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(57) Abrege/Abstract:

The Invention relates to a temperature-compensatable damping element (1) suitable for temperature-independent reduction of
vibrations, primarily comprising a fixed, non-elastic outer part (1.4) and a fixed, non-elastic inner part (1.3) which Is inserted so as to
fit completely or partially into an appropriately shaped cutout or opening in the outer part, wherein the outer part and the inner part

have contact surfaces wh
or can be pretensioned w

iIch are connected to one another by an elastic layer (1.2) which consists of an elastomer material and is

ith regard to a desired frequency by tensioning means, wherein the elastic layer (1.2) which is responsible

for the vibration damping is connected by an additional elastic volume (1.1) directly to one or more locations, wherein the additional

elastic volume (1.1)isa m

ultiple of the volume of the elastic layer (1.2) and causes the excitation frequency of the damping element

to change in the event of a temperature change within a specific temperature range.
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(87) Abstract: The mvention relates to a temperature-compensatable damping element (1) suitable for temperature-independent
reduction of vibrations, primarily comprising a fixed, non-elastic outer part (1.4) and a fixed, non-elastic mner part (1.3) which 1s
mmserted so as to fit completely or partially mnto an appropriately shaped cutout or opening in the outer part, wherein the outer part
and the mner part have contact surtaces which are connected to one another by an elastic layer (1.2) which consists of an elastomer
material and 1s or can be pretensioned with regard to a desired frequency by tensioning means, wherein the elastic layer (1.2) which
1s responsible for the vibration damping 1s connected by an additional elastic volume (1.1) directly to one or more locations, wherein
the additional elastic volume (1.1) 1s a multiple of the volume of the elastic layer (1.2) and causes the excitation frequency of the
damping element to change in the event of a temperature change within a specific temperature range.

(57) Zusammenfassung:
[Fortsetzung auf der nachsten Seite/
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Veroftentlicht:

—  mit internationalem Recherchenbericht (Artikel 21 Absatz

3)

Die Erfindung betritit ein Temperatur kompensierbares Dampfungselement (1) geeignet zur temperaturunabhingigen Reduzierung
von Schwingungen im Wesentlichen umtfassend ein festes, nicht elastisches Aussenteil (1.4) und em festes, nicht elastisches
Innenteil (1.3), welches ganz oder teilweise passend in eine entsprechend geformte Aussparung oder Offnung des Aussenteils
emngefligt 1st, wobel Aussen- und Innenteil Beriihrungsilichen aufweisen, welche durch emne aus emem Elastomermaterial
bestehende elastische Schicht (1.2) mit emander verbunden sind, die durch Spannmittel in Bezug aut eine gewiinschte Frequenz
vorgespannt oder vorspannbar ist, wobel die fiir die Schwingungsdampiung verantwortliche elastische Schicht (1.2) mit einem
zusatzlichen elastischen Volumen (1.1) direkt an einer oder mehreren Stellen in Verbindung steht, wobeil das zusétzliche
clastische Volumen (1.1) das em Vielfaches des Volumens der elastischen Schicht (1.2) betragt, und bewirkt, dass bei
Temperaturanderung in emem Temperaturbereich zwischen die Erregertrequenz des Damptungselementes sich andert.
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Temperature-independent vibration damper

The invention relates to a damping element which is based on elastic materials and which,
owing to simple design measures, is substantially independent of varying ambient tempera-
tures in relation to a pre-set frequency at which the component is intended to damp.

The invention relates, in particular, to corresponding vibration dampers which have one or
more damping elements of this type and to the use of damping elements and dampers of this

type in machine structures, in particular wind turbines, which are subject to naturally large

temperature variations.

The physical principles of a vibration damper are known in principle. Vibration dampers must
be matched to the frequency of the component to be damped. The matching of the damper
frequency can be achieved on the one hand by the change in the stiffness of the spring ele-
ments employed, on the other hand by a change in the damper mass. Limits are naturally im-
posed on the change in the damper mass of a certain system to be damped, and a change In

the damper mass is therefore hardly used in practice. This leaves the variation in the spring

stiffness.

On use of elastic materials in modern dampers, however, this is in principle dependent on the
temperature. A spring stiffness set at a certain temperature and matched to the system to be
damped changes with the ambient temperatures. Whereas this effect is often negligible in the
case of structures to be damped in buildings, it plays a not inconsiderable role in the case of
outdoor structures, such as, for example, in the case of wind turbines. Wind turbines are usu-
ally subjected to large temperature variations between -20° and +50°C at which they are still
operated, depending on the location. The spring stiffness of the damping parts employed and

thus the excitation frequency of the system consequently changes, meaning that optimum

damping or no damping at all of vibrations which occur in the structure can take place without
re-adjustment of the spring stiffness of the damping parts being necessary. However, this is

complex and thus expensive, if possible at all.

