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(57) Abstract: The invention describes a method of
controlling the pitch systems (2A, 2B, 2C) of a plur-
ality of pitch systems (2A, 2B, 2C) of a wind turbine
(1), which method comprises the steps of generating a
main pitch control signal (600) for the pitch systems
(2A, 2B, 2C) on the basis of a performance parameter
of the wind turbine (1); generating a distinct auxiliary
pitch control signal (4A, 4B, 4C) for each individual
pitch system (2A, 2B, 2C) of the plurality of pitch
systems (2A, 2B, 2C); adding an auxiliary pitch con-
trol signal (44, 4B, 4C) to the main pitch control sig-
nal (600) to give a combined pitch control signal

00

( 6A, 6B, 6C) for a pitch system (2A, 2B, 2C); and
controlling that pitch system (2A, 2B, 2C) in re-
sponse to that combined pitch control signal ( 6A,
6B, 6C). The invention also describes a pitch control
system (6) for controlling the pitch systems (2A, 2B,
2C) of a plurality of pitch systems (2A, 2B, 2C) of a
wind turbine (1), and a wind turbine (1) comprising a
pitch control system (6) according to the invention.




10

15

20

25

30

35

WO 2012/136279 PCT/EP2011/064134

Method of controlling pitch systems of a wind turbine

The invention describes a method of controlling the pitch
systems of a wind turbine; a pitch control system for cont-
rolling the pitch systems of a wind turbine; and a wind tur-

bine.

A wind turbine generally comprises two or three rotor blades
connected to a hub. Each blade is usually connected to the
hub by means of a pitch system, whose function it is to allow
the blade to rotate to some degree about its longitudinal
axis in order to obtain an optimal pitch angle. To this end,
a pitch actuator, for example an electrical motor, a hydrau-
lic piston, or another type of actuator is used to drive or
rotate the pitch system by an appropriate amount. To allow
the rotor blade to move relative to the hub, the pitch system

encloses a bearing that is lubricated to minimize friction.

The pitch angle of a rotor blade is adjusted to optimally
capture power from the wind, and can be controlled to maxi-
mize or to limit the captured wind power, depending on the
momentary operation region, i.e. the mode in which the wind
turbine is being operated at any one time. Combining pitch
control and control of the generator and/or converter is used
to obtain a desired rotational speed of the hub and a corre-
sponding power output of the wind turbine. The pitch angle is
usually defined as the angle between a plane of rotation of
the rotor blade and a chord extending from the leading edge
of the blade to the trailing edge. Evidently, for maximum ef-
ficiency during low wind speeds, a wind turbine controller
will attempt to maintain an optimal angle of attack by pit-
ching the blades in their optimal pitch angle, whereas for
high wind speeds, a wind turbine controller will pitch the
blades to maintain a nominal speed reference, such that a ma-
ximum blade tip speed is not exceeded.

The bearings of the rotor blade pitch systems can be roller

bearings, sliding pad bearings, etc., and are generally lu-
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bricated using a suitable o0il or grease. It is of paramount
importance that the lubricant is evenly distributed in the
pitch bearing, since a Jjamming or locking of the bearing
could cause serious damage to the wind turbine. In variable
windy conditions, when the generator is running at rated po-
wer, the usual alterations in pitch angle - initiated by the
wind turbine controller collectively for all blades - are ge-
nerally sufficient to ensure that the lubricant is evenly
distributed in the bearing. However, for low wind speeds, or
at higher constant wind speeds, the wind turbine controller
may only infrequently carry out very minor adjustments to the
pitch angle, or no adjustments at all, so that the collective
pitch angle remains essentially constant, and the pitch sys-
tems remain essentially inactive over long periods of time.
As a result, the lubricant in a pitch bearing may be unsatis-
factorily distributed, and damage to the pitch bearing, the
actuator, or even the wind turbine itself may ensue if the
bearing becomes blocked or jammed. In a known approach to
this problem, the wind turbine controller intermittently is-
sues a collective pitch adjustment signal to the pitch sys-
tems of the rotor blades, causing these to simultaneously
pitch slightly with the intention of distributing the lubri-
cant in the bearings. For example, such a control method can
involve changing the pitch angle of all the blades by one de-
gree every minute. However, such a collective change in pitch
angle results in a relatively large disturbance, and may re-
sult in tower oscillations. Collective pitch adjustment is
generally carried out until the output power reaches about
90% of rated power, after which the usual level of pitch ac-
tivity may be enough to ensure that the bearings remain well
lubricated. In another approach, a wind turbine controller
can observe a tower movement and can apply active tower dam-
ping, which involves adding an offset to the collective pitch
reference based on the tower movement. However, these inter-
mittent changes in pitch angle can lead to increased noise,
increased load, increased wear in the pitch bearings, and/or
to a drop in power output. Particularly for wind farms close

to populated areas, it is important to ensure that the noise
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level is kept to a favourable minimum. Furthermore, since
high efficiency is a design target of a wind turbine genera-
tor, a reduction in power output on the grounds of lubricant

issues 1s evidently undesirable.

It is therefore an object of the invention to provide an im-
proved way of ensuring that a pitch bearing remains well lu-
bricated during all pitch control phases, while overcoming

the problems mentioned above.

