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(57) Abstract

A wind turbine blade (1) is disclosed having
oscillation damping means provided in the blade (1)
for damping oscillations of the blade (1), in particular
edgewise oscillations of the blade (1) in the rotational
plane of a rotor on which the blade (1) is mounted.
The damping means comprises a U-shaped cavity (2) in
which a saturated solution of sodium chloride in water
may oscillate in counter—phase with the oscillations of
the blade (1). The upper end of the arms (5, 6) of the
U-shaped cavity (2) are connected with a passage way
(7) so that an O-shaped cavity (2) is provided. The
cavity (2) may be tuned to dampen oscillations of the
first natural edgewise frequency or the second natural
edgewise frequency of the blade (1) or the damping
means may comprise both types of dampers (2).
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WIND TURBINE BLADE WITH U-SHAPED OSCILLATION DAMPING MEANS

The present invention relates to wind turbine blades with oscillation damping means
provided in the blade for damping oscillations of the blade, in particular edgewise

oscillations of the blade in the rotational plane of a rotor on which the blade is mounted.

The invention relates in particular to damping means comprising a U-shaped cavity in
which a liquid, preferably a saturated solution of sodium chloride in water, may oscillate in
counter-phase with the oscillations of the blade. The upper end of the arms of the U-
shaped cavity are in an advantageous embodiment connected with a passage way

so that an O-shaped cavity is provided. The cavity may be tuned to dampen oscillations of
the first natural edgewise frequency or the second natural edgewise frequency of the

blade or the damping means may comprise both types of dampers.

Furthermore, the invention relates to blades comprising dampers having a cylindrical
element that may roli in a box in the blade and to dampers having a resiliently suspended

pendulum.
BACKGROUND

Undesired oscillations may occur in wind turbines for power generation. These oscillations
may include the entire turbine, i.e. several parts are oscillating in a combined mode, or the
oscillations may occur locally in single part. Of particular severity are oscillations in the
rotor blades either edgewise (in the rotor plane), flapwise (perpendicular to the rotor
plane), or in a combined edge- and flapwise mode. Whether these oscillations do occur is

dependent on the wind turbine design and the meteorological conditions.

The oscillation phenomena may cause dangerously high loads on the blade and other
parts of the wind turbine, which may lead to a sudden collapse or alternatively may be the
cause of fatigue damage and lifetime reduction, as cracks in the components slowly grow
ultimately leading to failure. The occurrence of oscillations adds an uncertainty factor to
predictions of lifetime loads on the various parts of a wind turbine, making it necessary to

make the design stronger and heavier than would otherwise be the case.

CONFIRMATION COPY
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The concept of damping of oscillations in blade arranged on a rotor has been known for
many years from turbine blades as described in US 2,292,072, US 2,349,187 and US

2,999,669.

#

The general principle of dampen oscillations of wind turbine blades by building a damping
device into the blades is described in WO-A-95/21327, and a number of examples of such
devices are given, such as devices having a movable mass, a spring and a damper
combined in different configurations, an electromagnetic device comprising a suspended
aluminium disk in which eddy currents are induced during movement of the disk to provide
resistance to movement and a device comprising a container partly filled with a liguid and

having a perforated damper plate, a Tuned Liquid Damper (TLD).

A damping device comprising a number of cavities, mainly spherical cavities, filled with
granulate or a liquid, is disclosed in DK 95 00222 U3, and a damping device comprising a
number of containers partly filled with liquid, a Tuned Liquid Damper system (TLD), is
disclosed in WO 99/32789.

A general problem is that it is difficult to produce an efficient damper of a feasible design
that is sufficiently compact and flat in order to satisfy the severe spatial restrictions within
the blade.

A wind turbine blade having a mechanical resonator comprising two coupled pendulums is
disclosed in EP 0 853 197 A1. A compact design of the damper may be provided but the

coupling mechanisms are mechanically rather complex.

DESCRIPTION OF THE INVENTION

Damping of oscillations in wind turbine blades, in particular edgewise oscillations, is
important for preventing fatigue damages and failure of the blades, and the issue is
becoming increasingly important with the development of larger wind turbines and a more

light construction of the blades.

It is an object of the present invention to provide a wind turbine blade having an efficient
damper of a feasible design that is sufficiently compact and flat in order to satisfy the

severe spatial restrictions within the blade.
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It is a further object of the present invention to provide a blade having a damper that is of
a simple construction in order to reduce the costs of the damper and at the same time

provide a damper that requires no or very little maintenance during its expected lifetime.

