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Title of Invention

Wind turbine vaw system and method ¢f contrcolling the same

Detailed Explanation of the Invention

The present invention relates to a wind turbine vaw system
with a vaw gear, at least twe pinilon gears and at least two
drive units where each drive unit 1s asscociated to one of the
pinion gears. In additilion, the ilnvention relates to a control

method for such a wind turbine vaw system.

A wind turbine vaw system is located between the nacelle and
the tower of a wind turbkine and serves for rotating the rotor
of the wind turbine about the fTower axis. It tTypically com-
prises a gear assembly with a ring gear fixed to the tower
and at least one motor driven pinicon gear fixed to the na-
celle. Usually, at least two moteor driven pinion gears are
present for realizing a more even lcoad distribution over the
ring gear. An example fcor a wind turbine vaw system is de-
scribed in WC 2008/053017 AZ. When the rotor axis of the wind
turkbine is not in alignment with the wind directicn the vaw
system rotates the nacelle such as to bring the rcter axis
into alignment with the wind direction by driving the pinion

gears which mesh with the ring gear.

As already mentioned, typically at least two drive units and
pinion gears meshing with the ring gear are used. However,
such a configuration represents mechanically connected motors
which can lead to leocad sharing issues like different lcads
experienced by the meotors not only when motors of different
sizes are used but also when motcers of the same size are used
which have slightly different characteristics. Although at
low lcoad the low sharing is usually not an issues, at high or
full load the driving motor with lower slip takes a higher
share of the load than the motcor with a higher slip. This in
turn induces unegual tear and wear of the mechanical compo-

nents of the drive motors and the transmissions.
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It is therefcre an objective of the present invention tc pro-
vide a wind turbine vaw system which allows for more evenly
distributing the loads over drive units in a vaw system. It
is a further obiective to provide an advantageous wind tur-
bine. It is a still further obijective of the present inven-
ticon to provide a method for controiling the drive units in
a yaw system which allows to more evenly distribute the loads

over the drive units.

These cbjectives are solved by a wind turbine vaw system ac—
cording to claim 1, by a wind turbine according to claim 11
and a method of controlling a wind turbine vaw system accord-
ing to claim 12, respectively. The depending claims contain

further develcpments of the invention.

An inventive wind turbine yvaw system comprises a vaw gear, at
least two pinicn gears, at least two drive uniis where each
drive unit is assoclated to one of the pinion gears for driv-
ing the respective pinion gear, and a control system with a
controller. The controller is configured for generating for
each drive unit & drive unit control signal for controlling
the respective drive unit according to a drive unit reference
signal comprising at least one desired operational parameter
value for the respective drive unit so as to realise the at
least one desired operational parameter value in the respec-
tive drive unit. The control system further comprises at
least one feedback loop for each drive unit which feedback
loop feeds at least one drive unit feedback signal comprising
at least the actuwal value of one operational parameter of the
respective drive unit back to the controller. The controller
is adapted to generate the drive unit control signals based

on the reference signal and the feedback signals.

Using the feedback loops allows to control the drive units so
as to minimize the difference beitween the loads experienced

by the individual drive units. By this measure, the mechani-
cal tear and wear mayv be egually shared between the mechani-

cal and/or electrical components of the drive units which, in



(15) JP 2012-13085 A 2012.1.19

turn, ensures a prolonged component lifetime and a prolonged

service interval.

In particular, each drive unit may comprise at leasi one
torgue sensor sensing a torgue the respective drive unit
yvields. The torgue sensor may elither be a mechanical or an
electromagnetically torque sensor. In this case, each feed-
back signal may represent at least the output of the respec-

tive torgue sensor.

Preferably, each drive unit comprises an electric metor. Then
each feedback signal may, in particular, represent at least
cne cperatiocnal parameter of the respective electric motor.
For example the lcad experienced by an electric motor may be
used as operaticnal parameter in the feedback signal. More-
over, as the lcad experienced by an eleciric motor can be
represented by the current consumed by the respective motor
this current is indicative of the load experience by the mo-
ter, and can, therefore, be used an operational parameter
representing the load experiencea by the motor in the feed-

back signal.

