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DESCRIPTION

[0001] The subject matter described herein relates generally to methods and systems for resonance dampening, and more
particularly, to methods and systems for resonance dampening in wind turbines.

[0002] Generally, a wind turbine includes a turbine that has a rotor that includes a rotatable hub assembly having multiple
blades. The blades transform wind energy into a mechanical rotational torque that drives one or more generators via the rotor.
The generators are sometimes, but not always, rotationally coupled to the rotor through a gearbox. The gearbox steps up the
inherently low rotational speed of the rotor for the generator to efficiently convert the rotational mechanical energy to electrical
energy, which is fed into a utility grid via at least one electrical connection. Gearless direct drive wind turbines also exist. The
rotor, generator, gearbox and other components are typically mounted within a housing, or nacelle, that is positioned on top of a
base that may be a truss or tubular tower.

[0003] Some wind turbine configurations include double-fed induction generators (DFIGs). Such configurations may also include
power converters that are used to convert a frequency of generated electric power to a frequency substantially similar to a utility
grid frequency. Moreover, such converters, in conjunction with the DFIG, also transmit electric power between the utility grid and
the generator as well as transmit generator excitation power to a wound generator rotor from one of the connections to the
electric utility grid connection. Alternatively, some wind turbine configurations include, but are not limited to, alternative types of
induction generators, permanent magnet (PM) synchronous generators and electrically-excited synchronous generators and
switched reluctance generators. These alternative configurations may also include power converters that are used to convert the
frequencies as described above and transmit electrical power between the utility grid and the generator.

[0004] Known wind turbines have a plurality of mechanical and electrical components. Each electrical and/or mechanical
component may have independent or different operating limitations, such as current, voltage, power, and/or temperature limits,
than other components. Moreover, known wind turbines typically are designed and/or assembled with predefined rated power
limits. To operate within such rated power limits, the electrical and/or mechanical components may be operated with large margins
for the operating limitations. Such operation may result in inefficient wind turbine operation, and a power generation capability of
the wind turbine may be underutilized.

[0005] Modem wind turbines require active damping of mechanical resonances/ vibrations in order to reduce mechanical loads,
for instance at the drive train and blades, or to avoid instability. US 7501798 discloses a method for the active damping of a drive
train in a wind energy plant, wherein a correction moment for a generator control is determined. US 7309930 discloses a vibration
damper which provides a variable signal to control torque produced by a generator of the wind turbine system. The variable
torque control signal is based on generator speed and has a first local peak value based on a resonant frequency of an
oscillation of a tower of the wind turbine.

[0006] Modem wind turbines are deployed in a large variety of electrical grid environments. The effectiveness of resonance
damping is dependent on the setup and conditions of the electrical grid the turbine is connected to. If the grid conditions are not
known, or have some variability with time, it is challenging to design a resonance damper which will work under each grid condition
which may occur during operation. For at least some conditions not accounted for in the original design of the damping system, a
conventional resonance damper may lead to increased mechanical loads and can reduce the lifetime of wind turbine components.

[0007] One prior attempt of solving this problem was by individual retuning of the resonance damper based on local grid
conditions. This, however, is an expensive approach as it requires each location to be treated individually. Further, grid conditions
do not only vary between sites, but can also change over time, and the exact conditions might not even be known. This can
generally not be handled with retuning. Various conventional techniques are disclosed, for example, in EP 2 224 129 and US
2010/0283247.

[0008] In view of the above, it is desirable to have a resonance dampening method and system for wind turbines which avoids
the cited disadvantages.

[0009] Hence, various aspects and embodiments of the present invention, as defined by the appended claims, are provided.

[0010] Various aspects, advantages and features of the present invention are apparent from the dependent claims, the
description and the accompanying drawings, in which:

Fig. 1 is a perspective view of a portion of an exemplary wind turbine.
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Fig. 2 is a schematic view of an exemplary electrical and control system suitable for use with the wind turbine shown in Fig. 1.
Fig. 3 is a schematic view of a resonance damping control system according to embodiments.

Fig. 4 is a schematic view of a further resonance damping control system according to embodiments.

Fig. 5 is a schematic view of a further resonance damping control system according to embodiments.

Fig. 6 is a schematic view of a resonance damper according to embodiments.

