodiments, the fifth segment 98 can be coupled to a
secondary power converter 88 of the wind turbine 10 (FIG. 1). As shown in FIG. 5, the
secondary power converter 88 can be coupled between the bank of ultracapacitors 72 and the
motor 33 (FIG. 4) of the pitch drive mechanism 32 (FIG. 4). In example embodiments, the
secondary power converter 88 can receive DC power from the bank of ultracapacitors 72 and
convert the DC power to AC power suitable for driving the motor 33 (FIG. 4).

[0043] FIG. 7 depicts an example system 100 for monitoring the bank of ultracapacitors 72
according to example embodiments of the present disclosure. The system 100 can include a
first switching element 110, such as one or more relays, transistors, or other switching
elements that can be controlled to be in a conducting state or non-conducting state. In
example embodiments, a control device 60 of the system 100 can be configured to control
operation of the first switching element 110 to selectively couple the bank of ultracapacitors 72
to a resistive load 120 of the system 100. In some embodiments, the resistive load 120 can be
the secondary power converter 88 (FIG. 4) coupled between the bank of ultracapacitors 72
and the pitch motor 33 (FIG. 4) of the pitch drive mechanisms 32 (FIG. 4). When the bank of
ultracapacitors 72 is coupled to the resistive load 120 via the first switching element 110, it
should be appreciated that the bank of ultracapacitors 72 discharges electrical power (e.g. DC
power) through the resistive load 120.

[0044] As shown, the system 100 can include a second switching element 112, such as one or
more relays, transistors, or other switching elements that can be controlled to be in a
conducting state or non-conducting state. In example embodiments, the control device 60 can
be configured to control operation of the second switching element 112 to selectively couple
the bank of ultracapacitors 72 to a charging circuit 130 of the system 100. In some
embodiments, the charging circuit 130 can be the DC/DC power converter 84 (FIG. 5) of the
primary power converter 76 (FIG. 5). When the bank of ultracapacitors 72 is coupled to the
charging circuit 130, it should be appreciated that electrical power (e.g., DC power) can be
delivered from the charging circuit 130 to the bank of ultracapacitors 72. In this manner, the
bank of ultracapacitors 72 can be charged from a first voltage to a second voltage that is
greater than the first voltage.

[0045] Referring now to FIGS. 7 and 8 in combination, the system 100 can include one or
more voltage sensors 158. As shown, the one or more voltage sensors 158 can be configured
to monitor various voltages associated with the bank of ultracapacitors 72. For instance, the
one or more voltage sensors 158 can be configured to monitor a voltage associated with each
segment of the plurality of segments (e.g., first segment 90, second segment 92, third segment
94, fourth segment 96, and fifth segment 98). More specifically, voltage sensors 158 can be
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configured to monitor a first voltage Vsi associated with the first segment 90, a second voltage
Vgo associated with the second segment 92, a third voltage Vg3 associated with the third

segment 94, a fourth voltage Vg4 associated with the fourth segment 96, and a fifth voltage Vg

associated with the fifth segment 98. Alternatively and/or additionally, a voltage sensor 158 can
be configured to monitor a total voltage VtotaL of the bank of ultracapacitors 72. In some

embodiments, the total voltage V1oTaL monitored by the voltage sensor 158 can correspond to

the summation of the voltages associated with each of the segments.

[0046] As shown, the system 100 can include a current sensor 159 configured to monitor an
output current/discharge current (IL) of the bank of ultracapacitors 72 through the resistive
load 120. Additionally, the one or more voltage sensors 158 can be configured monitor an
output voltage/discharge voltage V| of the bank of ultracapacitors 72 during discharge of the

bank of ultracapacitors 72 through the resistive load 120. As will be discussed below in more
detail, the control device 60 can be configured to determine a capacitance of the bank of
ultracapacitors 72 based, at least in part, on the discharge current IL and a rate of discharge
associated with the bank of ultracapacitors 72. For instance, the control device 60 can execute
computer-readable instructions stored in a memory to perform operations to determine a
capacitance of the bank of ultracapacitors 72.

[0047] Referring now to FIG. 9, a flow diagram of a method 200 for monitoring a bank of
ultracapacitors used to power a pitch system of a wind turbine is provided according to
example embodiments of the present disclosure. It should be appreciated that the method 200
can be implemented using the any suitable control device (e.g., pitch controller) of the wind
turbine discussed above with reference to FIGS. 1-3 . FIG. 9 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 various steps of the method 200
may be adapted, modified, rearranged, performed simultaneously without deviating from the
scope of the present disclosure.

