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Vibration absorber arrangement

Description

[0001] The present invention relates to a vibration absorber arrangement, in par-
ticular for tall slender structures, having a supporting structure, an absorber
mass which comprises a center of mass, and at least one wheel by means of
which the absorber mass is movable on a concavely curved rail arrangement,
which is connected to the supporting structure, from a stable central position in

two opposite directions.

[0002] A vibration absorber arrangement is known from CN 109 707 777 A.

[0003] Another vibration absorber arrangement is known, for example, from
EP 2 746 483 B1.

[0004] The invention is described below by reference to the application in the
tower of a wind energy plant. However, it is also applicable to other tall and
slender structures, such as chimneys, antennas, skyscrapers, towers, or off-
shore structures, such as transformer stations. As a "tall and slender structure"
shall be understood a structure that has a ratio between height and smallest

width of at least five.

[0005] The tower of a wind energy plant is excited to vibrate, for example by
wind forces or - in the case of offshore plants - also by wave forces. Thereby,
the tower oscillates at a relatively low frequency of less than 1 Hz. As a rule, the
tower of an offshore wind energy plant exhibits a frequency in the range of 0.1 to
0.3 Hz. With each oscillation movement, the tower bends slightly, which can

lead to problems in the long run.
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[0008] It is therefore known to use a vibration absorber whose absorber mass
can be moved on a curved rail arrangement back and forth. A line, which passes
through the center of a wheel and the point of support of the wheel on the rail ar-
rangement crosses with a corresponding line of the wheel at another position.
The crossing point then forms, so to speak, the suspension for a pendulum, so
that a distance between this crossing point and the center of mass, in other

words the pendulum length, can be made very large.

[0007] Each vibration absorber arrangement must be very precisely matched to
its intended application. Thereby, it must also be taken into account that the vi-
bration absorber arrangement is exposed to different operating states. In addi-
tion to the "normal" use in continuous operation, the vibration absorber arrange-
ment must be serviced occasionally. The vibration absorber arrangement must

also be possible to be transported and installed.

[0008] EP 2 746 483 A1 discloses a vibration absorber arrangement with an ab-
sorber mass comprising a center of mass and with at least one wheel, with
which the absorber mass is movable on a concavely curved rail arrangement,
which is connected to the supporting structure, from a stable central position in

two opposite directions.

[0009] US 4 807 840 A shows a vibration absorber arrangement with a support-
ing structure, an absorber mass comprising center of mass, and with at least
one wheel with which the absorber mass is moveable on a rail arrangement in

two opposite directions. Furthermore, a friction damper device is provided.

[0010] US 6 019 056 A shows a damping device for a ship, which is intended to
dampen its rolling motion. The dampening device has a mass which is movable
by wheels on a curved track from a stable central position in two opposite direc-

tions. A magnetic damper is provided.
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[0011] Wheels on a curved track from a stable central position in two opposite

directions. A magnetic damper is provided.

[0012] US 2018/0252287 A1 discloses another vibration damper with a rotating
mass, wherein the rotating mass is attached to a holder, which is movable on a

concave curved rail.

[0013] The invention underlies the problem to be able to adapt a vibration ab-

sorber arrangement to different operating requirements in a simple manner.

[0014] This problem is solved by a vibration absorber arrangement with the fea-

tures of the claim 1.

[0015] According to the invention, an adjustable friction damper device is pro-
vided, which is adjustable between a first state, in which it does not interact with
the absorber mass or only interacts dampeningly, and a second state, in which it

controlledly brings a movement of the absorber mass to a standstill.

[0016] With such a friction damper device, it is on the one hand possible to in-
crease the absorber damping if this is necessary. On the other hand, the friction
damper device can also be used to slow down the absorber mass to such an ex-
tent that, even with excitations of the supporting structure from the outside, it
comes to a standstill, if this is necessary for maintenance purposes. Thereby,
hard braking or blocking of the absorber mass, which in turn would lead to an
undesired large load on the supporting structure, is avoided. If one puts the fric-
tion damper device out of engagement with the absorber mass, the friction
damper device does not affect the absorber damping. However, by adjustment

of the friction damper device, the damping of the vibration absorber
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arrangement can be adapted to different operating states of the supporting

structure, e.g., different tower frequencies.

