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(57) Abstract: The system for damping oscillations in a
structure according to the invention provides two masses that
can be controlled to rotate at the frequency of oscillation of
the structure and in opposite directions about axes of rotation
transverse to the direction of the oscillations. The masses
have individually controllable moments of inertia, and when
their moments of inertia are equal a harmonic linear force
is generated. The phases of the rotating masses can be
individually controlled whereby the direction of the resulting
harmonic linear force can be controlled. The moments of
inertia can be controlled by shifting their centres of gravity
relative to the respective axes of rotation.
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A SYSTEM FOR DAMPING OSCILLATIONS IN A STRUCTURE

FIELD OF THE INVENTION

This invention relates to damping oscillations in stationary structures, e.g. vertical
tower-like structures such as wind turbine towers, chimneys, crane towers and
building structures, but also horizontal structures such as bridges and crane arms,

and also in moving structures such as wind turbine blades.

BACKGROUND OF THE INVENTION

For several reasons it may be desirable to dampen oscillations in such structures.
Oscillations cause mechanical stress in the structures which may ultimately
damage the structure itself. Human beings may experience discomfort when
subjected to oscillations and equipment that is subject to oscillations may be
caused to malfunction or even be damaged by oscillations.

JP 2001 020850 A and US 5 233 797 both disclose a system for damping one-
dimensional oscillations in wind turbine towers. A movable mass is set into simple

linear oscillations.

SUMMARY OF THE INVENTION

The system for damping oscillations in a structure according to the invention
provides two masses that can be controlied to rotate at the frequency of
oscillation of the structure and in opposite directions about axes of rotation
transverse to the direction of the oscillations. When two masses of equal moments
of inertia are rotated at the same frequency in opposite directions, the resulting
equivalent force will be a harmonic force. The phases of the rotating masses can
be individually controlled whereby the direction of the resulting linear harmonic -
motion can be controlled. The masses have individually controllable moments of
inertia, and the moments of inertia can be controlled e.g. by shifting their centres
of gravity relative to the respective axes of rotation. Thus by properly controlling
the frequency, the amplitude and the phases of the rotating masses the resulting

oscillations of the structure can be damped.

When the oscillating structure is a wind turbine tower the direction of the
oscillation will often be in the axial direction of the rotor or in a relatively narrow
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interval around the axial direction such as up to about +30 degrees. Under that
assumption detection of the direction of the oscillation may be dispensed with,
and the system for damping the oscillations can be mounted e.g. in the nacelle or
in a fixed angle relative to the nacelle to be rotated fogether with the nacelle so

as to dampen the oscillations in the axial direction.

The system may have means for detecting the direction of the oscillation such as
a pair of accelerometers or other oscillation sensors. The absolute and relative
phases of the moments of inertia can then be controlled so that the resulting
combined motion of the rotating masses is in the detected direction of the
oscillation. When used in a wind turbine tower the system of the invention may
then be mounted at a fixed position in or at the tower.

The direction of the resulting combined motion of the rotating masses can be
controlled by adjusting the angular position of the entire system or at least of the
rotating masses treated as a unit, or by adjusting the absolute and relative

phases of the rotating masses.

BRIEF DESCRIPTION OF THE DRAWING
Figure 1 shows schematically a system for damping oscillations in a structure

according to the invention, and
Figure 2 illustrates a wind turbine tower with the system in figure 1 fixed thereto.

DETAILED DESCRIPTION OF THE INVENTION

The system in figure 1 comprises two oscillation sensors such as accelerometers
Ax and Ay for sensing oscillations in perpendicular horizontal directions, the X
direction and the Y direction. The skilled person will know how to use other types
of oscillation sensors such as velocity sensors and displacement sensors and make
appropriate changes. Signals representing the sensed accelerations in the X and Y
directions are input to a controller where the input signals are processed to
determine relevant properties of the sensed oscillation. Such properties include
e.g. one or more frequencies of oscillation and also the corresponding amplitudes
and phases in order to determine the direction of the oscillation in the plane
determined by the X and Y directions at the individual frequencies. Typical
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frequencies to be damped are the fundamental frequency of the structure and its

harmonics.

For each particular frequency to be damped, its actual frequency, amplitude and
direction are measured. Then the controller calculates moments of inertia of the
two masses appropriate for counteracting the oscillation. The individual phases of
the rotation of the masses at the measured frequency are calculated so that the
direction of the resulting equivalent linear harmonic motion is the same as the

direction of the oscillation to be damped.

The moments of inertia can be varied in several ways. For example the two
masses M1 and M2 can be solid masses that can be moved to different distances
from the respective axes of rotation, or the masses can be a substance such as a
liquid or a granular solid substance that can be pumped and distributed in
separate chambers or compartments. By moving the masses or changing their
radial distributions their moments of inertia can be controlled to the desired

calculated values.