In addition, each drive unit may comprise a gear between the
electric motor and the pinion gear. In this case, each feed-
back signal may represent at least one operational parameter
of the gear. For example, a torgue sensor like the already
mentioned torgue sensor may be located at the high speed side
of the gear and/or at the low speed side of the gear. Then,
the cperational parameter of the gear would be the torque ex—
perienced by the gear or vielded by the gear, respectively.
As a further alternative, a torgue sensor could be located in

the gear itself.

S5till further, each drive unit may comprise a position en-
coder encoeding the rotational positlion of a shaft connecting
the motor and the pinion gear or, 1f a gear 1s present be-
tween the motor ang the pinion gear, the motor and the gear

or the gear and the pinion gear. As a further alternative,
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the pesiticon encoder could be located at a gear wheel ¢f the
gear. If such a position encoder 1s present, the feedback
signal may represent at least the output of the respective
position encoder which can represent, 1f suiltably calibrated,

the lcad acting on the pinion gear.

Still further, each drive unit may comprise a frequency con-
verter between the controller and the motor for controlling
the speed of the motor. In this case, each feedback signal

may represent at least one operational parameter of the re-

spective frequency converter.

An inventive wind turbine comprises an inventive wind turbine
yvaw system. In such a wind turbine the lifetime of the vaw
system can be prcolonged as can the service intervals through

the use cof the inventive vaw system.

According toe a further aspect of the invention, a method of
contrelling a wind turbine vaw system with a vaw gear, at
least two pinion gears and at least two drive units, where
each drive unit is associated to one of the pinion gears for
driving the respective pinion gear is provided. In the inven-
tive method, each drive unit is controlled according to a
drive unit reference signal comprising at least one desired
operational parameter value for the respective drive unit so
as to realise the at least one desired operational parameter
value in the respective drive unit. At least the actual value
of one operational parameter of each drive unit is fed back
tce the contreoller by means of a feedback signal. The con-
troller generates the drive unit control signals for the
drive units based on the reference signal and the respective

feedpack signals.

Using the feedback signals from the drive units allows for
controlling the drive units such as to minimize load differ—
ences between the individual drive units. By this measure
differences in tear and wear of the individual drive units

can be reduced which in turn allows for prolonging the life-
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time of the vaw system and for prolonging the service inter-

vals.

In particular, the drive unit control signals mav be gener-
ated based on the reference signal and differences between
the operational parameter values contalned in the respective
feadback signals. However, 1t i1s alsc possible Lo generate
each drive unit control signal based on the difference be-
tween the at least one operational parameter value of the
reference signal and the at least one operational parameter
value of the feedback signal of the drive unit to be con-

trelled by the respective drive unit contreol signal.

If each drive unit comprises an electric motor the feedback
signal of a drive unit may represent at least one operational
parameter of the respective motor, e.g. the current consumed
by the motor which is indicative of the lcad experienced by

the motor.

Furthermore, 1f each drive unit comprises a Ifrequency g¢on-
verter for controlling the speed of the electric motor and/or
a gear between the electric motor and the pinion gear the
feedback signal of a drive unit may represent at least one
operational parameter of the respective freguency converter
and/or the respective gear. For example, the mentioned opera-
tional parameter may be the torgue that a shaft connected to
the gear vields or experiences, an output output cof the fre-

quency converter, the rotational position of the gear, etc.

Further features, properties and advantages of the present
inventicon will become clear from the following description of

embodiments in conjunction with the accompanying drawings.

Brief Explanation of the Drawings

Figure 1 schematically shows a wind turbine.

Figure 2 schematically shows the ring gear and a other pin-
ion gears of the vaw system of the wind turbine

shown in Figure 1.
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Figure 3 shows typical motor characteristics of electric mo-
tors.

Figure 4 schematicaelly shows a contrcl system of the wind

turbine vaw system.

A typically wind turbine 1s shown in Figure 1. The wind tur-
bine 1 comprises a tower 1 which rests on a fundament in the
ground 3. At the top of the tower 1, a nacelle 5 is located
which carries a rotor 7 driven by the wind. Typically the ro-
tor comprises three rotor blades % arranged in angles of
120°. Other rotor designs with more or less than three rotor
blades are possible, for example two bladed rotors or even
one bladed rotors. However, two bladed rotors and, in par-

ticular, three bladed rotors are most commonly used.