As the design of the construction of wind turbine blades becomes more light and the
blades are made longer, an increasing demand arises for damping of oscillations of the
second natural frequency of the blade, in particular oscillations of the second natural
frequency of the blade in the rotational plane of the rotor, i.e. second order edgewise
oscillations. 1t is a still further object of the present invention to provide a blade having a
damper for damping oscillations of the second natural frequency of the blade, in particular

edgewise oscillations.

It is a yet still further object of the present invention to provide a blade having means for
damping oscillations of the second natural frequency as well as means for damping

oscillations of the first natural frequency.

Thus, the present invention relates to a wind turbine blade for being arranged on a rotor of
a wind turbine, the blade comprising oscillation damping means defining a U-shaped
cavity within the blade, the cavity being partly filled with a liquid, of which cavity the

bottom of the U-shape is arranged towards a tip end of the blade and the arms of the U-

shape are oriented substantially toward a hub end of the blade.

The cavity may typically be defined by means of a tube or a shell, but the cavity may also
be an integrated part of the construction elements of the blade. The hub end of the blade
is understood to be the end connected to the hub of the rotor and the tip end is
understood to be the free end of the blade. The U-shape should be understood in a broad
sense as a cavity having a middle or bottom part and two arms, that preferabiy are
arranged symmetrically with respect to the bottom part so that oscillations are dampened
symmetrically. The bottom part may be quite short as compared to the liquid filled part of
the arms so that the shape is more like a V which may be advantageous because the
natural frequency of a damper of such design varies less at high amplitudes of the liquid
column inside the cavity than for a damper having a longer bottom part. However, a
feasible design has shown to be more U-shaped than V-shaped and a design in which the

length of the liquid column contained within the bottom part is approximately equal to
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twice the length of the liquid column of each of the arms provides satisfactory damping

properties of the damper as well as relatively small amplitudes of the liquid column.

The arms of the cavity are in a particular embodiment arranged in a rotational plane of the
rotor and the oscillation damping means is tuned to dampen oscillations of the first natural
frequency of the blade in the rotational plane so that edgewise oscillations of the blade
are dampened. These oscillations are mainly within the range of 1-5 Hz to which

frequency range the oscillation damping means preferably is tuned.
In order to provide a proper damping of the blade, the oscillation damping means should

be designed to dampen the oscillations of the first natural frequency of the blade in the

rotational plane with a magnitude equivalent to a logarithmic decrement of the amplitude

of at ieast 2%.

The logarithmic decrement 8 of the amplitude is defined as
5-1 h{fl_]
n \a,

a, is the amplitude of the first oscillation, and

where n is the number of oscillations

a, is the amplitude of the nth oscillation.

The structure of the blade has in itself a damping effect in the oscillations, and the
oscillations of the first natural frequency of the biade in the rotational plane should totally
dampen with the combined effect of the structure and the damper with a magnitude
equivalent to a logarithmic decrement of the amplitude of at least 5% and preferably within
the range of 6-15% in order to prevent excessive load on the blade from edgewise

oscillations.

The mass of the liquid being movable in the direction of the oscillations is in
advantageous embodiments of the present invention equivalent to 0,5% to 2% of the
equivalent oscillating mass of the blade in the first natural oscillating mode at the radial
position of the damping means. The equivalent oscillating mass is commonly found as a
mass positioned at the tip of a blade of no mass and this mass is converted to an
equivalent oscillating mass of another radial position by multiplying the mass with the ratio

between the amplitudes of an oscillation at the tip and at the radial position.
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The upper end of the arms of the U-shaped cavity should be deéigned so that it is avoidéd |
that a potion of air is captured between the surface of the liquid and the inner wall of the
arm in a manner so the portion of air acts as a spring, since the presence of such springs
has proven to be disadvantageous. The damper may be designed with long arms or the
arms may be connected to a reservoir or to the atmosphere. However, long arm or a
reservoir is space consuming and is therefore not ideal for a damper to be build into a
blade and an opening to the atmosphere causes vapour of the liquid to leave the cavity,
thus reducing the amount of liquid and changing the natural frequency of the damper over
time unless means for adjusting the amount of liquid in the damper is provided for. The
most advantageous design is when a passage way is defined at the upper end of the U-
shaped cavity, the passage way connecting the two arms so that an O-shaped cavity is

provided.

