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(57) Abstract: There is provided a power oscillation damping (POD) controller (120) for a power generation device such as a
wind turbine device. The POD controller (120) receives an oscillation indicating signal (128) indicative of a power oscillation in
an electricity network and provides an oscillation damping control signal (134, 135) in response to the oscillation indicating signal

O (128), by processing the oscillation damping control signal (128) in a signal processing chain (136, 138). The signal processing

W

(136, 138) chain comprises a filter (140) configured for passing only signals within a predetermined frequency range.
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DESCRIPTION

Power oscillation damping controller

Field of the invention

The present invention relates to the field of power genera-
tion devices and in particular to power generation devices

which include a converter.

Art background

EP 2 009 760 A2 discloses a power system stabilizer compris-
ing a sensor configured for sensing a signal representative
of electromechanical oscillations of the power system; a
controller configured for using the sensed signal for gener-
ating control signals for damping the electromechanical
oscillations; and a damper comprising a damping converter and
a resistor coupled to the damping converter, the damping
converter being coupled to the power system through a power
bus and being configured for using the control signals for
damping the electromechanical oscillations. A modulation of
the current through the resistor is done based on the feed-

back signal from the sensor.
In view of the above-described situation, there exists a need
for an improved technique that enables to damp power oscilla-

tions efficiently in an electricity network.

Summary of the invention

This need may be met by the subject-matter according to the
independent claims. Advantageous embodiments of the herein
disclosed subject-matter are described by the dependent

claims.
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According to a first aspect of the herein disclosed subject-
matter, a controller for a power generation device is pro-
vided, the controller comprising: an input for receiving an
oscillation indicating signal indicative of a power oscilla-
tion in an electricity network; an output for providing an
oscillation damping control signal in response to the oscil-
lation indicating signal; a signal processing chain between
the input and the output; the signal processing chain com-
prising a filter configured for passing only signals within a

predetermined frequency range.

This aspect is based on the idea that by providing the filter
which passes only signals within a predetermined frequency
range the oscillation indicating signal does not need to be
pre-configured for the controller according to embodiments of
the herein disclosed subject-matter. In particular, according
to an embodiment of the herein disclosed subject-matter, the
controller does not require a specific sensor for sensing the
oscillation indicating signal. Rather, any existing signal
which is indicative of the power oscillation and the elec-
tricity network may be used as oscillation indicating signal,
wherein the filter selects the predetermined fregquency range.
According to an embodiment, the predetermined frequency range
is in a range in which power oscillations occur in the elec-
tricity network. In particular, according to an embodiment
the predetermined frequency range includes the frequency of

the power oscillation in the electricity network.

According to an embodiment, the filter comprises a high pass
filter stage, e.g. a washout stage, to remove DC components
and very low frequencies. The lower frequency limit of the
high pass filter stage depends on the frequency of the oscil-
lation of interest. A typical range for these oscillations is
0.1 Herz (Hz) to 1.5 Hz. Further, the filter may comprise a
low pass stage with a cut of frequency that removes higher
frequency components from the oscillation indicating signal.

For example, in an embodiment the cut-off frequency is e.g.



10

15

20

25

30

35

WO 2012/041543 PCT/EP2011/059704

_3_

in a frequency range between 2 Hz and 10 Hz. According to an
embodiment, the low pass stage is placed right after the high

pass filter stage.

According to an embodiment, the oscillation damping control
signal is configured for, when acting on the power generation
device, damping power oscillations by which power is oscil-
lated between different locations in the electricity network.
Therefore, such power oscillations are also referred to as

interarea oscillations.

Generally herein, “acting on the power generation device”
includes providing the damping control to a power controller
of the power generation device, which power controller is
configured for controlling the power generation device de-

pending on the damping control signal.

According to an embodiment, the signal processing chain
further comprises a phase-shifting unit for providing a phase
difference between the oscillation indicating signal and the
oscillation damping signal. The phase difference causes a
reduction of the power oscillation in the electricity net-
work. In other words, the phase difference generated by the
phase-shifting unit results in a phase difference between the
oscillation indicating signal and the oscillation damping
control signal and, hence, a phase difference between the
power oscillations in the electricity network and the oscil-
lation damping control signal. In this way, by acting on the
power generation device with the oscillation damping control
signal, the power generation device supplies power which is
in an appropriate phase relation with the power oscillations
in the electricity network. By this operation of the power
generation device in an appropriate phase relation, the power
oscillation in the electricity network is efficiently damped.
The appropriate phase relation depends on both modulation

signal and the location of the damping unit (according to an
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embodiment to be understood as the entire wind park, i.e. the

whole wind park acts as a damping unit).

According to a further embodiment, the signal processing
chain further comprises a phase adjustment unit configured
for providing a phase difference between the oscillation
indicating signal and the oscillation damping control signal,
the phase difference provided by the phase adjustment unit
being dependent on a geographical location of the power
generation device, e.g being dependent on a geographical
location of the power generation device as well as on a power
modulation signal, i.e. active and/or reactive power. Accord-
ing to an embodiment, the phase adjustment unit is configured
for taking into account and compensating for phase differ-
ences occurring due to the geographical location of the power
generation device. For example, for wind power applications,
the power generation devices correspond to individual wind
turbine devices which may be distributed over a large area.
For example, in a power generation park which includes a
plurality of power generation devices, the phase-shifting
unit mentioned above may provide for an overall phase differ-
ence which is necessary to damp the power oscillations in the
electricity network. Further, according to an embodiment the
phase adjustment unit, which may provide an individual phase
difference for each power generation device, takes into
account the phase difference that additionally occurs due to
the different distance of the respective power generation
devices from the point of common coupling, by which the power
generation devices of the power generation park are coupled
to the electricity network. In this way, the damping of the
power oscillation in the electricity network may be further

increased by respective fine-tuning of the phase difference.