[0011] Reference will now be made in detail to the various embodiments, one or more examples of which are illustrated in each
figure. Each example is provided by way of explanation and is not meant as a limitation. For example, features illustrated or
described as part of one embodiment can be used on or in conjunction with other embodiments to yield yet further embodiments.
It is intended that the present disclosure includes such modifications and variations.

[0012] The embodiments described herein include a wind turbine system that enables effective resonance dampening. More
specifically, they include wind turbine systems which are adaptive to varying operating conditions of a grid to which the turbine(s)
are connected.

[0013] Embodiments described herein include a grid adaptive resonance damper. This damper is a function in the main turbine
controller that uses the torque control capability of modern wind turbines to dampen mechanical resonances of the turbine such
as drive train, tower side-to-side or blade edgewise vibrations by adjusting the torque command sent to the electrical system and
generator, so that it dampens the oscillations.

[0014] The effectiveness of this kind of resonance damping is essentially a function of the grid conditions. Depending on the grid
characteristics, these dampers need to be set differently in order to achieve maximum performance and in severe cases to work
at all. Therefore, the adaptive resonance damper according to embodiments automatically adjusts itself according to the current
grid conditions. This allows resonance damping over a wide range of grid conditions.

[0015] Due to the adaptive nature of the dampening system and method according to embodiments, sufficient damping can be
provided even if the grid conditions vary significantly at the turbine site. This might allow turbines to run in conditions where
turbines with a normal damper would, for example, fail due to excessive vibration. Therefore, it is possible to place turbines with
the adaptive resonance dampers in countries/sites where turbines with a conventional damper would not be economically
feasible. This benefit will become more important in the future, as due to higher penetration of wind energy some grids are
expected to show greater variability, and wind turbines are expected to handle this variability.

[0016] Embodiments described herein include two main functions. The first is a function for identifying the current grid conditions
(identification function), while the second is a resonance damper, whose control law is adjusted based on the output from the
identification function. Both functions are typically part of the main turbine controller software, but can in embodiments also reside
in a subsystem such as the converter control unit (CCU).

[0017] The identification function is typically concerned with obtaining and updating the parameters of a simplified model for the
combined converter-generator system. For example, if a transfer function from the torque set-point commanded by the turbine
controller to the actual air gap torque at the generator is assumed to have the characteristics of a first order system (a low pass
filter), then the identification function would continuously need to determine the time constant of this first order system.

[0018] While using a first order system with just one parameter is one solution, embodiments described herein are not limited to
a fixed model structure, and any transfer function could be used. In embodiments, it is further possible to instead use a fixed
model structure to identify any time or frequency domain specifications directly, such as gain and phase lag at a given frequency.

[0019] In embodiments, three different options for obtaining the abovementioned grid characteristics are used, which will be
further laid out below with respect to Figs. 3 f. In embodiments, the grid strength characteristics may also be acquired from an
external source. This source may, for example, be a central wind farm controller or the grid strength characteristics may be
achieved directly from an operator of the grid.

[0020] The second main function according to embodiments is the variable resonance damper. The resonance damper is a
function in the wind turbine controller that calculates a torque to be added to the torque commanded by the main speed and
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power controller based on the measurements of the generator speed, and potentially rotor speed. Unlike conventional resonance
damping, the control law used to calculate the torque for resonance damping is not fixed, but a function of the parameters
representative of the grid conditions as determined by the first function.

[0021] As used herein, the term "vibration dampening system" or "resonance dampening system" is intended to be
representative of a system which is capable of reducing vibrations in a wind turbine system. As used herein, the term "blade" is
intended to be representative of any device that provides a reactive force when in motion relative to a surrounding fluid. As used
herein, the term "wind turbine" is intended to be representative of any device that generates rotational energy from wind energy,
and more specifically, converts kinetic energy of wind into mechanical energy. As used herein, the term "wind generator" is
intended to be representative of any wind turbine that generates electrical power from rotational energy generated from wind
energy, and more specifically, converts mechanical energy converted from kinetic energy of wind to electrical power.