It is therefore an aim to employ dampers which only react insignificantly, or not at all, to

changes in temperature with a change in the pre-set damper frequency.

DE 2342370 describes a hydrostatic compression spring based on a precompressed elas-

tomer which fills a chamber and is connected in series before a second elastic spring (cham-

ber), where the volume of the second elastic spring is significantly smaller than the elastomer
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which experiences the actual push deformation. The two elastomeric chambers are not con-
nected directly. The operating behaviour of the entire compression spring is substantially the

same at different temperatures due to this design.

EP 0562 161 describes vibration dampers comprising a damper mass which is arranged in a
movable manner on a spring element comprising elastomeric material and which can be set
in motion with a phase shift to vibrations introduced as a consequence of operation, where
the spring element is fixed on a part generating the vibrations. A supplementary spring con-
nected in parallel whose spring stiffness can be changed by aids based on mechanical

movement processes is assigned to the spring element for compensation of temperature

influences.

EP 2 284 416 solves the problem of temperature change by the actual elastic damping ele-

ment having an electronically controllable heating element which is controlled in accordance

with the ambient temperatures.

The temperature-independent damper systems described in the prior art are in some cases
quite complicated, on the other hand they only work optimally in certain limited temperature
ranges. Owing to the dimensions of wind turbines and the considerable temperature differ-

ences during operation, these proposed damper systems are of only limited suitability.

These also include the concepts of the dampers which are described, for example, in EP 1
286 076 A1 and EP 1 693 593 B1. EP 1 286 076 discloses a linear vibration damper whose
spring/mass system is composed of the actual functional parts in or on which damping takes

olace, and the damper mass. The damper is set in advance via the functional part, usually

before or immediately after installation into the system to be damped, so that the damper
mass vibrates close to the excitation frequency with the opposite phase. The damper is thus
permanently tuned to a certain excitation frequency. This setting is carried out by means of
tensioning devices via the functional part. In this case, the rubber layer within the functional
part is pretensioned. A reduction in the rubber pretensioning force causes a reduction In the
damper frequency; an increase in the rubber pretensioning within the functional part results in
a higher damper frequency. The functional parts have conical or spherical surfaces which are
orovided with elastomer material and form a certain angle with the longitudinal axis of the

damper. EP 1 693 593 describes an adjustable three-axis damper which is based on the
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same principle, but comprises a multiplicity of correspondingly shaped and arranged func-

tional parts of this type.

This rubber pretensioning in the prior-art dampers described and in other prior-art dampers
is. however, dependent on the rubber temperature and/or the ambient temperature. Thus, the
damper frequency changes in the case of temperature variations. This results in a damper
only being able to act optimally at the temperature at which it was also set. Deviations of as
little as 10°C here can result in complete functional failure of the damper. This phenomenon
is dependent on the rubber used, but is always present independently thereof. The use of
dampers in accordance with the above functional principle thus requires constant ambient
temperatures. However, precisely this fact is not given in most application cases. In the case
of most outdoor applications, a damper must act in a large temperature range (about -20°C to
+50°C). This is not possible with the current state of the art. For this reason, it makes sense

to develop a damper which maintains its set inherent frequency over a broad temperature

spectrum.

The object was thus to provide a simple and effective damping system which works over a

large temperature range, in particular for use in wind turbine.

The object has been achieved by the vibration dampers, or the corresponding damping ele-

ments according to the invention, as described in greater detail below and in the claims.

The novel dampers/damping elements according to the invention are based on the following
physical circumstances: (i) shrinkage of elastomer volumes causes a reducing inherent fre-

guency, since the pretensioning [mm] of the mutually tensioned functional parts (1 + 2)
against one another is thus reduced, (ii) hardening of the rubber layers (1.2 + 2.1) on the

other hand allows the inherent frequency of the damper to increase, since the spring stiff-

nesses [N/mm] of the two rubber layers (1.2 + 2.1) increases.

Due to temperature variations, the rubber layers (1.2 + 2.1) within the functional parts (1 + 2)

according to the invention are subjected to two different effects. On the one hand the rubber
layers (1.2 + 2.1) harden with falling temperature, on the other hand the rubber volume within

the rubber layers (1.2 + 2.1) shrinks. The opposite effect is observed with rising temperature.
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In practice, an increase in the (pre-set) damper frequency in the case of falling temperature Is

observed, and a decrease in the case of rising temperatures. The effect of hardening in the

case of falling temperatures is thus dominant.

The damping elements and dampers according to the invention now have design features
which have the effect that the shrinkage of the elastomer material of the functional parts in
the case of a drop in temperature increases more than the hardening which occurs simuita-
neously, or, in the case of an increase in temperature, the shrinkage process is reversed to a

greater extent than the hardening of the elastomer material. It is thus possible mutually to

compensate the two effects completely or approximately in a simple manner.

