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CONTROL OF A WIND TURBINE ROTOR DURING A STOP PROCESS USING PITCH AND A
SURFACE ALTERING DEVICE

TECHNICAL FIELD

The present invention relates to a method for controlling a wind turbine rotor during a stop
process thereof from an operating state, e.g. to a stand-still state, such as during an
emergency stop process. The invention further relates to a wind turbine, which is adapted to
control the wind rotor during such a stop process. Further, the invention relates to a method
for dampening the oscillation of a tower of a wind turbine during operation or during a stop

process thereof.

BACKGROUND OF THE INVENTION

It is well-known that the blades of a pitch-regulated or active stall regulated wind turbine
when it is stopped are pitched to a feathered parking position where one edge of the blade is
directed towards the wind turbine tower and another edge is directed away form the tower,
so that aerodynamic forces from the wind on the blades will not cause harm to the wind
turbine. Such stops are performed for maintenance of the turbine as well as for emergency
stop of the operation of the wind turbine due for instance to malfunction of the turbine itself
or due to irregularities on the electrical grid which may cause the wind turbine to halt the
emission of active power to the grid, such as a severe reduction of the grid voltage or due to

rotor overspeed in extreme gust situation, etc.

A rapid pitching of the blades may cause harm to the blades and to the wind turbine.
European patent application EP 1 701 034 discloses a method of stooping the rotor of a wind
turbine where account is taken to reduce the pendulum motion of the wind turbine tower that
is caused when the positive thrust on the rotor during normal operation providing a deflection
of the tower in the downwind direction is replaced by a negative thrust when the blades are
pitched towards the parking position, so that the tower when moving towards the wind from
the deflected position is accelerated towards the wind direction, causing a huge bending
moment on the base of the tower. This is counteracted by pitching with a high angle speed of
e.g. 159/s until the tower is about its vertical position and then reduce the angle speed to
e.g. 5°/s or even 0°/s until the extreme position of the tower in the upwind direction is
reached, where after the high angle speed is resumed until the parking position of the blades

is reached.
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Generally, the present invention seeks to reduce large bending moments at the bottom of the
tower and to reduce large loads in the outer section of the blade due to the whipping effect
introduced by the high frequency blade mode shapes. These undesirable effects may e.g.
occur when pitching is performed at a high rate resulting in negative lift (i.e. negative thrust,

also referred to as thrust in the upwind direction) as the tower moves forward.

OBJECT OF THE INVENTION

It is an object of embodiments of the present invention to provide a stop process of the wind
turbine where the extreme bending moment applied to the wind turbine tower is reduced. It
is a further object of embodiments of the invention to provide a method for controlling or
dampening oscillations of the wind turbine tower during power-generating operation or
during a stop process of the wind turbine.

SUMMARY OF THE INVENTION

It has been found by the present inventor(s) that trailing edge flaps at the blades of the wind

turbine may be used to achieve the aforementioned objects.

So, in a first aspect the present invention provides a method for controlling a wind turbine
during a stop process thereof from an operating state, the wind turbine comprising:

- a rotor comprising a hub and at least one rotor blade supported by the hub, the blade being
pitchable with respect to the hub and comprising a main blade body and at least surface
altering device, which is movable with respect to the main blade body in order to alter the
aerodynamic surface of the blade;

- a tower supporting the hub;

wherein, in the operating state, the tower is deflected in a downwind direction due to the
aerodynamic thrust force on the rotor, the method for controlling the stop process
comprising:

- moving the surface altering device in a direction, which alleviates the aerodynamic load on
the rotor, whereby the tower under most circumstances will start to move forward in the
upwind direction; and

- pitching the blades at a first rate to further alleviate the aerodynamic load on the rotor.

The invention also provides a wind turbine comprising:
- a rotor comprising a hub and at least one rotor blade supported by the hub, the blade being
pitchable with respect to the hub and comprising a main blade body and at least one surface

altering device, which is movable with respect to the main blade body in order to alter the
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aerodynamic surface of the blade;
- a tower supporting the hub, wherein, in the operating state, the tower is deflected in a
downwind direction due to the aerodynamic thrust force on the rotor;
- a control system for controlling the blade pitching and the movement of the surface altering
device, the control system being configured to, during a stop process of the wind turbine
from an operating state:

- move the at surface altering device in a direction, which alleviates the
aerodynamic load on the rotor; and

- pitch the blades at a first rate to further alleviate the aerodynamic load on the

rotor.

It should be understood that, in the present context, the term *pitch’ or ‘pitching’ means
rotating or twisting the blade around a longitudinal axis, so as to cause a change of the
aerodynamic angle of attack. Herein, the term *positive pitching’ means pitching of the blade

in order to reduce the aerodynamic forces.