[0022] Fig. 1 is a perspective view of a portion of an exemplary wind turbine 100. Wind turbine 100 includes a nacelle 102
housing a generator (not shown in Fig. 1). Nacelle 102 is mounted on a tower 104 (a portion of tower 104 being shown in Fig. 1).
Tower 104 may have any suitable height that facilitates operation of wind turbine 100 as described herein. Wind turbine 100 also
includes a rotor 106 that includes three blades 108 attached to a rotating hub 110. Alternatively, wind turbine 100 includes any
number of blades 108 that facilitates operation of wind turbine 100 as described herein. In the exemplary embodiment, wind
turbine 100 includes a gearbox (not shown in Fig. 1) operatively coupled to rotor 106 and a generator (not shown in Fig. 1). In the
following, the mechanical system including rotor 106, gear box 114, and the shafts, couplings etc therebetween are also
denounced as rotor and drive train system 103.

[0023] Fig. 2 is a schematic view of an exemplary electrical and control system 200 that may be used with wind turbine 100.
Rotor 106 includes blades 108 coupled to hub 110. Rotor 106 also includes a low-speed shaft 112 rotatably coupled to hub 110.
Low-speed shaft 112 is coupled to a step-up gearbox 114 that is configured to step up the rotational speed of low-speed shaft
112 and transfer that speed to a high-speed shaft 116. In the exemplary embodiment, gearbox 114 has a step-up ratio of
approximately 70:1. For example, low-speed shaft 112 rotating at approximately 20 revolutions per minute (rpm) coupled to
gearbox 114 with an approximately 70:1 step-up ratio generates a speed for high-speed shaft 116 of approximately 1400 rpm.
Alternatively, gearbox 114 has any suitable step-up ratio that facilitates operation of wind turbine 100 as described herein. As a
further alternative, wind turbine 100 includes a direct-drive generator that is rotatably coupled to rotor 106 without any intervening
gearbox.

[0024] High-speed shaft 116 is rotatably coupled to generator 118. In the exemplary embodiment, generator 118 is a wound
rotor, three-phase, double-fed induction (asynchronous) generator (DFIG) that includes a generator stator 120 magnetically
coupled to a generator rotor 122. In an alternative embodiment, generator rotor 122 includes a plurality of permanent magnets in
place of rotor windings.

[0025] Electrical and control system 200 includes a turbine controller 202. Turbine controller 202 includes at least one processor
and a memory, at least one processor input channel, at least one processor output channel, and may include at least one
computer (none shown in Fig. 2). As used herein, the term computer is not limited to integrated circuits referred to in the art as a
computer, but broadly refers to a processor, a microcontroller, a microcomputer, a programmable logic controller (PLC), an
application specific integrated circuit, and other programmable circuits (none shown in Fig. 2), and these terms are used
interchangeably herein. In the exemplary embodiment, memory may include, but is not limited to, a computer-readable medium,
such as a random access memory (RAM) (none shown in Fig. 2). Alternatively, one or more storage devices, such as a floppy
disk, a compact disc read only memory (CD-ROM), a magneto-optical disk (MOD), and/or a digital versatile disc (DVD) (none
shown in Fig. 2) may also be used. Also, in the exemplary embodiment, additional input channels (not shown in Fig. 2) may be,
but are not limited to, computer peripherals associated with an operator interface such as a mouse and a keyboard (neither
shown in Fig. 2). Further, in the exemplary embodiment, additional output channels may include, but are not limited to, an
operator interface monitor (not shown in Fig. 2).

[0026] Processors for turbine controller 202 process information transmitted from a plurality of electrical and electronic devices
that may include, but are not limited to, voltage and current transducers. RAM and/or storage devices store and transfer
information and instructions to be executed by the processor. RAM and/or storage devices can also be used to store and provide
temporary variables, static (i.e., non-changing) information and instructions, or other intermediate information to the processors
during execution of instructions by the processors. Instructions that are executed include, but are not limited to, resident
conversion and/or comparator algorithms. The execution of sequences of instructions is not limited to any specific combination of
hardware circuitry and software instructions.

[0027] Not explicitly shown in Fig. 2 are the signal processing blocks 215, 322, the speed and power control unit 306, the
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adaptive resonance damper 310, system identification block 332, signal generator 330, signal generator 330, and grid strength
estimator 318, which are described further below with respect to Fig. 3 to 5. These are typically, but not necessarily part of the
turbine control unit 202.