[0017] The friction damper device comprises a bias spring arrangement, which
is arranged between an adjustment device and at least one friction lining ele-
ment. The adjustment device thus acts on the friction lining element or friction
lining elements via the bias spring arrangement. Thereby, the bias spring ar-
rangement is relatively soft. By "soft" bias spring arrangement, it is meant that
the bias spring arrangement must be strongly biased to achieve a high force or,
conversely, experiences little change in force when it undergoes small changes
in travel compared the preload travel, for example when the friction lining wears.
This ensures that the set friction damping reacts robustly, i.e., with little sensitiv-
ity, to changes in the preload travel, which is favorable for the absorber effec-

tiveness.

[0018] Preferably, the friction lining element comprises a useful thickness and
the bias spring arrangement has a spring constant, at which the spring force of
the bias spring arrangement changes between a first spring length and a second
spring length, which is a sum of the first spring length and the useful thickness,
by less than 10%. The friction lining element rubs against the absorber mass
when the absorber mass moves and is thereby worn and abraded. The bias
spring arrangement compensates for the wear of the friction lining element with-
out inadmissibly changing the damping effect of the vibration damper arrange-
ment. Higher frequencies of the supporting structure require more damping. This

is taken into account by the adjustability of the damping effect.

[0019] Preferably, the adjustment device overpresses the bias spring arrange-
ment in the second position. Here, overpressured means that the bias spring ar-
rangement is pressed significantly harder than is required for damping setting of

the absorber. The function here is then merely to brake the absorber, no longer
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a damping setting. The bias spring arrangement is then fully compressed, i.e. in
a state in which it cannot be elastically compressed any further. In principle, this
pressing on does not have to be done exclusively via the spring. In the second
position, the bias spring arrangement is compressed to such an extent that the
force of the adjustment device is transmitted directly to the friction lining ele-
ment. When using a helical compression spring is as bias spring arrangement,
the helical compression spring is fully compressed in the second position. If
other springs are used as bias spring arrangement, a full compression, which
does no longer permit a further compression, cannot usually be achieved. Nev-
ertheless, even in this case the adjustment device can act practically directly on

the absorber mass.

[0020] It is also preferred that the bias spring arrangement has a first spring and
a second spring, which are arranged in series and have different stiffnesses.
The softer spring is used for the selective adjustment of the damping. The
harder spring, which is for example at least 5 times stiffer than the soft spring, is
used for controlled braking of the absorber mass when the absorber mass is to
be brought to a standstill. In this case, the soft spring is compressed first. After
utilization of the available suspension travel of the soft spring, the stiffer spring
is compressed. Due to the arrangement of the additional stiffer spring, a defined
braking force is created and a blocking between the absorber mass and the

brake is prevented.

[0021] In a preferred embodiment, it is provided that the at least one friction lin-
ing element interacts with a friction surface aligned in the direction of gravity.
The friction lining element thus acts on the friction surface in horizontal direction.
Thereby, it is prevented that a force acting in the direction of gravity on the ab-
sorber mass influences the vibration behavior of the absorber mass in an unde-
sirable manner. The absorber frequency is therefore not influenced by an addi-

tional "weight force". Thereby, the friction surface does not have to be aligned
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exactly in the direction gravity. Smaller deviations of the friction surface from the
direction of the gravity are acceptable as long as a force exerted by the friction
lining element on the friction surface in the direction gravity does not have an

undesired effect on the vibration behavior of the absorber mass.

[0022] In a preferred embodiment it is provided, that the absorber mass has a
groove, and the friction surface forms a side wall of the groove. The friction lin-
ing element is then arranged in the groove. Preferably, two friction lining ele-
ments are provided here, which act on opposite side walls of the groove. When
the friction damper device acts on the absorber mass, the friction lining ele-

ments are braced against the side walls of the groove.

