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DESCRIPTION

Field of the Invention

[0001] The present invention relates to a vibration-damping support device, Iin particular a
vibration-damping support device used for a gearbox of a wind turbine generator.

Background of the Invention

[0002] As a clean and renewable energy source, wind energy has been widely recognized In
various countries around the world. Wind generation is a procedure of conversion of the kinetic
energy of wind Into electricity. The use of wind power Is environmentally friendly, and the
amount of electricity that can be generated is enormous. With the development trend of large-
scale and offshore wind power, megawatt-class high-power wind turbine generator will become
dominant in the international market.

[0003] When blades of the wind turbine rotate and swing, the hub thereof will transmit a large
force to various transmission components of the wind turbine generator, causing vibration of
these components and generating noise. Therefore, the design of the vibration-damping
system for each component is particularly important. In order to ensure stable operations of
various components in the drive system of the wind turbine generator, and to reduce the
vibration and noise generated by the system's operation as much as possible, it Is necessary
to adopt corresponding measures for vibration and noise reduction. Among others, the
vibration reduction of the gearbox s particularly important, for which a proper vibration-
damping support must be provided. In order to dampen the torsion moment transmitted from
the main shaft to the gearbox, the vibration-damping support structure of the gearbox should
provide a large load-bearing capacity when a large load Is reversed.

[0004] CN103075461B discloses a vibration-damping support device for a gearbox of a wind
turbine generator, the device being mounted on both sides of the gearbox of the wind turbine
generator. An upper end of the vibration-damping support device i1s connected to an extension
arm of the gear box of the wind turbine generator, and a lower end thereof Is connected to a
main frame. Similar to other vibration-damping support devices in the prior arts, the stiffness
value of this vibration-damping support device I1s approximately a constant value, which iIs
generally kept unchanged. However, In the case where the stiffness of an elastic support
device I1s constant, when it Is subjected to a large load, it can be concluded, based on related
formula, that the deformation of the elastic support device will be particularly large. This large
deformation will result in large oscillations of the components to be dampened, so that rigid
collisions may occur at some locations. At the same time, the rubber parts are also easily
damaged. Therefore, In the field, it is desirable that the stiffness value of the vibration-damping
support device can be varied, so as to provide, for example, better vibration damping effect,
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and also protect the components to be dampened and the vibration-damping support device.

[0005] CN103363005A discloses a tapered vibration damper with adjustable rigidity, which
Includes a base, a stiffness adjusting device, an elastic member, and a height adjusting device.
Among others, the stiffness adjusting device Includes a slider, an adjusting bolt, a top block,
and a spring. In this tapered vibration damper, the adjustment of stiffness Is achieved
essentially through an additional stiffness adjustment device. However, this stiffness adjusting
device I1s complicated In structure, occupies a certain amount of installation space, and also
Increases the costs.

[0006] US-A-2722391 discloses a core assembly for an engine mount including a stem having
means at one end for attachment to an engine support, spaced parallel flanges on said stem,
cushion elements bonded to opposite sides of each flange, and end plates bonded to the
cushion elements in substantially parallel relation to the flanges, the stem on which the flanges
are positioned being separable between the flanges to form two stem portions with a flange on
each portion.

[0007] EP-A1-1136719 discloses a hydraulic damping device including a damper element
arranged In a viscous fluid cavity and secured to a driving element. The outer outline of the
damper element tapers from a base, located beside one axial end of the damper, to an apex
located adjacent to the sets of plane vanes.

[0008] WO-A1-9401695 discloses a power-transmitting spring element having end plates and
a substantially cylindrical elastomer body inserted between the end plate surfaces facing one
another. A number of spaced-apart annular elements are inserted in and connected to the
elastomer body. An intermediate ring, whose two opposite surfaces are concave, IS inserted
centrally in the elastomer body:.

summary of the Invention

[0009] In view of the above problems, the present invention aims to provide a vibration-
damping support device, which can achieve a variable adjustment on stiffness. The vibration-
damping support device can be particularly used for reducing the vibration of a gearbox of a
wind turbine generator.

[0010] According to the present invention, a vibration-damping support device according to
claim 1 is provided.

