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(57) Abstract: It is described a method for operating a
wind turbine, the method comprising attributing a signitic-
ance to at least two wind turbine operating parameters, de-
termining the values of the at least two wind turbine oper-
ating parameters, and choosing a desired wind turbine ro-
tor speed based on the significance of the two wind turbine
operating parameters and on the determined values of the
wind turbine operating parameters. Furthermore, the in-
vention concerns a corresponding wind turbine controller
and wind turbine.
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DESCRIPTION

System and method for operating a wind turbine using an

adaptive speed reference

Field of invention

The present invention relates to the field of power genera-
tion by wind turbines. In particular, the invention relates
to a method for operating a wind turbine, a wind turbine

controller, a program element, and a computer-readable me-

dium.

Art BRackground

Wind turbines are becoming more and more popular for ecologi-
cal power generation. The kinetic energy of the wind is
converted to rotational energy of a wind turbine rotor by the
wind turbine rotor blades and therefrom to electric energy by
a generator. So naturally wind turbine rotors have to rotate
to be of use. The maximum allowed wind turbine rotor speed is
based on various factors e.g. turbine loads, limitations on
electrical components, structural properties, etc. Typically,
wind turbines have been designed for wind turbine rotors
operating at or below a constant wind turbine rotor speed, in
particular the maximum allowed speed of rotation also known

as the rated rotor speed or the nominal rotor speed.

It has been proposed in EP 2 128 437 A2 to monitor at least
two wind turbine operating parameters to determine whether
the wind turbine rotor speed can be increased without immedi-

ately damaging the wind turbine to capture more energy.



10

15

20

25

30

35

WO 2012/149984 PCT/EP2011/065796
— 2 —
There may be a need for a more versatile method for operating

a wind turbine, for a more versatile wind turbine controller,

and a more versatile wind turbine.

Summary of the Invention

This need may be met by the subject matter according to the
independent claims. Advantageous embodiments of the present

invention are described by the dependent claims.

According to a first aspect of the invention there is pro-
vided a method for operating a wind turbine, the method
comprising attributing a significance to at least two wind
turbine operating parameters, determining the values of the
at least two wind turbine operating parameters, and choosing
a desired wind turbine rotor speed based on the significance
of the two wind turbine operating parameters and the deter-

mined values of the wind turbine operating parameters.

One can measure the rotor speed and/or the generator speed,
which are approximately separated by the gear ratio of the
drive train of the wind turbine. The generator speed measure-
ment may have a better quality since the generator speed may
be higher due to the gearbox up-scaling the rotational speed
of the rotor, so some control systems may operate at the

generator speed and not on the rotor speed.

Operating parameters may be of differing importance when
choosing the desired wind turbine rotor speed. For example,
it may be more important to care about wind turbine component
load than about demanded reactive power. Furthermore, the
significance of operating parameters may be time dependent.
For example, wind turbine noise may be acceptable to a lesser

extend during nighttime than during daytime.
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According to a first embodiment of the method for operating a
wind turbine, at least one of the two wind turbine operating
parameters is selected from the group consisting of wind
turbine rotor synchronization, wind turbine noise, wind
turbine component load, wind turbine component lifetime
consumption, wind speed, wind turbulence, wind gusts, tem-
peratures, in particular ambient temperature or wind turbine
component temperature, humidity, in particular ambient humid-
ity or wind turbine component humidity, air density, demanded

active power, demanded reactive power.

A wind turbine may be grouped with further wind turbines at
one site to form a wind park. The wind turbine rotor speed
influences wake and thereby neighboring turbines, in particu-
lar downwind turbine, and thus their power production capa-
bilities and turbine component loading. Reducing rotor speed
(and power capture) on upwind turbine may reduce loading on
the downwind turbines without decreasing overall part per-

formance on park level.