According to a further embodiment, the signal processing
chain further comprises a limiting unit configured for main-
taining the oscillation damping control signal within prede-

termined limits. Such a limiting unit may be provided at
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different locations in the signal processing chain. For
example, a limiting unit may be provided before any component
of the signal processing chain that is sensitive to signals
which exceed certain limits. However, a limiting unit may be
provided as last active element in the signal processing
chain in order to maintain the oscillation damping control
signal within the predetermined limits irrespective of the
operation of the previous components of the signal processing

chain.

It should be understood, that the limiting unit may be pro-
vided in several implementations. For example, the limiting
unit may be configured so as to cut off the oscillation
damping control signal if the oscillation damping control
signal exceeds the predetermined limits. In another embodi-
ment, the limiting unit may act back on an amplifier in the
signal processing chain so as to reduce the amplification
factor (gain) provided by the amplifier, thereby reducing the
amplitude of the oscillation damping control signal and
thereby maintain the oscillation damping control signal

within the predetermined limits.

According to a further embodiment, the signal processing
chain further comprises a delay compensation circuit for
compensating a delay with which the oscillation indicating
signal is received. For example, the oscillation indicating
signal may be a signal obtained from a sensor that is located
close to the controller. However, in another embodiment, the
oscillation indicating signal is a signal that is broadcasted
from a power generation park controller to the individual
controllers of the power generation devices of the power
generation park. In this case, there may be a time delay
between measuring a certain gquantity in the electricity
network, e.g. voltage or frequency, and the reception of a
corresponding signal broadcasted by a power generation park
controller. In such a case, the delay compensation unit may

be configured for compensating such a delay. Hence, in this
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way the damping of the power oscillation in the electricity

network may be further increased.

According to an embodiment, the signal processing chain
further comprises a filter stage, e.g. a notch filter, for
filtering out (i.e. removing) frequencies which excite oscil-
lations in mechanical components of the wind turbine device.
Such frequencies may be present due to mechanical resonances
of components of the wind turbine device. Hence, in an em-
bodiment the notch filter avoids interaction at mechanical
resonance frequencies. Hence, this filter stage may serve to
protect components of the wind turbine device which might
otherwise be excited by the removed frequencies. For example,
such a notch filter may be provided after at least one pre-
ceding element in the signal processing chain. In this way,
mechanical resonance frequencies which might be generated by
preceding components in the signal processing chain as well
as frequencies that remain from the filter which passes only
signals within a predetermined frequency range are removed.
For example, according to an embodiment, the notch filter is
placed in the signal processing chain as a penultimate ele-
ment or as a last element. For example, if the notch filter
is a penultimate element in the signal processing chain, the
last element in the signal processing chain may be a limiting
unit described above which maintains the oscillation damping

control signal within predetermined limits.

According to a further embodiment, the signal processing
chain described above is a first signal processing chain and
the output is a first output of the controller. According to
an embodiment, the oscillation damping control signal is a
first oscillation damping control signal configured for
controlling an active power provided by the power generation
device. Further, in an embodiment, the controller comprises a
second output and a second signal processing chain between
the input and the second output, wherein the second signal

processing chain is configured for providing a second oscil-
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lation damping control signal for controlling a reactive
power provided by the power generation device. Hence, in
accordance with embodiments of the herein disclosed subject-
matter, active power as well as reactive power generated by
the power generation device is controlled so as to damp the
power oscillation in the electricity network. In accordance
with an embodiment, the power generation device comprises a
converter. A converter has the advantage that in an embodi-
ment it allows to adjust the active power and the reactive

power provided by it to be controlled independently.

According to an embodiment, the controller further comprises
a weighting unit, the weighting unit being configured for
setting, in response to a weighting signal, a magnitude of
the first oscillation damping control signal and/or a magni-
tude of the second oscillation damping control signal. Hence,
in an embodiment, the weighting unit may be configured for
adjusting a magnitude of an active power component and a
magnitude of a reactive power component used to damp the
power oscillation in the electricity network. The purpose of
both the active and the reactive part of the oscillation
damping control signal is to interact with the synchronous
generators in the power system to increase their oscillatory

damping.

According to a second aspect of the herein disclosed subject-
matter, a control system for controlling a power generation
device is provided, the control system comprising a control-
ler as set forth in the first aspect or an embodiment the-
reof; and a system output for providing a control system for

the power generation device.

According to a further embodiment, the control system further
comprises a further controller for providing a further con-
trol signal; and a summing unit for summing the damping
control signal and the further control signal. For example,

the further controller may be a drive train damping control-
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ler provided to damp oscillations due to the interaction
between rotor and generator in the drive train of the power
generation device. Further, a further controller may be an
active tower damping controller of a power generation device
in the form of a wind turbine, the active tower damping
controller preventing tower movements during high wind speeds
and gust. Further, a further controller may be a blade edge
damping controller for a power generation device in the form
of a wind turbine which prevents edges oscillation of the

blade of the wind turbine due to wake effects in wind farms.

According to embodiments of the second aspect, the control
system is adapted for providing the functionality of one or
more of the aforementioned aspects and embodiments and/or for
providing the functionality as required by one or more of the

aforementioned aspects and embodiments.

According to a third aspect of the herein disclosed subject-
matter, a power generation park is provided, the power gen-
eration park comprising: at least one power generation de-
vice; and at least one controller according to the first

aspect or an embodiment thereof.