[0011] In an embodiment, the vibration-damping support device includes a housing, and a
core shaft having one end passing through the housing to connect with a vibration source. The
vibration-damping support device further includes two elastic members arranged within the
housing and spaced apart from each other. Each elastic member includes an inner hole, with
which it can be mounted on the core shaft. Each elastic member includes an elastic rubber
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body, and a plurality of metal plates that are embedded in the elastic rubber body and parallel
to each other. The elastic rubber body extends beyond the metal plates in a radial direction.

[0012] In an embodiment, in a region of the elastic member toward the core shaft, the elastic
rubber body extends beyond the metal plates in a radially inner direction.

[0013] In an embodiment, the inner hole of the elastic member i1s configured to have a variable
diameter.

[0014] In an embodiment not according to the invention, the inner hole of the elastic member
Includes a first portion having a constant diameter and arranged at one end of the elastic
member, and a second portion having a diameter that is gradually increased toward the other
end thereof.

[0015] In an embodiment, the inner hole of the elastic member has a minimized diameter at an
axial central position of the elastic member, and a diameter that i1s gradually increased In a
direction from the axial central region to each axial end of the elastic member.

[0016] In an embodiment, the inner hole of the elastic member includes a first portion having a
constant diameter at a middle region of the elastic member, and two second portions each
extending from an end of the first portion to a corresponding axial end of the elastic member
and having a diameter that is linearly increased toward the axial end of the elastic member.

[0017] In an embodiment, he inner hole of the elastic member includes a first portion arranged
at a middle region of the elastic member, and two second portions each extending from an end
of the first portion to a corresponding axial end of the elastic member and having a diameter
that Is linearly increased toward the axial end of the elastic member, wherein the first portion
has an elliptic cross-sectional shape.

[0018] In an embodiment, in a region of the elastic member far away from the core shaft, the
elastic rubber body extends beyond the metal plates in a radially outer direction.

[0019] In an embodiment, two outermost metal plates of said plurality of metal plates extend
beyond other metal plates in the radially outer direction.

[0020] In an embodiment, the elastic rubber body has a constant outer diameter.

[0021] In an embodiment, the elastic rubber body has a minimized outer diameter at each of
its axial ends, and a maximized outer diameter at it axially central position.

[0022] In an embodiment, the elastic rubber body has an outer profile of an arcuate shape.

[0023] In an embodiment, the elastic rubber body has an outer profile, including a central
portion, which 1s arranged at a central region of the elastic rubber body and has a constant
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outer diameter, and two end portions that each have a linearly reduced outer diameter.

[0024] In an embodiment, a minimized distance between the elastic rubber body and the core
shaft is in a range of 0 to 30 mm.

[0025] In an embodiment, the elastic members are each configured as a conical spring, and
have opposite tapering directions. And the core shaft includes a shoulder, which has two
Inclined side faces for mounting the conical springs respectively.

[0026] In an embodiment, each metal plate has a generally Z-shaped structure, including a
conical portion arranged at a middle region thereof and two flat portions at both ends thereof.

[0027] In an embodiment, the vibration source is a gearbox of a wind turbine generator.

Brief Description of the Drawings

[0028] The present invention will be explained in more detail with reference to embodiments
and accompanying drawings, in which:

Fig. 1 schematically shows the structure of a vibration-damping support device according to
the present invention;

Fig. 2 schematically shows the structure of an elastic member of a first embodiment of the
vibration-damping support device not according to the present invention;

Fig. 3 schematically shows the state of the elastic member according to the first embodiment
before a core shaft 1s exerted with a force;

Fig. 4 schematically shows the state of the elastic member according to the first embodiment
after the core shaft is exerted with the force;

Fig. 5 schematically shows the structure of an elastic member of a second embodiment of the
vibration-damping support device according to the present invention;

Fig. 6 schematically shows the structure of an elastic member of a third embodiment of the
vibration-damping support device according to the present invention;

Fig. 7 schematically shows the structure of an elastic member of a fourth embodiment of the
vibration-damping support device according to the present invention;

Fig. 8 schematically shows the structure of an elastic member of a fifth embodiment of the
vibration-damping support device according to the present invention;

Fig. 9 schematically shows the state of the elastic member according to the fifth embodiment
after the core shaft is exerted with the force; and
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Fig. 10 schematically shows the structure of an elastic member of a sixth embodiment of the
vibration-damping support device according to the present invention.