It will be appreciated that the provision of an actively movable surface altering device allows
the aerodynamic surface of the wind turbine blades to be modified, in order to increase or
decrease the aerodynamic thrust on the rotor. The surface altering device may e.g. include
flaps at the trailing or leading edge of the blade, or any other element for altering the
aerodynamic surface properties of the blade, such as ailerons or activatable/deactivatable
vortex generators, or means for changing the lengthwise or chordwise dimensions of the
blade.

Generally, the surface altering device is used augment the pitch mechanism on a wind
turbine blade, thereby reducing the demand and design constraints and requirements of the
pitch system, and consequently reducing the cost of energy. The provision of a surface
altering device additionally allows the stop process to be carried out swiftly and yet gently,

and it allows active dampening control of tower oscillations.

In one embodiment the surface altering device comprises at least one trailing edge flap. The
step of moving the at least one surface altering device in a direction, which alleviates the
aerodynamic load on the rotor, may in that case comprise the step of moving the trailing
edge flap towards the suction side of the blade. A movement of the trailing edge flap into the
suction side of the blades generally results in a thrust decrease, as the flap in such a position

reduces aerodynamic lift or even acts as a spoiler.

The pitching of the blades and the movement of the surface altering device may occur

simultaneously or in any order. However, with a view to swiftly and gently initiating the stop
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process, the step of moving the surface altering device preferably occurs simultaneously with

or prior to the step of pitching.

Preferably, after the surface altering device has been moved to alleviate the load, it can be
adjusted to achieve a dampening effect on the movement of the tower, in particular a
dampening effect on the tower’s movement in the downwind direction. For example. While
the rotor blade is positively pitched, the surface altering device may be adjusted to achieve
an aerodynamic dampening effect against the direction of movement of the tower for a while
to prevent the aerodynamic thrust from aggravating the pendulum movement of the tower.
Thereby, the loads in the outer part of the blade and the bending moments of the tower root
are reduced, leading to reduced risk of wind turbine tower and blade failure, prolongation of
the life time of the wind turbine tower and blade and the possibility of erecting wind turbine

towers of less reinforcement at the tower root.

The present invention provides a gentle and effective way of controlling tower and blade load,
e.g. in safety situations, and of dampening tower oscillations. As blades become longer and
more flexible, the effectiveness of pitch to reduce dynamic loads is diminished as the pitch
needs to propagate from the root to the outer part of the blade, whereas a surface altering
device, such as flaps, provides immediate change in dynamic load. Further, a high pitch rate
demand is not a prerequisite for the present invention, and the pitch system requirements
and pitch loads are hence reduced compared to a wind turbine blade solely controlled by a

pitching system.

In a further aspect, the invention provides a method for dampening the oscillation of a tower
of a wind turbine during operation or during a stop process thereof, the wind turbine
comprising said tower and a rotor comprising a hub and at least one rotor blade supported by
the hub, the blade being pitchable with respect to the hub and comprising a main blade body
and at least one surface altering device, which is movable with respect to the main blade
body in order to alter the aerodynamic surface of the blade, the method comprising the steps
of:

- controlling operation of the wind turbine by controlling the pitch angle of the blades;

- dampening oscillation of the tower in upwind and downwind directions by:

- moving the at least one surface altering device in a direction, which alleviates
the aerodynamic load on the rotor, if the tower’'s movement in the downwind direction is to
be counteracted;

- moving the at least one surface altering device in a direction, which increases
the aerodynamic load on the rotor, if the tower’s movement in the upwind direction is to be

counteracted.
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Accordingly, the surface altering device is used as an active means for dampening tower

oscillations.

In particular, the surface altering device may comprise a trailing edge flap, and, the
movement of which into towards the suction side of the blade decrease aerodynamic load on
the rotor, whereas movement of the trailing edge flap towards the pressure side of the blade

increases the aerodynamic load on the rotor.

LEGENDS TO THE FIGURE

Fig. 1 illustrates the lift coefficient as a function of angle of attack a in an embodiment of a

method according to the present invention;

Fig. 2 illustrates pitch angel 6, thrust T, and tower position Z as a function of time in said

embodiment according to the invention;

Fig. 3 illustrates tower positions in said embodiment of the invention.

DETAILED DISCLOSURE OF EMBODIEMENTS THE INVENTION

Under normal operation, the tower is bent backwards (downwind) under the influence of

positive aerodynamic thrust, as shown in position 1 of Fig. 3.