According to a fourth aspect of the herein disclosed subject-
matter, a power generation park is provided, the power gen-
eration park comprising at least one power generation device;
and at least one control system according to the second

aspect or an embodiment thereof.

According to an embodiment of the third and the fourth as-
pect, the power generation park is adapted for providing the
functionality of one or more of the aforementioned aspects
and embodiments and/or for providing the functionality as
required by one or more of the aforementioned aspects and

embodiments.
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According to a fifth aspect of the herein disclosed subject-
matter, a method of operating a controller for a power gen-
eration device is provided, the method comprising: receiving
an oscillation indicating signal indicative of a power oscil-
lation in an electricity network; passing the oscillation
indicating signal through a signal processing chain thereby
providing an oscillation damping control signal in response
to the oscillation indicating signal; wherein passing the
oscillation indicating signal through a signal processing
chain comprises passing only signals within a predetermined

frequency range.

According to an embodiment of the fifth aspect, the method is
adapted for providing the functionality of one or more of the
aforementioned aspects and embodiments and/or for providing

the functionality as required by one or more of the aforemen-

tioned aspects and embodiments.

According to a sixth aspect of the herein disclosed subject-
matter, a method of operating a control system of a power
generation device is provided, the method comprising: per-
forming a method according to the fifth aspect or an embodi-
ment thereof; providing a control signal for the power gen-
eration device, the control signal being dependent on the

oscillation damping control signal.

According to an embodiment of the sixth aspect, the method is
adapted for providing the functionality of one or more of the
aforementioned aspects and embodiments and/or for providing

the functionality as required by one or more of the aforemen-

tioned aspects and embodiments.

According to a seventh aspect of the herein disclosed sub-
ject-matter, a method of operating a power generation park
including a power generation device is provided, the method

comprising: performing a method according to the sixth aspect
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or an embodiment thereof; and providing the control signal to

the power generation device.

According to an embodiment of the seventh aspect, the method
is adapted for provided the functionality of one or more of
the aforementioned aspects and embodiments and/or for provid-
ing the functionality as required by one or more of the

aforementioned aspects and embodiments.

According to an eighth aspect of the herein disclosed sub-
ject-matter, a computer program is provided, the computer
program being configured for controlling a physical object,
namely a power generation device, the computer program being
adapted for, when being executed by a data processor device,
controlling the method as set forth in the fifth aspect or an

embodiment thereof.

According to a ninth aspect of the herein disclosed subject-
matter, a computer program is provided, the computer program
being configured for controlling a physical object, namely a
power generation device, the computer program being adapted
for, when executed by a data processor device, controlling
the method as set forth in the sixth aspect or an embodiment

thereof.

According to a tenth aspect of the herein disclosed subject-
matter, a computer program is provided, the computer program
being configured for controlling a physical object, namely a
power generation device, the computer program being adapted
for, when executed by a data processor device, controlling
the method as set forth in the seventh aspect or an embodi-

ment thereof.

As used herein, reference to a computer program is intended
to be equivalent to a reference to a program element and/or a

computer readable medium containing instructions for control-



10

15

20

25

30

35

WO 2012/041543 PCT/EP2011/059704
-11-

ling a computer system to coordinate the performance of the

above described method.

The computer program may be implemented as computer readable
instruction code by use of any suitable programming language,
such as, for example, JAVA, C++, and may be stored on a
computer-readable medium (removable disk, wvolatile or non-
volatile memory, embedded memory/processor, etc.). The in-
struction code is operable to program a computer or any other
programmable device to carry out the intended functions. The
computer program may be available from a network, such as the
World Wide Web, from which it may be downloaded.

Embodiments of the herein disclosed subject matter may be
realized by means of a computer program respectively soft-
ware. However, embodiments of the herein disclosed subject
matter may also be realized by means of one or more specific
electronic circuits respectively hardware. Furthermore,
embodiments of the herein disclosed subject matter may also
be realized in a hybrid form, i.e. in a combination of soft-

ware modules and hardware modules.

In the above there have been described and in the following
there will be described exemplary embodiments of the subject
matter disclosed herein with reference to a controller of a
power generation device, a control system, a power generation
park, a method of operating a control system of a power
generation device, a method of operating a control system of
a power generation device, a method of operating a power
generation park, and respective computer programs. It has to
be pointed out that of course any combination of features
relating to different aspects and embodiments of the herein
disclosed subject matter is also possible. In particular,
some embodiments have been described with reference to method
type claims whereas other embodiments have been described

with reference to apparatus type claims. However, a person
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skilled in the art will gather from the above and the follow-
ing description that, unless other notified, in addition to
any combination of features belonging to one type of subject
matter also any combination between features relating to
different subject matters, in particular between features of
the method type claims and features of the apparatus type

claims is considered as to be disclosed with this document.

The aspects defined above and further aspects of the present
invention are apparent from the examples of embodiment to be
described hereinafter and are explained with reference to the
examples of embodiment. The invention will be described in

more detail hereinafter with reference to examples of embodi-

ment but to which the invention is not limited.

Brief Description of the Drawing

Fig. 1 shows in part a wind park in accordance with embodi-

ments of the herein disclosed subject matter.

Fig. 2 shows a control system in accordance with embodiments

of the herein disclosed subject matter.

Fig. 3 shows the filter and limiting unit of Fig. 2 in great-

er detail.

Fig. 4 shows the active power APy per unit (pu) over time t
in seconds t(s) for a typical damping operation of a wind
turbine device according to embodiments of the herein dis-

closed subject-matter.