Wind turbine in groups may exhibit a visual chaotic impres-
sion caused by the rotors of the individual turbines rotating
at different speeds and at different rotor azimuth angles.
The visual impression of a wind turbine park may be improved
by rotor synchronization, where the azimuth angles of the
turbine rotors are aligned by controlling the rotor speeds

collectively.

The amount of wind turbine noise generated by wind turbines
essentially depends on wind turbine rotor speed. Taking wind
turbine noise into account, in particular during nighttime,
when choosing the desired wind turbine rotor speed may im-
prove the acceptance of wind turbines, especially when the

wind turbine is erected in or near residential areas.
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A wind turbine typically comprises several wind turbine
components, inter alia wind turbine blades, wind turbine
blade roots, wind turbine gearboxes, which wear and tear is
influenced by the wind turbine rotor speed. Determining the
value of a wind turbine component load and choosing the
desired wind turbine rotor speed based on this value may

enhance the lifetime of this wind turbine component.

Usually, wind turbines are rated and designed for a certain
lifetime, e.g. twenty years, under the estimation of a mean
wear and tear of its wind turbine components. However, a wind
turbine component may have experienced a lower mean wear and
tear in the past, i.e. its lifetime consumption may be low.
Therefore, a higher desired wind turbine rotor speed typi-
cally augmenting wear and tear of the wind turbine component
may be acceptable without jeopardizing the rated lifetime.
Increasing the desired wind turbine rotor speed may be bene-
ficial as more electrical power may be provided. Accordingly,
if the lifetime consumption of the wind turbine component is
higher than estimated a lower desired wind turbine rotor

speed might be preferred.

Taking wind speed into account may be beneficial as wind
speed may influence the load experienced by wind turbine
components, e.g. the wind turbine tower. Wind speed may even
allow estimating the different wind turbine component loads.
Additionally, higher wind speeds may allow reducing the
desired wind turbine rotor speed while maintaining the active
power and/or reactive power produced. However, at very high
wind speeds the rotor speed and power may be limited to
reduce the loading of the wind turbine components to an
acceptable level. At extreme wind speeds it may become neces-

sary to shut down the wind turbine.

Wind turbulences may induce additional loads on the wind
turbine components. Accordingly, it may be beneficial to

reduce the desired wind turbine rotor speed when wind turbu-
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lences become too important to maintain the wind turbine

component load at an acceptable level.

Typically, wind does not blow with a constant speed, but
rather at some turbulence level. Occasionally, wind gust
occur, exceeding the normal wind speed variation. Alterna-
tively, or in addition, wind gusts may manifest in wind
direction changes. Changing wind directions may impose sup-
plemental wind turbine component loads, which may be more
important when the wind turbine rotor speed is higher. Taking
wind gusts into consideration when choosing the desired wind

turbine rotor speed may therefore reduce wear and tear.

Wind turbine component temperature may be a further parameter
to be taken into account when choosing the desired wind
turbine rotor speed. If a wind turbine component, e.g. a
gearbox, gets to hot the desired wind turbine rotor speed may
be reduced. However, it may be thinkable that the rotating
wind turbine rotor or other rotating wind turbine components
with rotational speeds linked to the rotor speed, in particu-
lar blowers or fans in cooling systems, provides cooling air
for a certain wind turbine component. Accordingly, it may in
this case be beneficial to increase the desired wind turbine

rotor speed.

In case of a low ambient temperature ice may form on the wind
turbine rotor blades augmenting their mass. Accordingly, it
may be also advantageous to evaluate the ambient temperature

when choosing the desired wind turbine rotor speed.

Ambient humidity may cause water drops or ice formation on
the wind turbine rotor blades and therewith change the aero-
dynamic properties of the wind turbine rotor blades. Accord-
ingly, 1t may be preferred to reduce the desired wind turbine
rotor speed. The formation of ice on wind turbine rotor
blades may occur at particular combinations of ambient tem-

perature and ambient humidity. Accordingly, it may be also
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advantageous to evaluate the combination of temperature and

humidity when choosing the desired wind turbine rotor speed.

