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Description

Background of the invention

[0001] The invention relates to a wind turbine accord-
ing to the preamble of claim 1 and a method according
to the preamble of claim 10 for altering the eigenfrequen-
cy of a tower of a wind turbine.

Description of the Related Art

[0002] A wind turbine known in the art comprises a
tapered wind turbine tower and a wind turbine nacelle
positioned on top of the tower. A wind turbine rotor with
a number of wind turbine blades is connected to the na-
celle through a low speed shaft, which extends out of the
nacelle front as illustrated on figure 1.
[0003] The natural critical frequency (also known as
the eigenfrequency or resonance frequency) of a wind
turbine tower is a known issue in the wind turbine indus-
try. E.g. a 50 metre tall wind turbine tower will have a
tendency to swing back and forth, say, every three sec-
onds. The frequency with which the tower oscillates back
and forth is also known as the eigenfrequency of the tow-
er. The eigenfrequency among other things depends on
the height of the tower, the thickness of its walls, the type
of steel, and the weight of the nacelle and rotor. Each
time a rotor blade passes the wind shade of the tower,
the rotor will push slightly less against the tower. If the
rotor turns with a rotational speed such that a rotor blade
passes the tower each time the tower is in one of its
extreme positions, then the rotor blade may either damp-
en or amplify the oscillations of the tower.
[0004] The rotor blades themselves are also flexible,
and may have a tendency to vibrate at a frequency of e.
g. 1 to 2 Hz, which under certain circumstances may fur-
ther amplify or dampen the tower oscillations. In worst
case several factors acting simultaneously could make
the tower oscillate to a degree that the tower or other
parts of the wind turbine is damaged, that the life of the
tower or other parts are severely reduced or at least re-
duce the efficiency of the wind turbine.
[0005] One way of dealing with this problem is to take
different measures during the design phase of the wind
turbine e.g. by making the tower stiffer, by reducing the
weight of the nacelle and rotor or other. But these meas-
ures often collide with other desired qualities of the wind
turbine such as low production cost, high efficiency and
other.
[0006] Other way of dealing with this problem has
therefore been developed and one of these is disclosed
in German patent application No DE-A 10309825. This
application disclose a way of damping of tower move-
ments by three stay wires connected to individual foun-
dations in the ground surrounding the wind turbine, each
fitted with a self-controlling hydraulic damper. The damp-
ers ensure that the movement of the light and flexible
tower does not become so large and uncontrollable, that

they endanger the wind turbine. But for this system to
work the stay wires has to be relatively long and fixated
relatively far from the tower for the dampers to see suf-
ficient motion to function properly. This is of course dis-
advantageous in that the wind turbine hereby will occupy
more space and in that esthetically, this design is much
undesired. Furthermore, the entire system and especially
the separate foundations for the stay wires will increase
the overall cost of the wind turbine considerably making
this design less cost-efficient, particularly with off-shore
wind turbines.
[0007] An object of the invention is therefore to provide
for a wind turbine without the mentioned disadvantages.
[0008] Especially it is an object of the invention to pro-
vide for an advantageous and cost-efficient technique for
reducing the risk of tower oscillations causing damage
to the wind turbine or reducing its efficiency.