Fig. 5 shows the rotational speed Aw, over time t in seconds
(s) of the rotor of the wind turbine device per unit (pu) x
1077,
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Detailed Description

The illustration in the drawing is schematically. It is noted
that in different figures, similar or identical elements are
provided with the same reference signs or with reference
signs, which are different from the corresponding reference

signs only within the first digit.

In the following, exemplary embodiments of the herein dis-
closed subject matter are discussed with regard to a power
generation device in the form of a wind turbine and with
regard to a power generation park in the form of a wind park.
However, it should be understood that the teachings discussed
herein and in particular the teachings discussed below are
considered as being disclosed also for the general terms
“power generation device” and “power generation park”. In
particular, embodiments of the herein disclosed subject
matter which are related to wind turbine devices are as well
applicable to power generation devices with a converter,
wherein the converter is configured for receiving input power
and providing, in response to the input power, an electrical

output power.

Power oscillations typically occur in large interconnected
power systems, where two or more areas are interconnected
through relatively weak AC transmission lines, hence also
referred to as inter-area oscillations. The frequency of the
inter-area oscillation is typically in the range from 0.1
Herz (Hz) to 0.7 Herz. Whether or not an oscillation is
stable or unstable is a system property. This means that it
is not the contingency initiating the oscillation that deter-
mines the level of damping, instead it is the state of the
power system, i.e. operating condition, controller tuning,

transmission lines and generators in service, etc.

If a power oscillation between two areas of an electricity

network is excited, the rotor angles of the synchronous
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machines in one area will start to oscillate in counter phase
with the synchronous machines in the other area and thereby
force a flow of active power back and forth between the
areas. If the oscillation is sufficiently damped the oscilla-
tion will die out and the rotor angles return to a steady
state. However, if there is insufficient damping in the power
system for this particular oscillation an ever increasing
amount of active power is exchanged between the two areas
until other security devices, e.g. synchronous machine or
transmission line safety equipment, trip the unit or compo-
nent. A cascading effect of equipment tripping and ultimately

system black out can be the consequence.

According to an embodiment, the power oscillation damping
function is integrated into the wind turbine control system.
Required input signals are generated either in a centralized

way or in a distributed way in a wind farm.

Besides the power oscillation damping function (i.e. provid-
ing the power oscillation damping control signal), there may
exist several further control signals in the wind turbine
power control system which are used to dampen/prevent unde-
sired oscillations generated from internal mechanical compo-
nents. Such further control signals may include one or more

of the following:

(a) Drive train damping control signal: Provided to damp
oscillations which are due to the interaction between rotor

and generator in the drive train of a wind turbine.

(b) Active tower damping control signal: Provided to prevent

tower movements which are due to high wind speeds and gust.

(c) Blade edge damping control signal: Provided to prevent
edge oscillation of the blade due to wake effects in wind

farms.
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In accordance with an embodiment of the herein disclosed
subject matter, a controller for damping inter-area oscilla-

tions is provided.

Fig. 1 shows in part a wind park 100 in accordance with

embodiments of the herein disclosed subject matter.

The wind park 100 comprises a plurality of wind turbine
devices 102, one of which is exemplarily shown in Fig. 1. The
wind turbine device 102 comprises a rotor 104 which drives a
generator 106. In response to the rotational energy provided
by the rotor 104, the generator 106 generates electrical
energy 108. The electrical energy is then processed in a
conditioning unit 110 which is electrically coupled to an
electricity network 112 (e.g. a grid) in order to provide
electrical output energy to the electricity network 112 in
appropriate form. The electrical coupling between the condi-
tioning unit 110 and the electricity network is indicated at
114 in Fig. 1. Further to the electricity network 112 there
is electrically coupled a further wind park, generally indi-
cated at 200 in Fig. 1.

Power oscillations are inherent to power systems based on
synchronous generators. Depending on the configuration of the
electricity network 112, the system will be more or less
prone to inter area oscillations, which, once excited, will
result in a transfer of active power back and forth between
the synchronous generators in the power system. By proper
control of the wind parks according to embodiments of the
herein disclosed subject matter, the damping of the synchro-
nous generators in the system is increased. It should be
understood that the wind parks 100, 200 and the power sta-
tions based on synchronous generators are only exemplary and
that usually more than two power generation parks or power
generation stations are coupled to the electricity network.

Consequently different inter-area oscillations may occur
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between these energy generating entities which may be however

handled similar to the example described herein.

The conditioning unit 110 includes a converter 116 allowing
to independently adjust the active power and the reactive
power provided to the electricity network 112. The converter
116 is controlled by a control system 118. The control system
118 comprises a controller 120, i.e. an power oscillation
damping controller (also referred to as POD controller in the
following), which is configured in accordance with embodi-
ments of the herein disclosed subject matter. Further, the
control system 118 includes at least one further controller

122, one of which is shown in Fig. 1.

The control system 118 of the wind turbine device 100 is
controllably coupled to a park controller 124 which controls
the control systems 118 of the individual wind turbine de-
vices 102 in the wind park 100. In accordance with an embodi-
ment, the park controller 124 receives as an input signal 126
indicative of operating parameters such as a voltage or a
frequency of the power provided to the electricity network
112. In response to the input signal 126, the park controller
124 provides an oscillation indicating signal 128 to the
control system 118. In an embodiment, the oscillation indi-
cating signal 128 is identical to the input signal 126. In
other embodiments, the oscillation indicating signal 128 is a
local signal generated within or in the proximity of the wind
turbine device 102. The POD control can be located both at
the wind park controller as well as within the individual
wind turbine devices 102, or even elsewhere. When located at
park level, the set point changes are communicated to the
individual wind turbine devices. By taking into account the
oscillation indicating signal, the control system 118 pro-
vides at its system output 121 one or more control signals,
generally indicated at 129 in Fig. 1, to the conditioning
unit 110 to thereby control the conditioning unit 110 and in

particular the converter 116. According to an embodiment, the
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POD controller 120 provides a power oscillation damping
signal to a wind turbine power controller 123, herein also
referred to as “power controller” which in response hereto
adjust the set points for the converter 116 accordingly, e.g.
by means of the control signal 129. In a further embodiment,
the power oscillation damping signal is combined with a
control signal from the at least one further controller 122,
thereby providing a combined control signal to the turbine

power controller 123.