The object of the invention is achieved by the method of
claim 1 of controlling the pitch systems of a plurality of
pitch systems of a wind turbine; by the pitch control system
of claim 13 for controlling the pitch systems; and by the

wind turbine of claim 15.

According to the invention, the method of controlling the
pitch systems of a plurality of pitch systems of a wind tur-
bine comprises the steps of generating a main shared or com-
mon pitch control signal for the pitch systems on the basis
of a performance parameter of the wind turbine; generating a
distinct auxiliary pitch control signal for each individual
pitch system of the plurality of pitch systems; adding an au-
xiliary pitch control signal to the main pitch control signal
to give a combined pitch control signal for a pitch system;
and controlling that pitch system in response to that combi-

ned pitch control signal.

An advantage of the method according to the invention is that
even during low pitch activity intervals, the pitch systems
of a wind turbine can be activated individually in order to
stimulate a movement. In this way, a favourable distribution
of lubricant in the pitch bearing of a pitch system can be
ensured, for example even during such intervals in which the
rotor blades would otherwise not be pitched to any signifi-
cant extent. Furthermore, during a period of operation in
which the main pitch control signal is used to alter the

pitch angle collectively for the rotor blades, an auxiliary
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pitch control signal can be generated to only introduce a fa-
vourably minor alteration of the pitch angle so that detri-
mental side effects of a departure from an optimal pitch ang-
le - such as an increase in acoustic noise or a decrease in
output power - can be kept to a favourable minimum. The me-
thod according to the invention allows separate control of
the pitch systems, i.e. the pitch systems are controlled se-
parately, not collectively, so that the method according to
the invention moves away from the established techniques that
involve collective pitch control of all the rotor blades si-
multaneously. Therefore, the method according to the inventi-
on 1s particularly efficient and involves a favourable mini-

mum of additional pitch activity.

According to the invention, the pitch control system for con-
trolling the pitch systems of a plurality of pitch systems of
a wind turbine comprises a controller for generating a main
pitch control signal for the pitch systems on the basis of a
power output of the wind turbine, the rotational speed, e.g.;
an auxiliary controller for generating a distinct auxiliary
pitch control signal for each individual pitch system of the
plurality of pitch systems; a combining unit for adding an
auxiliary pitch control signal to the main pitch control sig-
nal to give a combined pitch control signal for a pitch sys-
tem; and a pitch system actuator for controlling that pitch

system in response to that combined pitch control signal.

According to the invention, the wind turbine comprises a num-
ber of rotor blades connected to a hub, wherein a rotor blade
is connected to the hub by means of a pitch system, and whe-
rein the wind turbine comprises such a pitch control system
for controlling the pitch systems using the method according

to the invention.

An advantage of the wind turbine according to the invention
is that maintenance effort for the pitch systems can be fa-
vourably reduced, while also ensuring that the auxiliary

pitch control does not result in any significant increase in
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noise output or in load, so that there is no significant dec-

rease in output power.

Particularly, advantageous embodiments and features of the
invention are given by the dependent claims, as revealed in
the following description. Features described in the context
of one claim category can apply equally to another claim ca-
tegory. Features of the different claim categories may be

combined as appropriate to arrive at further embodiments.

The term "signal" as used in the context of a pitch control
signal is to be understood as any appropriate type of signal
that can be used to control an actuator of a pitch system in
order to obtain a certain pitch angle for the rotor blade
connected to that pitch system. For example, a pitch control
signal can be a digital signal or an analogue signal, depen-
ding on the type of actuator used. In the following, it may
be assumed that the amplitude of the signal - whether digital
or analogue - has a defined relationship to the pitch angle,
so that a specific amplitude is associated with a specific
pitch angle. As mentioned above, an actuator can comprise one
or more electrical motors, hydraulic pistons, etc. A main
pitch control signal can be applied to a pitch system to
bring that pitch system to a particular position correspon-
ding to the momentary requirements, while an auxiliary pitch
control signal can be overlaid onto the main pitch control

signal.

Preferably, the auxiliary pitch control signal is zero or
"null" most of the time, i.e. the pitch systems are control-
led by the main pitch control signal, which is usually gene-
rated to obtain an optimal pitch angle for all rotor blades
during operation below a rated wind speed. An "optimal pitch
angle" is to be understood as the pitch angle that maximises
the aerodynamic efficiency and therefore also the efficiency
of the wind turbine. For relatively brief periods of time, as
will become clear in the following, an auxiliary pitch

control signal is added to or overlaid on the main pitch
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control signal and the pitch system is controlled by the com-
bined signal, after which the pitch system is controlled only
by the main pitch control signal once more. Since the auxili-
ary pitch control signals are applied separately to the rotor
blades instead of collectively, it is clear that the method
according to the invention achieves a minimum disturbance or
departure from the optimal pitch angle, and therefore also a

minimum decrease in generator efficiency.