The invention

[0009] The invention provides for a wind turbine ac-
cording to claim 1 comprising a wind turbine rotor with at
least one wind turbine blade, a wind turbine tower, such
as a standard tubular steel tower, positioned on a foun-
dation and connected to the wind turbine rotor through a
wind turbine nacelle, and control means for establishing
oscillation control values of the wind turbine. The wind
turbine is such that the tower comprises load altering
means for optimizing the tower eigenfrequency in re-
sponse to the values from the control means and wherein
an end of the load altering means is connected to the
tower and another end of the load altering means is also
connected to the tower or directly or indirectly to the foun-
dation.
[0010] Almost all mechanical systems have one or
more resonance frequencies, where the system absorbs
more energy from oscillations when the frequency of the
systems oscillations matches or substantially matches
the systems resonance frequency of vibration. By pro-
viding the tower with load altering means it is possible to
adjust the load on the tower or a part of the tower, hereby
altering the towers eigenfrequency, making it different
from e.g. the frequency of the vibrations induced by the
rotor.
[0011] Most modem wind turbines already comprise
control means for establishing oscillation control values
of the wind turbine. By providing the wind turbine with
load altering means and basing the control of these load
altering means on the values, it is possible to alter the
towers natural critical frequencies by changing its stiff-
ness and hereby dampen tower oscillations. This is ad-
vantageous in that it provides for a simple and cost-effi-
cient way of dampening tower oscillations and in that by
optimizing the tower eigenfrequency it is possible to gain
a more stable structure of the wind turbine tower, where-
by e.g. material savings may be obtained.
[0012] A system according to the invention furthermore
has the advantage of being able to react before critical
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oscillations occur, in that the system is based on oscilla-
tion control values, which can be used to predict the os-
cillation status of the tower.
[0013] In an aspect of the invention, said load altering
means comprise means for adjusting the load on said
tower or a part of said tower.
[0014] Adjusting the load on the tower or a part of the
tower is advantageous in that it provides for a simple and
cost-efficient way of altering the towers natural critical
frequencies and hereby preventing or at least reducing
tower oscillations.
[0015] In an aspect of the invention, said load altering
means comprise connection means vertically connecting
a tower position with at least one lower tower position or
with the foundation.
[0016] By connecting different tower portions to each
other or to the foundation by means of the connection
means, it is possible to control the stiffness of the tower
or specific parts of the tower. This may increase the pos-
sibility of obtaining material savings.
[0017] In an aspect of the invention, said connection
means include steel wire or rods.
[0018] By using steel wire or rods as the said connec-
tion means, an economical solution for optimizing the
tower eigenfrequency is obtained.
[0019] In an aspect of the invention, said connection
means include damper means.
[0020] By providing the connection means with damp-
er means it is possible to reduce the peak stresses (e.g.
from sudden jerks in the means) in the connection means
by distributing the loads over time. This is advantageous
in that the connection means and their connection to the
tower or foundation can be made more simple and inex-
pensive. Furthermore, the damper means would also re-
duce noise emission from the load altering means.
[0021] In an aspect of the invention, said load altering
means includes at least one actuating means acting di-
rectly or indirectly on said connection means.
[0022] By actuating directly or indirectly on said con-
nection means, an easy control of the tension of the con-
nection means is obtained.
[0023] In an aspect of the invention, at least one actu-
ating means are hydraulic or electric actuators changing
the tension of said connection means in response to said
control values from the control means.
[0024] By altering the tension of the connection means
it is possible to alter the stiffness of the wind turbine tower,
whereby the critical natural frequency or frequencies of
the tower also may be altered. By altering the stiffness
of the tower it is possible to avoid or partly avoid reso-
nances in the tower structure of the wind turbine. It is
further a possibility to use the before mentioned optimi-
zation of the stiffness of the tower as a temporarily solu-
tion during wind turbine erection.
[0025] In an aspect of the invention, said control means
include sensors such as accelerometers, strain-gauges,
anemometers, thermometers or other for measuring os-
cillation values of the wind turbine.

[0026] By making the control means include sensors
e.g. detecting the wind speed or the acceleration of the
tower oscillations it is possible to establish more accurate
oscillation control values which enables that the load al-
tering means can be controlled more accurately.
[0027] In an aspect of the invention, said load altering
means are positioned inside said tower.
[0028] By placing the load altering means inside the
tower, an easier access to the means can be obtained.
Furthermore, the load altering means will be placed in a
more controlled environment and protected for rain,
snow, sea fog and other hereby making it possible to
avoid or at least severely reduce corrosion and other
wear of the load altering means.
[0029] In an aspect of the invention, said load altering
means are at least three independent load altering
means evenly spaced on said tower e.g. two sets of sub-
stantially vertical connection means positioned at oppo-
site inner surface sides of said tower.
[0030] By using at least three evenly spaced independ-
ent load altering means it is possible to obtain greater
and more uniform control over the tower eigenfrequency
no matter the wind direction and/or the direction of the
oscillations.
[0031] In an aspect of the invention, said control means
are configured for activating said load altering means if
said oscillation control values are outside one or more
predefined limits.
[0032] If e.g. the tower does not oscillate or if there is
not any wind or if the amplitude or acceleration of the
oscillations or the wind speed is beneath a certain level
or other it could be advantageous to not activate the load
altering means, in that it hereby is possible to reduce the
wear on the means and hereby prolong their life.
[0033] In an aspect of the invention, said control means
comprise means for adjusting said load altering means
dynamically and/or proportionally in relation to said os-
cillation control values.
[0034] By making the control means adjust the load
altering means dynamically and/or proportionally to the
values it would e.g. be possible to inflict proportional
countermotions if oscillations of the tower occurred or it
would be possible to dynamically stiffen a specific part
of the tower in relation to the direction and/or the speed
of the wind. This is advantageous in that it hereby is pos-
sible to dampen tower oscillations in a more efficient way
providing as little extra stress to the tower structure as
possible.
[0035] Altering the eigenfrequency of the tower by ad-
justing the load on the tower or on a part of the tower is
advantageous in that in that it is a simple and cost-effi-
cient way of controlling oscillations in the tower and bas-
ing this control on oscillation control values provides for
a more accurate control.
[0036] The invention also provides for a method ac-
cording to claim 10 for altering the eigenfrequency of a
tower of a wind turbine according to any of the above
mentioned wind turbines. The method comprises the
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steps of :