It should be noted that the oscillation indicating signal 128
is not necessarily a specifically tailored signal. Rather any
signal that includes information about the power oscillation
(inter-area oscillation) may be used as oscillation indicat-

ing signal 128.

According to an embodiment, the POD controller 120 is capable
of taking input, i.e. taking an oscillation indicating sig-
nal, from grid modules located either at a Point of Common
Connection (PCC), externally in the grid, or delivered from a
remote location with a high-speed communication link. The POD
controller 120 is fed with input signal(s) required to dampen
the oscillations in the grid. When using measurements local
to the wind park, the input signal (s) can be obtained at the
Wind Power Plant (WPP) (typically a park pilot module). In an
embodiment, the input signals, i.e. the oscillation indicat-
ing signals, include at least one of the following: bus
frequency, current, power, generator speed, etc. The at least
one oscillation indicating signal is first passed through at
least one conditioning filter, the design of which depends on
the at least one oscillation indicating signal. These filters
remove measurement noise, extract the oscillation that is to
be damped by the POD controller from the input signal, and
compensate for time delay e.g. when external monitoring

signals are used as oscillation indicating signals.
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According to an embodiment, the POD controller 120 will damp
grid oscillations using both active and reactive power modu-
lations, e.g. by using first and second oscillation damping
control signals. This is possible with variable speed wind
turbine devices (e.g. Double Feed Induction Generator (DFIG),
full-load converter concepts, etc.) due to the independent

control of active and reactive power.

Fig. 2 shows a control system 118 in accordance with embodi-
ments of the herein disclosed subject matter. In particular,
Fig. 2 shows the oscillation damping controller 120 of the

control system 118 in greater detail.

In accordance with an embodiment, the controller 120 com-
prises an input 130 for receiving the oscillation indicating
signal 128 indicative of a power oscillation in an electric-
ity network. Further, the controller 120 comprises a first
output 132 and a second output 133 for providing a first
oscillation damping control signal 134 and a second oscilla-
tion damping control signal 135 in response to the oscilla-
tion indicating signal 128. In accordance with an embodiment,
a first signal processing chain 136 is provided between the
input 130 and the first output 132 and a second signal proc-
essing chain 138 is provided between the input 130 and the
second output 133.

According to an embodiment, the first oscillation damping
control signal 134 is configured for controlling an active
power provided by the wind turbine device. Further in accor-
dance with an embodiment, the second oscillation damping
control signal 135 is configured for controlling a reactive

power provided by the wind turbine device.

According to an embodiment, the first oscillation damping
signal 134, being configured for controlling the active power
provided by the wind turbine device, is provided to a summing

unit 131 which combines the first damping control signal 134
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and at least one further control signal, e.g. three further
control signals 127a, 127b, 127c. According to an embodiment,
a first further control signal 127a is drive train damping
control signal, a second further control signal 127b is an
active tower damping control signal and a third further
control signal 127c¢ is a blade edge damping control signal.
As an output, the summing unit 131 provides a combined signal
125 which is fed to the power controller 123 of the wind

turbine device.

According to an embodiment, the first signal processing chain
136 and the second signal processing chain 138 have a common

chain portion 142.

In accordance with an embodiment, the signal processing chain
comprises a filter and limiting unit 140. According to an
embodiment, the filter and limiting unit 140 is a chain
portion of the first signal processing chain 136 and also a
chain portion of the second signal processing chain 138.
Hence, the filter and limiting unit 140 is part of a common
chain portion 142 of the first and second signal processing
chain 136, 138.

The output signal 144 of the filter and limiting unit 140 is
supplied to a the weighting unit 146 which is configured for
setting, in response to a weighting signal, a magnitude of
the first oscillation damping control signal 134 and/or a
magnitude of the second oscillation damping control signal
135, thereby adjusting a ratio between the magnitude of first
oscillation damping control signal 134 and the magnitude of

the second oscillation damping control signal 135.

In an embodiment, the weighting signal is the output signal
144 of the filter and limiting unit 140. For example, in an
embodiment, the weighting signal is a reactive power portion

of the output signal 144. In another embodiment, the weight-
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ing signal is an active power portion of the output signal

144. However, other weighting signals are also possible.

In an embodiment, both output signal portions of the output
signal 144, i.e. the reactive power portion and the active
power portion are fed to each of the first signal processing
chain 136 and the second signal processing chain 138. For
example, the output signal 144 is fed to a first input 148 of
the weighting 146 and to a second input 150 of the weighting
unit 146 by means of a branching point 152, as shown in Fig.
1.

According to an embodiment, the branching point 152 marks the
separation of the first signal processing chain 136 and the

second signal processing chain 138.

According to an embodiment, the oscillation damping control
signals 134, 135 are indicating changes in a quantity which
controls the active and reactive power output of the wind
turbine devices, e.g. active and reactive currents, voltage
(e.g. for reactive power), active power P and/or reactive
power Q. For example, in an embodiment the changes in set
points of the active power P and the reactive power Q due to
the damping action, delta-P 134 and delta-Q 135, is transmit-
ted to the control of the individual wind turbines, which
regulates the active and reactive power output accordingly.
The damping torque from the reactive power modulation, delta-
Q, is handled directly from the network side converter. The
delta-Q regulation is subject to the reactive power capabili-

ties of the wind turbine in its current operating point.