The passage way is preferably designed so that the air may pass back and forth with only
a low resistance, since the damper counteracts the oscillations of the blade by being in
counter-phase with these oscillations and not by dampening its own oscillations. For this
reason it is preferred that the average cross-sectional area of the passage way is equal to
at least half of the average cross-sectional area of the U-shaped cavity and more
preferred that the average cross-sectional area of the passage way is substantially the
same as the average cross-sectional area of the U-shaped cavity. An embodiment of the
damper of the present invention in which the cross-sectional area is of a substantially
constant magnitude throughout the O-shape has proven to posses excellent properties for

the purpose.

In order to make the wind turbine fit to meet environmental changes and be operational
under most circumstances, the freezing temperature of the liquid should be below -10

degrees Celsius, preferably below -18 degrees Celsius.

The density of the liquid is advantageously at least 1.1 metric ton per cubic meter,
preferably at least 1.15 metric ton per cubic meter so that the physical size of the
oscillation damping means may be reduced as compared to the use of pure water as a

liquid.
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An inexpensive liquid that is preferred for the oscillating mass is water, preferably
comprising at least one agent for lowering the freezing temperature of the water and/or at
least one agent for increasing the density of the liquid. Mercury or other liquid metal can
also be used with the advantage that the high density allows for a very compact design of
the damper, but water is still advantageous because it does not present an environmental

hazard if it leaks from the containers.

A number of different agents may be employed, among these a number of salts. A
preferred agent is sodium chloride because it is environmentally harmless and because
the solubility of sodium chloride in water hardly changes with the temperature so that
crystallisation will not occur in the container. Sodium chloride both lowers the freezing

temperature of the water and increases the density.

The water may comprise at least 18 mass percentage of sodium chloride, preferably at
least 22 mass percentage of sodium chloride and most preferred about 26 mass

percentage of sodium chloride which is a saturated solution.
Another suitable agent for both purposes is glycerol.

Likewise and according to the present invention, the arms of the cavity may be arranged
in a rotational plane of the rotor and the oscillation damping means be tuned to dampen
oscillations of the second natural frequency of the blade in the rotational plane. Such
damping means are preferably tuned to dampen oscillations of a frequency being within
the range of 5-12 Hz, and the oscillation damping means are preferably, likewise for
oscillations of the first natural frequency, designed to dampen the oscillations of the
second natural frequency of the blade in the rotational plane with a magnitude equivalent

to a logarithmic decrement of the amplitude of at least 2%.

The total damping of oscillations of the second natural frequency of the blade in the
rotational plane is preferably of a magnitude equivalent to a logarithmic decrement of the
amplitude of at least 5%, most preferred within the range of 6-15%. The mass of the liquid
being movable in the direction of the oscillations is preferably equivalent to 0,5% to 2% of
the equivalent oscillating mass of the blade in the second natural oscillating mode at the

radial position of the damping means.
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It is understood that a blade having means for damping oscillations of the first natural
frequency as well as means for damping oscillations of the second natural frequency alsé

is according to the present invention.

It is advantageous for all the above mentioned biades that the oscillation damping means
are arranged in a portion of the blade having large amplitudes of the oscillating movement
which for means for damping oscillations of the first natural frequency as well as for
means for damping oscillations of the second natural frequency is a position in a tip end
part of the blade. The oscillations of the second natural frequency will have a nodal point
near the tip end part of the blade and a region between the hub end and the nodal point at
which the amplitudes of oscillations of the second natural frequency are large and a

damper may be positioned.

Another embodiment according to the invention of a blade with a damper is a wind turbine
blade for being arranged on a rotor of a wind turbine, the blade comprising oscillation
damping means having a box and a cylindrical element that engages with one side wall of
the box, said side wall being arranged towards a tip end of the blade and curving towards
a hub end of the blade so that the cylindrical element may roll from one side to another

side of said side wall about a neutral position.

Such a damper may be given a narrow design so that is fits into a blade. The cylindrical
element will at the occurrence of oscillations start to roll back and forth in counter-phase

with the oscillations of the blade and thus dampen the oscillations.

The damper is preferably oriented so that the cylindrical element may roll in a rotational
plane of the rotor and the oscillation damping means is tuned to dampen oscillations of

the first natural frequency of the blade in the rotational plane.