A vaw drive 10 1s arranged between the nacelle 5 and the
tower 1 for alleowing the nacelle - to be rotated about a
tower axis A so as to bring the rotor axis B into alignment
with the wind direction D and keep the rotor axis B aligned
with the wind direction D. A typical vaw drive 10 is sche-
matically shown in Figure 2 in a pilan view. It comprises a
ring gear 11 which is typicaily located at the tower top and
a number of pinion gears 13 located at the nacelle 5 which
mesh with the ring gear 11. The pinion gears 13 can be driven
by electric motors so that by rotating the pinion gear 13 a
rotation ¢f the nacelle 5 about the tower axis A can be ef-
fected. Note that although the ring gear is typically located
at tower 1 and the pinion gears 13 are typlcally located at
the nacelle 5 it would also be possible to locate the pinion
gears 13 at the tower 1 and the ring gear 11 at the nacelle
5.

A schematic plan view of a gear assembly used in a wind tur-
bine vyvaw drive is shown in Figure 2. The Figure shows the
ring gear 11 and two piniocon gears 13, Note that it is not

mandatory to use two pinion gears 13. In fact, tThe number of
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pinion gears 13 can be more than two, for example three or
four or even more pinion gears. A higher number of pinion
gears leads to a more even load distribution at the ring

gear.

As already mentioned, the pinion gears 13 are typically
griven by electric motoers, 1l.e. ilnduction motors, which typi-
cally consist of twe basic electric assemblies, namely a
wound stator and a rotor assembly. When supplving an AC cur-
rent, 1n particular a two or three phase current, to the
windings of the stator this produces a rotating magnetic
field acting on the rcter. The rotor turns due to the rotat-
ing magnetic field which induces a current in the conductors

of the rotor.

When no load is applied to the rotor the rotor rotates with
the same rotational freguency as the magnetic field, i.e. the
rotor rotates with the so called synchronous speed of the mo-
tor. This synchronous speed is determined by the number of
poles in the stator and the frequency of the power supply ac-
cording to the formula:

Ns=120‘f , where
P

Ns is the synchroncus speed
f is the freguency cf the power supply and

P is the number of poles.

The synchronous speed, i.e. the speed where there is no dif-
ference between the roctor speed and the speed c¢f the rotating
magnetic field, is the upper limit cof the possibkble motor
speed. When the motor rotates with the synchronous speed no
voltage is induced in the rotcor and, as a consequence, no
torcgue 1s developed therefore. On the other hand, when a load
is applied to the rcotor the motor speed slows down so that a
difference develops between the speed of the magnetic field

and the rotor speed. This difference between the rotor speed
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and the speed of the magnetic field is called the slip and is

calculated as

e 100 - (Ns — Na) | where
Ns

s is the slip
Ns is the synchronous speed

Na is the actual speed of the motor.

When a slip occurs, a volitage 1s induced in the rotor and,

hence, torgue is developed.

Depending on the design of the induction motor the relation
between the actuwal speed and the generated torque takes vari-
ous characteristics as it 1s schematically i1llustrated in
Figure 3. The Figure shows the torgque developed by three dif-
ferent kinds of motors A, B and C as a function of the motor
speed. The motors A and B, which may be regarded as so called
“low-slip” motors show a constant or increasing torgque over a
wide range of rotor speeds. On the other hand, so called
“*high-slip” motors show a decreasing torgque with increasing
motor speed over the whole range or at least a substantial

part of the speed range.

If the mcetors used to drive the pinion gears have even
slightly different characteristics, e.g. due to tolerances in

the production process, load sharing issues may arise.

The speed of an induction motor is often controlled by con-
trolling the freguency of the current suppllied to the motor
by use of a frequency controller. Furthermore, a gear may be
present between the electric motor and the pinion gear in or-
der to scale down the revolutions of the motor to a desired

lower level.