The pitch angle could be pitched 'towards stall', i.e. the
combined pitch control signal could be decreased by effecti-
vely adding a negative auxiliary pitch control signal to the
main pitch control signal. However, such a pitch adjustment
may be associated with drawbacks. Therefore, in the follo-
wing, but without restricting the invention in any way, it
may be assumed that the auxiliary pitch control signal serves
to increase the pitch angle, i.e. to make the pitch angle mo-
re 'positive', which is also referred to as 'changing the
pitch angle towards feather', in order to minimize any inc-

rease 1in loads, noise, etc.

The extent to which a rotor blade should be pitched for 1lu-
bricant distribution purposes may be determined in a number
of ways. Preferably, a duration and/or an amplitude of an au-
xiliary pitch control signal is determined on the basis of a
relevant performance parameter of the wind turbine such as a
hub/rotor rotational speed, a generator rotational speed, the
wind speed, a rotor torgque, an output power value, a wind
turbine controller status, a tower movement, etc. For exam-
ple, at low hub rotational speed, which usually coincides
with a low wind speed and a 'closed' pitch angle, the auxili-

ary pitch control signals may be applied more often.

In the known methods described in the introduction, the pitch
angles of the rotor blades are collectively adjusted during

periods of prolonged pitch inactivity with the aim of distri-
buting the lubricant. Therefore, pitch angles are changed for

the rotor blades regardless of their angular position. This
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leads to the increase in noise and decrease in output power
mentioned above. In a particularly preferred embodiment of
the invention, an auxiliary pitch control signal is applied
to the pitch system of a rotor blade as that rotor blade pas-
ses through a specific sector of a rotor rotational plane,
which the rotor rotational plane comprises a virtual vertical
plane through the rotor blades. In this way, the method ac-
cording to the invention makes it possible to take advantage
of different wind speeds present at any instant over diffe-
rent regions of the rotor rotational plane. In the following,
the vertical rotational plane is to be understood to have a
reference position defining a 0° "starting point" correspon-
ding to the vertically highest point that can be reached by a
blade tip. When a blade moves through one complete rotation,
its tip essentially describes a circle starting at 0° through
360°. The plane can be divided into an upper half and a lower
half. With the reference at the 0° position, a blade comple-
tes a half rotation as it moves through the upper half from
270° through the reference to 90° beyond the reference, so
that the upper half can be defined as the angular region
bounded by lines originating at the centre of the hub and 1ly-

ing at #90° with respect to the reference 0°.

The wind speed can be higher in the upper regions of the ro-
tor rotational plane compared to wind speeds in the lower re-
gions of the rotor rotational plane. This phenomenon, which
can be observed at most wind farm sites, is called "wind
shear™ and results in a disturbance in every rotation of the
hub, since the wind force acting on a rotor blade is greater
when that rotor blade is the upper half of the rotational
plane than in the lower half. Therefore, in a further prefer-
red embodiment of the invention, an auxiliary pitch control
signal is applied to the pitch system of a blade as the blade
passes through the upper half of the rotor rotational plane.
In this way, the system can exploit the wind shear effect,
and can apply an auxiliary pitch control signal that increa-
ses the pitch angle, thereby resulting in a decrease in 1ift

on the blade as the blade passes through the upper half of
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the rotational plane. A very favourable and positive 'side-
effect' of the method according to the invention is that the
necessary pitch adjustment (for lubrication distribution pur-
poses) can also result in a load reduction, and/or a drop in
the level of acoustic noise, and/or a lower drop in output

power compared to the known methods of pitch adjustment.

Furthermore, by only applying an auxiliary pitch control sig-
nal while a rotor blade is in the upper half of the rotatio-
nal plane, the combined pitch control signal is effectively
favourably coordinated with the wind shear effect, so that
tower oscillations can be minimized or even counteracted. The
method according to the invention also leads to reduction in
the structural loads acting on the rotor blades, the tower,
etc., since it adopts principles of cyclic pitch, in which a
main pitch control signal is applied individually to the ro-
tor blades to pitch these according to their rotor azimuth
angle and/or the loads exerted on the blades, but does not

increase the pitch activity of all blades collectively.

In a particularly preferred embodiment of the invention, an
auxiliary pitch control signal is applied to a pitch system
of a blade as that blade passes through a fraction or portion
of the upper half of the rotor rotational plane, so that the
corrective pitch adjustment of an auxiliary pitch control
signal is only applied to the rotor blade as it is most af-
fected by the higher wind speed at a correspondingly higher
altitude. For example, an auxiliary pitch control signal can
be applied to a pitch system of a blade as that blade passes
through an upper quarter of the rotor rotational plane, whe-
reby the "upper quarter" can be defined as the angular region
or sector bounded by lines originating at the centre of the
hub and lying at #45° with respect to the reference 0°. In
this example, the auxiliary pitch control signal is applied
to a pitch system of a blade as that blade travels from 315°

through the reference to 45° beyond the reference.
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While the two regions or sectors described above are prefe-
rable choices for regions during which to apply an auxiliary
pitch control signal, it is to be understood that any other
defined region could be chosen. For example, it may be advan-
tageous to apply the auxiliary pitch control signal to a ro-
tor blade as it passes through a first quarter (from the re-
ference 0° to +90°) or a first third (from the reference 0° to
+120°), etc. Evidently, the wind turbine controller could
chose a region as the circumstances require, and can alter
the choice of region if need be. For example, depending on
changes in the wind speed, wind direction, estimated wind
shear, or other operational parameters, it may be advantage-
ous to change over from applying the auxiliary pitch control
signals during the upper quarter to applying them during the
upper half, etc. Furthermore, the lubrication states of the
individual pitch bearings may be different at any particular
instant. Therefore, the auxiliary pitch control signal for
one blade may be applied during a region that covers a larger

or smaller angular sector than the other blade(s).