This becomes possible through additional elastomer volumes which are connected directly to
the elastic materials of the actual functional parts that are responsible for the push deforma-
tion in the case of vibration forces caused by operation and preferably, but not necessarily,
do not themselves participate in the push deformation. Surprisingly, it has been found that the
compensation effect described above can be applied particularly optimally and in a particu-
larly large temperature range (-20° to +50°C, preferably -15°C to +40°C) if the volume of the
said additional elastomer volume (1.1) is 5 to 100, preferably 5 to 50, in particular 10 to 20,

times larger than the elastomer volume (1.2 / 2.1) of the functional part (1), or (2) responsible

for the push deformation / damping.

The invention thus relates to a damping element (1) (2) which is suitable for the temperature-
independent reduction of vibrations, essentially consisting of a fixed non-elastic outer part
(1.4) (2.3) and a fixed, non-elastic inner part (1.3) (2.2), which is inserted fully or partly with a
good fit into a correspondingly shaped cut-out or opening of the outer part, where outer and
inner parts have contact surfaces which are connected to one another by an elastic layer
(1.2) (2.1) which consists of an elastomer material and which is or can be pretensioned with
respect to a desired excitation frequency by tensioning means, where the elastic layer (1.2)
responsible for the vibration damping is connected directly at one or more points to an addi-
tional elastic volume (1.1) (13), where the said additional elastic volume is 5 to 100 times,
preferably 5 to 50 times, in particular 10 to 20 times the volume of the elastic layer (1.2), and

has the effect that the set excitation frequency of the damping element remains substantially

constant in the case of a change in temperature.
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In accordance with the invention, the term "substantially constant" is to be taken to mean
that. in the case of a temperature change in the range between -20°C and +50°C, preferably
between -10°C and +30°C, the excitation frequency changes not more than 0%, 5%, 10%,

15% or 20%, at most 10 — 20%, preferably not more than 0 — 10%, in particular not more than

0 — 5%, compared with the pre-set frequency at a certain temperature.

The additional rubber/elastomer volume (1.1) is in direct contact with the rubber layer (1.2). If
the functional part (1) is now cooled, a larger rubber volume than before contracts. The
above-described effect of the reducing inherent frequency of the damper due to shrinkage of
the rubber volume is thus augmented. This rubber shrinkage which is now greater has the
consequence of a smaller pretensioning force, of the functional parts (1.2 + 2.1) tensioned
against one another. The larger the additional rubber volume (1.1) is selected, the greater the
reduction in the damper frequency due to this effect comes out. Depending on the system
properties, a 5 — 100-times, preferably 10 — 20-times additional elastomer volume (1.1) com-

pared with the elastomer layers (1.2) (2.1) has proven optimal in accordance with the inven-

tion.

In the case of precise determination of the size of the elastomer volume, the following
parameters should be taken into account:

(1) Coefficient of thermal expansion of the elastomer material in the functional part (1.2)
(2.1). The greater this is, the more additional elastomer volume (1.1) is required. The coeffi-
cient of thermal expansion of the material of the functional part is preferably equal to or less
than that of the additional elastomer volume. In this case, it is sufficient for the volume of the

additional elastomer material (1.1) to be about 5 — 20, preferably about 10 times larger than

that of the functional part.
(11) Coefficient of thermal expansion of the elastomer material in the additional elastomer

volume (1.1). The greater this is, the less additional volume (1.1) is required. The coefficient
of thermal expansion of the material of the additional elastomer volume is preferably equal to
or greater than that of the functional part. In this case, it is sufficient for the volume of the
additional elastomer material (1.1) to be about 5 — 20, preferably about 10 times larger than
that of the functional part (1), (2).

(1) Volume of the elastomer layer (1.2) (2.1) of the functional part (1) (2). The larger this

layer, the larger the additional elastomer volume (1.1) must be. The volume is also deter-

mined by the layer thickness.
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(1v) Layer thickness of the elastomer of the functional part. In general, the layers (1.2)
(2.1) for damping elements according to the invention employed in wind turbines are between
2 mm and 20 mm thick. In the case of layer thicknesses between 2 — 10 mm, the additional
elastomer volume (1.1) should in accordance with the invention optimally be about 10 times
as large as the the volume of the layer thickness of the functional part. If a thick rubber layer
is implemented, the effect of the c'hange in pretensioning force due to rubber shrinkage will
come out less than if this is thin (for the same elastomer volume (1.1)). This can be explained
by the rubber contour on the face being constricted or bulging towards the outside due to a
change in volume of the rubber in the case of a thick layer. This causes a reduction in the
change in the pretensioning force and thus in a change in the pretensioning distance. In the
case of a thin rubber layer, by contrast, this effect comes out greater, as desired. In general,
it can be stated that a relatively thick rubber layer has a longer lifetime for the same deforma-
tion distance. If this rubber layer is now selected to be excessively thin, this may result in
premature failure of the damper.