The inventive wind turbine yaw system comprises a control

system for controlling the torgue developed by the drive unit
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which, in the present embodiment, each comprise an electric
motor as described above, a freguency controller for control-
ling the motor speed by supplyving a current with a sultable
frequency to the moter and a gear for scaling down the rota-
tional speed of the motor te a lewer rotational speed of the

pinion gear.

A schematical illustraticon of the vyvaw system with the control
system is shown in Figure 4. This Filgure represents a sec—
tional view along the line IV-IV in Figure Z and shows the
ring gear 11 and the two pinicns gears 13 as well as two
drive units 23. Each drive unit Z3 drives one of the pinion

gears 13 and 1s controlled by a commen controller 25.

FEach drive unit 23 comprises an electric motor 27 for gener-
ating the driving torgue of the drive unit. The eleactric mo-
tor 27 is coupled vie a first shaft 29 te the high spesed side
of a gear 31 for scaling down the rotaticnal spead of the ro-
tor. The low speed site of the gear 31 is connected via a
second shaft 323 to the pinion gear 13. Furthermore, each
drive unit 23 comprises a position encoder 35 which is, in
the present embodiment, located at the second shaft 33 of the
drive unit 23, i.e. at the low speed side of the gear 33.
However, the position encoder 35 may as well be located at
the first shaft 29, i.e. at the high speed side of the gear
31, or at a gear wheel of the gear 31. The position encoder
may work on an electrical, a magnetical or an optical basis.
In addition, each drive unit 23 comprises a torque sensor 37
which is, in the present embodiment, located at the first
shaft 29 of the drive unit 23, i.e. at the high speed side of
the gear 31. Like the position encoder 35 the torgue sensor
may be located in alternative positicns, e.g. at the second
shaft 33, i.e. at the low speed side of the gear 31, or in
the gear 31 itself. The torgue senscr 37 may either be a me-

chanical torgue sensor or a magnetic torgue sensor.

Each drive unit 23 is controlled by the controller 25 through

controlling the rotaticnal speed of the rotor by means of a
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frequency converter 39 receiving control signals from the
controller 25. The control signals allow for providing the
electric motor 27 with a alternating current having a spe-
cific freguency so as to achieve a desired rotational speed
of the pinion gear 13. The contrcl signal for acting on the
frequency converter 39 1s determined by the contreoller 25 on
the basis 0of a reference signal input through a reference
signal input 41. The reference signal comprises a desired ro-
tational speed value for the motors 27 and/or a desired
torgue value for the motors or pinion gears 13. In addition
t0o being based on the reference signal the control signal
output by the controller 25 to the frequency converters 3% of
the drive units 23 1is also based on feedback signals derived
from the drive units 23 which represent the actual value of
at least one operaticnal parameter cof the respective drive

unit 23.

For example, a control signal generated by the controller 25
and output to a freguency converter 39 may be derived by the
difference of an operational parameter value contained in the
feedback signal of the respective drive unit 23 from the de-
sired operational parameter value which is contained in the
reference signal. By this measure, it can be assured that a
desired operational parameter value of each motor 27 and/or
pinion gear 13 can be reached and kept. For example, it be-
comes possible to keep the torgue developed by each pinion
gear 13 constant at the torgue level which 1s desired for the

raspective pinion gear 13.

Alternatively, it would be possible to form the difference
between the operatioconal parameter values contained in the
feedback signals derived from the different drive units 23.
Then, the control signals delivered to the frequency convert-
ers 39 would be chosen such that the difference in the opera-
tional parameter values contained in the feedback signals of
the two drive units 23 would be reduced preferably to zero.
If the operational parameter would, for example, be the

torgue by which the pinicn gears 13 act on the ring gear 11,
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reducing the difference between the torgues provided by the
two pinilon gears to zerc would mean that each pilnion gear 13

is acting with a same torgue on the ring gear 11.

Note that although the torgue was exemplary mentioned as the
operational parameter contained in the feedback signal, which
is an indication of the actual lecad of each pinion gear 13,
other operational parameters can be used as operatiocnal pa-

rameters in the feedback signals, as well.