Detailed Description of the Embodiments

[0029] The present invention will be further described with reference to the accompanying
drawings and specific embodiments. It should be noted that the directional terms, such as
"upper”, "lower”, "right", "left", "outer”, "Inner" or the like, used Iin the context are all provided
with reference to the relevant drawings. These terms are not intended to define the absolute

positions of any components associated, but can be changed based on actual condition.

[0030] Fig. 1 schematically shows the whole structure of a vibration-damping support device
100 according to the present invention. The vibration-damping support device 100 can be
particularly used for vibration reduction for a gearbox of a wind turbine generator. As shown In
Fig. 1, the vibration-damping support device 100 includes a housing, which, in the embodiment
as shown, consists of an upper housing 10 and a lower housing 20. The upper housing 10 and
the lower housing 20 are both provided with a plurality of semi-open rounded grooves 12 and
22, which are arranged at the outer peripheral edges of the upper housing 10 and the lower
housing 20, respectively, In a round. The rounded grooves 12 and 22 are arranged to align
with each other, so that bolts (not shown) can pass through respective rounded grooves 12
and 22 to connect the upper housing 10 with the lower housing 20 together. In this manner, the
upper housing 10 and the lower housing 20 collectively define a complete, closed space. It
could be readily understood by one skilled in the art that a one-piece housing also falls within
the scope of protection of the present invention.

[0031] The vibration-damping support device 100 further includes a core shaft 30, which
passes through an opening 11 arranged at a top part of the upper housing 10 to protrude
outwardly. An upper end of the core shaft 30 is connected with a ring flange 40, via which the
core shaft 30 is experienced with a torsion moment from a vibration source, such as the
gearbox of the wind turbine generator. The core shaft 30 Is provided with a shoulder 31 In a

portion located within the housing, and two incline surfaces are formed at both sides of the
shoulder 31.

[0032] Two elastic members 50 are arranged In the space defined by the upper housing 10
and the lower housing 20, one above another. The elastic members 50 are both configured as
tapered springs, the tapering directions thereof being opposite to each other. Specifically, the
upper elastic member 50 Is tapered In size upwardly toward the axially outer direction of the
upper housing 10 while the lower elastic member 50 is tapered In size downwardly toward the
axially outer direction of the lower housing 20, and the two elastic members 50 are arranged
on said two incline surfaces formed at both sides of the shoulder 31. Each of the two elastic
members 50 Is formed by an elastic rubber body embedded with a metal skeleton therein. In
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the following, reference will be made to the upper elastic member 50 for illustration.

[0033] Fig. 2 shows the elastic member 50 of the vibration-damping support device 100
according to a first embodiment. The elastic member 50 includes an elastic rubber body 351,
which 1s generally tapered in shape, and a plurality of metal plates 52 embedded in the elastic
rubber body 51 as the skeleton. These metal plates 52 are preferably arranged parallel to
each other. The elastic member 50 further has an inner hole 55, through which the core shaft
30 passes. In other words, the elastic member 50 Is mounted on the core shaft 30 by means of
the inner hole 55. It should be understood that although the term "elastic rubber body" Is used
here for convenience, elastic members made of other materials can be also suitably used In
the present invention. Moreover, the specific structure and material for the metal plate can be
readily selected by one skilled in the art based on actual needs.

[0034] In the prior arts, the elastic rubber body 51 Is configured to be located within the metal
plates 52 in a radial direction. For example, as shown In Fig. 2, in a radially outer area, 1.e., an
area far away from the inner hole 595, of the elastic rubber body 51, the elastic rubber body 51
IS arranged Inside the metal plates 52; that Is, the elastic rubber body 51 i1s configured to
retract inwardly in the radial direction with respect to the metal plates 52. In other words, In the
radially outer area of the elastic rubber body 51, the metal plates 52 protrude outwardly in the
radial direction with respect to the elastic rubber body 51. Similarly, in the prior arts, In a
radially inner area, I.e., an area adjacent to the inner hole 55, of the elastic rubber body 51, the
elastic rubber body 51 Is also arranged inside the metal plates 52 (not shown In Fig. 2); that is,
the elastic rubber body 51 Is configured to retract outwardly in the radial direction with respect
to the metal plates 52. In other words, In the radially inner area of the elastic rubber body 51,
the metal plates 52 protrude inwardly in the radial direction with respect to the elastic rubber
body 51. Accordingly, In the prior arts, the inner hole 55 of the elastic member 50 has a
generally constant inner diameter which is defined by the metal plates 52.