The two masses are set into rotation at the measured frequency of oscillation to
be damped. The motors used for rotating the masses can be controlled to rotate

at a desired frequency and phase.

Stepper motors are particularly useful for individually controlling the phases of the
rotating masses M1 and M2. When the two masses are of equal moments of
inertia and are rotated at the same frequency in opposite directions, the resulting
equivalent motion will be a linear harmonic motion. By changing the phase of one
or both masses the direction of the resulting equivalent linear harmonic motion
will change correspondingly. Hereby the direction of the resulting equivalent linear
harmonic motion can be controlled. Alternatively the angle of the assembly
including the two rotating masses relative to the structure can be adjusted to
obtain the desired direction of the resulting equivalent linear harmonic motion.

Two masses of equal moments of inertia will result in an equivalent linear

harmonic motion when rotated in opposite directions at the same frequency. This
is useful for damping linear oscillations. Two masses of unequal moments of
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inertia will result in an equivalent elliptical harmonic motion when rotated in
opposite directions at the same frequency. This is useful for damping elliptical

oscillations.

The first calculation of adjusting the moments of inertia and the phases may not
immediately give a perfect damping of the oscillations. Therefore, the oscillation
damping process is a continuous and adaptive process where the effect of a
correction can be observed immediately. The residual oscillation is constantly
measured, and if the residual oscillation is within acceptable limits no change is
made to the moments of inertia and their phases. If and when the residual
oscillation exceeds acceptable limits the moments of inertia and the phases of the
rotating masses are recalculated and changed accordingly. Further, the
oscillations are likely to change with time, and therefore the oscillations are

measured continuously.

In figure 2 is illustrated a wind turbine tower with a nacelle on top of the tower.
The above-described system is shown mounted inside the tower. The system can
be produced as a unit for retrofitting into existing wind turbine towers and other
structures, or it can be installed in the tower from the beginning. The system can
have its own controller as illustrated, or control can be performed by a controller
in the wind turbine. The system can be mounted on a platform welded to a wall of
the tower, preferably on the inside, or mounted to a flange joint joining two tower
sections. The system should preferably be mounted at a position where the
oscillations are largest. Thus, for damping first order oscillations the system
should be mounted near the top of the tower, and for damping second order
oscillations the system should be mounted near the middle of the tower, i.e. at
about half of the height of the tower.

In an alternative version the system can have a first pair of counter-rotating
masses for damping oscillations in a first horizontal direction and a second pair of
counter-rotating masses for damping oscillations in a second horizontal direction.
Preferably the first and second directions are perpendicular to each other.
Together the two pairs of counter-rotating masses are suitable for damping
vibrations in any horizontal direction. Similarly, the system can be expanded with
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a third pair of counter-rotating masses for damping oscillations in the vertical

direction.

In figure 1 the two rotating masses M1 and M2 are shown side by side with their
5 axes of rotation parallel to each other. Alternatively they may be arranged
coaxially one above the other whereby they take up less space in the direction

transversal to the axis of rotation.
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Claims:

1. A system for damping oscillations in a structure, the system comprising

means for determining the frequency and the amplitude of the oscillations
in the structure,

a first mass (M1) rotatable in a first direction of rotation about a first axis
of rotation transverse to the direction of the oscillations, the first mass
having a first controllable moment of inertia about the first axis of rotation,
a second mass (M2) rotatable in a second direction of rotation opposite the
first direction of rotation about a second axis of rotation, the second mass
having a second controllable moment of inertia about the second axis of
rotation,

means for securing the system to the structure, and

a controller for controlling the first and second moments of inertia and for
controlling the first and second masses to rotate at the detected frequency
and at respective phases such as to dampen the oscillations when the

system is secured to the structure.

2. A system according to claim 1 further comprising means (Ax, Ay) for

determining a direction of the oscillations in the structure.

3. A system according to claim 1 or 2 wherein the phase of both masses (M1, M2)

can be controlled individually.

4. A system according to any one of claims 1 - 3 comprising stepper motors for

rotating the masses (M1, M2).

5. A system according to claim 1 or 2 wherein the angle of the assembly of the

two rotating masses relative to the structure can be adjusted.

6. A system according to any one of claims 1-5 wherein the second axis of

rotation is parallel to the first axis of rotation.
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7. A system according to any one of claims 1-6 comprising a first pair of masses
for damping oscillations in a first direction and a second pair of masses for

damping oscillations in a second direction.

5 8. A structure that can undergo oscillations and including a system according to
any one of claims 1-7 mounted at a position where the oscillations to be damped

are largest.

9. A structure according to claim 8 wherein the structure is a wind turbine tower.

10
10. A structure according to claim 9 wherein the system is welded to a wall of the

tower.

11. A structure according to claim 9 wherein the system is mounted to a flange

15 joint joining two tower sections.
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