• establishing oscillation control values of the wind tur-
bine by means of control means, and

• optimizing the tower eigenfrequency by means of
load altering means of the tower in response to the
oscillation control values.

[0037] Hereby is achieved an advantageous method
for reducing the risk of tower oscillations causing damage
to the wind turbine or reducing its efficiency.
[0038] In an aspect of the invention, said oscillation
control values are established on the basis of oscillation
of said tower.
[0039] Tower oscillations are dampened on the basis
of the oscillation control values by adjusting the tower
eigenfrequency and it is therefore advantageous that the
oscillation control values are established directly on basis
of oscillation of the tower.
[0040] In an aspect of the invention, said load altering
means optimizes the tower eigenfrequency by adjusting
the load on said tower or a part of said tower.
[0041] In an aspect of the invention, said load altering
means comprise connection means vertically connecting
a tower position with at least one lower tower position or
with the foundation.
[0042] In an aspect of the invention, said load is ad-
justed by adjusting the tension of said connection means.
[0043] In an aspect of the invention, said load altering
means are activated if said oscillation control values are
outside one or more predefined limits.

Figures

[0044] The invention will be described in the following
with reference to the figures in which

fig. 1. illustrates a large modern wind turbine, as seen
from the front,

fig. 2 illustrates an embodiment of wind turbine com-
prising load altering means, as seen from the
side,

fig. 3 illustrates another embodiment of wind turbine
comprising load altering means, as seen from
the front,

fig. 4 illustrates a cross section of a wind turbine tow-
er, as seen from the top,

fig. 5 illustrates a part of cross section of a wind tur-
bine tower comprising a tower section joint, as
seen from the side,

fig. 6 illustrates a further embodiment of wind turbine
comprising load altering means, as seen from
the side, and

fig. 7 illustrates an even further embodiment of wind
turbine comprising load altering means, as seen
from the side.