[0028] Generator stator 120 is electrically coupled to a stator synchronizing switch 206 via a stator bus 208. In an exemplary
embodiment, to facilitate the DFIG configuration, generator rotor 122 is electrically coupled to a bi-directional power conversion
assembly 210 via a rotor bus 212. Alternatively, generator rotor 122 is electrically coupled to rotor bus 212 via any other device
that facilitates operation of electrical and control system 200 as described herein. As a further alternative, electrical and control
system 200 is configured as a full power conversion system (not shown) that includes a full power conversion assembly (not
shown in Fig. 2) similar in design and operation to power conversion assembly 210 and electrically coupled to generator stator
120. The full power conversion assembly facilitates channeling electric power between generator stator 120 and an electric power
transmission and distribution grid (not shown). In the exemplary embodiment, stator bus 208 transmits three-phase power from
generator stator 120 to stator synchronizing switch 206. Rotor bus 212 transmits three-phase power from generator rotor 122 to
power conversion assembly 210. In the exemplary embodiment, stator synchronizing switch 206 is electrically coupled to a main
transformer circuit breaker 214 via a system bus 216. In an alternative embodiment, one or more fuses (not shown) are used
instead of main transformer circuit breaker 214. In another embodiment, neither fuses nor main transformer circuit breaker 214 is
used.

[0029] Power conversion assembly 210 includes a rotor filter 218 that is electrically coupled to generator rotor 122 via rotor bus
212. Arotor filter bus 219 electrically couples rotor filter 218 to a rotor-side power converter 220, and rotor-side power converter
220 is electrically coupled to a line-side power converter 222. Rotor-side power converter 220 and line-side power converter 222
are power converter bridges including power semiconductors (not shown). In the exemplary embodiment, rotor-side power
converter 220 and line-side power converter 222 are configured in a three-phase, pulse width modulation (PWM) configuration
including insulated gate bipolar transistor (IGBT) switching devices (not shown in Fig. 2) that operate as known in the art.
Alternatively, rotor-side power converter 220 and line-side power converter 222 have any configuration using any switching
devices that facilitate operation of electrical and control system 200 as described herein. Power conversion assembly 210 is
coupled in electronic data communication with turbine controller 202 to control the operation of rotor-side power converter 220
and line-side power converter 222.

[0030] In the exemplary embodiment, a line-side power converter bus 223 electrically couples line-side power converter 222 to a
line filter 224. Also, a line bus 225 electrically couples line filter 224 to a line contactor 226. Moreover, line contactor 226 is
electrically coupled to a conversion circuit breaker 228 via a conversion circuit breaker bus 230. In addition, conversion circuit
breaker 228 is electrically coupled to main transformer circuit breaker 214 via system bus 216 and a connection bus 232.
Alternatively, line filter 224 is electrically coupled to system bus 216 directly via connection bus 232 and includes any suitable
protection scheme (not shown) configured to account for removal of line contactor 226 and conversion circuit breaker 228 from
electrical and control system 200. Main transformer circuit breaker 214 is electrically coupled to an electric power main
transformer 234 via a generator-side bus 236. Main transformer 234 is electrically coupled to a grid circuit breaker 238 via a
breaker-side bus 240. Grid circuit breaker 238 is connected to the electric power transmission and distribution grid via a grid bus
242. In an alternative embodiment, main transformer 234 is electrically coupled to one or more fuses (not shown), rather than to
grid circuit breaker 238, via breaker-side bus 240. In another embodiment, neither fuses nor grid circuit breaker 238 is used, but
rather main transformer 234 is coupled to the electric power transmission and distribution grid via breaker-side bus 240 and grid
bus 242.

[0031] In the exemplary embodiment, rotor-side power converter 220 is coupled in electrical communication with line-side power
converter 222 via a single direct current (DC) link 244. Alternatively, rotor-side power converter 220 and line-side power
converter 222 are electrically coupled via individual and separate DC links (not shown in Fig. 2). DC link 244 includes a positive
rail 246, a negative rail 248, and at least one capacitor 250 coupled between positive rail 246 and negative rail 248. Alternatively,
capacitor 250 includes one or more capacitors configured in series and/or in parallel between positive rail 246 and negative rail
248.