From the weighting unit 146 there is provided a weighted
response signal 154 for the active power P and a weighted

response signal 156 for the reactive power Q.

According to an embodiment, the signal in the first and

second signal processing chain 136, 138 is furthermore com-
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pensated for time delays in the communication from the park
pilot module. For example, in an embodiment, the weighted

response signals 154, 156 from the weighting unit are fed to
a corresponding delay compensation unit 158, 160, resulting

in delay compensated response signals 159, 16l.

According to an embodiment, in each signal processing chain
136, 138 a phase adjustment unit 162, 164, e.g. a local
lead/lag stage, is provided for each wind turbine device. In
an embodiment, the phase adjustment unit 162, 164 is config-
ured to compensate the phase angle according to the geo-
graphical location of the wind turbine device within the
park. For example, in an embodiment, the phase adjustment
units 162, 164 receive the delay compensated response signal
159, 161, respectively. The phase adjustment units 162, 164

provide phase adjusted response signals 163, 165.

According to a further embodiment, the signal processing
chain, e.g. the first signal processing chain 136, comprises
a notch filter 166 for filtering out frequencies which corre-
spond to mechanical oscillations and/or resonance frequencies
of the wind turbine device or a part thereof. For example in
an embodiment, in order to prevent instability and avoid
mechanical resonance the signal in the first signal process-
ing chain, e.g. the phase adjusted response signal 163 is
filtered through the notch filter (band stop) which removes
one or more of the following: higher harmonic frequencies 1lp,
3p; a drive train mode; a tower mode; an edge and flap mode;
etc. As a result, the notch filter 166 provides a notch
filtered signal 167.

Before the processed oscillation indication signal from the
signal processing chain is provided to the control of the
wind turbine device, the respective processed oscillation
indication signal (notch filtered signal 167 in case of the
first signal processing chain and phase adjusted response

signal 165 in case of the second signal processing chain) 1is



10

15

20

25

30

35

WO 2012/041543 PCT/EP2011/059704

_22_

fed through a limiting unit 168, 170, e.g. through a satura-
tion and rate limiter block, to make sure that processing

oscillation indicating signal is within predetermined limits.

For example, according to an embodiment, the delta-P signal
134 is maintained within its design limits by limiting unit
168. For example, in an embodiment, the delta-P signal is
conditioned according to constraints of the wind turbine
device, e.g. through saturations and rate limiters, and these
are designed to avoid that delta-P signal follows the output
limitations. One approach to avoid output clipping is to
complement the saturations with a dynamic gain reduction

control.

The conditioned delta-P signal 134 is added to the power
reference in the power controller where it will be sent to
the grid side converter (e.g. inverter) 116 to generate the

necessary torque current Iqg.

The delta-Q signal will be filtered in the same way as the
delta-P input signal (Figure 3) but will not filtered by any
notch filters due to the lack of mechanical influence. The
control of the delta-Q signal is handled by the converter
116.

In general, a wind turbine generates the max amount of active
power in correspondence to the available wind and is not
operated such that additional active power can be extracted.
With the POD controller 120 according to embodiments of the
herein disclosed subject matter, it is possible to extract or
consume energy by changing the rotational speed of the me-
chanical system. This means that when the POD controller 120
sends positive delta-P signals to the wind turbine power
controller, additional active power is drawn from the genera-
tor leading to a temporary decrease in rotational speed. When
the power controller receives a negative delta-P signal from

the POD controller, the rotational speed of the drive train
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will increase accordingly. This requires that the rotational
speed reference of the mechanical system can be changed by
the control in order to extract or deposit energy from the

control action.

Fig. 3 shows the filter and limiting unit 140 of Fig. 2 in

greater detail.

As shown in Fig. 3, the oscillation indicating signal 128 is
fed to an amplifier 172 for amplification of the oscillation
indicating signal 128. According to an embodiment, the ampli-
fier is the first component in the signal processing chain
136, 138 and may hence provide the input 130 of the POD

controller 120.

According to an embodiment, the signal processing chain 136,
138 comprising a filter configured for passing only signals
within a predetermined frequency range. In an embodiment
shown in Fig. 3, this filter is implemented by a washout
stage 174 (high pass filter stage) to remove DC and very low
frequencies and a low pass stage 176, e.g with a cut-off
frequency around 3 - 5 Herz. According to an embodiment, the
low pass stage 176 is placed right after the washout stage
174, receiving the partially filtered signal 178 from the
washout stage 174. The filter 174, 176 is introduced to make
sure that only the relevant modes, i.e. the signals 180
within the predetermined frequency range are passed through
the POD controller 120 while higher frequencies are attenu-
ated. The signal processing chain 136, 138 further comprises
lead/lag stage 182 which compensates the phase of the signal,
thereby ensuring damping of the power oscillations in the
electricity network. The lead/lag stage output 184 is condi-
tioned according to constraints of the WT, e.g. through at
least one saturation limiter and/or at least one rate limit-
ers, generally indicated at 186 in Fig. 3. These limiters 186
are designed to avoid that the output 144 of the limiting

unit 140 follows the output limitations. One approach to
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avoid output clipping is to complement the saturations with a
dynamic gain reduction control. However, other approaches can

also be applied.