Detailed description

[0045] Fig. 1 illustrates a wind turbine 1 known in the
art, comprising a tapered tower 2, which is subdivided
into a number of tower sections 8 mounted on a founda-
tion 6. A wind turbine nacelle 3 is positioned on top of
the tower 2.
[0046] In this embodiment of the invention the wind
turbine rotor 4 comprises three wind turbine blades 5,
which are connected to the hub of the rotor 4 through
pitch mechanisms. Each pitch mechanism includes a
blade bearing 7 which allows the blade 5 to pitch in re-
lation to the wind. The hub is connected to the nacelle 3
by connecting it directly to a wind turbine gear at the
nacelle front or via a shaft directly connected to a gen-
erator or indirectly through a gear mechanism and low
speed/high speed shafts wherein the connections may
comprise one or more shaft bearings such as rotor and
generator bearings.
[0047] Fig. 2 illustrates an embodiment of wind turbine
comprising load altering means, as seen from the side.
[0048] In this embodiment of the invention the tower 2
comprise load altering means 9 in the form of connection
means 10 formed as two wires, bars or the like 14, 24
fixated at the top of the wind turbine tower 2. The wires
14, 24 are in this embodiment fixated at the tower flanges
at the top and at the bottom flanges of the tower. The
load altering means 9 further comprise actuators 16, 26
placed at one of the tower sections joints 17.
[0049] In another embodiment of the invention, the
connection means 10 may be fixated anywhere at the
tower wall, giving the benefit of optimizing the stiffness
at any area or point of the wind turbine tower structure.
[0050] In a further embodiment of the invention the ac-
tuator(s) 16, 26 are placed at the end of the wire, bars or
the like 14, 24 providing the possibility of controlling and
changing the tension of the wires, bars or the like 14, 24
by pulling the end of the connection means 10.
[0051] The wires or bars 14, 24 may be connected to
damping means 18, 28, facilitating the possibility of
damping any sudden jerks in the wire, giving the benefit
of protecting the wire or bar 14, 24 from breaking or over-
load. The dampers 18, 28 may be hydraulic dampers,
pneumatic dampers, spring dampers or the like. The
wires may be actuated by one or more actuators 16, 26,
which are controlling the tension of the wires or bars 14,
24. The actuators may be fixated on the tower wall by
magnets, bolts, fittings or the like, and could be placed
at different points of the tower structure.
[0052] By controlling the tension of the wire or bar 14,
24, it is possible to control and alter the stiffness and/or
resonance frequency of the tower 2. The actuators 16,
26 may further be controlled depending on different var-
iables, e.g. the amplitude or acceleration of vibration of
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the tower 2, the wind speed and/or direction, the temper-
ature, the rotor speed or the rotational speed of other
shafts or the like. The wires 14, 24 and actuators 16, 26
may preferably be placed symmetrically and/or equally
spaced in the tower structure.
[0053] In this embodiment of the invention the wind
turbine 1 comprise control means for establishing oscil-
lation control values. The tension of the connection
means 10 of the load altering means 9 is then adjusted
on the basis of these values. E.g. if the wind speed was
above a certain level or if the control means detects os-
cillations over a certain amplitude the control means
could make both actuators 16, 26 extend, only one ac-
tuator 16, 26 extend depending of the direction of the
oscillations or the wind or the actuators 16, 26 could ex-
tend dynamically and/or proportionally to the oscillation
control values.
[0054] Fig 3 illustrates another embodiment of wind
turbine 1 comprising load altering means 9, as seen from
the front.
[0055] In this figure an alternative placement of the
load altering means 9 is disclosed, comprising wires, bars
or the like 14, 24, at least one actuator 16, 26, actuating
each wire 14, 24 and at least one damping arrangement
18, 28, protecting the wires 14, 24 for sudden jerks. By
placing the load altering means 9 at a given area of the
tower structure, it is possible to optimize the stiffness of
the tower 2 at a substantially specific point or area in the
tower structure. It is noted that a plurality of load altering
means 9 may be placed at a plurality of different areas
of the tower 2.
[0056] In one embodiment of the invention, the actua-
tors 16, 26, and/or the ends of the wires, bars or the like,
are placed at and/or connected to the tower sections
joints (not shown in fig. 3).
[0057] Fig 4 illustrates a cross section of a wind turbine
tower 2, as seen from the top.
[0058] In this embodiment of the invention the tower 2
comprises four symmetrically positioned and evenly
spaced actuators 16,26,36,46 in the wind turbine tower
2. In another embodiment of the invention the tower 2
could comprise another number of actuators 16,26,36,46
such as one, two or three, they could be placed at different
heights in the tower 2 and they could be placed asym-
metrically e.g. if the wind at a specific wind turbine site
always came from only a few directions or other.
[0059] Fig. 5 illustrates a part of cross section of a wind
turbine tower 2 comprising a tower section joint 17, as
seen from the side.
[0060] As illustrated in fig. 1, a traditional wind turbine
tower 2 comprises a number of tapered round tower sec-
tions 6 mounted on top of each other. The tower sections
6 are bolted together through the internally placed hori-
zontal flanges 55, which are welded to the top and bottom
of each section 6.
[0061] Because of the flanges 55, the tower structure
is particular strong at the tower sections joints 17. This
makes the joints 17 an advantageous area for placing