[0048] At (202), the method 200 includes obtaining, by one or more control devices, data
indicative of a voltage associated with the bank of ultracapacitors. In example embodiments,
the data can be indicative of a total voltage VrotaL (FIG. 8) of the bank of ultracapacitors.
Alternatively and/or additionally, the data can be indicative of a voltage (e.g., Vsi, Vg2, Vg3, Vg4,
Vg5 of FIG. 8) associated with one or more segments of the plurality of segments included in

the bank of ultracapacitors.

[0049] At (204), the method 200 includes conducting, by the one or more control devices, a
test operation of the bank of ultracapacitors to determine a capacitance associated with the
bank of ultracapacitors. The test operation can be conducted using, for instance, the system
discussed above with reference to FIGS. 7 and 8. In some embodiments, the one or more
control devices can be configured to conduct the test operation at predefined intervals of time.

[0050] At (206), the method 200 includes performing, by the one or more control devices, one
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or more control actions based on the voltage obtained at (202) or the capacitance determined
at (204).

[0051] Referring now to FIG. 10, a flow diagram illustrating an example embodiment of the test
operation performed at (204) of FIG. 9 is provided according to example embodiments of the
present disclosure. It should be appreciated that any suitable control device (e.g., pitch
controller) of the wind turbine discussed above with reference to FIGS. 1-3 can be configured
to implement the test operation. It should also be appreciated that the system described above
with reference to FIGS. 7 and 8 can be configured to implement the test operation.

[0052] At (302), the test operation includes coupling the bank of ultracapacitors to a charging
circuit to charge the bank of ultracapacitors to a charging voltage Vcng that is greater than a

nominal voltage Vyom by a predetermined amount (e.g., about 10 Volts). The nominal voltage
VNom can, in some embodiments, correspond to a voltage needed to operate the AC pitch

motor of the pitch system. In example embodiments, the one or more control devices can be
configured to perform a control action associated with controlling operation of a switching
element used to selectively couple the bank of ultracapacitors to the charging circuit.

[0053] At (304), the test operation includes coupling the bank of ultracapacitors to a resistive
load. In example embodiments, the one or more control devices can perform a control action
associated with controlling operation of a switching element used to selectively couple the bank
of ultracapacitors to the resistive load. When the bank of ultracapacitors is coupled to the
resistive load, it should be appreciated that the bank of ultracapacitors can discharge through
the resistive load.

[0054] At (306), the test operation includes obtaining, by the one or more control devices, data
indicative of a discharge current of the bank of ultracapacitors during discharge through the
load at (304). In example embodiments, the data indicative of the discharge current can be
obtained from one or more current sensors of the system described above with reference to
FIGS. 7 and 8.

[0055] At (308), the test operation includes obtaining, by the one or more control devices, data
indicative of a rate of discharge of the bank of ultracapacitors during discharge through the
load at (304). It should be appreciated that the rate of discharge of the bank of ultracapacitors
can be a function of at least the resistive load.

[0056] At (310), the test operation includes determining, by the one or more control devices,
whether the voltage of the bank of ultracapacitors returns to the nominal voltage Vyom within a
predetermined amount of time after coupling the bank of ultracapacitors to the resistive load at
(306). In example embodiments, the predetermined amount of time can be about 2 seconds. If
the voltage of the bank of ultracapacitors does not return to the nominal voltage Vnon within
the predetermined amount of time, the test operation proceeds to (312). Otherwise, the test
operation proceeds to (314).
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[0057] At (312), the test operation 300 includes performing, by the one or more control
devices, a control action associated with providing a notification indicative of a fault condition
associated with the bank of ultracapacitors. More specifically, the fault condition can indicate
occurrence of a loss of capacitance requiring shutdown of the wind turbine. In such
embodiments, the one or more control devices can be configured to perform an additional
control action associated with shutting down the wind turbine. In this manner, potential harm to
the bank of ultracapacitors or other components of the wind turbine can be avoided.

