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Abstract

Arrangement and method to control the yawing of a wilnd tur-

bine

The present 1nventlon relates to an arrangement and a method
to control the yawing of a wind turbine. The wind-turbine

shows a nacelle and a hub. The nacelle is mounted rotatable

around a first axis by an adjustable yaw—angle. The hub 1is

connected with the nacelle and the hub i1s mounted rotatable

around a rotational axis. The rotational axis 1s inclined by

a certalin angle to the first axis. The hub carries at least

one blade, which rotates around the rotational axis due to an
incoming wind. The rotating blade defines a rotor-plane,
which 1s perpendicular to the rotational-axis. The wind-
turbine comprises a channel with at least one opening, while
the opening 1s located at a predefined distance to the rotor-

plane. The opening 1s arranged in a way, that at least one

griw

component of the incoming wind 1s guided through the opening

and into the channel as an air-flow. The channel comprises a

- measuring-device, which is arranged to measure the air-flow

through the channel. The measuring-device is connected with a

controller, which 1s arranged to use the measured air-flow to

detect an yaw—-angle-error between the direction of the incom-

1ng wind and the rotational axis, while the yaw—-angle-error

1s used to adjust the yaw-angle of the nacelle.
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Description

Arrangement and method to control the yawing of a wind tur-

blne

The present invention relates to an arrangement and a method

to control the vyvawing of a wind turbine.

For wind-turbines a yawlng-process 1s used, to allow the na-
celle and 1ts rotating blades to be turned by a certain yaw-
angle to achieve an optimum wind-direction 1n regard to the
blades. The blades rotate around a horizontal axis of rota-

tion, which is perpendicular to a plane of rotation, defined

by the rotating blades.

There 1s a so called "yaw angle error", which i1s the angle

P

between the horizontal axis of rotation and the actual wind

direction.

To achieve a maximum capacity of the wind-turbine the axis of

rotation of the blades should be parallel to the wind direc-

tion. In this case the yaw angle error show a value of 0° as

the axis 1s parallel to the wind-direction.

P

The rotational axis of the rotating blades show also a verti-

cal tilt angle, which 1s used to prevent the rotating blades

touching the tower at high wind speeds. Therefore the rota-

tional axis of the blades 1s actually slightly off to the

parallel orientation - this effect is neglected for the fol-

lowing considerations.

During the yawing-process the nacelle of the wind-turbine is

turned around a vertical yaw—-axis until the rotational axis

of the blades 1s parallel to the wind direction - except for

a possible vertical tilt angle. Usually the yaw-axis is in

F

colncidence with the vertical axis of the tower of the wind-

turbine.
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The yawing-process is carried out by help of electrical or

hydraulic means, normally. A so called "yaw drive unlt con-

trol" use measurements of the wind-direction. The measure-

ments are done by help of one or more sensors, which are lo-

g

cated on top of the nacelle of the wind-turbine normally.

If the wind-direction—-sensors are located on the nacelle

while the rotating blades are placed 1in upwind-direction of

the tower, the sensors are not exposed 1n a free manner.
Therefore they do not measure the wind-direction without dis-

turbances, which are occurred by the rotating blades.

Instead the wind has passed through the rotating blades and

may be distorted due to the passing. There may also be speed-

up phenomena around the nacelle 1tself, while the wind passes

through. Such distortion is usually a function of the wind

F

speed, of turbulence, of wind direction and of vertical wind

inclination.

Consequently the alignment of the rotational axis of the
blades with the wind-direction during the yaw-process 1s as-

soclated with an uncertainty.

At low and medium wind speeds the power output of the turbine

1s sensitive to a proper yaw—alignment. It 1s generally be-

lieved that on wind-turbines the relationship between the yaw

alignment and the power-output is a cosine-square function,

rather than a simple cosine function. The reason for this

v

high sensitivity 1s related to the downwind wake behavior of

the wind-turbine.

If the coslne-square relationship 1is valid, a yaw angle error

P

of 5° would correspond to a power-output of cos®(5°) = 0.99.