According to an embodiment, part of the signal processing
chain 136, 138 1s located in different locations in the wind
park 100. For example, in an embodiment part of the signal
processing chain 136, 138 is located in a central controller,
e.g. in the park controller 124 shown in Fig. 1. Other parts
(or components) of the signal processing chain 136, 138 may
be located in the power generation device (wind turbine
device in the embodiments shown in the drawings). For exam-
ple, the phase adjustment units 162, 164 or the notch filter
166 (see Fig. 2) may be located in the wind turbine device.
For example, in an embodiment, the common chain portion 140
of the signal processing chains 136, 138 is located in a
central controller. In another embodiment, when viewed in
signal propagating direction, the signal processing chain up
to the phase adjustment units 162, 164 (i.e. units 140, 1l4o,

158, 160 in Fig. 2) are located in the central controller.

In another embodiment (shown e.g. in Fig. 1), the entire
signal processing chains 136, 138 are located in the wind

turbine device.

Hence, the above embodiments include in particular the fol-

lowing measures:

1) The communication and interaction between input signals
(measurements) and the POD controller. This can be outlined

either in the grid or locally on the turbines.

2) A way of processing the POD signal in the wind turbine
device controller while ensuring stability and limiting

mechanical stresses on the wind turbine device components.



10

15

20

25

30

35

WO 2012/041543 PCT/EP2011/059704

_25_

3) Damp inter-area oscillations in the electrical grid by
letting the wind turbines inject oscillating power on top of
actual production, even when actual production is nominal

power.

Delivery of damping torque from active power modulation is
only associated with delivery of active power when the power
system is perturbed from its steady state; in steady state no
additional active power is delivered due to the damping
controller. Clearly, a simple way to achieve this is to
operate the wind park at curtailed power production and
thereby have a predetermined amount of active power available
for the controller. Compared to fossil power stations an
advantage of wind power is that the fuel is free and, natu-
rally, it is desirable to deliver the maximum available power
in order to use the natural resources at its best. Hence the
goal is to minimize any lost production caused by curtailed
operation due to the delivery of damping torque. The oscilla-
tory nature of the response furthermore means that the net
energy in the modulated active power will be low, or even
negative. Therefore, the proposed controller utilizes the
rotational energy stored in the mechanical system as storage
from where the damping power can be exchanged. When positive
active power is required energy is drawn from the rotational
system, while the rotational speed of the mechanical system
is increased in the half cycle where negative damping power

is injected, as shown in Fig 4 and 5.

Fig. 4 shows the active power APy per unit (pu) for a typical
damping operation of a wind turbine device according to
embodiments of the herein disclosed subject-matter. As can be
seen, the damping oscillation of the active power has an
amplitude of about 0.1 per unit, i.e. about 10% of the rated
active power of the wind turbine device. As can be further
seen in Fig. 4, the amplitude decreases with time meaning
that the power oscillation in the electricity network

decreases and hence also the modulation of the electrical
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output power for damping the power oscillation decreases in

amplitude.

Fig. 5 shows the rotational speed Aw, of the rotor 104 of the
wind turbine device 102 (see Fig. 1) per unit (pu) x 107°. As
can be seen, 1n accordance with an embodiment the rotational
speed is at the rated speed and the deviation is 0. Upon
initiating a modulation of the electrical output power, the
rotational speed of the rotor 104 (see Fig. 1) of the wind
turbine device is decreased in order to allow the additional
power between the two rotational states to be fed to the
converter 116 (see Fig. 1) and thus to be output in order to
provide the active power modulation shown in Fig. 4. In
accordance with the decreasing amplitude of the active power
modulation APy in Fig. 4, also the amplitude of the
rotational speed differences decreases with time as shown in
Fig. 5. Further, the difference in rotational speed between
the actual rotational speed and the rated rotational speed
tends to vanish with time to the same extent as the power
oscillation in the electricity network vanishes. In an
embodiment, the actual rotational speed is controlled by the
wind turbine control. The speed deviation in Fig. 5 will
reduce up to a steady state value, which represents the net
amount of energy extract from the rotor. And this steady

state deviation from nominal speed is removed with control.

The advantage of the this control is that the wind park can
be set to deliver maximum power output, while still being

capable of contributing with damping power.

In another implementation the POD controller is placed at the
individual wind turbine devices and the modulations to the
reference signals are here computed locally. With this setup
the input to the POD controller can be either local to the
wind turbine devices, transmitted from park level, or deliv-

ered from external sources via high-speed communication. The
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functionality of the POD is the same as when it is placed
centrally in the wind park. Another feature is to combine POD
control with turbine load control (e.g. TLC3). With turbine
load control, the load on the wind turbine is either in-
creased or decreased with respect to its lifetime.

According to the lifetime consumption rate, the wind turbine

is controlled to achieve the designed lifetime.

According to an embodiment, the POD controller is configured
for receiving a load control signal and adjust limits for the
amplitude of the oscillation damping control signal depending
on the load control signal. For example, larger amplitudes
may be allowed if there is lifetime for it. In an embodiment,
the load control signal is taken into account by limiters in
the signal processing chain, e.g. by the limiters 168, 170 in
Fig. 2 and/or the limiter 186 in Fig. 3.

According to embodiments of the invention, any suitable
component of the wind turbine device or the wind park, e.g.
the POD controller 120 or the power controller 123 are pro-
vided in the form of a processor device having respective
computer program products running thereon which enable the
processor device to provide the functionality of the respec-
tive elements as disclosed herein. It should be understood
that depending on the actual implementation further elements,
e.g. analogue-digital converters and/or digital-analogue
converters, may be added to the signal processing chain.
According to other embodiments, any controlling or signal
processing component of the wind turbine device or the wind
park, e.g. the POD controller 120 or the power controller 123
may be provided in hardware. According to other - mixed -
embodiments, some components may be provided in software
while other components are provided in hardware. Further, it
should be noted that a separate component (e.g. component,
module, processor device) may be provided for each of the
functions disclosed herein. According to other embodiments,

at least one component (e.g. a component, module, processor
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device) is configured for providing two or more functions as

disclosed herein.