[0058] At (314), the test operation includes determining, by the one or more control devices, a
capacitance of the bank of ultracapacitors based, at least in part, on the data indicative of the
discharge current obtained at (306) and the data indicative of the rate of discharge of the bank
of capacitors obtained at (308). In example embodiments, the capacitance can include a total
capacitance CtgoraL of the bank of ultracapacitors. Alternatively and/or additionally, the

capacitance can include a capacitance associated with each segment of the plurality of
segments included in the bank of ultracapacitors. Upon determining the capacitance of the
bank of ultracapacitors, the test operation concludes, and the one or more control devices can
perform one or more control actions based, at least in part, on the capacitance determined at
(314).

[0059] As an example, if the total capacitance Cto1aL determined at (314) is less than a first
threshold value (e.g., about 82 percent of a nominal capacitance Cnop associated with the

bank of ultracapacitors), then the one or more control actions performed at (206) of FIG. 9 can
include a control action associated with providing a notification or alert indicating a loss of
capacitance associated with the bank of ultracapacitors. In some embodiments, the notification
or alert can indicate a maintenance action ( e.g., repair or replace) needs to be performed on
the bank of ultracapacitors.

[0060] As another example, if the total capacitance Cyo1aL determined at (314) is less than a
second threshold value (e.g., about 80 percent of the nominal capacitance Cyonm). then the

one or more control actions performed at (206) can include a first control action associated
with providing a notification indicating a fault condition associated with the bank of
ultracapacitors. More specifically, the fault condition can correspond to a loss of capacitance
fault condition requiring shutdown of the wind turbine. In addition, the one or more control
actions performed at (206) can include a second control action associated with shutting down
the wind turbine.

[0061] As yet another example, if, at (314), the capacitance determined for one or more
segments of the plurality of segments of the bank of ultracapacitors is less than about 20
percent of the nominal capacitance, then the one or more control actions performed at (206)
can include a first control action associated with providing a notification indicating a fault
condition associated with the bank of ultracapacitors. More specifically, the fault condition can
correspond to a loss of capacitance fault condition requiring shutdown of the wind turbine. In
addition, the one or more control actions performed at (206) can include a second control
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action associated with shutting down the wind turbine.

[0062] Referring now to FIG. 11, a flow diagram of a method for determining one or more
control actions to perform at (206) of FIG. 9 is provided according to example embodiments of
the present disclosure. It should be appreciated that any suitable control device (e.g., pitch
controller) of the wind turbine discussed above with reference to FIGS. 1-3 can implement the
one or more control action depicted in FIG. 11.

[0063] At (402), the method includes determining, by the one or more control devices, whether
the total voltage Vto7aL Obtained at (202) of FIG. 9 is less than a first threshold voltage V4

indicative of performance of the bank of ultracapacitors. In example embodiments, the first
threshold voltage V4 can correspond to a voltage needed to operate a pitch motor of the pitch

system. For instance, the first threshold voltage can be about 470 Volts. If the total voltage
V1oTaL is less than the first threshold voltage V4, the method proceeds to (404). Otherwise, the

method proceeds to (406).

[0064] At (404), the method includes performing, by the one or more control devices, a first
control action associated with providing a notification indicative of a fault condition associated
with the bank of ultracapacitors. More specifically, the fault condition can indicate occurrence of
an under-voltage condition associated with the bank of ultracapacitors. Additionally, the method
includes performing a second control action associated with shutting down the wind turbine to
avoid potential harm to the bank of ultracapacitors. After performing these control actions, the
method continues at (418).

[0065] At (406), the method includes determining, by the one or more control devices, whether
the total voltage VtoTaL is less a second threshold voltage Vs that is greater than the first

threshold voltage V4. In example embodiments, the second threshold voltage V5 can be about
478 volts. If the total voltage V1oTaL is less than the second threshold voltage V5, the flow
diagram proceeds to (408). Otherwise, the method proceeds to (410).

[0066] At (408), the method includes performing, by the one or more control devices, a control
action associated with charging the bank of ultracapacitors. In example embodiments, the
control action can be associated with controlling operation of a switching element used to
selectively couple the bank of ultracapacitors to the charging circuit. In this manner, the
charging circuit can deliver electrical power (e.g., DC power) to the bank of ultracapacitors.
Once the bank of ultracapacitors is coupled to the charging circuit, the flow diagram reverts to
(202) of FIG. 9 to obtain additional voltage readings.