The auxiliary pitch correction signals can also be applied to
the pitch systems of the blades such that a resulting struc-
tural load on one or more parts of the wind turbine is kept
to a favourable minimum. Therefore, in a further preferred
embodiment of the invention, the sector of the rotor rotatio-
nal plane in which an auxiliary pitch control signal is to be
applied is chosen on the basis of a desired minimum structu-
ral load as a result of the pitch angle correction. For ex-
ample, it may be desirable to apply a pitch correction signal
to a rotor blade as it passes through the lower half-plane.
In this way, for example, a disturbance to the tower caused
by pitching can be minimised, particularly in the case when
the wind speed is lower in the bottom part of the rotor rota-

tional plane.

The auxiliary pitch control signal could be applied to a
pitch system every time the rotor blade passes through the
chosen region, e.g. through the upper half, through the upper
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quarter, etc. Such a frequent correction may be undesirable,
since each correction contributes to the overall wear of the
pitch system. Therefore, in a further preferred embodiment of
the invention, an auxiliary pitch control signal is applied
to a pitch system according to a predefined time signal
and/or according to a pitch activity history. For example,
depending on the performance parameters and/or a pitch acti-
vity history, 1t may be sufficient actuate the pitch systems
on a more frequent or a less frequent basis. A pitch system
that has been inactive for a period of time, for example for
several minutes, may be subject to an adjustment by an auxi-
liary pitch control signal. To this end, a counter or timer
might record the elapsed time since the previous pitch ad-
justment, i.e. since the last time the pitch angle was chan-
ged using the main pitch control signal or the combined pitch
control signal. If the wind turbine controller determines
that the operating region in which the wind turbine is being
operated requires relatively frequent pitch system movement
in order to distribute the lubrication in the bearings, it
may apply the auxiliary pitch signals at frequent intervals,

e.g. every 5 minutes.

The sequence in which the auxiliary pitch control signals are
applied to the rotor blades can be chosen in any appropriate
way. In one preferred embodiment of the invention, only one
auxiliary pitch control signal is applied to its correspon-
ding pitch system during one revolution of the rotor, i.e.
the pitch system of one blade is adjusted, while the pitch
systems of the other two blades (in the case of a three-blade
rotor) remain unchanged. This might be of advantage if a
pitch correction is associated with increased noise, for ex-

ample.

Alternatively, in a further preferred embodiment of the in-
vention, an auxiliary pitch control signal is applied to each
pitch system of the plurality of pitch systems during a sin-
gle revolution of the rotor. Depending on the size of the

sector of the rotor rotational plane during which an auxilia-
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ry pitch control signal is applied, i1t may be that these
"overlap", i.e. the auxiliary pitch control for a first blade
is not quite complete at the instant when the auxiliary pitch

control for the next blade commences.

As indicated above, pitch corrections can be carried out in-
termittently as required, or as indicated by a pitch activity
history. For example, in a preferred embodiment of the inven-
tion, the auxiliary pitch control signals can be applied suc-
cessively to the corresponding pitch systems during consecu-
tive revolutions of the rotor, so that at least one auxiliary

pitch control signal is applied during each revolution.

When the pitch angle of a rotor blade is being adjusted in
order to maximise the output power of the wind turbine gene-
rator, it may be detrimental to alter the pitch angle by the
amount given by an auxiliary pitch control signal. Therefore,
in a further preferred embodiment of the invention, the auxi-
liary pitch control signal is suppressed during operation of
the wind turbine above rated power. Similarly, a correction
may not be necessary i1if the pitch activity for a rotor blade
indicates sufficient movement, so that it may be assumed that
the lubricant status of the pitch bearing in the pitch system
is satisfactory. Therefore, in a further preferred embodiment
of the invention, an auxiliary pitch control signal is sup-
pressed when a pitch activity value and/or a pitch variation
value is below a predefined threshold. Such a threshold might
define, for example, that a pitch system must be moved by 1°
at most every 5 minutes. Then, if the main pitch control sig-
nal was applied collectively to all the rotor blades during
the last 2 minutes, for example, there is no need to apply an
auxiliary pitch control signal to a pitch system for at least
another 3 minutes. Another approach might be to monitor the
pitch activity of the individual blades at regular intervals,
for example every 5 minutes and if the movement or pitch ac-
tivity of a blade is judged not to be sufficient, an auxilia-
ry pitch correction signal can be applied to the relevant
blade (s).
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The frequency with which a pitch system should be actuated
may depend not only on the various performance parameters
mentioned above, but also on the current situation inside the
bearing itself. For example, even though lubricant can be
topped up at regular intervals by a lubricant system, the le-
vel of lubricant in a pitch bearing may drop slightly over
time, and this may well have a detrimental effect on the per-
formance of the bearing. The viscosity of the lubricant can
also alter over time or according to the temperature inside
the pitch bearing. Therefore, in a particularly preferred em-
bodiment of the invention, the system comprises a pitch sys-
tem monitoring module for monitoring the lubrication status
of a pitch bearing in a pitch system. Such a monitoring modu-
le might record a maintenance history, so that the elapsed
time since the lubricant was last replenished can be determi-
ned. In addition or as an alternative, the monitoring module
might comprise one or more sensors that can directly estimate
a current lubricant level and/or lubricant pressure and/or a
lubricant distribution, and can supply any relevant informa-
tion to the sequencer, which can then decide how often and to
what extent a pitch system should be actuated in the absence