[0032] Turbine controller 202 is configured to receive a plurality of voltage and electric current measurement signals from a first
set of voltage and electric current sensors 252. Moreover, turbine controller 202 is configured to monitor and control at least
some of the operational variables associated with wind turbine 100. In the exemplary embodiment, each of three voltage and
electric current sensors 252 are electrically coupled to each one of the three phases of grid bus 242. Alternatively, voltage and
electric current sensors 252 are electrically coupled to system bus 216. As a further alternative, voltage and electric current
sensors 252 are electrically coupled to any portion of electrical and control system 200 that facilitates operation of electrical and
control system 200 as described herein. As a still further alternative, turbine controller 202 is configured to receive any number of
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voltage and electric current measurement signals from any number of voltage and electric current sensors 252 including, but not
limited to, one voltage and electric current measurement signal from one transducer.

[0033] As shown in Fig. 2, electrical and control system 200 also includes a converter controller 262 that is configured to receive
a plurality of voltage and electric current measurement signals. For example, in one embodiment, converter controller 262
receives voltage and electric current measurement signals from a second set of voltage and electric current sensors 254 coupled
in electronic data communication with stator bus 208. Converter controller 262 receives a third set of voltage and electric current
measurement signals from a third set of voltage and electric current sensors 256 coupled in electronic data communication with
rotor bus 212. Converter controller 262 also receives a fourth set of voltage and electric current measurement signals from a
fourth set of voltage and electric current sensors 264 coupled in electronic data communication with conversion circuit breaker
bus 230. Second set of voltage and electric current sensors 254 is substantially similar to first set of voltage and electric current
sensors 252, and fourth set of voltage and electric current sensors 264 is substantially similar to third set of voltage and electric
current sensors 256. Converter controller 262 is substantially similar to turbine controller 202 and is coupled in electronic data
communication with turbine controller 202. Moreover, in the exemplary embodiment, converter controller 262 is physically
integrated within power conversion assembly 210. Alternatively, converter controller 262 has any configuration that facilitates
operation of electrical and control system 200 as described herein.

[0034] During operation, wind impacts blades 108 and blades 108 transform wind energy into a mechanical rotational torque that
rotatably drives low-speed shaft 112 via hub 110. Low-speed shaft 112 drives gearbox 114 that subsequently steps up the low
rotational speed of low-speed shaft 112 to drive high-speed shaft 116 at an increased rotational speed. High speed shaft 116
rotatably drives generator rotor 122. A rotating magnetic field is induced by generator rotor 122 and a voltage is induced within
generator stator 120 that is magnetically coupled to generator rotor 122. Generator 118 converts the rotational mechanical
energy to a sinusoidal, three-phase alternating current (AC) electrical energy signal in generator stator 120. The associated
electrical power is transmitted to main transformer 234 via stator bus 208, stator synchronizing switch 206, system bus 216, main
transformer circuit breaker 214 and generator-side bus 236. Main transformer 234 steps up the voltage amplitude of the electrical
power and the transformed electrical power is further transmitted to a grid via breaker-side bus 240, grid circuit breaker 238 and
grid bus 242.

[0035] In the exemplary embodiment, a second electrical power transmission path is provided. Electrical, three-phase, sinusoidal,
AC power is generated within generator rotor 122 and is transmitted to power conversion assembly 210 via rotor bus 212. Within
power conversion assembly 210, the electrical power is transmitted to rotor filter 218 and the electrical power is modified for the
rate of change of the PWM signals associated with rotor-side power converter 220. Rotor-side power converter 220 acts as a
rectifier and rectifies the sinusoidal, three-phase AC power to DC power. The DC power is transmitted into DC link 244. Capacitor
250 facilitates mitigating DC link 244 voltage amplitude variations by facilitating mitigation of a DC ripple associated with AC
rectification.

[0036] The DC power is subsequently transmitted from DC link 244 to line-side power converter 222 and line-side power
converter 222 acts as an inverter configured to convert the DC electrical power from DC link 244 to three-phase, sinusoidal AC
electrical power with pre-determined voltages, currents, and frequencies. This conversion is monitored and controlled via
converter controller 262. The converted AC power is transmitted from line-side power converter 222 to system bus 216 via line-
side power converter bus 223 and line bus 225, line contactor 226, conversion circuit breaker bus 230, conversion circuit breaker
228, and connection bus 232. Line filter 224 compensates or adjusts for harmonic currents in the electric power transmitted from
line-side power converter 222. Stator synchronizing switch 206 is configured to close to facilitate connecting the three-phase
power from generator stator 120 with the three-phase power from power conversion assembly 210.