This would mean that 1% of the output-power is lost. A loss

like this may sound marginal, but 1t easily runs into more

than 100.000 kWh annually for a large wind turbine.
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Furthermore, vaw-angle-errors create higher dynamic loading

acting on the structure of the wind-turbine, which is an un-

wanted phenomenon. A great deal of the fatique-load on a tur-

bine relates to yaw—angle-errors.

F

Up to now the problem of a proper yaw alignment has been

solved by a proper calibration of the nacelle-mounted wind-

P

direction-sensors. During a type-testing of the wind-turbine

the yaw—-alignment is measured by a comparison of the yaw-

direction with the wind-direction. The measurement 1s done at

a free-standing meteorological mast. Any offset can be ad-

grive

justed by a permanent adjustment of mounting-brackets of the

wind-direction-sensors. Any dependency to the wind-speed can
be adjusted by implementing a suitable correction algorithm

in the vaw-drive-unit-controller.

However some difficulties occur 1n this traditional approach.

At first, the traditional method 1s sensitive to tolerances

in the used baseline measurements. They are sensitive to the

calibration of the i1nstruments, which are mounted at the

free-standing meteorological mast, used to measure the wind-

direction.

They are sensitive to the calibration of the vaw dilrection,
which i1s measured at a test turbine and also to the accuracy

of the test turbine brackets for thé nacelle-mounted wind di-

rection sensors.

Further, the accuracy of yawing will always be a function of

the accuracy of the mounting of the sensors on the i1ndividual

wind-turbines i1in the field.

Moreover, the flow distortion in the field may be different
from the flow distortion in the test-turbine. For instance

thlis results from differences 1n the nacelle equipment, that

may affect speed-up characteristics over the nacelle and may

affect differences 1n ambient flow conditions.
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Typically, differences in nacelle equipment may occur because

of aerial warning lights. Differences 1n ambient flow condi-

tions may be, for instance, turbulence or flow inclination,
for example due to landscape features at the turbine's loca-

tion.

F

It i1s therefore the aim of the invention, to provide an im-

proved arrangement and method to control the yvawing of a

wind-turbine.

F

These aims are solved by the features of claim 1 and by the

features of claim 13. Improved embodiments of the invention

are object of the dependant claims.

According to the 1nvention a wind-turbine shows a nacelle and

a hub. The nacelle 1s mounted rotatable around a first axis
by an adjustable yvaw-angle. The hub 1s connected with the na-
celle and the hub i1s mounted rotatable around a rotational

axls.

In a preferred embodiment the rotational axis 1s inclined by

a certain angle to the first axis, while the inclination 1s

F
p—

in the range of 90°.

The hub carries at least one blade, which rotates around the

rotational axis due to an incoming wind. The rotating blade

defines a rotor-plane, which is perpendicular to the rota-

tional-axis. The wind-turbine comprises a channel with at
least one opening, while the opening 1s located at a prede-

fined distance to the rotor-plane.

The opening is arranged in a way, that at least one component

of the 1ncoming wind 1s guided as an air-flow through the

opening and into the channel.

The channel comprises a measuring-device, which is arranged

CO measure a parameter of the air-flow through the channel.

The measuring-device 1s connected with a controller, which is
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arranged to use the measured parameter of the alr-flow to de-

tect an yaw-angle-error between the direction of the incoming

wind and the rotational axis, while the yaw-angle-error 1s

F

used to adjust the yaw-angle of the nacelle.

In a preferred embodiment the wind 1s guided as an air-flow

through the opening and into the channel before the incoming

wind passes the rotor-plane.

The ambient, incoming wind show a horizontal component in the

rotor-plane if the direction of the incoming wind and the ro-

tational axis of the rotating blade are not parallel to each
other. This 1s the case when a yaw angle error occurs. The
horizontal component 1s the component which has to be meas-
ured within the channel to vary the yaw-angle.

P

The horizontal component of the incoming wind or at least a

part of 1t enters the channel through the opening of the

channel 1n a cyclic manner, 1f a yaw—-angle-error exists. This

leads to a cyclic air-flow within the channel, which is meas-

ured according to the invention.

This results in a measured periodic variation of the air-

flow, which is a function of the yaw-angle-error and conse-

quently this 1s used for a yaw-control purpose.