[0067] At (410), the method includes determining, by the one or more control devices, whether
the total voltage V1oTaL is less than a third threshold voltage V3 that is greater than the second

threshold voltage V,. In example embodiments, the third threshold voltage V3 can indicate the
bank of ultracapacitors is fully charged. For instance, the third threshold voltage V3 can be

about 482 Volts. If the total voltage V1oTaL is less than the third threshold voltage V3, the flow
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diagram reverts to (202) of FIG. 9. It should be appreciated that the bank of ultracapacitors
can remain coupled to the charging circuit until the total voltage VtotaL of the bank of

ultracapacitors is at least greater than the third threshold voltage V3.

[0068] At (412), the method includes determining, by the one or more control devices, whether
the total voltage V1oTaL is greater than a fourth threshold voltage that is greater than the third

threshold voltage V3. In example embodiments, the fourth threshold voltage V4 can correspond

to a design voltage for the bank of ultracapacitors. For instance, in some embodiments, the
fourth threshold voltage V4 can be about 520 Volts. In example embodiments, the design

voltage can be less than a rated voltage of the bank of ultracapacitors. If the total voltage
VT1oTAL IS not greater than the fourth threshold voltage V4, the method proceeds to (414).

Otherwise the method proceeds to (416).

[0069] At (414), the method includes performing, by the one or more control devices, a control
action associated with decoupling the bank of ultracapacitors from the charging circuit. In
example embodiments, the control action can be associated with controlling operation of a
switching element (e.g., second switching element of FIG. 7) used to selectively couple the
bank of ultracapacitors to the charging circuit. Once the bank of ultracapacitors are decoupled
from the charging circuit via operation of the switching element, the method proceeds to (418).

[0070] At (416), the method includes performing, by the one or more devices, a first control
action associated with providing a notification indicative of a fault condition associated with the
bank of ultracapacitors. More specifically, the fault condition can indicate occurrence of an
overvoltage condition requiring the wind turbine be shutdown. As such, the method can further
include performing a second control action associated with shutting down the wind turbine to
avoid potential harm to the bank of ultracapacitors. After performing these notifications at
(416), the method continues at (418).

[0071] At (418), the method may continue. For instance, the method may revert to (402) after
a predetermined amount of time lapses. In this manner, the method can be conducted multiple
times to reduce or eliminate scenarios in which a grid loss occurs and the bank of
ultracapacitors is unable to pitch the blades as needed.

[0072] Referring now to FIG. 12, a flow diagram of a method for determining one or more
control actions to perform at (206) of FIG. 9 is provided according to example embodiments of
the present disclosure. It should be appreciated that the method can be implemented using the
any suitable control device (e.g., pitch controller) of the wind turbine discussed above with
reference to FIGS. 1-3 .

[0073] At (502), the method includes obtaining, by the one or more control devices, a voltage
associated with one or more segments of the plurality of segments included in the bank of
ultracapacitors. In example embodiments, the voltage associated with each of the plurality of
segments can be obtained via the voltage sensors of the system described above with
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reference to FIGS. 7 and 8.

[0074] At (504), the method includes determining, by the one or more control devices, a
reference voltage VrRgr based, at least in part, on the total voltage VroraL of the bank of

ultracapacitors and the total number of segments N included in the bank of ultracapacitors. For

instance, the reference voltage can be calculated as shown below in Equation 1:
VTOTAL
Vier = "

Equation 1

[0075] At (506), the method includes determining, by the one or more control devices, whether
any of the voltages obtained at (502) for each of the plurality of segments differs from the
reference voltage by more than a predefined amount. | example embodiments, the predefined
amount can be about 10 percent. If any of the voltages differ from the reference voltage by
more than the predefined amount, the method proceeds to (508). Otherwise, the method
proceeds to (510).

[0076] At (508), the method includes performing, by the one or more devices, a control action
associated with providing a notification indicative of a fault condition associated with the bank
of ultracapacitors. In some embodiments, the notification can indicate a maintenance action
(e.g., repair or replace) needs to be performed on the bank of ultracapacitors. In alternative
embodiments, the fault condition can correspond to a loss of capacitance fault condition
requiring shutdown of the wind turbine. In such embodiments, the method includes performing
an additional control action associated with shutting the wind turbine down to avoid potential
harm to the bank of ultracapacitors. After performing the one or more control actions, the
method continues at (510).