[0037] Conversion circuit breaker 228, main transformer circuit breaker 214, and grid circuit breaker 238 are configured to
disconnect corresponding buses, for example, when excessive current flow may damage the components of electrical and control
system 200. Additional protection components are also provided including line contactor 226, which may be controlled to form a
disconnect by opening a switch (not shown in Fig. 2) corresponding to each line of line bus 225.

[0038] Power conversion assembly 210 compensates or adjusts the frequency of the three-phase power from generator rotor
122 for changes, for example, in the wind speed at hub 110 and blades 108. Therefore, in this manner, mechanical and electrical
rotor frequencies are decoupled from stator frequency.

[0039] Under some conditions, the bi-directional characteristics of power conversion assembly 210, and specifically, the bi-
directional characteristics of rotor-side power converter 220 and line-side power converter 222, facilitate feeding back at least
some of the generated electrical power into generator rotor 122. More specifically, electrical power is transmitted from system bus
216 to connection bus 232 and subsequently through conversion circuit breaker 228 and conversion circuit breaker bus 230 into
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power conversion assembly 210. Within power conversion assembly 210, the electrical power is transmitted through line contactor
226, line bus 225, and line-side power converter bus 223 into line-side power converter 222. Line-side power converter 222 acts
as a rectifier and rectifies the sinusoidal, three-phase AC power to DC power. The DC power is transmitted into DC link 244.
Capacitor 250 facilitates mitigating DC link 244 voltage amplitude variations by facilitating mitigation of a DC ripple sometimes
associated with three-phase AC rectification.

[0040] The DC power is subsequently transmitted from DC link 244 to rotor-side power converter 220 and rotor-side power
converter 220 acts as an inverter configured to convert the DC electrical power transmitted from DC link 244 to a three-phase,
sinusoidal AC electrical power with pre-determined voltages, currents, and frequencies. This conversion is monitored and
controlled via converter controller 262. The converted AC power is transmitted from rotor-side power converter 220 to rotor filter
218 via rotor filter bus 219 and is subsequently transmitted to generator rotor 122 via rotor bus 212, thereby facilitating sub-
synchronous operation.

[0041] Power conversion assembly 210 is configured to receive control signals from turbine controller 202. The control signals
are based on sensed conditions or operating characteristics of wind turbine 100 and electrical and control system 200. The
control signals are received by turbine controller 202 and used to control operation of power conversion assembly 210. Feedback
from one or more sensors may be used by electrical and control system 200 to control power conversion assembly 210 via
converter controller 262 including, for example, conversion circuit breaker bus 230, stator bus and rotor bus voltages or current
feedbacks via second set of voltage and electric current sensors 254, third set of voltage and electric current sensors 256, and
fourth set of voltage and electric current sensors 264. Using this feedback information, and for example, switching control signals,
stator synchronizing switch control signals and system circuit breaker control (trip) signals may be generated in any known
manner. For example, for a grid voltage transient with predetermined characteristics, converter controller 262 will at least
temporarily substantially suspend the IGBTs from conducting within line-side power converter 222. Such suspension of operation
of line-side power converter 222 will substantially mitigate electric power being channeled through power conversion assembly
210 to approximately zero.

[0042] Fig. 3 shows a schematic representation of an adaptive damping system according to embodiments. The wind turbine
system includes rotational speed sensor 302 which takes up the speed in the drive train and/or the generator 118. Over signal
processing unit 215, this data is used to feed speed and power controller 306. Signal processing unit 322 also takes up the
sensor data and uses it to feed the resonance damper 310.

[0043] The signals from the adaptive resonance damper 310 and the speed and power controller 306 are summed up and fed
as a torque command to the Power conversion assembly (PCA) 210. The PCA 210 calculates the values/parameters representing
grid conditions, e.g., a time constant, directly based on the PCA-internal control and measurement variables. These variables
may typically be generator voltage and - current. This means, the current grid conditions are calculated and represented by a
time constant. Over control law calculation election 314, this time constant is fed into the adaptive resonance damper 310,
modifying the dampers characteristics.