Figure 4 shows different kinds of feedback signals which an
be used for controlling the vaw drive, 1n particular for con-
trolling the drive units 23. As already mentioned, each drive
unit 23 comprises a position encoder 35 which may sither be
implemented on the high speed side or the low speed side of
the gear, or a gear itself. After an initial calibration the
position encoder can determine the exact angular position of
the respective shaft or gear wheel which in turn is an indi-
cation of the level c¢f fixaticn of the pinion gear 13 to the
gear ring 11 and, thereby, an indicator of the load acting

between the pinion gear and the gear ring 11.

Furthermore, the tcocrgue sensor that may either be implemented
at the high speed side of the gear, the low speed side of the
gear, or at the gear itself, alsc provides a measure cof the
load acting between the respective pinicn gear 13 and the

gear ring 11.

Furthermore, an operaticnal parameter of the drive unit which
can be used as an indicaticn cof the actual load acting be-
tween the respective pinicon gear and the gear ring 11 is the
current consumed by the motor 27. Hence, the current consumed
by a motor is also a suitable parameter for the feedback sig-

nal.

A still further suitable operaticnal parameter would ke the

rotational frecguency c¢f the rotcocr in the motor 27.
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To summarize, a suitable feedback signal can contain either
of an operational parameter derived from the gear 31 or one
of the shafts 29, 33, an operatioconal parameter derived from
the electric motor 27 and an operational parameter derived
from the fregquency converter 39. Moreover, it i1s possible not
only to use one feedback signal but to use a number of feed-
back signal containing values of different operational pa-
rameters. Acdditionally or alternatively, a number of values
of operational parameters can also be combined in cone feed-
back signal.

By the present inventiocon which has been described in conjunc—
tion with exemplary embodiments therecf, load sharing of the
drive units of the vyaw system can be assured. This is
achieved by using a close lcoop control system which does not
only relv on a reference signal but also on at least one
feedback signal from each of the drive units. With such a
control system it bhecomes possible to assure that the me-
chanical work needed tc perfcrm a requested vaw task is dis-
tributed equally to each ¢f the drive units on a substan-—
tially equal load basis. This cffers the advantage that the
mechanical tear and wear 1is equally shared between the me-

chanical and/or electrical components of the drive units.
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Claims

1. A wind turbine yaw system with a vaw gear (11), at least
two pinion gears (13), at least two drive units (23}, where
each drive unit (23) is associated to one of the pinion gears
{13) for driving the respective pinion gear (13}, and a con-
trol system with a controller (25) for generating for each
drive unit (23) a drive unit control signal for controlling
the respective drive unit (23) according to a drive unit ref-
erence signal comprising at least one desired operational pa-
rameter value for the respective drive unit (23} so as to re-
alise the at least one desired operational parameter value in
the respective drive unit (23},

characterised in that

—- the control system comprises at least one feedback locp for
each drive unit (23) feeding at least one drive unit feedback
signal comprising at least the actual value of one opera-
tional parameter of the respective drive unit (23} back to
the contreoller (25), and

— the controller (25) 1s adapted to gesnerate the drive unit
control signals based on the reference signal and the feed-

back signals.

2. The wind turbine vaw system as claimed in claim 1,
characterised in that

- each drive unit (23) comprises at least ons torgue sensor
{37) sensing a torgue the respective drive unit (23) vields,
and

- gach feedback signal represents at least the output of the

respective Torque sensor (37).

3. The wind turbine vaw system as claimed in claim 1 or in
claim 2,

characterised in that

—- each drive unit (23} comprises an electric motor (27), and
- each feedback signal represents at least one operational

parameter of the respective electric motor (27).
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4, The wind turbine vaw system as claimed in claim 3,
characterised in that

each feedback signal represents at least the load experienced
by the respective electric motor (Z27) as an operational pa-

rameter of the electric motor (27).

5. The wind turbine vaw system as claimed in claim 3 or in
claim 4,

characterised in that

each feedback signal represents at least the current consumed

by the respective electric motor (27).

6. The wind turbine vaw system as claimed in any of the
claims 3 to 5,

characterised in that

- each drive unit (23) comprises a gear (31) between the
electric motor (27) and the pinion gear (13), and

~ each feedback signal represents at least one operational

parameter of the gear (31).