The box may be at least partly filled with a liquid so as to dampen the movements of the
cylindrical element and to tune the natural frequency of the damper. The liquid may be
water with an agent as described previously but an lubricating oil may also be
advantageous in order to diminish the wear on the engaging parts of the cylindrical

element and the box.
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The cylindrical element and the side wall may in a particularly preferred embodiment
comprise mutually engaging elements so as to ensure that the periphery of the cylindricé’l i
element does not slip on the side wall when the element rolls. Thereby, the movement of
the cylindrical element as it rolls and thus the natural frequency of the damper and the

damping effect is fully predictable and will not change due to slip. The engaging elements

may e.g. be a toothed wheel and a toothed rim or a sprocket wheel and a chain.

A further embodiment according to the invention of a blade having a damper is a wind
turbine blade for being arranged on a rotor of a wind turbine, the blade comprising

oscillation damping means having a pendulum with a mass element which may swing
about a pivot axis, the pendulum being connected to the blade at the pivot axis with a

resilient material so that energy is absorbed in the material when the pendulum swings.

Such a damper may be given a narrow design so that is fits into a blade and the

pendulum will start to oscillate in counter-phase with the blade if oscillations of the blade
occurs. The oscillations of the blade are dampened by the counter-phase oscillations of
the pendulum and the movement of the pendulum is dampened by the resilient material

by absorption of kinetic energy in the resilient material.

The damper is preferably oriented so that the pendulum may swing in a rotational plane of
the rotor and the oscillation damping means is tuned to dampen oscillations of the first

natural frequency of the blade in the rotational plane.

According to one embodiment, the mass element of the pendulum is arranged closer to a

tip end of the blade than the pivot axis.

According to another embodiment of the invention, the mass element is arranged closer to

a hub end of the blade than the pivot axis.
The resilient material comprises rubber in a preferred embodiment of the invention.

The mass element of the pendulum is preferably equipped with a wheel member for
engaging with side wall parts of a cavity defined within the blade so as to support the
mass element in the direction of the pivot axis, the wheel member being arranged about

an axis being perpendicular to the pivot axis.



10

15

20

25

30

WO 00/06898 PCT/DK99/00423

BRIEF DESCRIPTION OF THE DRAWINGS

The description is accompanied by drawings in which embodiments of the present

invention is described.

Fig. 1 is a graphical representation of the logarithmic decrement due to the presence of

liquid in the U-shaped damper as a function of the volume of the liquid,
Fig. 2 shows a wind turbine blade having a U-shaped damper,

Fig. 3 shows a preferred embodiment of a U-shaped damper,

Fig. 4 shows the damper of Fig. 3 arranged in the tip of a blade,

Fig. 5 shows a damper having a cylindrical element,

Fig. 6 shows a damper having a pendulum of which the mass element is closer to the tip

end of the blade, and

Fig. 7 shows a damper having a pendulum of which the mass element is closer to the hub

end of the blade.
DETAILED DESCRIPTION OF THE INVENTION

The U-shaped damper primarily dampens the oscillations by being in counter-phase with

the blade, so that the motion of the liquid inside the damper is in the opposite direction of
the oscillating movement of the blade as seen in a system rotating with the angular speed
of the rotor. The first natural frequency f, being also the damping frequency, of a U-

shaped damper is theoretically found as

1 [2Q°Rsin
f== ekl
27 L

where fis the damping frequency of the U-shaped damper [Hz],



10

15

20

25

30

WO 00/06898 PCT/DK99/00423

10

Q is the rotational speed of the rotor [rad/s],

R is the distance from the centre of the rotor to the free surface of the liquid in the
damper when in neutral position [m],

¢ is the angle between the direction of the legs of the U-shaped damper and the
instantaneous direction of movement of the blade, and

L is the length of the liquid column inside the damper along the centre of gravity of

cross-sections of the column [m].

The damper is subjected to an average apparent gravity of Q’R due to the rotation of the

blade. The apparent gravity will due to the upright position of the rotor vary with +9.8 m/s?

during one rotation of the rotor.

An example of a blade is a 32 metre long blade with a damper placed at R =29.5m, a
rotational speed of Q =1.807 rad/s and a first natural frequency in the rotational plane of
the blade, an edgewise natural frequency, f, , of 2.19 Hz and the legs of the damper are

parallel to the longitudinal axis of the blade so that ¢ =7 /2. Thus, the length L of the

liquid column found from the above equation is 1.017 m.