of a main pitch angle adjustment.

Other objects and features of the present invention will be-
come apparent from the following detailed descriptions consi-
dered in conjunction with the accompanying drawings. It is to
be understood, however, that the drawings are designed solely
for the purposes of illustration and not as a definition of

the limits of the invention.

Fig. 1 shows an exemplary wind turbine and the rotational
plane described by its rotor blades;

Fig. 2 shows a number of graphs illustrating the relationship
between wind speed, wind turbine power and pitch activity;
Fig. 3 shows a block diagram of a system according to an em-

bodiment of the invention;
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Fig. 4 shows a schematic representation of a wind turbine hub
incorporating the system of Fig. 3;

Fig. 5 shows a graphical representation of a plurality of au-
xiliary pitch control signals generated using the method ac-
cording to a first embodiment of the invention;

Fig. 6 shows a graphical representation of a plurality of au-
xiliary pitch control signals generated using the method ac-
cording to a second embodiment of the invention;

Fig. 7 shows a graphical representation of a plurality of au-
xiliary pitch control signals generated using the method ac-

cording to a third embodiment of the invention.

In the drawings, like reference numbers refer to like objects
throughout. Objects in the diagrams are not necessarily drawn

to scale.

Fig. 1 shows an exemplary wind turbine 1, with a nacelle 10
mounted on a tower 11, and a number of blades 3A, 3B, 3C con-
nected to a hub 12. When wind W exerts a force on the blades
3A, 3B, 3C, these are caused to rotate (in this example, the
blades 3A, 3B, 3C rotate clockwise, when viewed from the
front, as indicated by the arrow R). A wind turbine control-
ler can drive a yaw ring to rotate the nacelle 10 in a direc-
tion Y, so that the hub 12 essentially always faces into the
wind. The wind turbine controller can also control pitch ang-
le positions of each rotor blade 3A, 3B, 3C so that the bla-
des 3A, 3B, 3C are oriented with an optimum pitch angle. This
allows a best possible conversion of the wind energy into a
rotational motion of the hub and rotor. The rotor blades 3A,
3B, 3C define a vertical rotational plane P. The blade 3A
that is arranged vertically in this diagram is shown at a re-
ference position at 0° in this plane P. When this blade 3A
moves through one complete rotation through 360°, its tip es-
sentially describes a circle. The plane P can be divided into
an upper half and a lower half, so that the blade 3A comple-
tes a half rotation as it moves through this region from 270°
through the reference 0° to 90°, or #90° about the reference

0°. A quarter rotation of the blade 3A within the upper half
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of the plane P is bounded by the diagonals at 315° and 45°,

or 145° about the reference 0°.

Fig. 2 shows a number of graphs illustrating the relationship
between generator speed 40 in r.p.m., pitch angle 41 in de-
grees, and wind turbine output power 42 in kW, against wind
speed in metres per second. Generally, the wind turbine cont-
roller must find a compromise to fulfil the conflicting re-
quirements of maximising power, reducing load, and reducing
acoustic noise, and therefore always outputs a certain pitch
reference for the pitch system. At low wind speed, the hub
rotates slowly. With rotational speed of the hub, the genera-
tor speed 42 increases also. At a certain maximum or rated
speed, the wind turbine reaches its rated or nominal output
power. Basically, there are three distinct regions R1, R2, R3
of interest. In a first region Rl or variable speed region
R1, at low wind speeds, the pitch angle is maintained at its
optimal value to maximize the power captured from the wind.
In a second region R2 or constant speed region R2, the gene-
rator has reached its rated speed 40 but the output power 42
has not yet reached its rated level. Here, the pitch angle is
typically constant or may be varied slightly in order to com-
pensate for the constant rotational speed impacting the maxi-
mum power point when the wind speed increases. In the first
region R1 and the second region R2, the pitch reference is
typically a fixed wvalue or varying 0O to 5 degrees from an op-
timal pitch angle, and is determined as a function of a per-
formance parameter such as output power and/or torque and/or
wind speed. The reason for changing the pitch reference can
be to reduce loads and/or noise in certain operating regions,
e.g. near the shoulder of the power curve. In a third region
R3, at maximum generator speed and rated output power, the
wind turbine controller must commence pitch control, i.e.
must increase the pitch angle, to limit or reduce the power
captured from the wind in order to maintain the nominal power
and nominal rotational speed. To this end, the pitch angle of
the rotor blades is adjusted as necessary. In this third re-

gion R3, the pitch reference is typically a function of the
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rotational speed, whereby the pitch is controlled to maintain

the nominal rotational speed.

