I*I Innovation, Sciences et Innovation, Science and CA 2808040 C 2019/12/10

Développement economique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (11)(21) 2 808 040
(12 BREVET CANADIEN
CANADIAN PATENT
13) G
(22) Date de depot/Filing Date: 2013/03/05 (51) Cl.Int./Int.Cl. FO3D 7700 (2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 2013/09/07 GO5S5 11/32(2006.01)
- . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2019/12/10 BJERGE. MARTIN HUUS. DK
(30) Priorité/Priority: 2012/03/07 (EP12158421.3) ESBENSEN, THOMAS, DK:

PETERSEN, JESPER ELLIOT, DK

(73) Proprietaire/Owner:
SIEMENS AKTIENGESELLSCHAFT, DE

(74) Agent: SMART & BIGGAR LLP

(54) Titre : METHODE DE COMMANDE DU FONCTIONNEMENT D'UNE EOLIENNE
54) Title: METHOD TO CONTROL THE OPERATION OF A WIND TURBINE

81— WS D
Pout
9~ WS>WST NM
e \ 1
yes 53
Y
s4—  oui:cL2 |
L

S5 Pout &R |

6| WT>WIT n—"—E_R‘?=Eist- —S7
yes
CL2
S0~ RS \

(57) Abrégée/Abstract:
A method to control the operation of a wind turbine above a wind speed threshold value and a wind turbine designed to execute
the method are provided. Electrical output power of the wind turbine Is produced by its rotating blades and fed into a grid, which Is
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(57) Abrege(suite)/Abstract(continued):
connected with the wind turbine. The wind turbine Is controlled by a first control loop and a second control loop. The wind speed is

determined and compared with a certain predefined wind speed threshold value. Wind turbulences are determined and compared
with a predefined wind turbulence threshold value. The first control loop and the second control loop are activated when the wina
speed reaches or exceeds the wind speed threshold value. The activated first control loop controls the output power dependent on
the wind speed. The activated second control loop controls the rotational speed of the rotating blades dependent on the wina

turbulences.
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ABS_TRACT _

A method to control the operation of a wind turbine above a wind speed threshold
value and a wind turbine designed to execute the method are provided. Electrical output
power of the wind turbine 1s produced by its rotating blades and fed into a grid, which is
connected with the wind turbine. The wind turbine is controlled by a first control loop
and a second control loop. 'Tlvle wind speed 1s determined and compared with a certain
predefined wind speed threshold value . Wind turbﬁl ences are determined and compared
with a predeﬁned wind turbulence threshold value. The first control loop and the second
control loop are activated when the wind speed reaches or exceeds the wind speed
threshold value. The activated first control loop controls the output power dependent on
the wind speed. The activated second control loop controls the rotational speed of the

rotating blades dependent on the wind turbulences.
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METHOD TO CONTROL THE OPERATION OF A WIND TURBINE

(0001]

FIELD OF INVENTION

[0002] A method to control the operation of a wind turbine above a certain wind speed
threshold value is provided. In addition a wind turbine is provided, which is prepared and

designed to execute this method.

BACKGROUND OF INVENTION

[0003] A wind turbine and its components are designed to withstand and to cope with
high wind speeds. The wind turbine might be exposed to a wind speed, which is higher

than 25 m/s for example. This wind speed 1s known by wind turbine manufacturers as a

typical “wind speed threshold value”,

[0004] Quite high mechanical loads are acting on the wind turbines’ components if a

given wind speed threshold value is reached and even topped.

[0005] It is known to change the pitch angle of the rotating wind turbine blades until a

so called “feathered position” of the blades 1s reached if the measured and averaged wind

speed reaches the threshold value. Thus the wind load, which is acting on the blades, 1s

reduced and thus a (fatigue) load 1s avoided.

[0006] It 1s even known to disconnect the wind turbine from the electrical grid if a so

called “high wind situation” with a high wind speed is reached at the site of the wind turbine.
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{0007] As a drawback electrical energy and thus money is lost for the wind turbine

operator if the wind turbine is close to this limiting operational range.

[0008] Docufne‘nt EP O 847 496 B1 describes another solution if the “high wind

situation” is reached.,

[0009] According to the method described the nominal output power of the wind
turbine as well as the rotational speed of the rotor are continuously reduced if a certain
wind velocity is reached. Thus an overload of the wind turbine and its components are

avoided. The continuous reduction of the output power and of the rotational speed of the

| rotor is done in dependency of the rise-in the wind velocity. During the procedure the -

wind turbine stays connected with the grid. Thus the disconnection of the wind turbine is
avoided or is at least delayed. As electrical power is still fed into the grid financial losses

are minimized or even avoided.