When a safety stop is required, the trailing edge flaps are flapped towards the suction side,
whereby the blade section operational state changes from 1 to 1, see Figs 1 and 2. An
immediate de-loading (load dump) effect is provided on the rotor, reducing the need for an
initial high-speed positive pitching (as is usually the case for pitch regulated turbines). In
case a plurality of trailing edge flaps are provided along a length of each blade, the
deflections of the individual flaps may be individually controllable and adjusted as required by
each section along the span of the blade. From position 1’ to 2, positive blade pitching is
further introduced to immediately reduced the thrust to approximately zero, the tower starts
to gradually move forward (upwind), at which point the positive pitching is induced to further
reduce the rotor acceleration and avoid overspeed. Under the influence of its elasticity, the

tower will as a reaction to the reduced thrust force move forward (upwind).

The movement of the tower towards the direction of the wind will continue until the extreme
deflection position is reached and the tower top is found at position 3 (Fig. 3). In traditional

stop strategies from stage 2 to 3, if the blade positive pitching is substantially continued,
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under the influence of negative thrust, the tower forward movement is further accelerated
upwind, causing a large bending moment on the tower base. In the present invention,
however, blade pitching may be further continued albeit preferably at a reduced rate but at
the same time the trailing edge flaps may be gradually flapped towards the pressure side
resulting in a net positive lift and consequently marginally positive thrust, which provides a
dampening effect to the tower movement, the blade pitching being augmented by the
deflection of the trailing edge flaps. The result is a reduction of the tower top deflection
amplitude and tower bottom bending moment. The flapping movement may be adjusted as
per the demand of each section along the span of the blade. This also results in a further
reduction in loads in the outer part of the blade, i.e. in reduction of the whipping effect

introduced by the high frequency blade mode shapes.

Hereafter, the movement of the tower is in the downwind direction, from position 3 to 4 in
the drawings, and the tower will gain pass the upright, vertical position. This backwards
movement is dampened by the trailing edge flap deflection towards the suction side
(transition from position 3 to 3), resulting in negative lift forces, i.e. negative thrust, at

which point the positive pitching is induced to stop the rotor.

Embodiments of the present invention may generally include the following features and

provide the functions set forth below:

- Subsequent to the step of pitching the blades and while maintaining the blade in a pitched
state or maintaining a pitch rate of the blade, the at least one surface altering device may be
moved to increase the aerodynamic load on the rotor, while the tower is moving in the
upwind direction, and preferably when the tower has passed a vertical position with respect
to ground, so as to provide positive thrust and thereby dampen the tower’s movement in the
upwind direction. For example, if the surface altering device comprises a trailing edge flap, it
may be moved towards the pressure side of the blade to increase the aerodynamic load on
the rotor. Simultaneously, the blade pitch may be maintained at a second rate, which is lower

than the first rate.

- Subsequent to the step of moving the surface altering device to increase aerodynamic load
on the rotor, the surface altering device may be moved to alleviate the aerodynamic load on
the rotor, while the tower ins moving in the downwind direction, preferably when the tower
has passed through the extreme deflection position in the upwind direction and has passed
the vertical position, so as to provide negative thrust and thereby dampen the tower’s
movement in the downwind direction. For example, if the surface altering device comprises a
trailing edge flap, the aerodynamic load on the rotor may be alleviated by moving the flap
towards the suction side of the blade. Positive pitching of the blades may then be induced to

stop the rotor when the tower is moving in a downwind direction.
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- The at least one trailing edge flap may comprise a plurality of individually controllable
trailing edge flaps arranged in the lengthwise direction of the blade from the hub to a tip
thereof, i.e. in the spanwise direction of the blade. The flaps may be individually controlled,
so as to meet the demands of each section along the span of the blade. In particular, the
individually controllable flaps may be used to reduce the loads in an outer part of the blade
towards the tip portion thereof. Likewise, other types of individually controllable surface

altering devices may be used.

- The pitch and flap movement control may be carried out at least on the basis of a measure
of the tower shape, deflection or load. For example, the control system of the wind turbine
may be configured to receive input signals from a first strain gauge system arranged to
provide a measure of the tower shape, deflection or load, the first strain gauge system being

arranged on the tower.

- Alternatively or in addition, the pitch and flap movement control may be carried out at least
on the basis of a measure of blade shape, deflection or load. The control system may hence
e.g. be configured to receive input signals from a second strain gauge system arranged to

provide a measure of the shape, deflection or load of the blades.