[0077] At (510), the method may continue. For example, the method may revert to (502) after
a predetermined amount of time lapses. In this manner, the method can be conducted multiple
times to reduce or eliminate scenarios in which a grid loss occurs and the bank of
ultracapacitors is unable to pitch the blades as needed.

[0078] Referring now to FIG. 13, a flow diagram of another example embodiment of the test
operation performed at (204) of FIG. 9 is provided according to the present disclosure. It
should be appreciated that any suitable control device (e.g., pitch controller) of the wind turbine
discussed above with reference to FIGS. 1-3 can be configured to implement the test operation
of FIG. 13. It should also be appreciated that the system described above with reference to
FIGS. 7 and 8 can be used to implement the test operation. Also, although FIG. 13 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 various
steps of the test operation may be adapted, modified, rearranged, performed simultaneously
or modified in various ways.

[0079] At (602), the test operation includes coupling the bank of ultracapacitors to a charging
circuit to charge the bank of ultracapacitors to a charging voltage Vcpg. In example
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embodiments, the charging voltage VcHg can be greater than a nominal voltage Vyom by a
predetermined amount (e.g., about 10 Volts). The nominal voltage Vnom can, in some

embodiments, correspond to a voltage needed operate a pitch motor of the pitch system. In
example embodiments, the one or more control devices can be configured to generate a
control action associated with controlling operation of a switching element used to selectively
couple the bank of ultracapacitors to the charging circuit. In this manner, the bank of
ultracapacitors can be coupled to the charging circuit via the switching element. After the bank
of ultracapacitors is charged to the charging voltage VcHg, the test operation proceeds to

(604).

[0080] At (604), the test operation includes obtaining data indicative of an initial voltage V|
associated with the ultracapacitor. In example embodiments, the initial voltage V| can
correspond to a total voltage (e.g., VtotaL of FIG. 8) of the bank of ultracapacitors.
Alternatively and/or additionally, the data can be indicative of a voltage (e.g., Vsi, Vg5, Vg3, Vs4,
Vg5 of FIG. 8) associated with one or more segments of the plurality of segments included in
the bank of ultracapacitors. Upon obtaining the data indicative of the initial voltage V|, the test

operation proceeds to (606).

[0081] At (606), the test operation includes decoupling the bank of ultracapacitors from the
charging circuit. In example embodiments, the one or more control devices can be configured
to generate a control action associated with control operation of the switching element (e.g.,
second switch 112 of FIG. 7) used to selectively couple the bank of ultracapacitors to the
charging circuit. In this manner, the bank of ultracapacitors can be decoupled from the
charging circuit.

[0082] At (608), the test operation includes coupling the bank of ultracapacitors to the resistive
load for a predetermined amount of time. In example embodiments, the one or more control
devices can generate a control action associated with controlling operation of a switching
element (e.g., first switch 110 of FIG. 7) used to selectively couple the bank of ultracapacitors
to the resistive load. In this manner, the bank of ultracapacitors can be coupled to the resistive
load via the switching element. When the bank of ultracapacitors is coupled to the resistive
load via the switching element, it should be appreciated that the bank of ultracapacitors
discharges through the resistive load.

[0083] At (610), the test operation includes obtaining data indicative of an average discharge
current layg of the bank of ultracapacitors during discharge through the resistive load. In

example embodiments, the one or more control devices can obtain the data indicative of the
average discharge current layg via one or more current sensors (e.g., current sensor 159 of

FIG. 7). After the bank of ultracapacitors has been coupled to the resistive load for the
predetermined amount of time, the test operation proceeds to (612).

[0084] At (612), the test operation includes obtaining data indicative of a final voltage VE
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associated with the bank of ultracapacitors. In example embodiments, the data indicative of the
final voltage VF can correspond to the total voltage (e.g., VToTaL of FIG. 8) of the bank of

ultracapacitors. Alternatively and/or additionally, the data indicative of the final voltage Vg can
correspond to a voltage (e.g., Vsi, Vg2, Vg3, Vg4, Vss, of FIG. 8) associated with one or more

segments of the plurality of segments included in the bank of ultracapacitors. Upon obtaining
the data indicative of the final voltage VF, the test operation proceeds to (614).