7. The wind turbine vaw system as claimed in claim 2 and
claim 6,

characterised in that

the torque sensor (37) is leocated at the high speed side of
the gear (31}.

8. The wind turbine vaw system as claimed in c¢laim 2 and
claim &,

characterised in that

the torque sensor (37) is located at the low speed side of
the gear (31).

9. The wind turbine vaw system as claimed in any of the
claims 3 to §,

characterised in that

— each drive unit (Z23) comprises a positicn encoder (35) en-
coding the rotational pcesiticn ¢f a shaft connecting the mo-

tor and the pinion gear or, 1if a gear is present between the
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motor (27) and the pinion gear (31), a shaft (29) between the
mctor (27) and the gear (31), a shaft (33) between the gear
(31) and the pinion gear (13) or of a gear wheel in the gear
(31), and

- the feedback signal represents at least the output of the

respective position encoder (35).

10. The wind turbine vaw system as claimed in any of the
claims 3 to 10,

characterised in that

- each drive unit (23) comprises a freguency converter (39)
between the controller (25) and the motor (27) for control-
ling the speed of the motor (27), and

- each feedback signal represents at least one operaticnal

parameter of the respective frequency converter (39).

11, A wind turbine with a wind turbine vaw sysiem according

to any of the claims 1 to 10,

12. A method of controlling a wind turbine vaw system with a
yvaw gear (11), at least two pinion gears (13), at least two
drive units (23), where each drive unit (23) 1s assoclated to
one cf the pinion gears (13) for driving the respective pin-
ion gear (13), in which each drive unit (23) 1s controlled
acceording to a drive unit reference signal comprising at
least one desired operational parameter value for the respec—
tive drive unit (23) so as to realise the at least one de-
sired operational parameter value in the respective drive
unit (23),

characterised in that

at least the actual wvalue of one operational parameter of
each drive unit (Z3) is fead to the controller (2Z25) by means
of a feedback signal, and the controller (25) generates the
drive unit control signals for the drive units (22) based on

the respective reference signal and the feedback signals.

13. The method as claimed in claim 12,

characterised in that
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the drive unit control signals are generated based con the re-
spective reference signal and differences between the opsra-

ticnal parameter values ¢f the respective feedback signals.

14. The method as claimed in c¢laim 12,

characterised in that

egach drive unit ceontrol signal for a drive unit (23) is gen-
erated based on the difference between the at least one de-
sired operational parameter value of the reference signal and
the at least one coperational parameter value of the feedback
signal obtained from the drive unit to be controlled by the

respective drive controel signal.

15. The method as claimed in any c¢f the claims 12 to 14,
characterised in that

- each drive unit (23) comprises an electric motor (27) and
the feedback signal of a drive unit (Z23) represents at least
cne operational parameter of the respective electric motor
(27y, and/or

- gach drive unit (23) comprises a frequency converter (39}
for controlling the speed of the electric motor (27) and/or a
gear {(31) between the electric motor and the pinicon gear
{13), and the feedback signal of a drive unit (23) represents
at least one operational parameter of the respective fre-

quency converter (39) and/or the respective gear (31).
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Abstract

A wind turbine vaw system with a vaw gear (11), at least two
pinion gears {13), at least two drive units (23), where each
drive unit (Z3) 1s assoclated to one of the pinion gears (13)
for driving the respective pinion gear (13)i, 1s provided.
The vaw system comprises a control system with a controller
{25) for generating for each drive unit (23) a drive unit
control signal for controlling the respective drive unit (23}
according to a drive unit reference signal comprising at
least one desired operational parameter value for the respec—
tive drive unit {(23) so as to realise the at least one de-
sired operational parameter value in the respective drive
unit (23). The control svystem comprises at least one feedback
loop for each drive unit (23) feeding at least cne drive unit
fesedback signal comprising at least the actual value of one
operational parameter of the respective drive unit (23) back
to the controller (25). Furthermore, the contrcller (25} is
adapted to generate the drive unit contrcel signals based on

the reference signal and the feedback signals.

Figure 4
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