The direction of the yvawing, in which the rotational axis has
to be adjusted, 1s the one where the periodic variation over
time can be reduced. The direction 1s determined from the

phase of the variation with respect to the azimuth of the ro-

o
p—

tor-plane. If the ambient incoming wind direction and the ro-

tational-axis are parallel to each other the periodic varia-

tion of the flow of alr in the channel during a rotation pe-

i

riod of the rotor is reduced to a minimum value seen over

time, or 1s even reduced to "0O".

This means that the rotational-axis is turned by help of the

yaw—angle until the periodic variation of the measurement
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reaches a minimum value or even vanilishes. The nacelle may

then be held in this position until the periodic variation

increases agaln.

If there 1s an i1ncrease of the variation, the rotor-plane or

the nacelle 1s turned again, until the variation becomes

minimal or vanlishes.

The yawing of the wind turbiline 1s advantageously performed

P

based on a periodic variation of the measurements from the

measurement device durlng a rotation periocd of the rotor.

The 1nventive arrangement provides a very simple and precise

method for the yaw control.

The 1nventive method 1s 1nsensitive to a flow distortion and

measures the.yaw—angle—error where 1t matters - that 1s 1n

the rotor-plane area.

—

The advantage of the inventive method for yvaw control 1s that

1t maximizes the energy output, while the dynamic loading on

the wind turbine structure 1is turned to a minimum. Therefore

P

the lifetime of the wind turbine components 1s extended.

In a preferred embodiment the channel i1s extending 1n a ra-

dlal manner in an outward-direction from the rotor-axis in a

way, that the longitudinal-axis of the channel is substan-

tially parallel to a longitudinal-axis of a rotor blade.

This way, the channel can be located at a rotor blade.

ﬁ

The opening of the channel 1s located at a'particular dis-

tance from the rotor-axis.

F

This way, 1t 1s possible to control the yawing of the turbine

based on measurements 1n the rotor-plane at a certain dis-

P

tance from the rotor-axis. It 1s within the scope of the in-

P

vention that the channel is an integrated part of a rotor
blade.
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In a preferred embodiment of the invention the measuring-

device is arranged for measuring the air-flow and/or the

speed of alr 1n the channel.

In a preferred embodiment of the invention the air-flow 1s

measured by an ultrasonic transducer.

The air-flow and/or the speed of air in the channel will

change during a rotation period of the rotor and by comparing
the variations with the position of the rotor 1t 1s possible

to determine the direction in which the wind turbine should

be yawed to reduce the yaw-angle-error.

This way, it is also possible to use the time varylng meas-
urement of the air-flow or the air-speed 1n the channel to
estimate the yaw-angle-error and to control the yawing of the

nacelle of the wind turbine.

In a preferred embodiment the channel 1s arranged in the hub

where the channel passes through the hub in a way, that the
openings are arranged 1in the hub in opposition of each other.
They are located substantially perpendicular to the rotor
axls. This way, the measurement 1s carried out in front of

the rotor which means that the measurement 1s carrlied out

with no or only a minimum of disturbances from the rotating

blades.

This is a great improvement compared to the prior art sys-

tems, described in the introduction, as the wind direction 1s

measured without influences and disturbances from the rotat-

F

ing blades of the rotor.

Furthermore, the measuring-device 1s located and protected

inside the channel in a lee-side of the direct weather 1im-
pact. This 1s a great 1mprovement compared to anemometers and
vanes that are located on the top of the nacelle and thereby

are a target of direct wind, sun, rain and snow.

Due to the 1nventilion it 1s possible to choose the diameter or

the cross-section of the channel and 1ts openings 1n a way,
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that they are big enough (in a range of 40 mm for example) to

F

avoid a deposition of salt, dirt or snow 1inside the channel.

F

Ice-accumulation at the openings of the channel and inside

the channel 1s also avoided by an adeqguate cross-section.

In a further embodiment a propeller or a runner, which 1s ro-

tating when air passes through, 1s used as part of the meas-

uring device. The rotation-axis of this propeller 1s perpen-

F

dicular to the longitudinal-axis of the channel. In case of a

yvaw—error the air-flow 1n the channel spins the runner to ro-
tate in a certain direction. The propeller spins 1n an alter-
nating manner due to the rotation of the rotor.