[0085] At (614), the test operation includes determining a capacitance of the bank of
ultracapacitors. For example, the capacitance can be indicative of a total capacitance CtoTaL

of the bank of ultracapacitors. More specifically, the total capacitance can be determined as

shown below in Equation 2:
t«IAVG
VTF-VTI

where t corresponds to the predetermined amount of time the bank of ultracapacitors is

coupled to the resistive load, |pyg corresponds to the average discharge current of the bank of

CroraL = Equation 2

ultracapacitors during discharge through the resistive load, V1 corresponds to the final total

voltage obtained at (612), and V1, corresponds to the initial total voltage obtained at (604).

[0086] Alternatively and/or additionally, the capacitance determined at (614) can be indicative
of a capacitance Cs associated with one or more segments of the plurality of segments
included in the bank of ultracapacitors. More specifically, the capacitance Cs for a segment S

of the bank of ultracapacitors can be determined as shown below in Equation 3:
t+<1AVG

$= Vsrovst
where Vgg corresponds to the final voltage obtained for the segment S at (612), and Vsi

Equation 3

corresponds to the initial voltage obtained for the segment S at (604). After determining the
capacitance (e.g., CtotaL and/or Cs) at (614), the test operation concludes, and the one or
more control devices can perform one or more control actions based, at least in part, on the

capacitance determined at (614). Alternatively and/or additionally, the test operation can revert
to (602).

[0087] As an example, if the total capacitance Cyo1aL determined at (614) is less than a first
threshold value (e.g., about 82 percent of a nominal capacitance Cyop associated with the
bank of ultracapacitors), then the one or more control actions performed at (206) of FIG. 9 can
include a control action associated with providing a notification or alert indicating a loss of
capacitance associated with the bank of ultracapacitors. In some embodiments, the notification
or alert can indicate a maintenance action ( e.g., repair or replace) needs to be performed on
the bank of ultracapacitors.

[0088] As another example, if the total capacitance Cyo1aL determined at (614) is less than a
second threshold value (e.g., about 80 percent of the nominal capacitance Cnon), the one or

more control actions performed at (206) can include a first control action associated with
providing a notification indicating a fault condition associated with the bank of ultracapacitors.
More specifically, the fault condition can correspond to a loss of capacitance fault condition
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requiring shutdown of the wind turbine. In addition, the one or more control actions performed
at (206) can include a second control action associated with shutting down the wind turbine.

[0089] As yet another example, if, at (614), the capacitance determined for one or more
segments of the plurality of segments of the bank of ultracapacitors is less than about 20
percent of the nominal capacitance, the one or more control actions performed at (206) can
include a first control action associated with providing a notification indicating a fault condition
associated with the bank of ultracapacitors. More specifically, the fault condition can
correspond to a loss of capacitance fault condition requiring shutdown of the wind turbine. In
addition, the one or more control actions performed at (206) can include a second control
action associated with shutting down the wind turbine.

[0090] This written description uses examples to disclose aspects of the invention, defined by
the appended claims, including the best mode, and also to enable any person skilled in the art
to practice the invention, including making and using any devices or systems and performing
any incorporated methods.
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KRAV

1. Fremgangsmade (200) til overvdgning af en gruppe af ultrakondensatorer, der er indrettet til at
drive en vekselstrgm-(AC)-pitchmotor i et pitchsystem i en vindmglle, hvor gruppen af
ultrakondensatorer omfatter en flerhed af segmenter, hvor hvert segment af flerheden af segmenter
omfatter én eller flere ultrakondensatorer, hvor fremgangsmaden omfatter at:
(202) opnd, ved hjeelp af én eller flere styreindretninger, data, som indikerer en spaending
forbundet med ultrakondensatorerne, og som omfatter data der indikerer en total spaending
over ultrakondensatorerne;
(204) udfere, ved hjeelp af den ene eller flere styreindretninger, en testoperation af
ultrakondensatorerne med forudbestemte tidsintervaller for at bestemme en kapacitans
forbundet med ultrakondensatorerne; hvor testoperationen yderligere omfatter at:
(302) koble ultrakondensatorerne til et opladningskredsigb for at oplade
ultrakondensatorerne til en opladningsspaending, der er stgrre end en nominel
spaending af ultrakondensatorerne med en foruddefineret stgrrelse;
(304) som reaktion pa opladning af ultrakondensatorerne til opladningsspaendingen,
koble ultrakondensatorerne til en resistiv belastning, sdledes at ultrakondensatorerne
aflades ved hjeelp af belastningen;
(306, 308) opnd, ved hjeelp af den ene eller flere styreindretninger, data under
afladning ved hjeelp af belastningen, hvor dataene indikerer mindst én af en
afladningshastighed for  ultrakondensatorerne  og en  afladningsstrgam  for
ultrakondensatorerne; og at
(314) bestemme, ved hjeelp af den ene eller flere styreindretninger, kapacitansen
forbundet med ultrakondensatorerne baseret, i det mindste delvist, pd dataene opndet
under afladning ved hjeelp af belastningen; og at
(206) udfere, ved hjeelp af den ene eller flere styreindretninger, én eller flere styrehandlinger
baseret, i det mindste delvist, pd kapacitansen eller de data, der indikerer spaendingen.