[0010] There is a drawback, which is related to this method as described in EP 0 847
496 A. There always will be situations with a wind speed threshold being reached, while

the wind turbine and its components are not endangered by fatigue loads at the same

time.

[0011] Aécording to the EP 0 847 496 A the wind turbine would reduce the rotational

- speed and even the electrical output power thus potential produced output power is lost

for the operator unnecessarily. Thus in those situation the method is not cost-effective.

[0012] Document EP 1497556 B1 discloses another contrpl method, where the power

- output of the turbine is regulated. The rotor speed is regulated within a predefined wind

speed range by varying the rotor blade angle. The output power is reduced in excess of a
defined wind-speed-dependent threshold value, while a defined rotor blade limiting angle

" is used as threshold value.

[0013]  Other attempts to operate wind turbines in high wind speed situations are
described in WO 28121775 A, WO 28121776 A and WO 28121778 A. o

2
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SUMMARY OF INVENTION

[0014] An improved method and an improved wind turbine is provided in view of the
prior art documents. Thus the operation of the wind turbine above a certain wind speed

threshold value 1s allowed in an improved manner.

5 [0015]

10016} The wind turbine comprises at least a rotor, a piich—systern and a generator.
Wind turbine blades of the rotor are driven by the wind, thus the rotor rotates with a specific

rotational speed.

[0017] The rotor 1s coupled with the generator by a rotating shaft for example. Thus

10 the generator is even driven by the wind generating electrical power in dependency of the

rotating blades of the rotor.

[0018] The electrical power of the generator is adjusted in its electrical values
(1.e. frequency, amplitude, phase angle) and 1s fed into a grid, which is connected with the

wind turbine.

15  [0019] In a preferred configuration the generator is connected with a converter, while
the converter is used to adjust the output power of the generator in view to the requirements of

- the grid connected.

[0020] In another preterred configuration the generator used is a torque controlled
generator.
20  [0021] The rotating blades of the rotor are connected with a pitch system. The pitch

system 1s used to adjust the pitch angle of the blades to the direction of the incoming wind.

The pitch angle 1s adjusted 1n a way that an optimized amount of wind energy is transformed

into rotational speed and generated electrical power.
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[0022]; The wind turbine in view to its overall performance is controlled by a first

control loop and by a second control loop.

[0023] The output pbwer of the wind turbine, which is fed into the grid, is controlled
by the first control loop. |

[0024] The rotational speed of the wind turbine rotor and thus the rotational speed ot
the rotating wind turbine blades are controlled by the second control loop.

[0025]  The first control loop and the second control loop are activated, if predefined

certain wind speed threshold values are reached or even exceeded.

[0026] In a preferréd conﬁguraﬁon the first control loop is activated if a first
predefined certain wind speed threshold value is reached or 1s even exceeded. The second

~ control loop is activated if a second predefined certain wind speed threshold value is

reached or is even exceeded, accordingly.

[0027] In a preferred configuration the first predefined certain wind speed threshold
value and the second predefined certain wind speed threshold value are the same, they are

equal 1n its value.

[0028] In a preférred configuration the certain wind speed threshold value is defined
and well known as those wind speed value, which might lead to damaged wind turbine

components of the wind speed value is exceeded.

[0029]  For example wind speeds, which are higher than 25 m/s might lead to damaged
components. Thus this 25 m/s valué might‘be used as wind speed threshold value.

[0030] The first control loop and the second control loop are activated and operated
independently to each other. .

[003 1]. The first control loop 1s prepared and arranged to influence the output power of
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the wind turbine, which is fed in the gnd.

[0032] “The output power, which 1s fed in the grid, is reduced from a nominal value to

- a lower value if the wind speed threshold value 1s reached or even exceeded.

[0033] In a preferred configuration the output power is reduced in dependency of the
increasing wind speed. Thus the power reduction might be done in a continuous and

proportional manner in view to the continuous and proportional increase of the wind

'speed.\

[0034] In a preferred configuration the pitch position of the blades or an allocated
pitch reference value might be used to determine the wind speed. The pitch position as
well as the pitch reference value is a function of the wind speed, thus this knowledge,
which is already implemented in the wind turbine, might be used for this purpose.

[0035] In a preferred configuration the wind speed is measured by a cup anemometer

or by a so called “FT sensor”, which measures the wind speed by an acoustic resonance

measurement for example.

[0036] The cup anemometer or the sensor might be arranged at the wind turbine or at

a meteorological mast, which is allocated to the wind turbine.

[0037] In a preferred configuration the measured wind speed is averaged over a

certain predefined time | period. Thus the averaged wind speed is ‘used to activate both

loops or to operate and control the first control loop.

[0038] The output power of the wind turbine is preferably reduced by the converter,

which is arranged between the generator of the wind turbine and the grid.