By varying the apparent gravity with +9.8 m/s? it is found for the present blade that the
natural frequency of the damper varies +0.13 Hz during a rotation which is equal to +6%

of the average natural frequency.

The cross-sectional inner area of the damper employed (as shown in Figs. 3and 4) is A =
0.0112 m? everywhere, the distance d between the centres of gravity of the two legs is
0.317 m and the density of the liquid, being water with 26 mass percentage of sodium
chloride, is p = 1200 kg/m®. The mass of the liquid being movable in the direction of the
oscillations is M = A-d - p = 4.2kg. The equivalent mass Mg of the blade for the first
natural oscillating mode is found to be 514.9 kg at the tip. The deflection due to
oscillations of the first natural mode at R is 0.864 times the deflection at the tip so the

equivalent mass at R is M</0.864 and M is thus equivalent to 0.7% of the equivalent
oscillating mass of the blade in the first natural mode at the radial position of the damper.

An experiment has been conducted with the damper employed with the blade in which the

damper is mounted on a pendulum. The mass ratio of the blade was reproduced in the
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experiment and the logarithmic decrement of the amplitude of the pendulum and the
damper without liquid as well as with different volumes of liquid was measured. The
logarithmic decrement due to the presence of liquid in the damper is shown as a function

of the volume of the liquid in Fig. 1.

The structural damping of the blade in the edgewise direction is 3.8% for which reason a
satisfactory damping of the damper is taken to be 2.5% in order to reach a total damping
of oscillations in the rotational plane of the rotor of at least 6.3%. The damping is found to
be satisfactory when the volume is within a range corresponding to a frequency range of
+4.6% around an optimal volume of liquid providing an optimal damping of 10.5%. The
optimal volume of liquid turned out to be larger than the theoretically predicted volume of

liguid found from the above equation for the first natural frequency f of the damper.

This highly important resulit for design of this type of dampers shows that the optimal
volume of liquid and thus the optimal length L of the liquid column inside the damper
along the centre of gravity for the present damper is 1.117 times the volume, respectively
the length L, found from the theoretical equation. Although this may vary with different
design of a damper, a general conclusion is that an increase of the length of the liquid
column in the range of 8-16%, probably of about 12% as compared to the theoretical
value must be expected in order to reach the correct, optimal damping frequency of the

damper.

A wind turbine blade having a U-shaped damper 2 is shown in Fig. 2. The damper 2 is
arranged in a tip end 3 of the blade 1 shown enlarged at the right part of Fig. 2. The
damper 2 comprises a bottom part 4 of the U-shape, two arms 5, 6 arranged in the
rotational plane of the rotor and a passage way 7 connecting the two arms 5, 6 at an
upper end. An amount of liquid 8 is provided in the damper 2 and the amount of liquid

being movable in the direction of the oscillations is indicated with an arrow 9.

Fig. 3 shows a preferred embodiment of a U-shaped damper 2 with dimensions given in
millimetres. The damper is designed for the 32 meter long blade 1 given as an example
previously. The inner cross-sectional area of the damper 2 is substantially constant in all
of the damper 2, including the passage way 7. The distance d between the centres of

gravity of the two legs 5, 6 is 317 millimetres and is also shown in the figure.
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Fig. 4 shows the damper 2 of Fig. 3 arranged in the tip end 3 of a 32 meter iong blade 1,
the length of the blade 1 from the hub end is given in meters at the left part of the figure. '
The dimensions of the blade 1 are given in millimetres and the construction of the blade 1
with three layers is indicated as LAY 1, LAY 2 and LAY 3.

Another embodiment of the invention is shown in Fig. 5. A tip end 3 of a blade 1 is shown
with a damper 2 having a cylindrical element 10 comprised within a box 11 that is filled
with a liquid 12. The box 11 is arranged so that the curved side wall 13 on which the
cylindrical element 10 rolls is positioned towards the tip end 3 of the blade 1 and so that
the cylindrical element 10 may roll in the rotational plane of the rotor to which the biade 1
is connected so as to dampen oscillations in the rotational plane. The movement of the
cylindrical element 10 is indicated with an arrow 14. The cylindrical element 10 comprises
a toothed wheel 15 which engages with a toothed rim 16 of the curved side wall 13. The
radius R of the curved side wall 13 must be less that the distance from the hub to the

curved side wall 13 in order to achieve the correct damping effect of the damper 2.