2. Fremgangsmade (402,404) ifglge krav 1, som omfatter at, ndr den samlede spaending er mindre
end en forste teerskelspaending, der indikerer en spaending, som er ngdvendig for at drive AC-
pitchmotoren, udfgre, baseret pd den samlede spaending, én eller flere styrehandlinger, som
omfatter at udfgre mindst én af en forste styrehandling og en anden styrehandling, hvor den ferste
styrehandling er forbundet med at tilvejebringe en meddelelse, der indikerer en fejltilstand forbundet
med ultrakondensatorerne, og hvor den anden styrehandling forbundet med nedlukning af

vindmgllen.



10

15

20

25

30

35

DK/EP 3624302 T3

3. Fremgangsmade (406,408) ifglge krav 2, som omfatter at, ndr den samlede spaending er stgrre
end den fgrste teerskelspaending men mindre end en anden teaerskelspaending, der indikerer at
gruppen af ultrakondensatorer er fuldt opladet, udfgre, baseret pd den samlede spaending, én eller
flere styrehandlinger, der omfatter en styrehandling forbundet med at koble ultrakondensatorerne
til et opladningskredslgb for at oplade ultrakondensatorerne.

4. Fremgangsmade (200) ifelge et hvilket som helst af de foregdende krav, som omfatter at, ndr
den samlede spaending er stgrre end en taerskelspaending, der indikerer en designspaanding for
ultrakondensatorerne, udfgre, baseret pd den samlede spaending, én eller flere styrehandlinger, der
omfatter at udfgre mindst én af en forste styrehandling og en anden styrehandling, hvor den ferste
styrehandling er forbundet med at tilvejebringe en meddelelse, der indikerer en fejltilstand forbundet
med ultrakondensatorerne, og hvor den anden styrehandling forbundet med nedlukning af

vindmgllen.

5. Fremgangsmdde (206) ifglge et hvilket som helst af de foregdende krav, hvor dataene, der
indikerer spaendingen, yderligere omfatter data der indikerer en speending forbundet med ét eller
flere segmenter af flerheden af segmenter af gruppen af ultrakondensatorer.

6. Fremgangsmade ifglge krav 5, hvor fremgangsmaden yderligere omfatter at:
(504) bestemme, ved hjeelp af den ene eller flere styreenheder, en referencespaending
baseret, i det mindste delvist, pd antallet af segmenter, som er inkluderet i gruppen af
ultrakondensatorer, og den samlede spaending; og at
(506) bestemme, ved hjeelp af den ene eller flere styreindretninger, hvorvidt spaendingen
forbundet med ét eller flere segmenter af flerheden af segmenter afviger fra
referencespaendingen med mere end den forudbestemte stgrrelse.

7. Fremgangsmade (508) ifelge krav 6, som omfatter at, ndr spaendingen forbundet med ét eller
flere segmenter af flerheden af segmenter afviger fra referencespaendingen med mere end den
forudbestemte stgrrelse, udfere, baseret pd spaendingen forbundet med hvert segment af flerheden
af segmenter, én eller flere styrehandlinger, der omfatter at udfgre en styrehandling forbundet med
tilvejebringelse af en meddelelse, der indikerer en fejltilstand forbundet med ultrakondensatorerne.

8. Fremgangsmade (310) ifelge et hvilket som helst af de foregdende krav, som yderligere omfatter
at bestemme, ved hjeelp af den ene eller flere styreindretninger, om afladning af
ultrakondensatorerne ved hjaelp af belastningen reducerer en spaending af ultrakondensatorerne til
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den nominelle spaending inden for en forudbestemt tidsperiode efter kobling af ultrakondensatorer
til belastningen.