[0044] Fig. 4 shows an observer based online estimation of the grid characteristics according to embodiments of an adaptive
resonance damping system. The measured generator and rotor speed 303, the torque command 307, as well as, potentially in
embodiments, a number of power conversion assembly internal signals are fed to a dynamic observer such as a Grid strength
estimator 318 inside the turbine controller. In embodiments, grid strength estimator 318 is a Kalman filter. The observer
continuously compares the measured values against predictions from an internal model stored inside the observer and updates
the internal model, so that the mismatch between its predictions and the measurement values decreases. From the model, the
parameters representing the grid conditions respectively strength is derived, e.g. an estimated electrical time constant 328.
Representing electrical time constant parameters of the internal model are then fed to the adaptive resonance damper 310 via
control law calculation election 314.

[0045] Fig. 5 shows a periodic system excitation and identification according to embodiments of an adaptive resonance damping
system. From time to time, (e.g. at fixed intervals, which may reach from minutes to several months, more typically from 1 hour to
2 months, for example every minute, every hour, every week, or every month), the system is excited by adding an excitation signal
329, generated by a signal generator 330, to the torque command 307 from the main speed and power controller 306 of the wind
turbine 100. In embodiments with a simple form, the excitation signal 329 is a harmonic signal with a frequency equal to the
frequency of the resonance that is to be damped by the adaptive resonance damper 310. However, more complex signals such
as harmonic signals with more than one frequency or PRBS (pseudorandom binary sequence) signals would also be possible. A
system identification block 332 then compares the measured response with the excitation 329 and calculates the parameters of
the model stored in the system identification block 332. From the model, the electrical time constant 327 of the grid is derived via
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control law calculation election 314 and fed into adaptive resonance damper 310.

[0046] Fig. 6 shows an exemplary implementation of a resonance damper 310 according to embodiments. It shows two different
resonance damper configurations for two different assumed electrical transfer functions, wherein damper 311 is designed for 14
and Damper 312 is designed for 12. Each of the dampers 311, 312 is set up so that it gives the desired performance at a certain
assumed transfer function between torque command and actual torque. The final output of damper 310 is a weighted sum of the
outputs from the individual dampers 311, 312, where the weighting functions are determined based on the current grid conditions
as determined by the first function. The first weighting function 313 of the first damper 311 in this example is
1— T—T

Tp=— Ty

and the second weighting function 315 of the second damper 312 is
T— Il

T~ Ty

[0047] While the example shows the use of two dampers, embodiments are not limited to using only two dampers, and any
number of individual dampers is possible.

[0048] Alternatively to the described embodiment with the described "weighted sum" approach, there could be implemented only
a single resonance damper, but with the parameters and implementation of this damper, a direct function of the quantities
representing grid quality (e.g. electrical time constant) is achieved.

[0049] The above-described systems and methods facilitate placement of a wind turbine in a large range of grid conditions
without further modifications to the control system, and will lead to lower mechanical loads than conventional resonance damping
especially in situations where grid conditions are variable.

[0050] More specifically, they facilitate effective resonance damping under varying operating conditions, as their design does not
require detailed knowledge of the correct grid conditions and also adapts itself in case of varying conditions.

[0051] Exemplary embodiments of systems and methods for adaptive resonance damping are described above in detail. The
systems and methods are not limited to the specific embodiments described herein, but rather, components of the systems and/or
steps of the methods may be utilized independently and separately from other components and/or steps described herein. For
example, they are not limited to practice with only the wind turbine systems as described herein. Rather, the exemplary
embodiment can be implemented and utilized in connection with many other rotor blade applications.

[0052] Although specific features of various embodiments of the invention may be shown in some drawings and not in others, this
is for convenience only. In accordance with the principles of the invention, any feature of a drawing may be referenced and/or
claimed in combination with any feature of any other drawing.

[0053] This written description uses examples to disclose the invention, including the preferred mode, and also to enable any
person skilled in the art to practice the invention, including making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention is defined by the claims, and may include other examples that occur
to those skilled in the art. Such other examples are intended to be within the scope of the claims if they have structural elements
that do not differ from the literal language of the claims.
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Patentkrav

1. Resonansdaempningssystem til en vindmglle (100) med en generator (118)
forbundet til et elforsyningsnet, resonansdaeempningssystemet omfattende:
en adaptiv resonansdaemper (310), funktionsdygtig til at tilvejebringe et
styresignal til generatoren (118), hvor det variable vridningsmomentsignal
af den adaptive resonansdaemper (310) er automatisk justeret i henhold til
et parameter som reprassenterer en el-nettilstand;
kendetegnet ved at resonansdaempningssystemet yderligere omfatter:
en dynamisk observatgr, som er indrettet til at sammenligne malte
veerdier med en intern model, og til at opdatere den interne model i
henhold til forskelle mellem malte vaerdier og parametre forudsagt
fra den model, og hvor observatgren er yderligere indrettet til at
fgde parametre af den interne model til den adaptive
resonansdaemper, og hvor de malte vaerdier omfatter:
generatorhastighed;
rotorhastighed; og

et vridningsmomentsignal for generatoren.