The invention is concerned with the "inactive" regions R1 and
R2, during which the pitch systems would not normally be ac-
tuated by the wind turbine controller, and during the "acti-
ve" region R3, in which a certain pitch angle may be maintai-
ned over a relatively long period of time, for example at a
prolonged steady wind speed. Using the method according to
the invention, auxiliary pitch actuation signals are genera-
ted during these regions to ensure that the pitch systems are
intermittently caused to move by an amount that is sufficient
to maintain a favourable lubricant distribution in the pitch
bearings. For example, if the rotor speed is very low (e.dq.
idling at a speed below 0.2 rpm) then too much time might
elapse between pitch corrections if the auxiliary pitch
control is performed on the basis of rotor azimuth angle alo-
ne. At such low speeds, the auxiliary pitch control signals
could be generated as a function of time. During the third or
"active" region, while the wind turbine controller is ad-
justing the pitch angle, an additional auxiliary pitch cor-
rection is not required, since the movement of the pitch sys-
tems on account of the pitch angle adjustment is sufficient
to ensure lubricant distribution. Therefore, during these
phases, the generation of the auxiliary pitch control signals

can be suppressed.

Fig. 3 is a block diagram showing units of a system 6 accor-
ding to the invention for controlling the pitch systems of a
wind turbine. The wind turbine controller 60 generates a
pitch reference 600 or pitch control signal 600, which is ge-
nerally used to collectively adjust the pitch angles of the
blades, as explained with the aid of Fig. 2 above. During a
low wind-speed phase or a phase of prolonged steady wind
speed, the control system uses a pitch lubrication sequencer
61 to enable the generation of individual pitch control sig-
nals. To this end, the pitch lubrication sequencer 61 genera-

tes an enable signal 610 during such phases. For example, the
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enable signal 610 might be active as long as the wind turbine

controller has not entered the pitch control region R3.

To determine when the auxiliary pitch control signals should
be applied, the wind turbine controller requires information
about the position of the blades relative to a reference
point in the rotor rotational plane, generally referred to as
the blade rotor azimuth angle or blade rotor azimuth positi-
on. To this end, the rotor azimuth position is delivered to
the control system 6 in the form of a suitable signal 611. In
this way, an auxiliary pitch control signal can be applied to
the pitch system of a blade when that blade is in the upper
half of the rotational plane where it e.g. 1s subject to hig-
her wind speed than in the lower half of the rotational plane

due to wind shear.

Depending on the pitch bearing used, or on the type of lubri-
cant used, the pitch systems might need to be actuated fre-
quently, or only intermittently. It might be sufficient to
actuate a pitch system every so often, for example at regular
predefined intervals. To this end, the system 6 can comprise
a pitch system monitoring module 64 which can track the time
interval since the previous movement of a pitch system, or
can store predefined time intervals after which a pitch sys-
tem is to be actuated, and can provide the pitch lubrication
sequencer 61 with an appropriate lubrication status signal
604. Alternatively or in addition, the pitch lubrication se-
quencer 61 can be provided with a time signal, to which it

can respond and generate the enable signal 601 accordingly.

Here, for the sake of clarity, the control system 6 is shown
to comprise one auxiliary controller 62A, 62B, 62C for each
pitch system, but it is to be understood that a single auxi-
liary controller with multiple outputs could be used. Each
auxiliary controller 62A, 62B, 62C uses the enable signal 610
and the rotor azimuth signal 611 to generate an auxiliary
pitch control signal 4A, 4B, 4C. Each auxiliary pitch control
signal 4A, 4B, 4C is combined with the pitch control signal
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600 so that a corresponding number of distinct combined pitch
control signals ©A, 6B, 6C is generated. For example, the
three auxiliary controllers 62A, 62B, 62C can be used to ge-
nerate auxiliary pitch control signals 4A, 4B, 4C for the
blades 3A, 3B, 3C respectively of Fig. 1. Then, the combined
pitch control signal 6A would be used to control the pitch
system of blade 3A; the combined pitch control signal 6B
would be used to control the pitch system of blade 3B, and
the combined pitch control signal 6C would be used to control
the pitch system of blade 3C.

Fig. 4 shows how a wind turbine might incorporate the system
of Fig. 3. The wind turbine hub 12 comprises a number of es-
sentially circular pitch systems 2A, 2B, 2C, in this case
three. A rotor blade can be fastened to a pitch system 2A,
2B, 2C, usually by means of fasteners inserted into flange
bushings. A pitch system 2A, 2B, 2C is driven by a motor or
actuator 22A, 22B, 22C so that the entire bearing 2A, 2B, 2C,
and therefore also the rotor blade, is rotated by a desired

amount, as indicated by the arrows.

Fig. 5 shows a graphical representation of a plurality of au-
xiliary pitch control signals 4A, 4B, 4C generated using the
method according to a first embodiment of the invention. The
auxiliary pitch control signals 4A, 4B, 4C are applied to the
respective rotor blades at certain defined intervals. Here,
an auxiliary pitch control signal 4A, 4B, 4C is applied to
its rotor blade when the rotor blade passes through the sec-
tor within *90° about the reference 0° as described in Fig.