the actuators (not shown in fig 5).
[0062] Fig 6 illustrates a further embodiment of wind
turbine 1 comprising load altering means 9, as seen from
the side.
[0063] In this embodiment of the invention, the tension
of the wires 14, 24 is controlled by one or more actuators
16, 26, placed at the bottom of the tower 2. The connec-
tion means 10 may be connected to the bottom flange of
the tower, the foundation or the like by at least one tackle
49, 59 or the like. The wires, bars or the like 14, 24 may
be held in a distance from the tower walls by means of
guiding means 11, which in this case are provided in the
form of bars 47, 57 extending from the tower walls. The
bars 47, 57 may at the end which is in contact with the
connection means 10 further comprise one or more tack-
les, wheels or the like to form the guiding means 11.
[0064] The connection means 10 are in this embodi-
ment further connected to one or more damping means
18, 28. The damping means could be placed anywhere
on the wires 14, 24, e.g. at one of the ends of the wire or
bar 14, 24.
[0065] In a further embodiment of the invention the load
altering means 10 may be placed on the outside of the
tower.
[0066] Fig 7 illustrates an even further embodiment of
wind turbine 1 comprising load altering means 9, as seen
from the side.
[0067] In this embodiment of the invention the connec-
tion means 10 in the form of two wires, bars or the like
14, 24 are fixated at the top of the wind turbine tower 2.
The wires 14, 24 are in this embodiment fixated at the
tower flanges at the top and at the bottom of the tower.
The actuators 16, 26 are placed at one of the tower sec-
tions joints 17.
[0068] In this embodiment the actuators 16, 26 are con-
trolled by a control system 62. The control system 62
may comprise one or more sensors 64, 65, 66, 67, e.g.
accelerometers, strain-gauges, radars, thermometers,
anemometers or other which measures e.g. vibrations in
the tower, wind speed or other and controls the actuators
16, 26 on the basis of the measurements from the sen-
sor(s) 64, 65, 66, 67. The control system 62 may further
comprise a plurality of different variables, e.g. the wind
speed, measured by an anemometer, and may control
the actuators 16, 26 based on measurements and/or al-
gorithms. The control system 62 may control the actua-
tors 16, 26 individually as well as in groups. It is noted
that a plurality of sensors 64, 65, 66, 67 may be placed
at several point of the wind turbine 1, giving the possibility
of control the actuators 16, 26 based on precise and re-
liable measurements form the entire wind turbine 1.
[0069] In an embodiment of the invention the control
system 62 controls a plurality of load altering means 10
based of measurements from said sensor(s) 64, 65, 66,
67.
[0070] In another embodiment of the invention, the
connection means 10 are only connected directly or in-
directly at one point of the tower structure, e.g. the tower
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flange 55 at the top of the tower, and does not touch the
tower 2 neither directly or indirectly at any point, between
the connection points of the wires, bars 14, 24 or the like.
The other end of the wires, bars or the like may be directly
or indirectly connected to the foundation 6. The actuators
16, 26, e.g. pulling means, are placed somewhere be-
tween the end points or at the end(s) of the wires or bars
14, 24.
[0071] In another embodiment of the invention, the
ends of the connection means 10 are both connected to
the tower structure and the connection means 10 do not
touch the tower wall at any point between the connection
points of connection means 10. At least one of the ends
of the wires, bars 14, 24 or the like are connected to a
fitting, which prevents the wire, bar 14, 24 from touching
the tower wall at any point between the two connection
points. The actuators 16, 26 may be placed at one or
both ends of the wires, bars 14, 24 or the like.
[0072] In another embodiment of the invention the
wires, bars 14, 24 or the like may be endless.
[0073] The invention has been exemplified above with
reference to specific examples of wind turbines 1, load
altering means 9, connection means 10 and other. How-
ever, it should be understood that the invention is not
limited to the particular examples described above but
may be designed and altered in a multitude of varieties
within the scope of the invention as specified in the
claims.

List:

[0074]

1. Wind turbine
2. Wind turbine tower including at least

two tower sections
3. Wind turbine nacelle
4. Wind turbine hub
5. Wind turbine blade
6. Foundation for the wind turbine
7. Blade bearing
8. Tower section
9. Load altering system
10. Connection means
11. Guiding means
14,24,34,44. Wire, bar or the like
16,26, 36,46. Actuator
17. Tower section joint
18, 28, 38,48. Damper means
42, 52. Tower wall
47, 57. Bar
49,59. Tackle
55. Horizontal flange
62. Control system
64, 65, 66, 67. Sensor

Claims

1. A wind turbine (1) comprising
a wind turbine rotor (4) with at least one wind turbine
blade (5),
a wind turbine tower (2), such as a standard tubular
steel tower (2), positioned on a foundation (6) and
connected to said wind turbine rotor (4) through a
wind turbine nacelle (3), and
control means for establishing oscillation control val-
ues of the wind turbine (1), characterised in that
the tower (2) comprises load altering means (9) for
optimizing the tower eigenfrequency in response to
said values from said control means and wherein
said load altering means (9) are positioned inside
said tower (2) and comprise connection means (10)
vertically connecting a tower position with at least
one lower tower position or with the foundation (6),
and wherein the connection means (10) include
wires (14, 24, 34, 44).