Wind turbine component humidity may lead to electric short
circuits. Thus, it may be beneficial to increase the desired
wind rotor speed to heat the wind turbine component or pro-
vide increased airflow surrounding the component and there-

with reduce the wind turbine component humidity.

Not only the kinetic energy of the wind beside the wind speed
depends on the air density but also the aerodynamic proper-
ties of the rotating wind turbine blades. Hence, monitoring
the air density and choosing the wind turbine rotor speed
accordingly may result in a better power generation effi-

ciency.

Two further parameters which be taken into account are de-
manded active power and demanded reactive power. More and
more wind turbines are grouped in wind farms. The electrical
power is then transmitted to consumer via power grids. How-
ever, the demanded active power and the demanded reactive
power may vary. Hence, 1in times of less demanded active power
and/or demanded reactive power the desired wind turbine rotor

speed may be reduced to spare lifetime consumption.

Wind turbine operating parameters like those presented above
may be of different importance. For example, a high accep-
tance of a wind turbine in a residential area may be a nice
to have feature whereas reducing wind turbine component

loading may be absolutely necessary.

Attributing a significance to at least two wind turbine
operating parameters may ensure that important wind turbine
operating parameters have more influence when choosing the
desired wind turbine rotor speed than minor important wind

turbine operating parameters.
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According to another embodiment of the method for operating a
wind turbine, the method comprises defining an upper wind
turbine rotor speed threshold value and choosing the desired
wind turbine rotor speed to be less or equal to the defined

upper wind turbine rotor speed threshold wvalue.

Lifetime of wind turbine components may be limited due to
wear and tear as well as due to overload. Defining an upper
wind turbine rotor speed threshold value and choosing the
desired wind turbine rotor speed to be less or equal to the
defined upper wind turbine rotor threshold value may prevent

as sudden disintegration of wind turbine components.

According to yet another embodiment of the method for operat-
ing a wind turbine, choosing the desired wind turbine rotor
speed comprises using a look-up table, applying a fuzzy logic
routine and/or applying a neural network and/or applying

mathematical linear or non-linear functions.

Using a look-up table may be a particularly fast method for
choosing the desired wind turbine rotor speed. Applying a
fuzzy logic routine may allow to take more wind turbine
operating parameters into account. Applying a neural network
may be easily adaptable to different wind turbine operating
parameters. Applying mathematical linear or non-linear func-
tions may provide a particularly optimized desired wind

turbine rotor speed.

According to a further embodiment of the method for operating
a wind turbine, the method comprises choosing an initial
desired wind turbine rotor speed to be equal to the wind

turbine rotor speed threshold value.

Typically, a higher wind turbine rotor speed is beneficial in
terms of active power generation and reactive power genera-
tion, which is what wind turbines are built for. Choosing an

initial desired wind turbine rotor speed to be equal to the
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wind turbine rotor speed threshold value may ensure that the
wind turbine complies with demanded active power and demanded
reactive power while at the same time not putting the struc-

tural integrity of the wind turbine at risk.

According to a second aspect of the invention there is pro-
vided a wind turbine controller being adapted for operating a
wind turbine according to a method as set forth above, the
wind turbine controller comprising an output for setting the

rotor speed and/or setting the generator speed.

Wind turbine rotors may be coupled to a wind turbine genera-
tor either directly or via a gearbox. Accordingly, the de-
sired wind turbine rotor speed may be achieved by either
setting the wind turbine rotor speed directly or by setting

the wind turbine generator speed.

According to a first embodiment of the wind turbine control-
ler, the wind turbine controller comprises a rate severity
module, an external constraints module, a supervisory system

module, and a reduction module.

According to another embodiment of the wind turbine control-
ler, the wind turbine controller comprises a memory module.
The memory module may be used to keep record of lifetime
consumption of wind turbine components. It may therefore
contribute to ensuring that the rated lifetime of the wind

turbine is achieved.