[0023] Preferably, the adjustment device comprises an angular gear, especially
a worm gear. The adjustment device can then still be operated from above in
the direction of gravity, which facilitates the adjustment of the friction damper

device.

[0024] Preferably, a locking device is provided with which the absorber mass
can be secured relative to the supporting structure, in particular in several differ-
ent positions. When the friction damper device has brought the absorber mass
to a standstill, the locking device is additionally used to prevent movement of the
absorber mass. The locking device can exert a greater holding force on the ab-
sorber mass than the friction damper device. An endangerment of the mainte-

nance personnel is thereby avoided.

[0025] Preferably, an inclination adjustment device is provided with which an in-
clination of the vibration absorber arrangement relative to the supporting struc-
ture is changeable. Due to this tilt compensation the vibration absorber arrange-
ment can operate as intended even if the structure, for example the tower of a

wind energy plant, is not exactly vertically aligned. An exact vertical alignment
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can only be achieved with great difficulty in many cases. However, due to the
changeable inclination of the vibration absorber arrangement this is no longer a

problem.

[0026] Preferably, the vibration absorber arrangement comprises an enclosure
which is connected to the supporting structure, wherein the tilt adjustment de-
vice acts in particular on the enclosure. The enclosure ensures that the vibration
absorber arrangement forms a "block", so to say, that can be handled as a unit,
which facilitates transport and assembly. In particular, the enclosure allows that
the vibration absorber arrangement always maintains a predetermined orienta-
tion to gravity, thus also during transport and assembly. The risk that the vibra-
tion absorber arrangement is being inadvertently placed on a side or on edge is

thereby greatly reduced.

[0027] Preferably, between the absorber mass and an end stop an impact buffer
arrangement is provided, which comprises a force transmission device con-
nected to the supporting structure. The impact of the absorber mass against the
supporting structure is mitigated by the impact buffer arrangement with a rela-
tively long travel. The impact buffer assembly may comprise spring elements
made of steel or elastomer. In order to keep the impact forces of the absorber
mass away from the enclosure, the impact forces are transmitted directly into
the supporting structure by the force transmission device, i.e., in the case of a
wind energy plant into the connection between the wind energy plant and the vi-

bration absorber arrangement.

[0028] Here, it is preferred that the impact buffer arrangement comprises an im-
pact absorber, wherein the center of mass, the impact absorber and the force
transmission device are in line when the absorber mass reaches the force appli-

cation device, preferably in a straight line. In this way, one can keep the effect of
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the impact forces on the wheel or wheels kept small. The load on the wheel or

wheels can thus be kept small.

[0029] Preferably, the impact buffer arrangement defines a braking distance that
corresponds to at least 10% of the maximum deflection of the absorber mass.
The movement of the absorber mass is not stopped abruptly at its end, but the
absorber mass is braked over a relatively long braking distance, so that loads on

the supporting structure can be kept low.

[0030] Preferably, the absorber mass is connected via an auxiliary spring device
to the supporting structure, the spring force of which in particular is adjustable.
Some operating states with a higher natural frequency require an increase in the
absorber stiffness, which can be increased by the introduction of the auxiliary
spring device. Due to the adjustability of the spring force of the auxiliary spring

device, the absorber stiffness can be adjusted in a targeted manner.

[0031] Preferably, the rail arrangement has a curvature which deviates from a
circular path. In case of a circular path, there is a relatively linear restoring force,
I.e., a restoring force which increases proportionally to the deflection of the ab-
sorber mass. In case of a non-circular curvature, a greater restoring force to-
wards the end of the movement space can be obtained, which in turn can be
used to avoid a hard impact or to selectively obtain an amplitude-dependent fre-

quency change.