2. Resonansdaempningssystemet ifglge krav 1, hvor den adaptive
resonansdaemper (310) er indrettet til at beregne et parameter som
repraesenterer en el-nettilstand fra mindst en mélingsvaerdi, fortrinsvis spaending

og/eller strgm af generatoren.

3. Resonansdeempningssystemet ifglge krav 1 eller krav 2, hvor el-

netparameteret som repraasenterer el-nettilstanden er en tidskonstant.

4. Resonansdaempningssystemet ifglge et hvilket som helst foregdende krav, hvor

den dynamiske observatgr omfatter et Kalman-filter (318).

5. Resonansdampningssystemet ifglge et hvilket som helst foregaende krav,
yderligere omfattende:

a) en signalgenerator (330); og

b) en systemidentifikationsblok (332);
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¢) hvor et signal genereret af signalgeneratoren er tilfgjet for excitation til
vridningsmomentsignalet fra hovedhastigheds- og energikontroller af
vindmgllen, og hvor systemidentifikationsblokken derefter sammenligner
den malte reaktion pa excitationen med excitationen og beregner
parametrene af en model, hvor signalet er fortrinsvis et harmonisk signal
med en frekvens af resonansen som skal deempes af den adaptive

resonansdamper.

6. Vibrationsdaempningsfremgangsmade til en vindmglle (100) med en
vindmgllerotor monteret pé et t&rn og koblet til en generator (118) med en
transmission, hvor vindmgllen (100) er forbundet til et forsyningsnet,
vibrationsdampningsfremgangsmaden omfattende:
at bestemme et generatorfordringsvridningsmoment baseret pa detekteret
rotationshastighed af generatoren (118);
at modulere, med en adaptiv resonansdaemper,
generatorfordringsvridningsmomentet ved at tilvejebringe et variabelt
vridningsmomentsignal;
hvor det variable vridningsmomentsignal af den adaptive resonansdamper
automatisk justeres i henhold til en el-nettilstand repraesenteret af mindst
et el-netparameter;
kendetegnet ved:
at sammenligne méalte veerdier med en intern model;
at opdatere den interne model i henhold til forskelle mellem malte
veerdier og parametre forudsagt fra den model; og
at fgde parametre af den interne model til en adaptiv
resonansdamper (310).

7. Vibrationsdaempningsfremgangsmaden ifglge krav 6, yderligere omfattende:
at beregne et el-netparameter som reprasenterer en el-nettilstand fra
mindst en malingsvaerdi, fortrinsvis spaending og/eller strgm af
generatoren (118).

8. Vibrationsdaempningsfremgangsmaden ifglge krav 6 eller krav 7, hvor el-

netparameteret som repraesenterer el-nettilstanden er en tidskonstant.
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9. Vibrationsdaempningsfremgangsmaden ifglge et hvilket som helst af kravene 6
til 8, hvor de malte vaerdier omfatter:

generatorhastighed,

rotorhastighed,

et vridningsmomentsignal for generatoren (118).

10. Vibrationsdeempningsfremgangsmaden ifglge et hvilket som helst af kravene
6 til 9, hvor sammenligning af malte vaerdier med en intern model udfgres af et

Kalman-filter.

11. Vibrationsdeempningsfremgangsmaden ifglge et hvilket som helst af kravene
6 til 10, yderligere omfattende:

at generere et signal med en signalgenerator (118);

at tilfgje signalet for excitation til et vridningsmomentsignal,

at sammenligne en reaktion med excitationen og beregne parametre af en

model.

12. Vibrationsdeempningsfremgangsmaden ifglge et hvilket som helst af kravene
6 til 11, hvor signalet er et harmonisk signal med en frekvens af en resonans som

skal deempes af den adaptive resonansdaemper.
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