According to another embodiment of the wind turbine control-
ler, the wind turbine controller comprises an i1input for
receiving an input signal indicative of the upper wind tur-

bine rotor speed threshold.

An input for receiving an input signal indicative of the
upper wind turbine rotor speed threshold may be used to

manually set the upper wind turbine rotor speed threshold.
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According to a third aspect of the invention there is pro-
vided a wind turbine comprising a wind turbine controller and
at least one sensor providing the wind turbine controller
with a signal indicative of a value of at least one parameter
of the group consisting of wind turbine rotor synchroniza-
tion, wind turbine noise, wind turbine component load, wind
speed, wind turbulence, wind gusts, temperature, 1in particu-
lar ambient temperature or wind turbine component tempera-
ture, humidity, in particular ambient humidity or wind tur-
bine component humidity, air density, demanded active power,

and demanded reactive power.

Suitable sensors may inter alia be selected from the group
consisting of thermometers, thermocouples and thermistors for
measuring the temperature, anemometers for measuring wind
speed, wind turbulence and wind gusts, pressure sensors,
optical sensors, proximity sensors, hygrometers, encoders,
accelerometers, gyroscopes, inertial measurement units,
strain gauges, and Light Detection And Ranging devices
(LIDAR) .

According to a forth aspect there is provided a program
element for operating a wind turbine, the program element,
when being executed by a data processor, is adapted for
controlling and/or for carrying out a method as set forth

above.

The program element may be implemented as computer readable
instruction code in 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 instruction
code is operable to program a computer or any other program-
mable device to carry out the intended functions. The program
element may be available from a network, such as the World

Wide Web, from which it may be downloaded.
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According to a fifth aspect there is provided a computer
readable medium on which there is stored a computer program
for processing a physical object, the computer program, when
being executed by a data processor, is adapted for control-

ling and/or for carrying out a method as set forth above.

The computer-readable medium may be readable by a computer or
a processor. The computer-readable medium may be, for example
but not limited to, an electric, magnetic, optical, infrared
or semiconductor system, device or transmission medium. The
computer-readable medium may include at least one of the
following media: a computer-distributable medium, a program
storage medium, a record medium, a computer-readable memory,
a random access memory, an erasable programmable read-only
memory, a computer-readable software distribution package, a
computer-readable signal, a computer-readable telecommunica-
tions signal, computer-readable printed matter, and a com-

puter-readable compressed software package.

It has to be noted that embodiments of the invention have
been described with reference to different subject matters.
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 skilled in the art will gather from the
above and the following description that, unless other noti-
fied, 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
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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

Figure 1 shows a first wind turbine controller according to

an exemplary embodiment of the invention.

Figure 2 shows a second wind turbine controller according to

an exemplary embodiment of the invention.

Figure 3 shows a first lifetime consumption versus time
diagram of a wind turbine component when the wind turbine is

operated according to the state of the art.

Figure 4 shows a second lifetime consumption versus time
diagram of a wind turbine component when the wind turbine is
operated according to an exemplary embodiment of a method

according to the invention.

Detailed Description

The illustration in the drawing is schematically.

Figure 1 shows a first wind turbine controller 1 according to
the invention. The wind turbine controller 1 comprises an
input 2 for receiving an input signal indicative of an upper
wind turbine rotor speed threshold and an output 3 for set-
ting a wind turbine rotor speed and/or a wind turbine genera-
tor speed. Additionally, there is provided an input 4 for
receiving a rotor synchronization value of a rotor synchroni-
zation sensor 5, an input 6 for receiving a load monitoring
value from a load monitoring sensor 7, and an input 8 for
receiving noise control values from a noise control sensor 9.

During operation the wind turbine controller 1 assesses the



10

15

20

25

30

35

WO 2012/149984 PCT/EP2011/065796

_12_

values received and chooses based on the significance, in
particular the priority, which has been attributed to them a
desired wind turbine rotor speed. Further, the wind turbine
controller outputs via its output 3 a value for setting the
rotor speed to become equal to the desired wind turbine rotor

speed.