- Further, the pitch and flap movement control is carried out at least on the basis of a tower
position, velocity or acceleration. For example, the control system may be configured to
receive input signals from an accelerometer or GPS system arranged on or at the tower, the

accelerometer or GPS system being provided on or at the tower.
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Claims

1. A method for controlling a wind turbine during a stop process thereof from an operating
state, the wind turbine comprising:

- a rotor comprising a hub and at least one rotor blade supported by the hub, the blade being
pitchable with respect to the hub and comprising a main blade body and at least one surface
altering device, which is movable with respect to the main blade body in order to alter the
aerodynamic surface of the blade;

- a tower supporting the hub;

wherein, in the operating state, the tower is deflected in a downwind direction due to the
aerodynamic thrust force on the rotor, the method for controlling the stop process
comprising:

- moving the at least one surface altering device in a direction, which alleviates the
aerodynamic load on the rotor; and

- pitching the blades at a first rate to further alleviate the aerodynamic load on the rotor.

2. A method according to claim 1, wherein the surface altering device comprises at least one
trailing edge flap, and wherein said step of moving the at least one surface altering device in
a direction, which alleviates the aerodynamic load on the rotor, comprises the step of moving

the trailing edge flap towards the suction side of the blade.

3. A method according to claim 2, comprising, subsequent to the step of pitching the blades
and while maintaining the blade in a pitched state or maintaining a pitch rate of the blade,
the further step of moving the surface altering device to increase the aerodynamic load on
the rotor, while the tower is moving in the upwind direction, so as to provide positive thrust

and thereby dampen the tower’s movement in the upwind direction.

4. A method according to claim 3, wherein the blade pitch is maintained at a second rate,
which is lower than said first rate, during said step of moving the surface altering device to

increase the aerodynamic load.

5. A method according to claim 3 or 4, comprising, subsequent to the step of moving the
surface altering device to increase the aerodynamic load, the further step of moving the at
least one surface altering device to alleviate the aerodynamic load on the rotor, when the
tower has passed through the extreme deflection position in the upwind direction and while
the tower is moving in the downwind direction, so as to provide negative thrust and thereby

dampen the tower’s movement in the downwind direction.

6. A method according to claim 5, wherein positive pitching of the blades is induced to stop

the rotor when the tower is moving in a downwind direction.
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7. A method according to any of the preceding claims, wherein said at least one surface
altering device comprises a plurality of individually controllable surface altering devices
arranged in the lengthwise direction of the blade from the hub to a tip thereof, and wherein
the method comprises the step of individually controlling the devices during said step of

moving the at least one surface altering device.

8. A method according to claim 6, wherein the individually controllable devices are used to

reduce the loads in an outer part of the blade towards the tip portion thereof.

9. A wind turbine comprising:
- a rotor comprising a hub and a at least one blade supported by the hub, the blade being
pitchable with respect to the hub and comprising a main blade body and at least one surface
altering device, which is movable with respect to the main blade body in order to alter the
aerodynamic surface of the blade;
- a tower supporting the hub, wherein, in the operating state, the tower is deflected in a
downwind direction due to the aerodynamic thrust force on the rotor;
- a control system for controlling the blade pitching and the movement of the surface altering
device, the control system being configured to, during a stop process of the wind turbine
from an operating state:

- move the surface altering device in a direction, which alleviates the
aerodynamic load on the rotor; and

- pitch the blades at a first rate to further alleviate the aerodynamic load on the

rotor.

10. A wind turbine according to claim 1, wherein the surface altering device comprises at

least one trailing edge flap.

11. A wind turbine according to claim 9 or 10, wherein the control system is configured to
receive input signals from a first strain gauge system arranged to provide a measure of the

tower shape, deflection or load, the first strain gauge system being arranged on the tower.

12. A wind turbine according to any of claims 9-11, wherein the control system is configured
to receive input signals from a second strain gauge system arranged to provide a measure of

the shape, deflection or load of the at least one blade.
13. A wind turbine according to any of claims 9-12, wherein the control system is configured
to receive input signals from an accelerometer or GPS system arranged on or at the tower,

the accelerometer or GPS system being provided on or at the tower.

14. A method for dampening the oscillation of a tower of a wind turbine during operation or
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during a stop process thereof, the wind turbine comprising said tower and a rotor comprising
a hub and at least one rotor blade supported by the hub, the blade being pitchable with
respect to the hub and comprising a main blade body and at least one surface altering
device, which is movable with respect to the main blade body in order to alter the
aerodynamic surface of the blade, the method comprising the steps of:

- controlling operation of the wind turbine by controlling the pitch angle of the blade;

- dampening oscillation of the tower in upwind and downwind directions by:

- moving the at least one surface altering device in a direction, which alleviates
the aerodynamic load on the rotor, if the tower’s movement in the downwind direction is to
be counteracted;

- moving the at least one surface altering device in a direction, which increases
the aerodynamic load on the rotor, if the tower’s movement in the upwind direction is to be

counteracted.
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