[0039] The output power of th_e wind turbine is preferably reduced by the torque

controlled generator, if there is one used in the wind turbine.
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[0040] In apreferred cohﬁguratiori the wind speed might be determined by monitoring
the rotational speed of the turning shdft, which drives the generator.

[0041] The second control loop is prepared and arranged to control the rotational

speed of the rotor or of the rotating wind turbine blades.

[0042] " The rotational speed is reduced from a nominal value to a lower value if a wind

turbulence threshold value 1s reached or even exceeded.

[0043]  The certain wind turbulence threshold value is defined and well known as it is

those wind turbulence value, which might lead to damaged components of the wind

turbine if it 1s exceeded.

[0044] In a preferred configuration the rotational speed is reduced in dependency of
increasing wind turbulences. Thus the rotational speed reduction might be done in a
continuous and proportional manner in view to a continuous and proportional increase of

the wind turbulences.

[0045] In a preferred configuration the rotor speed acceleration 1s monitored, as it is a
function of the wind turbulences. Thus this knowledge, which is already implemented in
the wind turbine, might be used for this purpose.

[0046] In a preferred configuration wind turbulence values are monitored and
averaged over a certain predefined time period. Thus the averaged values are used for the

reduction of the rotational speed.

[0047] Now there are different opeiational modes of the wind turbine according to

preferred configurations of the invention:

| [0048] If the wind speed is below the wind speed threshold value the wind turbine 1s

operated in its known “normal” mode. The first control loop and the second control loop '

“are not activated. The output power of the wind turbine, which is fed in the grid, is

6
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optimized in regard to a nominal output power value. The optimization is done in view to

the incoming wind and in view to a stable grid and its conditions.

[0049'-] " If the wind .speed reaches the wind speed threshold value or even exceeds this
threshold value, the first control loop and the second control loop of the wind turbine are

activ ated.

- [0050] In this case the output power of the wind turbine is reduced by the first control

~ loop from a nominal value to a lower value as described above.

[0051] If the wind turbulences are below the wind turbulence threshold value the
rotational speed of the rotor is kept constant even if the wind speed further increases. This

1s preferably done by an adjustment of the pitch angles of the blades.

[0052]  If the wind turbulences reaches or exceeds the wind turbulence threshold value

the rotational Spéed of the rotor is reduced. This is preferably done by an adjustment of
the pitch angles of the blades.

[0053] Thus if a critical wind speed is reached the output power of the wind turbine,

which is fed in the grid, is reduced before the rotat_ionaI épeed of the rotor 1s reduced.

[0054] The provided method and wind turbine allows the control of the produced

power as well as the control of the rotational speed of the rotor. Both controls are
performed in an independent manner thus the usable time period for feeding power in the

gnd is prolonged.

[0055] The provided method and wind turbine allows the wind turbine to stay

connected with the grid even during high-wind situations in an advantageous manner.

[0056] The provided method and wind turbin¢ ensures that wind turbine components

are held below their fatigue load limits. Thus the lifetime of the components is not limited

by the operatioﬁ of the wind turbine in high wind situaﬁons,

7
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{0057] The provided method and wind turbine allows keeping a nominal rotational
speed of the rotor and to reduce at the same time the output power of the wind turbine. Thus

fewer loads are induced on the wind turbine components (1.e. the blades, the drive-train, the

shaft, etc.).

[0057a] According to one aspect of the present invention, there 1s provided a method to
control the operation of a wind turbine above a wind speed threshold value, comprising:
producing electrical output power by rotating blades of the wind turbine and wherein the
produced output power 1s fed in a grid, which is connected with the wind turbine; controlling
the wind turbine by a first control loop and by a second control loop; determining the wind
speed and comparing the wind speed with a predefined wind speed threshold value;
determining wind turbulences and comparing the wind turbulences with a predefined wind
turbulence threshold value; and activating the first control loop and the second control loop
when the wind speed reaches or exceeds the wind speed threshold value, wherein the activated
first control loop controls the output power 1n dependency of the wind speed, and wherein the

activated second control loop controls a rotational speed of the rotating blades in dependency

of the wind turbulences.

[0057b] According to another aspect of the present invention, there is provided a wind
turbine, comprising: a plurality of rotating blades; a first control loop; a second control loop;
and means arranged and prepared to execute the method as described herein, wherein the

operation of the wind turbine 1s controlled above a wind speed threshold value.
BRIEF DESCRIPTION OF THE DRAWINGS

[0058] The provided method and wind turbine 1s shown 1n more detail by help of
FIG 1.

DETAILED DESCRIPTION OF INVENTION

[0059] In a first step S1 the wind speed WS 1s determined.