Figure 2 shows another wind turbine controller 10 according
to an exemplary embodiment of the invention. The wind turbine
controller 10 comprises a rate severity module 11, an exter-
nal constraints module 12, supervisory system module 13, and
a reduction module 14. Furthermore, the wind turbine control-
ler 10 comprises a blade root module 15, a blade module 16, a
gearbox module 17, and a tower module 18. The blade root
module 15, blade module 16, gearbox module 17, and tower
module 18 calculate the lifetime consumption rate based on
sensor data received from corresponding inputs 19, 20, 21,
22. Additionally, blade root module 15, blade module 16,
gearbox module 17, and tower module 18 each comprise a memory
module to keep record of the lifetime consumption rate. This
memory module allows integrating the lifetime consumption
rate of the past to obtain the lifetime consumption of the
wind turbine components. Lifetime consumption rate and life-
time consumption of the wind turbine components are then
transmitted to the rate severity module 11, which determines
a lifetime consumption rate and lifetime for the whole wind
turbine, via connections 23, 24, 25, 26, 27, 28, 29, and 30.
The supervisory system module 13 receives the lifetime con-
sumption rate and lifetime consumption for the whole wind

turbine via its inputs 31 and 32.

The external constraints module 12 provides the power module
13 with signals 33, 34, 35, 36, 37, 38 and 39 indicative of
the maximum power, which may be provided by the wind turbine,
an upper wind turbine rotor speed threshold value, demanded
reactive power, demanded active power, wind turbine converter

limitations, wind turbine transformer limitations, and wind
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turbine generator limitations. Demanded active power and
demanded reactive power may be set via inputs 40 and 41 of

the external constraints module 12.

The supervisory system module 13 chooses a desired wind
turbine rotor speed based on these signals 33, 34, 35, 36,
37, 38, 39 from the external constraints module 12 and the
signals from the rate severity module 11 transmits the de-
sired wind turbine rotor speed to the reduction module 14.
The reduction module 14 compares the desired wind turbine
rotor speed with the current wind turbine rotor speed and
determines a correction value based on this comparison. The
correction value is then transmitted to an actuator to influ-

ence the wind turbine rotor speed.

Figure 3 shows a lifetime consumption (LC) versus time t
diagram of a wind turbine component when the wind turbine is
operated according to the state of the art. Typically, wind
turbine manufacturers warrant a certain product lifetime of
wind turbines (LT), for example twenty vyears. Lifetime con-
sumption is an assessment of the wear and tear inflicted on
its components relative to the warranted period. Similarly
the same assessment will be made for blade root, tower and
the gearbox, and other components of the turbine, the method
of deriving the information can very from component to compo-
nent. Typically, a wind turbine is operated such that the
wind turbine components lifetime consumption rate follows the
dashed line, meaning that the structural mechanical loading
follows the intended distribution (10 years of lifetime means

50 percent consumption).

Figure 4 shows a lifetime consumption LC versus tTime T dia-
gram of a wind turbine component when the wind turbine is
operated according to an exemplary embodiment of a method

according to the invention.
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The wind turbine component lifetime consumptions may be
chosen so that the turbine will be loaded excessively in the
early years of its lifetime, thereby yielding a higher power
extraction. And subsequently spare the turbine in later years
by operating so the loads are below the expected loading, and
thereby even out the difference, as illustrated in Figure 4
by area A having the same size as area B. This may be benefi-
cial under circumstances when power generation is more prof-

itable in early years than in later years.

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.