1. The circle described by a blade over time as it rotates
from 0° to 360° is visually presented here by the sawtooth
graphs b5A, 5B, 5C of blade angular travel. For the sake of
simplicity, 1t is assumed that the blades rotate with a
constant rotational velocity, with correspondingly uniform
sawtooth graphs. Considering a first blade with sawtooth
graph bA: the auxiliary pitch control signal 4A for that bla-
de is applied from the time the blade passes the 270° positi-

on until it passes through the 90° position of the rotational
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plane. In other words, the auxiliary pitch control signal 4A
is applied to the blade only while it is in the upper half of
the rotational plane. The amplitude of the auxiliary pitch
control signal 4A increases from 0° (no correction to the
pitch reference) to a maximum Ap,; (maximum correction to the
pitch reference), whereby the maximum Ap,x coincides with the
instant at which the rotor blade passes through the azimuth
or reference point 0° in the rotational plane. The amplitude
of the auxiliary pitch control signal 4A is directly related
to the amount by which the corresponding actuator is caused
to travel, and therefore also to the pitch angle of the cor-
responding rotor blade, i.e. the greater the amplitude of the
auxiliary pitch control signal 4A, the more "positive" the
pitch angle. For example, the maximum amplitude of the auxi-
liary pitch control signals 4A might correspond to a pitch
angle adjustment of about 1° to 4° for rotor blade 3A. This
auxiliary pitch control signal 4A is overlaid on the main
pitch control signal, as explained in Fig. 2 above, and the
combined pitch control signal is applied to the corresponding

actuator, as described with Fig. 3 above.

The same applies to the other two blades, for which auxiliary
pitch control signals 4B, 4C are added to the main pitch con-
trol signal and applied while those blades are in the upper
half of the rotational plane P. As the graphs indicate, a
time interval corresponding to almost one additional rotation
of the hub separates consecutive auxiliary pitch control sig-
nals 4A, 4B, 4C. 1In this and in the following diagrams, the
maximum pitch correction Amx is shown to be the same for all
three blades, but it is to be understood that the pitch an-
gles of the blades can be adjusted by different amounts.

Fig. 6 shows a graphical representation of a plurality of au-
xiliary pitch control signals 4A, 4B, 4C generated using the
method according to a second embodiment of the invention. He-
re, the time interval between successive auxiliary pitch
control signals 4A, 4B, 4C 1is smaller. As the first blade 3A
passes through the upper half of the rotational plane P shown
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in Fig. 1, i.e. through the sector given by #90° about the
reference 0° 1its auxiliary pitch control signal 4A is ap-
plied. As the next blade 3B enters this sector, the first
blade 3A still has 60° of travel to complete in the upper
half of the rotational plane. Therefore, the auxiliary pitch
control signals 4A, 4B overlap over a certain time interval,
and the same applies for the auxiliary pitch control signals
4B, 4C. Here, only one set of three auxiliary pitch control
signals 4A, 4B, 4C 1is shown. Of course, an auxiliary pitch
control signal 4A, 4B, 4C could be applied to each blade du-
ring each rotation, so that the auxiliary pitch control sig-

nals 4C, 4A would also overlap.

Fig. 7 shows a graphical representation of a plurality of au-
xiliary pitch control signals 4A, 4B, 4C generated using the
method according to a third embodiment of the invention. As
shown in Fig. © above, the auxiliary pitch control signals
47, 4B, 4C are applied successively during one rotation of
the hub. Here, however, an auxiliary pitch control signal 4A,
4B, 4C is applied as a blade passes through the sector given
by £45° about the reference 0°, i.e. through a quarter of the
rotational plane. Therefore, the auxiliary pitch control sig-
nals 4A, 4B do not overlap. Again, only one set of three au-
xiliary pitch control signals 4A, 4B, 4C is shown, but it is
to be understood that this sequence of auxiliary pitch con-
trol signals 4A, 4B, 4C could be applied to the blades repea-
tedly, for example after a certain time has elapsed, after a
certain number of revolutions of the hub, according to a

pitch activity history, etc.

Although the present invention has been disclosed in the form
of preferred embodiments and variations thereon, it will be
understood that numerous additional modifications and varia-
tions could be made thereto without departing from the scope
of the invention. For example, in particularly hilly terrain,
the wind shear might occasionally be "negative", i.e. the
wind speed can be highest in the lower region of the rotor

rotational plane. Should this situation arise, the sequencer
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can generate the auxiliary pitch control signals such that
these are applied as the rotor blades move through the lower

half of the rotor rotational plane.