It should be noted that the term "comprising" does not ex-
clude other elements or steps and the use of articles "a" or
"an" does not exclude a plurality. Also elements described in
association with different embodiments may be combined. It
should also be noted that reference signs in the claims

should not be construed as limiting the scope of the claims.

In order to recapitulate some of the above described embodi-

ments of the present invention one can state:

There is provided a power oscillation damping (POD) control-
ler (120) for a power generation device such as a wind tur-
bine device. The POD controller (120) receives an oscillation
indicating signal (128) indicative of a power oscillation in
an electricity network and provides an oscillation damping
control signal (134, 135) in response to the oscillation
indicating signal (128), by processing the oscillation damp-
ing control signal (128) in a signal processing chain (136,
138) . The signal processing (136, 138) chain comprises a
filter (140) configured for passing only signals within a

predetermined frequency range.
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CLAIMS

1. A controller (120) for a power generation device (102),
the controller (120) comprising:

an input (130) for receiving an oscillation indicating
signal (128) indicative of a power oscillation in an elec-
tricity network (112);

an output (132, 133) for providing an oscillation damp-
ing control signal (134, 135) in response to the oscillation
indicating signal (128);

a signal processing chain (136, 138) between the input
(130) and the output (132, 133);

the signal processing chain (136, 138) comprising a fil-
ter (140, 174, 176) configured for passing only signals (180)

within a predetermined fregquency range.

2. The controller as set forth in claim 1, the signal
processing chain (136, 138) further comprising:

an phase shifting unit (182) for providing a phase dif-
ference between the oscillation indicating signal (128) and

the oscillation damping control signal (134, 135).

3. The controller as set forth in claim 1 or 2, the signal
processing chain (136, 138) further comprising

a phase adjustment unit (162, 164) configured for pro-
viding a phase difference between the oscillation indicating
signal (128) and the oscillation damping control signal (134,
135), the phase difference provided by the phase adjustment
unit (162, 164) unit being dependent on a geographical loca-

tion of the power generation device (102).

4., The controller as set forth in one of the preceding
claims, the signal processing chain (136, 138) further com-
prising

a limiting unit (168, 170, 186) configured for maintain-
ing the oscillation damping control signal (134, 135) within

predetermined limits.
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5. The controller as set forth in one of the preceding
claims, the signal processing chain (136, 138) further com-
prising

a delay compensation unit (158, 160) for compensating a
delay with which the oscillation indicating signal (128) is

received.

6. The controller as set forth in one of the preceding
claims, the signal processing chain (136, 138) further com-
prising a notch filter (166) for filtering out frequencies
which excite mechanical resonance frequencies in the wind

turbine device.

7. The controller as set forth in one of the preceding
claims, further comprising;

the signal processing chain as a first signal processing
chain (136);

the output as a first output (132);

the oscillation damping control signal being a first os-
cillation damping control signal (134) configured for con-
trolling an active power provided by the power generation
device (102);

a second output (133);

a second signal processing chain (138) between the input
(130) and the second output (133);

the second signal processing chain (138) being config-
ured for providing a second oscillation damping control
signal (135) for controlling a reactive power provided by the

power generation device (102).

8. The controller as set forth in claim 7, further compris-
ing:

a weighting unit (14606);

the weighting unit (146) being configured for setting,
in response to a weighting signal (144), a magnitude of the

first oscillation damping control signal (134) and/or a
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magnitude of the second oscillation damping control signal
(135).

9. A control system (118) for controlling a power genera-
tion device (102), the control system (118) comprising:

a controller (120) as set forth in one of the preceding
claims; and

an system output (121) for providing a control signal

(129) for the power generation device (102).

10. The control system according to claim 9, further com-
prising

a further controller (122) for providing a further con-
trol signal (127a, 127b, 127c); and

a summing unit (131) for summing the damping control
signal (134) and the further control signal (127a, 127b,
127¢) .

11. Power generation park (100, 200) comprising:

at least one power generation device (102);

at least one controller (120) according to one of claims
1 to 8 or a control system (118) according to one of claims 9
or 10.

12. Method of operating a controller (120) for a power
generation device (102), the method comprising:

receiving an oscillation indicating signal (128) indica-
tive of a power oscillation in an electricity network (112);

passing said oscillation indicating signal (128) through
a signal processing chain (136, 138) thereby providing an
oscillation damping control signal (134, 135) in response to
the oscillation indicating signal (128);

wherein passing said oscillation indicating signal (128)
through a signal processing chain (136, 138) comprises pass-
ing only signals (180) within a predetermined fregquency

range.
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13. Method of operating a control system (118) of a power
generation device (102), the method comprising:

performing a method according to claim 12;

providing a control signal (129) for the power genera-
tion device (102), the control signal (129) being dependent
on the oscillation damping control signal (134, 135).

14. Method of operating a power generation park (100, 200)
including a power generation device (102), the method com-
prising:

performing a method according to claim 13;

providing the control signal (129) to the power genera-

tion device (102).

15. Computer program, the computer program being configured
for controlling a physical object, namely a power generation
device (102), the computer program being adapted for, when
being executed by a data processor device (120, 123), con-
trolling the method as set forth in any one of the claims 12
to 14.
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