(V) Material of the elastomer layers (2.1 / 1.2): if these layers are made, for example, of

silicone, the influence of the temperature on the damper frequency is less. The additional

elastomer volume (1.1) can thus come out smaliler.
(Vi) Temperature range or temperature difference in/at which the damper according to the

invention is intended to work. The larger the desired temperature range is to be, the greater
the additional elastomer volume (1.1) must be. About 10 times the elastomer volume (1.1)
compared with the elastomer volume of the functional part (1.2) (2.1) is per se optimal In a
temperature range from -10°C and +30°C. At higher working temperatures up to +40°C, 10 to

20 times the volume (1.1) should be provided, 20 to 100 times in the case of even higher

temperatures.

The additional rubber volume (1.1) must be adjusted in such a way that it precisely compen-
sates for the effect of rubber hardening in the case of falling temperature. Since the change in
the rubber volume and the rubber hardening are approximately linear in the temperature
range (-10°C to +60°C), mutual compensation in this temperature range is possible. Ulti-
mately, the spring stiffness of the two functional parts (1.2 + 2.1) must be constant at the

common tensioning point, irrespective of the temperature. If this is the case, the damper fre-

quency set will also be constant.

In contrast to the temperature-independent dampers of the prior art described above, all

dynamic movements which occur in the case of push deformation during damping are
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absorbed by the elastomer material, in particular in the additional elastomer volume (1.1), In

the case of the dampers / damping elements according to the invention.

In accordance with the invention, a damping element (1) (2) comprises a non-elastic outer
part, usually made from metal (1.4) (2.3) a likewise non-elastic inner part (1.3) (2.2) and an
elastic layer (1.2) (2.1) which separate outer and inner parts from one another. This elastic
layer between the contact surface of outer part and inner part preferably consists of unvul-
canised rubber/vulcanised rubber, synthetic plastic, such as PU or silicone, or elastic mix-
tures thereof. The selected Shore hardness of the material is determined by the size and
design properties of the damper. The thickness of the layer is also determined correspond-
ingly. In general, it is 5 — 20 mm. The core and likewise the matching cut-out in the outer part
preferably have a conical shape with an angle of preferably 30 — 50°, measured to the longi-
tudinal axis of the functional part. However, other design solutions which have a correspond-
ing elastic layer for absorption of the push deformation under operational conditions of the
damper are conceivable and a subject-matter of the invention. In accordance with the inven-
tion, the elastomeric layer (1.2) (2.1) is connected directly to the additional elastomer volume
(1.1), which is arranged within the functional part, for example in the outer part (1.4) or inner
part (1.3), or alternatively may in a special embodiment be placed outside the damper itself.
In the functional parts (1) and (2) of a damping element according to the invention, the layers

(1.2) and (2.1) are preferably in conical-planar or concave/convex or spherical form; however,

they may also have a cylindrical-planar design.

A damper according to the invention preferably has two identical or similar damping elements
or functional parts (1) (2), where the additional elastomer volume is placed only in one func-

tional part or in both functional parts or optionally outside the functional part, or even outside

the damper.

The damping elements or functional parts (1) (2) are tensioned against one another by corre-
sponding tensioning means (7), where they preferably have an in each case conical-planar
outer part (1) and a conical-planar inner part (2), where the two elements can be tensioned
against one another with the wide cone opening (O form) or with the narrow cone opening (X
form). However, the elements (1) and (2) may also have a concave/convex design, so that a
spherical shape of the layers is formed when the parts are fitted together. The tensioning of
the elements (1) and (2) in each case takes place at a certain temperature. This sets a cer-

tain inherent frequency of the damper. Thin rubber layers in the functional parts (1.2 + 2.1)
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result in even small rotational angles of the tensioning means, preferably setting screws (7),
resulting In a large change in the tensioned spring stiffness and thus a large change in the
damper frequency. This in turn may result in the damper only being adjustable with difficulty
via the tensioning means (7). The tensioning means (7) are therefore generally only intended
for a rough adjustment of the damper frequency. The fine adjustment which is often neces-
sary can be carried out via separate tensioning means (8), which can preferably directly influ-
ence the additional elastomer volume. These means displace rubber in the additional elas-

tomer volume (1.1) and thus change the spring stiffness of the functional parts.

These tensioning means (8) additionally have a further job. If the additional elastomer volume
(1.1) is vulcanised or also produced from a pourable polyurethane, this material contracts on
cooling, and its volume is thus reduced. Any cavities which thus form are filled by displaced

elastomer by the screwing-in of the tensioning means (8), which is important for a set con-

stant iInherent frequency of the damper.