—

In another embodiment the measuring-device 1s arranged for

measuring the periodic differences of the ailir pressure 1in the

channel. This way, the variations of the ailr pressure inside

the channel during a rotation of the rotating blade 1is used

P

to estimate the yaw-angle-error for the yaw-control of the

nacelle.

According to the invention the measuring-device 1s arranged
to detect the direction of the air-flow in the channel. This
can be achieved by a valve, which i1s arranged in the channel.

F

An encoder 1s used to read out the position of the valve.

The valve is opened and/or closed in a cyclic manner by the

flow of air in the channel.

B

It 1s hereby possible to detect the direction of the flow of

P

alr 1n the channel by reading out the position of the valve

and subsequently to determine the yaw-angle-error by compar-

F

1ng the measurement with the position of the rotor.

H

In a preferred embodiment the direction of the air-flow 1is

P

compared with the position of the rotating-blade to estimate

P

the direction of the ambient incoming wind relatively to the

rotor plane.
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This way, it is possible to use the detection of the air-

flow—-direction i1n the channel to control the yawing and even

the pitch angles of the blades of the wind-turbine.

The mechanical resistance of the valve 1s changed 1n a pre-

ferred embodiment to avold an excessive opening and closing

i

of the valve. S0 an excessive control action of the wind tur-

bine 1s prevented.

g

In a preferred embodiment the opening of the channel 1s 1in-

clined between 0° and 90° relative to the rotor-plane to
catch the wind-component, which is not perpendicular to the
rotor plane.

For 1nstance the channel 1s bended a bit at the end in order

g

C the rotor.

to catch the wind coming from the side o:

This way, the opening 1s arranged to increase the periodic

’ |

varlations of the measurements in case of a yaw angle error.

The flow of air would be increased in one rotor position
where the opening 1s towards the wind and decreased in the
opposite position where the opening 1s positioned away from
the wind. The periodic variation of the component of the wind
speed 1n the rotor plane during a rotation period of the ro-
tor 1s minimal or vanishes when the ambient wind direction

and the rotor axils are substantially parallel to each other

due to the fact, that the same amount of wind is entering the

channel 1ndependent of the rotor position.

F

However, 1n case of a yaw angle error the measurement alter-

= p—
—

nates due to the rotation of the rotor. In an embodiment of

the 1nvention the time varying measurement from the measur-

ing-device 1s evaluated in time by integration or similar.

It 1s hereby possible to determine the yaw angle error and/or

to control the yawing of the wind-turbine by the offset of
the measurements, the amplitude, the root-mean-square-value
or the like.
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For 1nstance an integrated value is more or 1less "0" when
the rotor-plane 1is aligned substantially perpendicular to the

ambient wind-direction. This value indicates that there is no

ﬁ

need to change the yvawing of the nacelle.

The 1nventive arrangement is very simple in its construction

and therefore allows accurate measurements even in harsh en-

vironmental conditions.

In an i1mproved embodiment each blade of the wind-turbine is

allocated to one channel, so for three blades a number of

three channels are used, while each channel is used to meas-

ure the wind-direction inside.

The invention is described in more detail by help of a draw-

1ng.

FIG 1 shows schematically the relation between the vaw-angle-

error, the direction of the incoming wind and the di-
rection of the horizontal component of the incoming

wind 1n relation to the wind-turbine,

FIG 2 shows the wind-turbine according to the invention when

the yaw-angle-error shows a minimum value,

FIG 3 shows referring to FIG 2 the measured horizontal compo-

nent of the wind, which i1s passing through the channel

over time,

FIG 4 shows the wind-turbine according to the invention when

the yaw-angle-error shows certain value,

FIG 5> shows referring to FIG 4 the measured horizontal compo-

F

nent of the wind, which 1s passing through the channel

over time.

FIG 1 shows 1n a top-view schematically the relation between

the yaw-angle-error «, the direction of the incoming wind IW
and the direction of the horizontal component HCIW of the in-
coming wind in relation to a wind-turbine WT, which comprises
a nacelle NA, a hub HB and rotor R with blades. The nacelle
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NA can be turned by a certain yaw-angle around a so called

first axis FA, which 1s the vertical axis of the tower T.

The rotating blades of the rotor define a rotor-plane RP.