CA 2808040 2019-02-25
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[0060] @ Inasecond step S2 the wind speed is compared with the wind speed threshold
value WST.

[0061] [t the wind speed WS is below the wind speed threshold value WST the wind

turbine is operated 1n a normal mode NM as shown 1n step S3. Thus the output power Pout of
the wind turbine, which is fed in the grid GR, is optimized in regard to a nominal output

power value of the wind turbine.

[0062] The optimization is done in view to the incoming wind and in view to a stable

grid and its conditions. The determination of the wind speed WS is continued.

[0063] If the wind speed WS reaches the wind speed threshold value WST or even
exceeds this threshold value WST, the first control loop CL1 and the second control loop CL.2

of the wind turbine are activated as shown in the step S4.

[0064] As shown 1n step S5 the output power Pout of the wind turbine, which is fed in
the grid GR, 1s reduced by the first control loop CL1 from a nominal value to a lower value.

This 1s preferably done in dependency to the dynamic behavior or increase of the wind

speed WS.

8a
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[0065] In step S6 the wind turbulences WT are determined and are compared with the

- wind turbulence threshold value WTT.

[0066] If the wind turbulences WT are below the wind turbulence threshold value
WTT the rotational speed RS of the rotor 1s kept at a predefined value as shown in step
S7.

[0067] Thus the rotational speed RS stays constant even if the wind speed WS should
increase further. The value of the rotational speed RS is kept constant by an adjustment of
the pitch angles of the blades preferably. |

[0068] If the wind turbulences WT reaches or exceeds the wind turbulence threshold
value WTT the rotational speed RS of the rotor is reduced by the second loop CL2. '

[0069]  This is shown in step S8. This reduction 1s preferably done by an adjustment of
the pitch angles of the blades. |
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WE CLAIM:

1. A method to control the operation of a wind turbine above a wind speed
threshold value, comprising:

producing electrical output power by rotating blades of the wind turbine and wherein
the produced output power 1s fed in a grid, which 1s connected with the wind turbine;

controlling the wind turbine by a first control loop and by a second control loop;

determining the wind speed and comparing the wind speed with a predefined wind
speed threshold value;

determining wind turbulences and comparing the wind turbulences with a predefined
wind turbulence threshold value; and

activating the first control loop and the second control loop when the wind speed
reaches or excceds the wind speed threshold value,

wherein the activated first control loop controls the output power in dependency of the
wind speed, and

wherein the activated second control loop controls a rotational speed of the rotating

blades in dependency of the wind turbulences.

2. The method according to claim 1, wherein the output power of the wind
turbine 1s reduced from a nominal value to a lower value when the determined wind speed

reaches or exceeds the wind speed threshold value.

3. The method according to claim 1, wherein the output power is reduced in

dependency of increasing wind speed.

4, The method according to claim 3, wherein the reduction of the output power 1s
done 1n a continuous and proportional manner when the wind speed increases in a continuous

and proportional manner.

10
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J. The method according to claim 1,

wherein a pitch posttion of the blades or an allocated pitch reference value is used to

determine the wind speed.

6. The method according to claim 1,

wherein the wind speed 1s measured by a cup anemometer or by a FT-sensor.

7. The method according to claim 1,

wherein the wind speed 1s determined by monitoring a rotational speed of a shaft

driving the wind turbine generator.

8. The method according to claim 1, wherein the wind speed is averaged over a

predefined time period before being used to activate both the first and the second control loop.

9. The method according to claim 1, wherein the wind turbulence threshold value
1s defined as a wind turbulence value leading to damaged components of the wind turbine

when exceeded.

10.  The method according to claim 1, wherein the rotational speed of the rotating

blades 1s reduced from a nominal value to a lower value when the wind turbulence threshold

value 1s reached or exceeded.

11. The method according to claim 10, wherein the rotational speed 1s reduced 1n

dependency of increasing wind turbulences.

12.  The method according to claim 11, wherein the rotational speed is reduced in a

continuous and proportional manner when the wind turbulences increase in a continuous and

proportional manner.

11
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13. The method according to claim 1, wherein an acceleration of the rotating

blades or the rotor speed is monitored as a function of the wind turbulences.

14. The method according to claim I, wherein the wind turbulence values are
monitored and averaged over a predefined time period before being used by the second

control loop.

15. The method according to claim 1,

wherein the rotational speed 1s kept constant when the wind turbulences are below the

wind turbulence threshold value, and

wherein the rotational speed 1s reduced when the wind turbulences reach or exceed the

wind turbulence threshold value.

16. A wind turbine, comprising:

a plurality of rotating blades:

a first control loop;

a second control loop; and

means arranged and prepared to execute the method according to claim 1,

wherein the operation of the wind turbine 1s controlled above a wind speed threshold

value.

12
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