The tensioning means (8) provided for the fine adjustment can in the simplest case be setting
screws. Alternatively, active actuators, such as, for example, piezoactuators, magnets or also
pneumatic/ hydraulic cylinders, can also be employed. These actuators could be triggered in
operation and thus increase or reduce the inherent frequency of the damper (active damper).
If a lower inherent frequency is desired, the actuators will be triggered in such a way that they
displace little rubber volume in the additional elastomer volume (1.1). In the case of an

increasing damper frequency, the active actuators will displace more volume in the additional

elastomer volume (1.1).

In a particular embodiment, it is also possible to connect an electrical magnet coil (19) in
series with a spring (18) and to use this unit as active actuator. This enables three positions
of the metal bolt (21) to be achieved. Each individual position here corresponds to a different
displacement of elastomer within the additional elastomer volume (1.1) and thus a different
inherent frequency of the damper (Fig. 6):

Position 1: - Only spring force without additional coil force (coil without current)

Position 2: - Spring force + additional coil force

Position 3: -> Spring force — additional coil force (reversal of the current direction)

Since a plurality of these active actuators can be installed, different positions of the active

actuators amongst one another are possible. This enables the displaced elastomer volume to
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be changed in small steps. The more active actuators are installed, the smaller are these

steps and thus the change jumps of the damper frequency.

In a further embodiment of the invention, the tensioning means (8) with which the-addition'al
elastomer volume can be changed and which thus exert an influence on the damper fre-
quency, may also be an adjustable pressure part (14), which is accommodated in the addi-
tional elastomer volume (1.1) itself, or is in direct contact therewith. The adjustable pressure
part has the job of exerting pressure on the elastomer material of the additional elastomer
volume and thus specifically compressing or decompressing the latter. For example, the
pressure part may itself be an elastomer part having the same or different hardness which
has in its interior cavities or conduits which can be charged with a hydraulic fluid or a gas via
supply lines and thus result in a widening or narrowing of the cavities or conduits (Fig. 9). The
pressure part, preferably a pressure ring (14), increases its volume with increasing filling
pressure. Additional elastomer is thereby expelled out of the elastomer volume (1.1), which In

turn enables the damper frequency to increase. If, by contrast, the pressure in the pressure

ring (14) is reduced, the damper frequency drops.

It is not absolutely necessary for the elastic material within the functional part (1) (2) to be the
same as in the additional reservoir (1.4). The functional part is preferably vulcanised with
rubber or silicone. The additional reservoir (1.1), for example in the outer part (1.4), may be
produced separately from another elastic material, preferably having a different coefficient of
elasticity. The material used for this purpose should preferably have a large coefficient of
thermal expansion. This reduces the requisite reservoir size in the outer part (1.4). In addi-

tion, this embodiment separated from one another simplifies production.

As already mentioned, the additional elastomer volume (1.1) can be accommodated only in
one functional part or in both functional parts tensioned against one another (Figure 3). This

reduces the physical size, since the additional elastomer volume (1.1) is divided over a plu-

rality of functional parts.

In addition, it is possible, as already described, to accommodate the additional elastomer vol-
ume (1.1) outside the functional part (1) and not in the component (1.4) itself (Figure 4). This
separated arrangement has the advantage that the additional reservoir (11) can be placed
anywhere and is thus not limited in its volume. The connection between this additional vol-

ume (13) and the rubber layer (2.1) within the functional part must take place here through a
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supply line (12) which only deforms slightly on a change in pressure. This applies equally to

the container (11) which accommodates the additional volume (13). The volume (13) is pref-
erably fully or partly filled with an elastomer. However, the volume (13) may also in accor-
dance with the invention contain a liquid which has been selected so that a change in the
physical state (for example liquid to solid) or in the viscosity occurs in the case of a change In

temperature. This causes the functional volume to change, which has a direct effect on the

damper frequency.

In addition, it is possible to produce the rubber layer (1.2) in the functional part (2) from an

elastic material, while alternatively filling the separate pressure container (11) not with elas-

tomer. but instead with a gas or a liquid. This has the advantage that lower friction values

occur inside the supply line (12).

In a further embodiment, the container (11) can be specifically heated or cooled. This likewise

enables the inherent frequency of the damper to be influenced actively. This heating or cool-

ing can also be carried out directly via heating wires / cooling channels within the additional

elastomer volume (1.1).

In a particular embodiment of the invention, the additional elastomer volume (1.1) is inte-
grated into the actual rubber layer (1.2) (Fig. 7). In this case, the additional elastomer volume
at least partly participates in the push deformation of the damper in operation. This additional
elastomer volume within the rubber layer (1.5) takes on the same job as the separate addi-

tional elastomer volume (1.1). This embodiment enables the design complexity for the func-

tional part (1) to be reduced.