2. A wind turbine (1) according to claim 1, wherein said
load altering means (9) comprise means for adjust-
ing the load on said tower (2) or a part of said tower
(2).

3. A wind turbine (1) according to claim 1 or 2, wherein
said connection means (10) include damper means
(18, 28, 38, 48).

4. A wind turbine (1) according to any of claims 1-3,
wherein said load altering means (9) includes at least
one actuating means acting directly or indirectly on
said connection means (10), wherein preferably at
least one actuating means are hydraulic or electric
actuators (16, 26, 36, 46) changing the tension of
said connection means (10) in response to said con-
trol values from the control means.

5. A wind turbine (1) according any of the preceding
claims, wherein the connection means (10) include
steel wire (14, 24, 34, 44).

6. A wind turbine (1) according any of the preceding
claims, wherein the connection means (10) are
formed as two wires (14, 24) fixated at a top of the
wind turbine tower (2).

7. A wind turbine (1) according any of the preceding
claims, wherein the actuator means (16, 26) and/or
the ends of the wires (14, 24) are placed at and/or
connected to section joints of the tower.

8. A wind turbine (1) according any of the preceding
claims, wherein said load altering means (9) are at
least three independent load altering means (9)
evenly spaced on said tower (2) e.g. two sets of sub-
stantially vertical connection means (10) positioned
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at opposite inner surface sides of said tower (2).

9. A wind turbine (1) according to any of the preceding
claims, wherein said control means comprise means
for adjusting said load altering means (9) dynamical-
ly and/or proportionally in relation to said oscillation
control values.

10. A method for altering the eigenfrequency of a tower
(2) of a wind turbine, said method comprising the
steps of

• establishing oscillation control values of said
wind turbine (1) by means of control means, and
• optimizing the tower eigenfrequency by means
of load altering means (9) of said tower (2) in
response to said oscillation control values,
• wherein said load altering means (9) are posi-
tioned inside said tower (2) and comprise con-
nection means (10) vertically connecting a tower
position with at least one lower tower position or
with the foundation (6), and wherein the connec-
tion means (10) include wires (14, 24, 34, 44).

11. A method according to claim 10, wherein said oscil-
lation control values are established on the basis of
oscillation of said tower (2).

12. A method according to claim 10 or 11 wherein said
load altering means (9) optimizes the tower eigen-
frequency by adjusting the load on said tower (2) or
a part of said tower (2).

13. A method according to claim 12 wherein said load
is adjusted by adjusting the tension of said connec-
tion means (10).

14. method according to any of claims 10 to 13 wherein
said load altering means (9) are activated if said os-
cillation control values are outside one or more pre-
defined limits.

Patentansprüche

1. Windturbine (1), umfassend:

einen Windturbinenrotor (4) mit zumindest ei-
nem Windturbinenblatt (5),
einen Windturbinenturm (2), wie beispielsweise
ein standardmäßiger rohrförmiger Stahlturm
(2), der auf einem Fundament (6) positioniert ist
und mit den Windturbinenrotor (4) durch eine
Windturbinengondel (3) verbunden ist, und
Steuermittel zum Erstellen von Schwingungs-
steuerwerten der Windturbine (1),
dadurch gekennzeichnet, dass
der Turm (2) laständernde Mittel (9) zum Opti-

mieren der Eigenfrequenz des Turms als Reak-
tion auf die Werte von den Steuermitteln umfasst
und wobei die laständernden Mittel (9) innerhalb
des Turms (2) positioniert sind und Verbin-
dungsmittel (10) umfassen, die eine Turmposi-
tion vertikal mit zumindest einer unteren Turm-
position oder mit dem Fundament (6) verbinden
und wobei die Verbindungsmittel (10) Drähte
(14, 24, 34, 44) aufweisen.

2. Windturbine (1) nach Anspruch 1, wobei die lastän-
dernden Mittel (9) Mittel zum Einstellen der Last auf
dem Turm (2) oder einem Teil von dem Turm (2)
umfassen.