9. Fremgangsmdde (310) ifglge krav 8, hvor bestemmelsen af kapacitansen forbundet med
ultrakondensatorerne sker som reaktion pd bestemmelse af at spaendingen af ultrakondensatorerne
returnerer til den nominelle speending inden for den forudbestemte tidsperiode.

10. Fremgangsmade (204) ifglge et hvilket som helst af de foregdende krav, hvor udferelse af
testoperationen af ultrakondensatorerne omfatter at:
(602) koble ultrakondensatorerne til et opladningskredslgb for at oplade ultrakondensatorerne
til en opladningsspaending;
(604) som reaktion pa opladning af ultrakondensatorerne til opladningsspaendingen, opna,
ved hjeelp af den ene eller flere styreindretninger, data, der indikerer en startspaending
forbundet med ultrakondensatorerne;
(608) som reaktion pd at opnd de data, der indikerer den indledende spaending, koble
ultrakondensatorerne til en resistiv belastning i en forudbestemt tidsperiode! sdledes at
ultrakondensatorerne aflades ved hjeelp af den resistive belastning;
(610) opnd, ved hjeelp af den ene eller flere styreindretninger, data under afladning ved hjeelp
af belastningen, hvor dataene indikerer en gennemsnitlig afladningsstram for
ultrakondensatorerne;
(612) som reaktion pa udlgbet af den forudbestemte tidsperiode, opnd, ved hjeelp af den ene
eller flere styreindretninger, data, der indikerer en slutspaending forbundet med
ultrakondensatorerne, hvor slutspaendingen er mindre end startspaendingen; og at
(614) bestemme, ved hjeelp af den ene eller flere styreindretninger, en kapacitans af
ultrakondensatorerne baseret pd startspaendingen, den forudbestemte tidsperiode, den
gennemsnitlige afladningsstram og slutspaendingen.

11. Fremgangsmade (204) ifglge krav 10, hvor udfgrelse af testoperationen af ultrakondensatorerne
yderligere omfatter at udfere, ved hjeelp af den ene eller flere styreindretninger, én eller flere
styrehandlinger baseret, i det mindste delvist, pd kapacitansen af ultrakondensatorerne.

12. System (100) til overvdgning af driften af en gruppe af ultrakondensatorer (72), der er indrettet
til at drive en vekselstrams-(AC)-motor i et pitchsystem (70) i en vindmglle, hvor
ultrakondensatorerne (72) omfatter en flerhed af segmenter (90,92,94,96,98), hvor systemet (100)
omfatter:

et opladningskredslgb (130);
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en resistiv belastning (120);
en strgmsensor (159), der er indrettet til at mdle en afladningsstrgm fra ultrakondensatorerne
(72); og
en styreindretning (60) med én eller flere processorer (62), der er indrettet til at udfere
5 computerlaesbare instruktioner lagret i én eller flere hukommelsesenheder for at udfgre
operationer, hvor operationerne omfatter at:
koble ultrakondensatorerne (72) til opladningskredslgbet (130) for at oplade
ultrakondensatorerne (72) til en opladningsspaending, der er stgrre end en nominel
spaending af ultrakondensatorerne med en foruddefineret stgrrelse;

10 som reaktion pad opladning af ultrakondensatorerne (72) til opladningsspaendingen,
koble ultrakondensatorerne (72) til den resistive belastning (120) for at aflade
ultrakondensatorerne (72) ved hjeelp af den resistive belastning (120);
opnd, via strgmsensoren (159), data, der indikerer en afladningsstrgm fra
ultrakondensatorerne (72) under afladning ved hjeelp af belastningen;

15 bestemme en kapacitans af ultrakondensatorerne (72) baseret, i det mindste delvist,
pa afladningsstrgmmen; og at
udfare én eller flere styrehandlinger baseret, i det mindste delvist, pd kapacitansen.

13. System (100) ifglge krav 12, hvor operationerne yderligere omfatter at opnd data, der indikerer
20 en startspaending af ultrakondensatorerne (72) efter opladning af ultrakondensatorerne (72) til
opladningsspaendingen og far kobling af ultrakondensatorerne (72) til resistiv belastning (120).
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