If a yaw—angle-error o occurs the incoming wind IW 1s not
parallel to the rotational axis RA of the rotor R. This re-

sults 1n a loss of output-power and in higher wind-loads act-

1ing on the wind-turbine-components.

The yaw—-angle-error a 1s reduced by turning the rotational

axls RA relatively to the direction of the i1ncoming-wind IW.

FIG 2 shows the wind-turbine WT according to the invention

when the yaw-angle-error a shows a minimum value of "0", this

means 1n reference to FIG 1 that the rotational-axis RA of

the rotor R 1s aligned to the direction of the incoming wind

IW.

The nacelle NA of the wind-turbine WT 1s connected with the
hub H, while the hub H i1s mounted rotatable around the rota-

tional axis RA and carries three blades, not shown here.

The nacelle NA 1s mounted on top of a tower T 1in a rotatable

manner, so 1t may be rotated around the axis FA of the tower

by a certalin yaw-angle.

The hub H is saturated by a channel CH. The channel CH com-

prises a measurement-device MD, which is used to measure the

F

direction of an air-flow passing through the channel CH. The

air-flow results from a component HCIW, which is caught by

openings of the channel CH from the incoming wind.

As shown here the yaw-angle-error a is nearly "0", so the

horlzontal component caught by the channel CH equals also

nearly "0".
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The wind-turbine WT comprises a calculation-unit CU, which

integrates the measured direction of the air-flow in the

channel CH over time as shown 1in FIG 3.

The calculation-unit CU is connected with a control-unit

ContU, which uses the integrated value to control and to

g

align the yaw—-angel of the nacelle NA.

FIG 3 shows referring to FIG 2 the measured horizontal compo-
nent HCIW of the air-flow inside the channel CH.

=

In this case the direction of the air-flow inside the channel

CH will alternate between a first direction and a second di-

rection. The alternation will more or less occur 1in a con-

”

stant manner, showlng nearly constant amplitudes of the al-

ternating directions.

If the time-dependent shape of the measured component HCIW is

integrated over time, a value nearly "0" is the result. So

the yaw-angle-error o equals also a value of "0".

FIG 4 shows the wind-turbine WT according to the invention

when the yaw-angle-error a shows a certain value, in this

case the angle is about 45° to the rotor-plane.

F

SO the rotor axis RA of the rotor R is not aligned to the di-

rection of the incoming wind IW.

The channel, which saturates the hub H, catch a horizontal

component HCIW of the incoming wind IW.

This component HCIW results therefore in a air-flow inside

the channel, which 1s measured according to the invention.

FIG o shows referring to FIG 4 the measured horizontal compo-
nent HCIW of the air-flow inside the channel CH.

P

In this case the direction of the air-flow inside the channel

CH will alternate between a first direction and a second di-
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rection. The alternation will more or less occur 1n a con-
stant manner, showing nearly constant amplitudes of the al-

ternating directions.

If the time-dependent shape of the measured component HCIW 1s
integrated over time, a value greater than "0" will result.

So the vaw-angle of the nacelle needs to be adjusted.



10

15

20

25

30

35

CA 02708194 2010-06-22

200905294

14

Patent claims

1. Arrangement to control the yawing of a wind-turbine,

where the wind-turbine shows a nacelle and a hub,

where the nacelle is mounted rotatable around a first
axls by an adjustable yaw-angle,

where the hub is connected with the nacelle and where
the hub 1s mounted rotatable around a rotational axis,
where the hub carries at least one blade, which rotates
around the rotational axis due to an incoming wind,
while the rotating blade defines a rotor-plane, which is

perpendicular to the rotational-axis,

where the wind-turbine comprises a channel with at least

one opening, while the opening is located at a prede-

fined distance to the rotor-plane and which is arranged
in a way, that at least one component of the incoming
wind 1s guided through the opening and into the channel
as an alr-flow,

where the channel comprises a measuring-device, which is

ﬁ

arranged to measure a parameter of the air-flow, while

1t passes through the channel,

where the measuring-device 1is connected with a control-

-

ler, which is arranged to use the measured parameter of

the alr-flow to detect an yaw-angle-error between the

P

direction of the incoming wind and the rotational axis,

while the yaw-angle-error is used to adjust the yaw-—

angle of the nacelle.