3. Windturbine (1) nach Anspruch 1 oder 2, wobei die
Verbindungsmittel (10) Dämpfungsmittel (18, 28, 38,
48) aufweisen.

4. Windturbine (1) nach einem der Ansprüche 1-3, wo-
bei die laständernden Mittel (9) zumindest ein Betä-
tigungsmittel aufweisen, das direkt oder indirekt auf
die Verbindungsmittel (10) einwirkt, wobei vorzugs-
weise das zumindest eine Betätigungsmittel eine hy-
draulische oder elektrische Betätigungseinrichtung
(16, 26, 36, 46) ist, die die Spannung der Verbin-
dungsmittel (10) als Reaktion auf die Steuerwerte
von den Steuermitteln verändert.

5. Windturbine (1) nach einem der vorstehenden An-
sprüche, wobei die Verbindungsmittel (10) Stahl-
drähte (14, 24, 34, 44) aufweisen.

6. Windturbine (1) nach einem der vorstehenden An-
sprüche, wobei die Verbindungsmittel (10) als zwei
Drähte (14, 24) gebildet sind, die an der Spitze des
Windturbinenturms (2) fixiert sind.

7. Windturbine (1) nach einem der vorstehenden An-
sprüche, wobei die Betätigungsmittel (16, 26)
und/oder die Enden der Drähte (14, 24) an Abschnitt-
verbindungen des Turms platziert sind und/oder mit
diesen verbunden sind.

8. Windturbine (1) nach einem der vorstehenden An-
sprüche, wobei die laständernden Mittel (9) zumin-
dest drei unabhängige laständernde Mittel (9) sind,
die gleichmäßig auf dem Turm (2) verteilt sind, z.B.
zwei Sätze von im wesentlichen vertikalen Verbin-
dungsmitteln (10), die an gegenüberliegenden inne-
ren Oberflächen des Turms (2) positioniert sind.

9. Windturbine (1) nach einem der vorstehenden An-
sprüche, wobei die Steuermittel Mittel zum dynami-
schen und/oder in Bezug auf die Schwingungssteu-
erwerte proportionalen Einstellen der laständernden
Mittel (9) umfassen.
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10. Verfahren zum Ändern der Eigenfrequenz eine
Turms (2) einer Windturbine, wobei das Verfahren
die Schritte umfasst von:

• Erstellen von Schwingungssteuerwerten einer
Windturbine (1) mittels Steuermitteln, und
• Optimieren der Eigenfrequenz des Turms
durch laständernde Mittel (9) des Turms (2) als
Reaktion auf die Schwingungssteuerwerte,
• wobei die laständernden Mittel (9) innerhalb
des Turms (2) positioniert sind und Verbin-
dungsmittel (10) umfassen, die eine Turmposi-
tion vertikal mit zumindest einer unteren Turm-
position oder mit dem Fundament (6) verbinden
und wobei die Verbindungsmittel (10) Drähte
(14, 24, 34, 44) aufweisen.

11. Verfahren nach Anspruch 10, wobei die Schwin-
gungssteuerwerte auf der Grundlage von Schwin-
gungen des Turms (2) erstellt werden.

12. Verfahren nach Anspruch 10 oder 11, wobei die la-
ständernden Mittel (9) die Eigenfrequenz des Turms
durch Einstellen der Last auf dem Turm (2) oder ei-
nem Teil von dem Turm (2) optimieren.

13. Verfahren nach Anspruch 12, wobei die Last durch
ein Einstellen der Spannung der Verbindungsmittel
(10) eingestellt wird.

14. Verfahren nach einem der Ansprüche 10 bis 13, wo-
bei die laständernden Mittel (9) aktiviert werden,
wenn die Schwingungssteuerwerte außerhalb von
einem oder mehreren vordefinierten Grenzwerten
liegen.

Revendications

1. Eolienne (1) comprenant
un rotor d’éolienne (4) avec au moins une pale d’éo-
lienne (5),
un mât d’éolienne (2), tel qu’un mât d’acier tubulaire
standard (2), positionné sur une fondation (6) et con-
necté audit rotor d’éolienne (4) à travers une nacelle
d’éolienne (3), et
des moyens de commande pour établir des valeurs
de commande d’oscillation de l’éolienne (1),
caractérisée en ce que
le mât (2) comprend des moyens de modification de
charge (9) pour optimiser la fréquence propre du mât
en réponse auxdites valeurs provenant desdits
moyens de commande et dans laquelle lesdits
moyens de modification de charge (9) sont position-
nés à l’intérieur dudit mât (2) et comprennent des
moyens de connexion (10) connectant verticalement
une position de mât à au moins une position de mât
inférieure ou à la fondation (6), et dans laquelle les

moyens de connexion (10) incluent des câbles (14,
24, 34, 44).