Two embodiments of dampers 2 comprising a pendulum 17 are shown in Figs. 6 and 7 of
which Fig. 6 shows a damper 2 having a pendulum 17 of which the mass element 18 is
closer to the tip end 3 of the blade 1 than the pivot 19, and Fig. 7 shows a damper 2
having a pendulum 17 of which the mass element 18 is closer to the hub end of the blade
1 than the pivot 19. The pendulum 17 is suspended in a resilient material and may swing
in the rotational plane of the rotor so as to dampen edgewise oscillations of the blade 1.

The movement of the pendulum is indicated with arrows 20, 21.
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CLAIMS

1. A wind turbine blade for being arranged on a rotor of a wind turbine, the blade
comprising oscillation damping means defining a U-shaped cavity within the blade, the
cavity being partly filled with a liquid, of which cavity the bottom of the U-shape is
arranged towards a tip end of the blade and the arms of the U-shape are oriented

substantially toward a hub end of the blade.

2. A wind turbine blade according to claim 1, wherein the arms of the cavity are arranged
in a rotational plane of the rotor and the oscillation damping means is tuned to dampen

oscillations of the first natural frequency of the blade in the rotational plane.

3. A wind turbine blade according to claim 2, wherein the oscillation damping means are

tuned to dampen oscillations of a frequency being within the range of 1-5 Hz.

4. A wind turbine blade according to claim 2 or 3, wherein the oscillation damping means
dampens the oscillations of the first natural frequency of the blade in the rotational plane

with a magnitude equivalent to a logarithmic decrement of the amplitude of at least 2%.

5. A wind turbine blade according to claim 4, wherein oscillations of the first natural
frequency of the blade in the rotational plane dampen with a magnitude equivalent to a

logarithmic decrement of the amplitude of at least 5%.

6. A wind turbine blade according to claim 5, wherein oscillations of the first natural
frequency of the blade in the rotational plane dampen with a magnitude equivalent to a

logarithmic decrement of the amplitude within the range of 6-15%.

7. A wind turbine blade according to any of the preceding claims, wherein the mass of the
liquid being movable in the direction of the oscillations is equivalent to 0,5% to 2% of the
equivalent oscillating mass of the blade in the first natural oscillating mode at the radial

position of the damping means.

8. A wind turbine blade according to any of the preceding claims, wherein a passage way
is defined at the upper end of the U-shaped cavity, the passage way connecting the two

arms so that an O-shaped cavity is provided.
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9. A wind turbine blade according to claim 8, wherein the average cross-sectional area of

the passage way is equal to at least half of the average cross-sectional area of the U-

shaped cavity.

10. A wind turbine blade according to claim 9, wherein the average cross-sectional area of
the passage way is substantially the same as the average cross-sectional area of the U-

shaped cavity.

11. A wind turbine blade according to any of the preceding claims, wherein the freezing
temperature of the liquid is below -10 degrees Celsius, preferably below -18 degrees

Celsius.

12. A wind turbine blade according to claim 11, wherein the liquid is water comprising at

least one agent for lowering the freezing temperature of the water.

13. A wind turbine blade according to any of the preceding claims, wherein the density of

the liquid is at least 1.1 metric ton per cubic meter, preferably at least 1.15 metric ton per

cubic meter.

14. A wind turbine blade according to claim 13, wherein the liquid is water comprising at

least one agent for increasing the density of the liquid.

15. A wind turbine blade according to any of claims 12-14, wherein at least one agent is

sodium chioride.

16. A wind turbine blade according to claim 15, wherein the liquid is water comprising at
least 18 mass percentage of sodium chloride, preferably at least 22 mass percentage of

sodium chloride and most preferred about 26 mass percentage of sodium chloride.

17. A wind turbine blade according to any of claims 12-14, wherein at least one agent is

glycerol.

18. A wind turbine blade according to any of the preceding claims, wherein the oscillation

damping means are arranged in a tip end part of the blade.



10

15

20

25

30

35

WO 00/06898 PCT/DK99/00423

15

19. A wind turbine blade according to any of the preceding claims, wherein the arms of
the cavity are arranged in a rotational plane of the rotor and the oscillation damping
means is tuned to dampen oscillations of the second natural frequency of the blade in the

rotational piane.