[0032] Preferably, the vibration damper arrangement comprises an eddy current
damper with a magnet arrangement and an electrical conductor arrangement,
wherein the magnet arrangement and the conductor arrangement move relative
to one another during a movement of the absorber mass relative to the support-
ing structure. The magnet arrangement can be arranged, for example, on the

absorber mass, while the conductor arrangement is arranged stationary. When
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the magnet arrangement moves relative to the conductor arrangement, eddy
currents are induced in the conductor arrangement, which in turn extract energy
from the vibration movement of the absorber mass and thus contribute to the
damping. It is also possible to arrange the conductor arrangement on the wheel
or wheels, so that the relative movement between the conductor arrangement

and the magnet arrangement results from a rotation of the wheel or wheels.

[0033] In a preferred embodiment, it is provided that the rail arrangement is a first
rail arrangement, the absorber mass is a first absorber mass and a second ab-
sorber mass is moveable on a concavely curved second rail arrangement, which
iIs connected to the supporting structure and aligned transversely to the first rail
arrangement, from a stable central position in two opposite directions, wherein
the first absorber mass and the first rail arrangement are arranged in a first en-
closure, the second absorber mass and the second rail arrangement are arranged
in a second enclosure and the first enclosure and the second enclosure are ar-
ranged one above the other in the direction of gravity. Thus, a vibration absorber
arrangement with two vibration absorbers is used, which are essentially built in
the same manner but are arranged with different vibration directions. By combi-
nation of the two vibration absorbers, a vibration damping can then be achieved

in virtually all directions perpendicular to the direction of gravity.

[0034] Here, it is preferred that the second enclosure is arranged off-center to the
first enclosure in direction of the first rail arrangement and/or the first enclosure is
arranged off-center to the second enclosure in direction of the second rail ar-
rangement. The two enclosures are then not located one above the other with
their centers in the direction of gravity but are arranged laterally offset relative to
one another. This is particularly advantageous when the vibration absorber ar-
rangement is used in a wind energy plant, because here, as a rule, a cable is to
be guided in the center of the tower of the wind energy plant as far as possible.

The two vibration absorbers are then arranged laterally next to the cable.
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[0035] Below, the invention is described in more detail with reference to a pre-

ferred embodiment in conjunction with a drawing. Herein show:

Fig. 1 a schematic representation of a vibration absorber arrangement

without engagement with a friction damper device,

Fig. 2 a vibration absorber arrangement according to Fig. 1 with engage-

ment of the friction damper device and with auxiliary springs,

Fig. 3 the vibration absorber arrangement with activated locking device,
Fig. 4 a schematic representation of a tower of a wind energy plant,
Fig. 5 a schematic representation of a bias spring arrangement,

Fig. 6 a side view of a modified embodiment and

Fig. 7 a front view of the embodiment according to Fig. 6.

[0036] In all figures, identical and mutually corresponding elements are provided
with the same reference signs. For the sake of clarity, not all elements are shown

in all figures.

[0037] Fig. 1 schematically shows a vibration absorber arrangement 1 which can
be used, for example, in a tower 23 a wind energy plant. However, the vibration
absorber arrangement 1 can also be used in other high and slender structures in
which a ratio of height to smallest width is at least five. In Fig. 1 tower 23 of the

wind energy plant schematically shown as supporting structure.
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[0038] The vibration absorption arrangement 1 has an absorber mass 2 with a
center of mass 3. The absorber mass 2 may have a mass of several tons. It can
be made, for example, from concrete, steel, a combination of steel and concrete

or other materials.

[0039] The absorber mass 2 comprises two wheel pairs 4, 5. Of each wheel pair
4.5, only the wheels 4, 5 located on the side of the absorber mass 2 shown in
the drawing are visible. The wheels 4, 5 are arranged on a rail arrangement 6.
The rail arrangement 6 is curved. In the present case, the curvature is circular.
However, the curvature of the rail arrangement 6 may also deviate from the cir-
cular shape. In particular, the radius of curvature can decrease towards the two
ends of the rail arrangement 6, so that restoring forces on the absorber mass 2
become greater when the absorber mass 2 approaches the respective end of

the rail arrangement 6.

[0040] The absorber mass 2 and the rail arrangement 6 are arranged in an enclo-
sure 7, which is connected via a connection 8 to the tower 23 of the wind energy

plant. The rail arrangement 6 can also be connected directly to the connection 8.