For the sake of clarity, it is to be understood that the use
of "a" or "an" throughout this application does not exclude a
plurality, and "comprising" does not exclude other steps or
elements. A "unit" or a "module" may comprise one or more

units or modules, respectively.
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Claims

1. A method of controlling the pitch systems (2A, 2B, 2C) of
a plurality of pitch systems (2A, 2B, 2C) of a wind turbine
(1), which method comprises the steps of

- generating a main pitch control signal (600) for the pitch
systems (2A, 2B, 2C) on the basis of a performance parameter
of the wind turbine (1);

- generating a distinct auxiliary pitch control signal (4A,
4B, 4C) for each individual pitch system (2A, 2B, 2C) of the
plurality of pitch systems (2A, 2B, 2C);

- adding an auxiliary pitch control signal (4A, 4B, 4C) to
the main pitch control signal (600) to give a combined pitch
control signal (6A, 6B, 6C) for a pitch system (2A, 2B, 2C);
and

- controlling that pitch system (2A, 2B, 2C) in response to
that combined pitch control signal (6A, 6B, 6C).

2. A method according to claim 1, wherein a duration and/or
an amplitude of an auxiliary pitch control signal (4A, 4B,
4C) 1is determined on the basis of a performance parameter
(40, 42) of the wind turbine (1).

3. A method according to claim 1 or claim 2, wherein an inc-
rease in amplitude of an auxiliary pitch control signal (4A,
4B, 4C) results in an increase of the pitch angle of a rotor
blade (3A, 3B, 3C) connected to the pitch system (2A, 2B, 2C)
to which that auxiliary pitch control signal (4A, 4B, 4C) is
applied.

4. A method according to any of the preceding claims, wherein
an auxiliary pitch control signal (4A, 4B, 4C) 1s applied to
the pitch system (2A, 2B, 2C) of a rotor blade (3A, 3B, 3C)
as that rotor blade (3A, 3B, 3C) passes through a specific

sector of a rotor rotational plane (P), which the rotor rota-
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tional plane (P) comprises a virtual vertical plane (P)
through the rotor blades (3A, 3B, 3C).

5. A method according to claim 4, wherein an auxiliary pitch
control signal (4A, 4B, 4C) is applied to the pitch system
(2A, 2B, 2C) of a blade (3A, 3B, 3C) as the blade (3A, 3B,
3C) passes through an upper half of the rotor rotational pla-
ne (P).

6. A method according to claim 5, wherein the auxiliary pitch
control signal (4A, 4B, 4C) is applied to the pitch system
(2A, 2B, 2C) of a rotor blade (3A, 3B, 3C) as the rotor blade
(3A, 3B, 3C) passes through a fraction of the upper half of

the rotor rotational plane (P).

7. A method according to any of the preceding claims, whe-
rein an auxiliary pitch control signal (4A, 4B, 4C) is ap-
plied to a pitch system (2A, 2B, 2C) according to a predefi-
ned time signal (601).

8. A method according to any of the preceding claims, wherein
an auxiliary pitch control signal (4A, 4B, 4C) 1s applied to
each pitch system (2A, 2B, 2C) of the plurality of pitch sys-

tems (2A, 2B, 2C) during a single revolution of the rotor.

9. A method according to any of claims 1 to 7, wherein only
one auxiliary pitch control signal (4A, 4B, 4C) is applied to
its corresponding pitch system (2A, 2B, 2C) during one revo-

lution of the rotor.

10. A method according to claim 9, wherein the auxiliary
pitch control signals (4A, 4B, 4C) are applied successively
to the corresponding pitch systems (2A, 2B, 2C) during conse-

cutive revolutions of the rotor.

11. A method according to any of the preceding claims, whe-

rein the auxiliary pitch control signal (4A, 4B, 4C) is
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suppressed during operation of the wind turbine (1) at rated

power.

12. A method according to any of the preceding claims, whe-
rein an auxiliary pitch control signal (4A, 4B, 4C) 1is
suppressed when a pitch activity value and/or a pitch varia-

tion value is below a predefined threshold.

13. A pitch control system (6) for controlling the pitch sys-
tems (2A, 2B, 2C) of a plurality of pitch systems (2A, 2B,
2C) of a wind turbine (1), which system comprises

- a controller (60) for generating a main pitch control sig-
nal (600) for the pitch systems (2A, 2B, 2C) on the basis of
a performance parameter of the wind turbine (1);

- an auxiliary controller (62A, 62B, 62C) for generating an
auxiliary pitch control signal (4A, 4B, 4C) for an individual
pitch system (2A, 2B, 2C) of the plurality of pitch systems
(27, 2B, 2C);

- a combining unit (63) for adding an auxiliary pitch control
signal (4A, 4B, 4C) to the main pitch control signal (600) to
give a combined pitch control signal (6A, 6B, 6C) for a pitch
system (2A, 2B, 2C); and

- a pitch system actuator (22A, 22B, 22C) for controlling
that pitch system (2A, 2B, 2C) in response to that combined
pitch control signal (6A, 6B, 6C).

14. A pitch control system according to claim 13, comprising
a pitch system monitoring module (64) for monitoring the 1lu-
brication status of a pitch bearing of a pitch system (2A,
2B, 2C).

15. A wind turbine (1) comprising a number of rotor blades
(3A, 3B, 3C) connected to a hub (12), wherein a rotor blade
(3A, 3B, 3C) is connected to the hub (12) by means of a pitch
system (2A, 2B, 2C), which wind turbine (1) comprises a pitch
control system (6) according to claim 13 or claim 14 for con-
trolling the pitch systems (2A, 2B, 2C).
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