2. Arrangement according to claim 1,

where at least one part of the channel is extending in a
radial-outward-direction from the rotational axls, and

where a longitudinal-axis of the channel is substan-

tially parallel to a longitudinal-axis of the rotor
blade.

3. Arrangement according to claim 1 or 2,

where the measuring-device is arranged to measure the

ghow

the air-flow and/or the speed of the air-

-y

direction o:
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10.

15

flow inside the channel as parameter and/or to measure

an ailr-pressure-difference in the channel as parameter,

while the pressure-difference results from the air-flow.

Arrangement according to one of the claims 1 to 3, where
the measuring-device comprises an ultrasonlic transducer to

measure the parameter of the air-flow.

Arrangement according to one of the claims 1 to 3, where
the measuring-device comprises a propeller or a runner to
measure the parameter of the air-flow by i1its rotation when

the air-flow passes by.

Arrangement according to one of the claims 1 to 3,

- where the measuring-device comprises a valve, while the
valve show at least two positions,

- where the position of the valve 1s read by an encoder to

detect the direction of the air-flow in the channel.

Arrangement according to one of the claims 1 to 6, where
the opening of the channel 1s inclined relatively to the
rotor-plane to catch a component of the incoming wind,

which 1s not perpendicular to the rotor-plane.

Arrangement according to one of the claims 1 to 7,
- where the channel passes through the hub, and/or

- where the channel show openings on both sides of the hub
with a predetermined distance to the rotational-axis or
the rotor-plane.

F

Arrangement according to one of the claims 1 to 8, where

the wind-turbine comprises a calculation-unit, which com-
pares the position of the rotating blades with the meas-
urement from the measuring-device to estimate the vyaw-

angle—-error.

Arrangement according to one of the claims 1 to 8, where

the wind turbine comprises a calculation-unit, which
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analysis the measurements over time to determine the yaw-
angle-error, while the calculation-unit 1s connected to a
control-unit, which uses the analysis of the measurements

to control the yvawing of the nacelle.

Arrangement according to one of the claims 1 to 10, where

the cross-section of the channel and its openings 1s cho-
sen 1n a way, that deposition of salt, dirt or ice 1is
avoided 1n the channel and at the openings.

F

Arrangement according to one of the claims 1 to 11, where

the at least one opening of the channel 1s located at a
predefined distance to the rotor-plane and where the
opening 1s arranged in a way, that at least one component
of the incoming wind is guided through the opening and
into the channel as an air-flow before the incoming wind

passes the rotor-plane.

Method to control the yawing of a wind-turbine,

~ where a nacelle of the wind-turbine can be rotated

around a first axis by an adjustable yaw-angle,

- where a hub of the wind-turbine, connected with the na-
celle, rotates around a rotational axis,

- where at least one blade, connected with the hub, ro-
tates around the rotational axis due to an incoming
wind,

- where the rotating blade defines a rotor-plane, which
1s perpendicular to the rotational-axis,

- where at least one component of the incoming wind is
guided as an air-flow through at least one opening and

ﬁ

into a channel of the wind-turbine,

- where a parameter of the air-flow 1s measured while it
passes through the channel,

- where the measured parameter of the air-flow is used to
detect an yaw-angle-error between the direction of the
incoming wind and the rotational axis, and

- where the yaw-angle of the nacelle is adjusted accord-

ing to the detected yaw—-angle-error.
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14. Method according to claim 13, where inside the channel

15.

16.

17.

-~ the direction of the air-flow is measured, and/or

- the speed of the air-flow is measured, and/or

- an air-pressure-difference is measured, while the pres-

sure—-difference results from the air-flow,

- while the measurement is used as a parameter of the

air—-flow.

Method according to claim 13 or 14, where a calculation-

unit of the wind-turbine compares the position of the ro-

tating blades with the measured parameter to estimate the

yaw—angle-error.

Method according to claim 13, where the measured parame-

ter is integrated over time to determine the vaw—angle-

error.

Method according to claim 13, where the at least one com-

ponent of the incoming wind 1s guided as an air-flow

through the

vrtey

t least one opening and into the channel of

-

the wind-turbine before the incoming wind passes the ro-

tor-plane.
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