[0041] A friction damper device 9 is provided which comprises a friction lining
element 10, which is mounted on a lever 11, which is pivotable about a pivot point
12 arranged on the housing 7. This lets the friction lining element 10 be lifted off
the absorber mass 2, as shown in Fig. 1, or be abut on the absorber mass 2, as

shown in Fig. 2.

[0042] To adjust the position of the friction lining element 10, an adjustment device
13 is provided, which acts on the friction lining element 10 via a bias spring ar-

rangement 14. The bias spring arrangement 14 is relatively soft.
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[0043] It is also possible to attach the friction lining element 10 to the absorber
mass 2 and to connect a rail or another counterpart to the enclosure 7. In this
case, the bias spring arrangement 14 acts on the rail and presses it against the

friction lining element 10.

[0044] The friction lining element 10 has a usable thickness. The usable thickness
may be defined, for example, by that the friction lining element 10 comprises a
friction lining, not shown in detail, which wears over time. The allowable wear
defines the usable thickness. Accordingly, the bias spring arrangement 14 of the
friction lining element 10 comprises a spring constant that is such that the force
exerted by the bias spring arrangement 14 on the friction lining element 10 does
not change, or changes only to a small permissible degree, even when the friction

lining element 10 wears. The small permissible degree is at most 10%.

[0045] The adjustment device 13 can further be used to press the friction lining
element 10 against the absorber mass 2 with a significantly greater force. In this
case, the bias spring arrangement 14 is overpressed. This means that the spring
14 is compressed to such an extent that a movement of the adjustment device 13
is transmitted practically directly to the friction lining element 10, so that the bias
spring arrangement 14 cannot be compressed any further. The friction lining ele-
ment 10 can therefore additionally be used to brake the tilting mass 2 in a con-
trolled manner, even if the tower 23 continues to be excited to vibrations. The
braking can take place gradually, so that an abrupt braking of the absorber mass
2 from full speed can be avoided. Such an abrupt braking from full speed would

lead to an impermissibly high load on the supporting structure.

[0046] As shown in Fig. 5, the bias spring arrangement 14 comprises a first spring
24 and a second spring 25. The two springs 24, 25 are arranged one behind the
other in the operating direction or connected in series. The two springs 24, 25

comprise different stiffnesses. The spring 24 is softer or less stiff and is used for
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selective adjustment of the damping. The harder or stiffer spring 25 is used for
controlled braking of the absorber mass 2. For example, the stiffer spring 25 is 6
times stiffer than the softer spring 24. When the absorber mass 2 is to be brought
controlledly to a stillstand, the adjustment device 13 first compresses the softer
spring 24. After utilization of the available spring travel of the softer spring 24, the
stiffer spring 25 is compressed. Due to the stiffer spring 25 a defined braking force
is generated on the damper mass 2 and it is prevented, that a blocking occurs

between the damper mass 2 and the friction lining element 10.

[0047] A locking device 15 is provided, which is disengaged with the absorber
mass 2 in "normal operation". This is shown in Figs. 1 and 2. When the absorber
mass 2 has been brought to a standstill by the friction damper device 9, then the
locking device 15 can be brought into engagement with the absorber mass 2 in
order to reliably hold the absorber mass in its stopped position. This is necessary,
for example, during maintenance work. The locking device 15 can act on the ab-
sorber mass 2 with positive or frictional locking. Preferably, the locking device 15
acts on the absorber mass 2 such that it can hold the absorber mass 2 in virtually
any position. The locking device 15 acts on the absorber mass 2 with a force that
is greater than the force of the friction damper device 9 when braking the absorber

mass 2.