This design can aiso be applied to gearbox bushings (Fig. 8). These also consist of rubber

and thus change their spring stiffness via the temperature to the same extent. This behaviour
is also undesired. This change in the spring stiffness via the temperature can be minimised In
accordance with the same functional principle as described above. In this case, the additional
elastomer volume (23) forms via a recess in the housing (22), which is filled with rubber or an
elastic alternative material (silicone, polyurethane, etc.). This additionally formed elastomer
volume (23) is connected to the actual elastomer layer of the bushing (28) via connecting
holes in the outside metal sheeting of the bushing (27). If the temperature now drops, the

elastomer layer of the bushing (28) becomes stiffer. Acting against this, the now-larger rubber

volume contracts to a greater extent, this counters the hardening.
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In a further-refined embodiment of the described dampers in accordance with the invention,
the frequency setting range of the damper can be influenced as follows: as already
described, the elastomer volume (1.1 + 1.2 + 2.1) contracts in the case of a drop Iin tempera-
ture. This causes the pretensioning of the functional parts (1 + 2) tensioned against one
another to reduce. This results in a reduction in the damper frequency. At the same time,
dynamic hardening of the rubber layer (1.2 + 2.1) occurs. This effect results in an increase In
the damper frequency. The additional elastomer volume (1.1) must accordingly be designed
in such a way that the two effects compensate one another. If functional parts (1) (2) which
have a highly progressive characteristic line are now installed, small changes in pretension-
ing result in a large change in the damper frequency. The additional elastomer volume (1.1)
can thus come out smaller than in the case of less highly progressive functional parts (1) (2).
The progressivity (large change to the vibration / damping properties) of the functional parts
(1 + 2) can be achieved on the one hand, as described above, via the geometry of the rubber
layer (1.2 + 2.1) on the other hand in accordance with the invention via additional discs (29),
which can come into contact with the rubber layer in question. In accordance with the inven-
tion, the discs (29) preferably consist of non-elastic material and preferably have, at least at
the edges, bevels which are connected to the elastic layers (1.2) or (2.1) directly or via the
additional elastomer volume (1.1) or via the additional volume (13). If the axial pretensioning
is now changed, the bevels of the discs (29) come into ever closer contact with the rubber
layers (1.2 + 2.1) or where appropriate also with the additional elastomer volume (1.1) or
(13), or the volume additionally formed by the bevels is increasingly filled by the elastic mate-
rial from (1.2), (2.1), (1.1) or (13). The displaced rubber volume can thus escape unhindered
from the rubber layer (1.2) (2.1) or where appropriate (1.1) or (13). This effect allows the pro-
gressivity of the functional parts (1) (2) to increase greatly. This effect can be utilised to
extend the frequency range of the damper in the upward direction, where the damper fre-
quency increases more than if no discs (29) were present. The discs (29) thus extend the
frequency range of the damper towards higher values, irrespective of whether the damper is
temperature-compensated or whether it is a temperature-dependent damper. However, it Is
not absolutely necessary for the discs (29) to have bevels. In this case, the displaced elas-
tomer volume comes into contact with the discs (29) without bevels, or the displaced elas-
tomer volume from the functional part (1) comes into contact with the displaced elastomer
volume from the functional part (2). In accordance with the invention, the damper acbording

to the invention comprises at least one disc (29), which is installed above or below the func-

tional part (1) or (2), and, as described, is functionally connected thereto. A damper according
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to the invention preferably comprises two or three discs (29), which are installed above
and/or below and/or between the functional parts (1) and (2), and are connected or may be
connected to the elastic layers or volumes (1.2) (2.1) (1.1) (13), in accordance with the par-

ticular embodiment of the invention.

In summary, the invention relates to the following:

o A damping element (1) which is suitable for the temperature-independent reduction of
vibrations, essentially consisting of a fixed non-elastic outer part (1.4) and a fixed, non-
elastic inner part (1.3), which is inserted fully or partly with a good fit into a corre-
spondingly shaped cut-out or opening of the outer part, where outer and inner parts
have contact surfaces which are connected to one another by an elastic layer (1.2)
which consists of an elastomer material and which is or can be pretensioned with
respect to a desired frequency by tensioning means, where the elastic layer (1.2)
responsible for the vibration damping is connected directly at one or more points to an
additional elastic volume (1.1), where the additional elastic volume (1.1) Is 5 to 100
times, preferably 5 to 25 times, in particular 10 — 20 times the volume of the elastic
layer (1.2), and has the effect that the frequency of the damping element remains sub-
stantially constant in the case of a change in temperature, where a change In the set
excitation frequency of max. 10 — 20%, preferably max. 0 — 10%, occurs in the case of

a temperature change in a range between -30°C and +50°C.

o A corresponding damping element (1) (2) in which the additional elastic volume (1.1) is

accommodated in the outer part (1.4) (2.3), and/or in the inner part (1.3) (2.2), and/or

outside the damping element or damper.

o A corresponding damping element in which the additional elastic volume (1.1) (13) is

part of the volume of the elastic layer (1.2) and is formed by cut-outs or cavities in the

contact surfaces of the outer and inner parts (1.1) (1.3) of the damping element.