20. A wind turbine blade according to claim 19, wherein the oscillation damping means

are tuned to dampen oscillations of a frequency being within the range of 5-12 Hz.

21. A wind turbine blade according to claim 19 or 20, wherein the oscillation damping
means dampens the oscillations of the second natural frequency of the blade in the
rotational plane with a magnitude equivalent to a logarithmic decrement of the amplitude

of at least 2%.

22. A wind turbine blade according to claim 21, wherein oscillations of the second natural
frequency of the blade in the rotational plane dampen with a magnitude equivalent to a

logarithmic decrement of the amplitude of at least 5%.

23. A wind turbine blade according to claim 22, wherein oscillations of the second natural
frequency of the blade in the rotational plane dampen with a magnitude equivalent to a

iogarithmic decrement of the amplitude within the range of 6-15%.

24. A wind turbine blade according to any of claims 19-23, wherein the mass of the liquid
being movable in the direction of the oscillations is equivalent to 0,5% to 2% of the
equivalent oscillating mass of the blade in the second natural oscillating mode at the

radial position of the damping means.

25. A wind turbine blade for being arranged on a rotor of a wind turbine, the blade
comprising oscillation damping means having a box and a cylindrical element that
engages with one side wall of the box, said side wall being arranged towards a tip end of
the blade and curving towards a hub end of the blade so that the cylindrical element may

roll from one side to another side of said side wall about a neutral position.

26. A wind turbine blade according to claim 25, wherein the cylindrical element may roll in
a rotational plane of the rotor and the oscillation damping means is tuned to dampen

oscillations of the first natural frequency of the blade in the rotational plane.
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27. A wind turbine blade according to claim 25 or 26, wherein the box is at least partly
. ¥

filled with a liquid.

28. A wind turbine blade according to any of claims 25-27, wherein the cylindrical element
and the side wall comprise mutually engaging elements so as to ensure that the periphery

of the cylindrical element does not slip on the side wall when the element rolis.

29. A wind turbine blade for being arranged on a rotor of a wind turbine, the blade
comprising oscillation damping means having a pendulum with a mass element which
may swing about a pivot axis, the pendulum being connected to the blade at the pivot axis
with a resilient material so that energy is absorbed in the material when the pendulum

swings.

30. A wind turbine blade according to claim 29, wherein the pendulum may swing in a
rotational plane of the rotor and the oscillation damping means is tuned to dampen

oscillations of the first natural frequency of the blade in the rotational plane.

31. A wind turbine blade according to claim 28 or 29, wherein the mass element is

arranged closer to a tip end of the blade than the pivot axis.

32. A wind turbine blade according to claim 28 or 29, wherein the mass element is

arranged closer to a hub end of the blade than the pivot axis.

33. A wind turbine blade according to any of claims 28-32, wherein the resilient material

comprises rubber.

34. A wind turbine blade according to any of claims 28-33, wherein the mass element
comprises a wheel member for engaging with side wall parts of a cavity defined within the
blade so as to support the mass element in the direction of the pivot axis, the wheel

member being arranged about an axis being perpendicular to the pivot axis.



WO 00/06898 PCT/DK99/00423

1/5
o
ﬁ-
<
*
<4
L 4
+
>
! o
* ™
<>: A
L 2 4
<&
.» =
> e | SN |
*¢ - e
..L Oq, .
N
’0g T—'g lg
- o) Ll
. >
L d
J =)
é’ -
- b e
L 3
»
<
-
o
ol ellellollellellel
O o0 O O o o o
N O O O < N O
T

[%,] Juswa.I29p
oiwebo| ueay



PCT/DK99/00423

. WO 00/06898

2/5

4 ’___)ﬂ

)

TTTT
!l!l!”l!;

|
T
HHHHHHH

)

Fig. 2



WO 00/06898 PCT/DK99/00423




WO 00/06898

PCT/DK99/00423

4/5

813

3

Fig. 4



WO 00/06898

19

17

5/5

18

PCT/DK99/00423

Fig. 7

Fig. 6

Fig. b



INTERNATIONAL SEA.RCH REPORT Internat | Application No

PCT/DK 99/00423

A. CLASSIFICATION OF SUBJECT MATTER

IPC 7 FO3D1/06 FO3D11/00

F16F15/023

According to International Patent Classification (IPC) or ta both national classification and IPC