[0048] On the absorber mass 2 a magnet arrangement 16 is arranged. In the
enclosure 7 an electrical conductor arrangement 17 is arranged. When the ab-
sorber mass 2 during a vibrating movement moves on the rail arrangement 6, the
magnet arrangement 16 is moved past the electrical conductor arrangement 17
and thereby induces eddy currents. The energy required for this is extracted from
the kinetic energy of the absorber mass 2. This results in a damping. By fine-
tuning the magnet arrangement 16 and/or the electrical conductor arrangement

17 the damping caused by the eddy currents can be adjusted relatively precisely.
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[0049] At least on one side of the enclosure 7, i.e., at one end of the rail arrange-
ment 6, an inclination adjustment device 18 is provided, with which the inclination
of the enclosure 7 relative to the tower 23 of the wind energy plant can be ad-
justed. This allows that, for a symmetrical rail arrangement 6, both ends of the rail
arrangement 6 can be arranged at the same height in the direction of gravity, even

if the tower 23 is not aligned exactly vertically.

[0050] An impact buffer arrangement is provided, which comprises an impact
buffer 19 and a force transmission device 20. In the present case, the impact
buffer 19 is arranged on the absorber mass 2. However, it can also be arranged
on the supporting structure 8. A corresponding impact buffer arrangement is pro-
vided on the opposite side of the absorber mass 2. The impact buffer arrangement
causes that the speed of the absorber mass 2 is decreased more at the end of its
movement than would be the case due to the curved rail arrangement 6 alone.
This prevents hard hits of the absorber mass 2 on the supporting structure 8. The
impact buffer 19 forms an impact absorber. When the absorber mass reaches the
force transmission device 20, the center of mass 3, the impact buffer 19 and the
force transmission device 20 lie in a straight line. Thereby a load on the wheels

4,5 is kept to low.

[0051] The impact buffer arrangement defines a braking distance which is rela-

tively long. It is at least 10% of the maximum deflection of the absorber mass 2.

[0052] Fig. 2 shows that the absorber mass 2 is also connected to the supporting
structure 8 via an auxiliary spring device 21. The auxiliary spring device 21 can
engage on the impact buffer 19. On the one hand, it increases the absorber stiff-
ness and thus the absorber frequency. On the other hand, it contributes to braking
the absorber mass when it reaches the end of the rail arrangement 6. In this case,
forces from the auxiliary spring device 21 act on the absorber mass 2, which are

caused by that the auxiliary spring device 21 is strained by tension on one side of
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the absorber mass 2 and by compression on the other side of the absorber mass
2.

[0053] The vibration absorber arrangement 1 shown in Figs. 1 to 3 can damp
vibrations in one direction, with reference to the illustrations of Figs. 1 to 3, a

vibration from left to right and vice versa.

[0054] To be able to cover other vibration directions as well, two vibration ab-
sorber arrangements 1 are provided in the tower 23 of the wind energy plant, as
shown in Fig. 4. Of the two vibration absorber arrangements 1, only the enclo-
sures 7 are shown. The enclosures 7 of the two vibration absorber arrangements
1 are arranged one above the other in direction of gravity, which can be seen from
the fact that the in direction of gravity upper vibration absorber arrangement 1

partially covers the in direction of gravity lower vibration absorber arrangement 1.

[0055] Furthermore, the two vibration absorber arrangements 1 are not arranged
centrally with respect to one another. The in direction of gravity upper vibration
absorber arrangement is offset to the right (with respect to the representation of
Fig. 4) with respect to the center of the in direction of gravity lower vibration ab-
sorber arrangement 1, and the in direction of gravity lower vibration absorber ar-
rangement 1 is offset upwardly (with respect to the representation of Fig. 4) with
respect to the center of the in direction of gravity upper vibration absorber ar-
rangement 1. The longitudinal direction of the two vibration absorber arrange-
ments corresponds in each case to the orientation of the rail arrangement 6, i.e.,

the rail arrangement 6 runs parallel to the longer side of the enclosure 7.