2. Eolienne (1) selon la revendication 1, dans laquelle
lesdits moyens de modification de charge (9) com-
prennent des moyens pour régler la charge sur ledit
mât (2) ou une partie dudit mât (2).

3. Eolienne (1) selon la revendication 1 ou 2, dans la-
quelle lesdits moyens de connexion (10) incluent des
moyens d’amortissement (18, 28, 38, 48).

4. Eolienne (1) selon l’une quelconque des revendica-
tions 1 à 3, dans laquelle lesdits moyens de modifi-
cation de charge (9) incluent au moins un moyen
d’actionnement agissant directement ou indirecte-
ment sur lesdits moyens de connexion (10), dans
laquelle de préférence au moins un moyen d’action-
nement est des actionneurs hydrauliques ou électri-
ques (16, 26, 36, 46) changeant la tension desdits
moyens de connexion (10) en réponse auxdites va-
leurs de commande provenant des moyens de com-
mande.

5. Eolienne (1) selon l’une quelconque des revendica-
tions précédentes, dans laquelle les moyens de con-
nexion (10) incluent un câble en acier (14, 24, 34,
44).

6. Eolienne (1) selon l’une quelconque des revendica-
tions précédentes, dans laquelle les moyens de con-
nexion (10) sont formés en deux câbles (14, 24) fixés
à un sommet du mât d’éolienne (2).

7. Eolienne (1) selon l’une quelconque des revendica-
tions précédentes, dans laquelle les moyens d’ac-
tionnement (16, 26) et/ou les extrémités des câbles
(14, 24) sont placés aux et/ou connectés aux joints
de section du mât.

8. Eolienne (1) selon l’une quelconque des revendica-
tions précédentes, dans laquelle lesdits moyens de
modification de charge (9) sont au moins trois
moyens de modification de charge indépendants (9)
espacés régulièrement sur ledit mât (2) par ex. deux
jeux de moyens de connexion sensiblement verti-
caux (10) positionnés à des côtés de surface inté-
rieure opposés dudit mât (2).

9. Eolienne (1) selon l’une quelconque des revendica-
tions précédentes, dans laquelle lesdits moyens de
commande comprennent des moyens pour régler
lesdits moyens de modification de charge (9) dyna-
miquement et/ou proportionnellement par rapport
auxdites valeurs de commande d’oscillation.

10. Procédé pour modifier la fréquence propre d’un mât
(2) d’une éolienne, ledit procédé comprenant les éta-
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pes de :

- l’établissement de valeurs de commande d’os-
cillation de ladite éolienne (1) au moyen de
moyens de commande, et
- l’optimisation de la fréquence propre du mât
au moyen de moyens de modification de charge
(9) dudit mât (2) en réponse auxdites valeurs de
commande d’oscillation,
- dans lequel lesdits moyens de modification de
charge (9) sont positionnés à l’intérieur dudit mât
(2) et comprennent des moyens de connexion
(10) connectant verticalement une position de
mât à au moins une position de mât inférieure
ou à la fondation (6), et dans lequel les moyens
de connexion (10) incluent des câbles (14, 24,
34, 44).

11. Procédé selon la revendication 10, dans lequel les-
dites valeurs de commande d’oscillation sont éta-
blies sur la base de l’oscillation dudit mât (2).

12. Procédé selon la revendication 10 ou 11, dans lequel
lesdits moyens de modification de charge (9) opti-
misent la fréquence propre du mât en réglant la char-
ge sur ledit mât (2) ou une partie dudit mât (2).

13. Procédé selon la revendication 12 dans lequel ladite
charge est réglée en réglant la tension desdits
moyens de connexion (10).

14. Procédé selon l’une quelconque des revendications
10 à 13 dans lequel lesdits moyens de modification
de charge (9) sont activés si lesdites valeurs de com-
mande d’oscillation sont en dehors d’une ou plu-
sieurs limites prédéfinies.
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