B. FIELDS SEARCHED

IPC 7 FO3D F16F FOID

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consuited during the internationai search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

ENERGY AS (DK)

cited in the application
abstract
page 1, line 15-19

page 9, line 7-21
figures 1,3

Y WO 95 21327 A (LM GLASFIBER AS ;BONUS 1-7,
: STIESDAL HENRIK (DK)) 9-14
10 August 1995 (1995-08-10) 2

page 3, line 12 -page 4, line 13
page 4, line 27 -page 5, line 7
page 5, line 16 - line 19

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

“A* document defining the general state of the art which is not
considered to be of particular relevance

*E* earlier document but published on or after the intemational
filing date

*L.* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*0O" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

*&* document member of the same patent family

Date of the actual completion of the international search

2 November 1999

Date of mailing of the intemational search report

14.01.00

Name and mailing address of the ISA
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 eponl,
Fax: (+31-70) 340-3016

Authorized officer

CRIADO Y JIMENEZ, F.

Form PCT/ISA/210 (second sheet) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Intern: al Application No

PCT/DK 99/00423

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

P,A

GB 2 090 339 A (ROLLS ROYCE)
7 July 1982 (1982-07-07)

abstract
page 1, line 46 - line 480
page 1, line 83 - line 96
page 1, line 103 -page 2, line 9
page 2, line 117 - line 121
page 3, line 1 - Tine 8
figures

WO 99 32789 A (GRABAU PETER ;LM GLASFIBER
AS (DK)) 1 July 1999 (1999-07-01)

cited in the application

abstract

US 1 442 217 A (CHANTIERS DE L'ATLANTIQUE)
16 January 1923 (1923-01-16)

claim 1; figures

K.KAGAWA ET AL: "Semi active and passive
vibration control of structure by fluid
system"
ASME PRESSURE VESSELS AND PIPING DIV.PROC.
1194 CONFERENCE,

vol. 289, 6 - 9 November 1999, pages
41-48, XP002121178

Chicago,11,Usa
abstract, page 41.
page 46: "Application to ships",fig 19.
page 48, "Conclusions".

H. GAO ET AL: "Optimization of tuned
liquid column dampers."

ENGINEERING STRUCTURES,

vol. 19, no. 6, June 1997 (1997-06), pages
476-486, XP002121179
Oxford, England
abstract

1-24

1-24

1-24

1-24

Form PCT/ISA/210 {contmnuation of second sheet) (July 1992)

page 2 of 2




International appiication No.

INTERNATIONAL SEARCH REPORT PCT/DK 99/00423

Box| Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. [:] Claims Nos.:
because they relate to parts of the International Application that do not comply with the prescribed requirements to such

an extent that no meaningful International Search can be carried out, specifically:

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box Il Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This International Searching Authority found multiple inventions in this intemational application, as follows:

1. As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Autherity did not invite payment
of any additional fee.

3. D As only some of the required additional search fees were timely paid by the applicant, this International Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4. [Q No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-24

Remark on Protest E] The additional search fees were accompanied by the applicant’s protest.

D No protest accompanied the payment of additional search fees.

Form PCT/1ISA/210 (continuation of first sheet (1)) (July 1998)




PCT/DK 99/08423

International Abplication No.

FURTHER INFORMATION CONTINUED FROM  PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international appiication, as follows:

1. Claims: 1-24

A wind turbine blade oscillation damping means built near
the tip of the blade of the tuned liquid oscillator type.

2. Claims: 25-28

A wind turbine blade oscillation damping means built in near
the tip of the blade where the damping means is of the
rolling cylinder in liquid cavity type.

3. Claims: 29-34

Wind turbine oscillation damping means built in near the tip
of the blade where the damping means is of the resiliently

coupled pendulum.




INTERNATIONAL SEARCH REPORT

inturmation on patent family members

Interna

A Application No

PCT/DK 99/00423

Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 9521327 A 10-08-1995 DK 15894 A 08-08-1995 *
AU 1805795 A 21-08-1995
EP 0792414 A 03-09-1997

66-5656555- A 07-07-1982 Us 4460314 A 17-07-1984

W6-9932789 A 01-07-1999 AU 1484099 A 12-07-1999

US 1442217 A 16-01-1923 NONE

Form PCT/ISA/210 (patent tamily annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