[0056] This arrangement has the advantage that a cable 22, which connects a
generator arranged in a nacelle of the wind energy plant with an out-conduction,

can be arranged centrally in the tower 23 of the wind energy plant.
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[0057] Figs. 6 and 7 show a modified embodiment of a vibration absorber arrange-
ment. In this case, the friction damper device 9 comprises two friction lining ele-
ments 10a, 10b arranged in a groove 26 formed in the absorber mass 2. The
friction lining elements 10a, 10b are each pressed in the horizontal direction (with
respect to the direction of gravity) against a friction surface 27a, 27b by the bias
spring arrangement 14, which may, just as in the illustration of Fig. 5, comprise a
first spring 24 and a second spring 25 with different stiffnesses, when the friction
damper device 9 is to interact with the absorber mass 2 in a damping manner. If
such damping is not desired, the friction lining elements 10a, 10b can be lifted off

the friction surfaces 27a, 27b as shown.

[0058] The friction surfaces 27a, 27b run essentially parallel to the direction of
gravity and parallel to the extension of the rail arrangement 6, so that when the
friction lining elements 10a, 10b frictionally interact with the friction surfaces 27a,
27b, no force is exerted by the friction lining elements 10a, 10b in the direction of
gravity on the absorber mass 2. Under unfavorable circumstances, such a force
in the direction of the gravity could have an undesirable effect on the vibration
behavior of the absorber mass 2, so that the absorber frequency is changed in an

impermissible manner.

[0059] A coupling of the friction lining elements 10a, 10b to the enclosure 7 via a
lever is not necessary here, since no change in position in the direction of gravity
of the friction lining elements 10a, 10b occurs when the friction lining elements
10a, 10b are brought abut with the friction surfaces 27a, 27b.

[0060] The adjustment device 13 further acts on the friction damper device 9 from
above, namely via a schematically shown direction-change gear 28, which may

be designed, for example, as a worm gear.
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[0061] The locking device 15 can also be used here to secure the absorber mass

2 brought to a standstill against further movement.



10

15

20

25

30

DK/EP 4290096 T3

Patentkrav

1. Vibrationsdeempningsanordning (1), iseer til hgje slanke bygningsveerker,
med en beerende struktur (8), en absorbermasse (2), som har et massemidt-
punkt (3), og med mindst et hjul (4, 5), med hvilket absorbermassen (2) kan
bevaeges pa en konkavt buet skinneanordning (6), der er forbundet med den
baerende struktur (8), fra en stabil midterposition i to modsatte retninger, ken-
detegnet ved, at der er tilvejebragt en justerbar friktionsdeempningsindretning
(9), som kan justeres mellem en forste tilstand, hvor den ikke interagerer med
absorbermassen (2) eller kun interagerer med den pa en deempende made,
og en anden tilstand, hvor den bringer en beveegelse af absorbermassen (2)
til en kontrolleret standsning, og

at friktionsdeemperindretningen (9) omfatter et forspaendingsfjederanordning
(14), som er anbragt mellem en justeringsindretning (13) og mindst et friktions-
beklzedningselement (10).

2. Vibrationsdeempningsanordning ifelge krav 1, kendetegnet ved, at frikti-
onsbekleedningselementet (10) omfatter en anvendelig tykkelse, og forspaen-
dingsfjederanordningen (14) har en fjederkonstant, i hvilken en fjederkraft af
forspaendingsfjederanordningen (14) mellem en forste fjederlaengde og en an-
den fjederlaengde, som er en sum af den farste fjederleengde og den anven-
delige tykkelse, eendres med mindre end 10%.

3. Vibrationsdeempningsanordning ifolge krav 1 eller 2, kendetegnet ved,
at justeringsindretningen (13) overpresser forspaendingsfiederanordningen
(14) i den anden position.

4. Vibrationsdeempningsanordning ifelge et af de foregaende krav, kendeteg-
net ved, at forspaendingsfjederanordningen (14) omfatter en fgrste fjeder (24)
og en anden fjeder (25), som er anbragt i serie og har forskellige stivheder.
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5. Vibrationsdeempningsanordning ifelge et af kravene 1 til 3, kendetegnet
ved, at det mindst ene friktionsbekleedningselement (10) samvirker med en

friktionsflade (27a, 27b), som er rettet ind i tyngdekraftens retning.

6. Vibrationsdeempningsanordning ifglge krav 5, kendetegnet ved, at absor-
bermassen omfatter en rille (26), og friktionsfladen (27a, 27b) danner en side-

veeg af rillen (26).