10

15

20

25

WO 2012/149984

PCT/EP2011/065796

_15_

List of reference signs:

w

QO I o O

10
11
12
13
14
15
16
17
18

19 to 22
23 to 30

31,

33 to 39

40,

32

41

wind turbine controller

input

output for setting a wind turbine rotor speed
and/or a wind turbine generator speed

input for receiving a rotor synchronization wvalue
rotor synchronization sensor

input for receiving a load monitoring value
load monitoring sensor

input for receiving noise control wvalues
noise control sensor

wind turbine controller

rate severity module

external constraints module

supervisory system module

reduction module

blade root module

blade module

gearbox module

tower module

inputs

connections

inputs

signals

inputs
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CLAIMS:
1. Method for operating a wind turbine, the method compris-
ing

attributing a significance to at least two wind turbine
operating parameters,

determining the values of the at least two wind turbine
operating parameters, and

choosing a desired wind turbine rotor speed based on the
significance of the two wind turbine operating parameters and
on the determined values of the wind turbine operating pa-

rameters.

2. Method for operating a wind turbine according to preced-
ing claim 1, wherein at least one of the two wind turbine
operating parameters is selected from the group consisting of
wind turbine rotor synchronization,

wind turbine noise,

wind turbine shadow flicker,

wind turbine component load,

wind turbine component lifetime consumption,

wind speed,

wind direction,

wind shear,

wind turbulence,

wind gusts,

temperature, in particular ambient temperature or wind tur-
bine component temperature,

humidity, in particular ambient humidity or wind turbine
component humidity,

alr density,

blade condition, in particular ice, dirt, or other material
on the blades,

demanded active power,

demanded reactive power.



10

15

20

25

30

35

WO 2012/149984 PCT/EP2011/065796

_17_

3. Method for operating a wind turbine according to any one
of the preceding claims 1 or 2, the method comprising
defining an upper wind turbine rotor speed threshold wvalue
and

choosing the desired wind turbine rotor speed to be less or
equal to the defined upper wind turbine rotor speed threshold

value.

4. Method for operating a wind turbine according to any one
of the preceding claims 1 to 3,

wherein choosing the desired wind turbine rotor speed com-
prises

using a look-up table,

applying a fuzzy logic routine and/or,

applying a neural network and/or,

applying logic functions and/or,

applying mathematical linear or non-linear functions.

5. Method for operating a wind turbine according to any one
of preceding claims 1 to 4, the method comprising
choosing an initial desired wind turbine rotor speed to be

equal to the wind turbine rotor speed threshold value.

6. Wind turbine controller being adapted for operating a
wind turbine according to a method as set forth in any one of
the claims 1 to 5, the wind turbine controller comprising an
output for

setting the wind turbine rotor speed and/or

setting the wind turbine generator speed.

7. Wind turbine controller according to claim 6, comprising
a rate severity module,

an external constraints module,

a supervisory system module, and

a reduction module.
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8. Wind turbine controller according to any one of the
preceding claims 6 or 7, the wind turbine controller compris-
ing

a memory module.

9. Wind turbine controller according to any one of the
preceding claims 6 or 8, the wind turbine controller compris-
ing an input for receiving an input signal indicative of the

upper wind turbine rotor speed threshold.

10. Wind turbine comprising

a wind turbine controller according to any one of the preced-
ing claims 6 to 8 and

at least one sensor providing the wind turbine controller
with a signal indicative of a value of at least one parameter
of the group consisting of

wind turbine rotor synchronization,

wind turbine noise,

wind turbine shadow flicker,

wind turbine component load,

wind turbine component lifetime consumption,

wind speed,

wind direction,

wind shear,

wind turbulence,

wind gusts,

temperature, in particular ambient temperature or wind tur-
bine component temperature,

humidity, in particular ambient humidity or wind turbine
component humidity,

alr density,

blade condition, in particular ice, dirt, or other material
on the blades,

demanded active power, and

demanded reactive power.
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11. Program element for operating a wind turbine, the pro-
gram element, when being executed by a data processor, is
adapted for controlling and/or for carrying out the method as

set forth in any one of the claims 1 to 5.

12. Computer readable medium on which there is stored a
computer program for processing a physical object, the com-
puter program, when being executed by a data processor, is
adapted for controlling and/or for carrying out the method as

set forth in any one of the claims 1 to 5.
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