° A corresponding damping element in which the additional elastic volume (1.1) (13) has

a temperature-dependent coefficient of expansion which is greater than the coefficient

of expansion of the elastomeric layer (1.2).



CA 02843624 2014-01-30

) WO 2013/023724 PCT/EP2012/002895
¥ - 13 =

° A corresponding damping element in which the additional elastic volume (1.1) can addi-
tionally be compressed or decompressed by pressure means, where the pressure
means comprise one or more tensioning screws (8), or a metal bolt (18 — 21) operated,

for example, by an electrical magnet coil, or an actively adjustable elastomer element
5 (14).

° A corresponding damping element in which the additional elastic volume is an elas-
tomer material, a gas, a liquid or a viscous material, where a liquid is enclosed which

changes into a different physical state (liquid-solid, solid-liquid) in the case of a change

10 In temperature

° A temperature-independent vibration damper comprising a damper mass (1) and at

least one damping element as described above.

15 e A corresponding temperature-independent vibration damper which has two damping
elements, as described, where the two damping elements are or can be tensioned

against one another by tensioning means (7).

o A corresponding temperature-independent vibration damper which has first and second
20 damping elements, as described, where the second damping element has no additional

elastic volume (1.1) in the outer and/or inner parts (2.3) (2.2), and the two damping

elements are or can be tensioned against one another by tensioning means (7).

° A corresponding temperature-independent vibration damper in which the additional vol-

25 ume (1.1) (13) of the damping elements (1) and (2) together is 5 — 50 times, preferably

10 — 20 times, larger than the volume of the elastomer layers (1.2) and (2.1) together.

° The use of a corresponding vibration damper for the reduction of vibrations essentially

independently of the temperature of the damper, in particular in wind turbines.
30

Brief description of the figures:

Fig. 1: shows a prior-art elastomeric damper known from EP 1 286 076 A1.
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Fig. 2.1: shows a vibration damper according to the invention having two damping ele-

ments (1) and (2) tensioned against one another and an additional elastomer volume which is

arranged radially to the tensioning direction in the upper damping functional part.

Fig. 2.2: shows the damper according to the invention from Fig. 2.1, but which addition-

ally has fine adjustment means (8) in order finely to adjust and adapt the pretensioning in the

additional elastomer voilume.

Fig. 3. shows a damper designed in accordance with Fig. 2.1 which additionally has a

further additional elastomer volume in the second, lower functional part.

Fig. 4. shows a damper according to the invention in which the additional elastomer

volume is arranged outside the functional elements (1) (2) and even outside the vibration

damper.

Fig. 5: shows the damper according to the invention in accordance with Fig. 2.1. The
additional elastomer volume (1.1) can itself additionally be compressed or decompressed by
an adjustable pressure ring which is located in the elastomer material of the additional elas-
tomer volume, or is arranged above or below same. The pressure ring is itself an elastomer

which has channels in its interior which can be pressurised and compress or decompress the

surrounding elastomer material.

Fig. 6. shows a schematic damping element having an additional elastomer volume In
the form of a ring-like structure which surrounds the conical functional part, where the addi-
tional elastomer volume, which is connected directly to the conical elastomer layer of the

functional part, can be compressed or decompressed by means of a metal bolt which can be

moved via a magnet coill.

Fig. 7 shows a specific embodiment of a damping eilement according to the inven-
tion, where the additional elastomer volume (1.5) here represents part of the elastomer layer

(1.2), and thus likewise participates in the push deformation occurring on the functional part.

Fig. 8: shows an elastomeric bushing for an axle (26) in which the elastomer volume

(28) is connected to an additional elastomer volume (23) outside the elastomer bushing in the

housing (22).
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Fig. 9: shows a temperature-compensatable damper according to the invention which

has discs (29), all or some of which have bevels (30), with which displaced elastomer mate-

rial from (1.2), (2.1) and/or (1.1) can be in contact, or can fill the space formed by the bevels.

Brief description of the reference numerals used:

© 0 N o 0 &~ W

10.
11.
12.

13.

14.
15.
16.
17.
18.