7. Vibrationsdeempningsanordning ifelge krav 5 eller 6, kendetegnet ved,
at justeringsindretningen (13) har et vinkelgear (28), iseer et snekkegear.

8. Vibrationsdeempningsanordning ifalge et af de foregaende krav, kendeteg-
net ved, at der er tilvejebragt en laseindretning (15), ved hjeelp af hvilken ab-
sorbermassen (2) kan fastgares i forhold til den baerende struktur (8), iseer i

flere forskellige positioner.

9. Vibrationsdeempningsanordning ifelge et af de foregadende krav, kendeteg-
net ved, at der er tilvejebragt en heeldningsjusteringsindretning (18), ved hjaelp
af hvilken en haeldning af vibrationsdeempningsanordningen (1) kan aendres,
hvor vibrationsdeempningsanordningen isser omfatter et kabinet (7), som er
forbundet med den baerende struktur (8), hvor haeldningsjusteringsindretnin-
gen (18) iseer virker pa kabinettet.

10. Vibrationsdaempningsanordning ifglge et af de foregaende krav, kende-
tegnet ved, at mellem absorbermassen (2) og et endestop er der tilvejebragt
en stodbufferanordning, som omfatter en kraftoverferselsindretning (20), der
er forbundet med den beerende struktur (8), hvor stedbufferanordningen isaer
omfatter et staddeemper (19), og massemidtpunktet (3), staddaemperen (19)
og kraftoverfarselsindretningen (20) ligger pa linje, nar absorbermassen (2)
nar stedbufferanordningen, hvor stedbufferanordningen fortrinsvis definerer
en bremselaengde, der svarer til mindst 10% af den maksimale udbgjning af



10

15

20

25

DK/EP 4290096 T3

absorbermassen (2).

11. Vibrationsdaempningsanordning ifglge et af de foregaende krav, kende-
tegnet ved, at absorbermassen (2) er forbundet med den baerende struktur
(8) via en hjeelpefjederindretning (21).

12. Vibrationsdeempningsanordning ifalge et af de foregadende krav, kende-
tegnet ved, at den omfatter et hvirvelstremsdaeemper med en magnetanord-
ning (16) og en elektrisk lederanordning (17), hvor magnetanordningen (16)
og lederanordningen (17) ved beveegelse af absorbermassen (2) i forhold til

den beerende struktur (8) beveeger sig i forhold til hinanden.

13. Vibrationsdeempningsanordning ifalge et af de foregadende krav, kende-
tegnet ved, at skinneanordningen (6) er en farste skinneanordning, absorber-
massen (2) er en fgrste absorbermasse, og en anden absorbermasse er be-
vaegelig pa en konkavt buet anden skinneanordning, som er forbundet med
den beerende struktur og rettet pa tvaers af den farste skinneanordning, fra en
stabil midterposition i to modsatte andre retninger, hvor den fgrste absorber-
masse og den farste skinneanordning er anbragti et fgrste kabinet, den anden
absorbermasse og den anden skinneanordning er anbragt i et andet kabinet,
og det farste kabinet og det andet kabinet er anbragt over hinanden i tyngde-

kraftens retning.

14. Vibrationsdeempningsanordning ifalge krav 13, kendetegnet ved, at det
andet kabinet er anbragt excentrisk i forhold til det fgrste kabinet i retning af
den fgrste skinneanordning, og/eller det forste kabinet er anbragt excentrisk i
forhold til det andet kabinet i retning af den anden skinneanordning.



DK/EP 4290096 T3

Fig. 1




15

DK/EP 4290096 T3

13 14 9 1
S/ //

23

Fig. 4




DK/EP 4290096 T3

|
g e

6 14 28 14 | |6

o
—

17 16 \2

Fig. 7



	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - CLAIMS
	Page 21 - CLAIMS
	Page 22 - CLAIMS
	Page 23 - DRAWINGS
	Page 24 - DRAWINGS
	Page 25 - DRAWINGS