Functional part 1

1.1 additional elastomer volume

1.2 rubber layer / silicone layer / polyurethane layer
1.3 core

1.4 outer part with elastomer reserve

Functional part 2
2.1 rubber layer / silicone layer / polyurethane layer
2.2 core

2.3 outer part

Damper mass

Component to be damped
Adapter

Damper mass attachment screw
Setting screw

Fine adjustment setting screw

Forcing screw

Damper attachment screw

Separate pressure container

Supply line

Additional elastomer volume (outside functional part)
alternatively: liquid or gas as filling medium
Pressure ring

Shut-off valve

Supply line

Manometer

Spring
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19.
20.
21.
22.
23.
24.
295.
20.
21.
28.
29.
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Electrical magnet coll
Magnet coil current connection
Metal bolt

Housing

Additional elastomer volume in housing
Inside metal sheeting of bushing

Outside metal sheeting of bushing

Axle

Connecting holes in outside metal sheeting
Elastomer layer of bushing

Disc with bevel

PCT/EP2012/002895
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Patent Claims:

Temperature-compensatable damping element (1) which is suitable for the tempera-
ture-independent reduction of vibrations, essentially consisting of a fixed, non-elastic
outer part (1.4) and a fixed, non-elastic inner part (1.3), which is inserted fully or partly
with a good fit into a correspondingly shaped cut-out or opening of the outer part, where
outer and inner parts have contact surfaces which are connected to one another by an
elastic layer (1.2) which consists of an elastomer material and which is or can be pre-

tensioned with respect to a desired frequency by tensioning means, characterised in

that the elastic layer (1.2) responsible for the vibration damping is connected directly at

one or more points to an additional elastic volume (1.1), where the additional elastic
volume (1.1) is 5 to 100 times the volume of the elastic layer (1.2), and has the effect

that the excitation frequency of the damping element changes by a maximum of 10 —

20% in the case of a temperature change in a temperature range between -20°C and

+50°C.

Damping element according to Claim 1, characterised in that the elastic volume (1.1) Is

5 to 25 times or 10 — 20 times the volume of the elastic layer (1.2).

Damping element according to Claim (1) or (2), characterised in that the contact sur-
faces of the outer and inner parts are conical-planar, cylindrical-planar, spherical or

convex or concave, and the elastic layer (1.2) has a corresponding shape.

Damping element according to one of Claims 1 — 3, characterised in that the additional

elastic volume (1.1) is accommodated in the outer part (1.4).

Damping element according to one of Claims 1 — 3, characterised in that the additional

elastic volume (1.1) is accommodated in the inner part (1.3).

Damping element according to one of Claims 1 — 3, characterised in that the additional

elastic volume (1.1) (13) is accommodated outside the damping element (1) and Is

connected to the elastomer layer (1.2) by connections (12).

Damping element according to one of Claims 1 — 3, characterised in that the additional

elastic volume (1.1) is part of the volume of the elastic layer (1.2) and is formed by cut-
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outs or cavities in the contact surfaces of the outer and inner parts (1.1) (1.3) of the

damping element.

Damping element according to one of Claims 1 -7, characterised in that the elastic vol-

ume (1.1) (13) is an elastomer material, a gas, a liquid, or a viscous material.

Damping element according to Claim 8, characterised in that the additional elastic vol-
ume has a temperature-dependent coefficient of expansion which is greater than the

coefficient of expansion of the elastomeric layer (1.2).

Damping element according to one of Claims 1 - 9, characterised in that additional

elastic volume (1.1) can additionally be compressed or decompressed by pressure

means.

Damping element according to Claim 10, characterised in that the pressure means

comprise one or more tensioning screws (3).

Damping element according to Claim 10, characterised in that the pressure means

comprise a metal bolt (18 — 21) operated by an electrical magnet coil.

Temperature-independent vibration damper comprising a damper mass (1) and at least

one damping element according to Claims 1 — 12.

Temperature-independent vibration damper according to Claim 13, characterised in
that it has two damping elements (1) and (2) according to Claims 1 — 12, where the two

damping elements are or can be tensioned against one another by tensioning means

(7).

Temperature-independent vibration damper according to Claim 14, characterised In

that the second damping element has no additional elastic volume (1.1) in the outer

and/or inner parts (2.3) (2.2).

Temperature-independent vibration damper according to one of Claims 13 — 15,
characterised in that the damping elements (1) (2) each have a conical planar or

spherical outer and inner part (1.4) (1.3) (2.2) (2.3).
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17. Temperature-independent vibration damper according to one of Claims 13 — 16,
characterised in that the additional volume (1.1) (13) of the damping elements (1) and
(2) together is 10 — 20 times larger than the volume of the elastomer layers (1.2) and
(2.1) together.

18. Use of a damping element according to Claims 1 — 12 or a vibration damper according
to Claims 13 — 17 for the reduction of vibrations in structures subjected to different tem-

peratures, in particular wind turbines.
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