[0035] According to the present embodiment, in the radially outer area, 1.e., the area far away
from the inner hole 55, of the elastic rubber body 51, the elastic rubber body 51 is still
arranged Inside the metal plates 52; that is, the elastic rubber body 51 Is configured to retract
iInwardly in the radial direction with respect to the metal plates 52. However, in the radially inner
area, l.e., the area adjacent to the inner hole 55, of the elastic rubber body 51, the elastic
rubber body 51 Is located beyond the metal plates 52 (as shown In Fig. 2); that is, the elastic
rubber body 51 extends beyond the metal plates 52 in the radial direction toward the inner hole
55. That means, the elastic rubber body 51 Is configured to bulge Iinwardly in the radial
direction with respect to the metal plates 52. In other words, the elastic rubber body 51 iIs
configured to be arranged nearer to the core shaft 30 than the metal plates 52. Therefore,
according to the present invention, the inner hole 55 of the elastic member 50 has an inner
diameter which Is defined by the inner side of the elastic rubber body 51. The Iinner diameter is
preferably variable.

[0036] According to one embodiment of the present invention, the smallest distance between
the elastic rubber body 51 and the core shaft 30 is set in a range of 0-30 mm. Preferably, the
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smallest distance between the elastic rubber body 51 and the core shaft 30 is set in a range of
0-10 mm.

[0037] Figs. 3 and 4 schematically show the states of the elastic member 50 of the vibration-
damping support device 100 according to the first embodiment before and after the core shaft
30 I1s exerted with a force to experience a movement. As shown In Fig. 3, before the core shaft
30 1s exerted with a force, the two elastic members 50 are mounted on the core shaft 30, and
the elastic rubber bodies 51 of the two elastic members 50 extend beyond the metal plates 52
In the areas thereof adjacent to the core shaft 30, thus each forming a slightly swelling shape.
As shown In Fig. 4, when the core shaft 30 I1s exerted with a force, such as a downward force
(as shown by the arrow of Fig. 4), the lower elastic member 50 will withstand a load, so that the
elastic rubber body 51 of the lower elastic member 50 will bulge toward the core shaft 30 more
significantly. VWhen the lower elastic member 50 withstands an extreme load, the bulged portion
of the elastic rubber body 51 thereof will start to contact with the core shaft 30, so that the core
shaft 30 will restrict the deformation of the rubber. Under such circumstances, the stiffness of
the elastic rubber body 51 will be increased gradually. Moreover, as the load Is increasing, the
amplitude of the stiffness increase will be larger.

[0038] Similarly, it is readily understood that when the core shaft 30 I1s exerted with an upward
force, the upper elastic member 50 will withstand a load, so that the elastic rubber body 51 of
the upper elastic member 50 will bulge toward the core shaft 30 more significantly. Vwhen the
upper elastic member 50 withstands an extreme load, the bulged portion of the elastic rubber
body 51 thereof will start to contact with the core shaft 30, so that the core shaft 30 will restrict
the deformation of the rubber. Under such circumstances, the stiffness of the elastic rubber
body 51 of the upper elastic member 50 will be increased gradually. Moreover, as the load Is

Increasing, the amplitude of the stiffness increase will be larger.

[0039] Accordingly, when the core shaft 30 I1s exerted with a force to move up and down, the
elastic rubber body 51 of the upper or lower elastic member 50 will bulge inwardly to contact
with the core shaft 30. Thus the deformation of the elastic rubber body will be restricted by the
core shaft 30, causing the stiffness thereof being changed significantly. In this way, the
vibration-damping support device 100 will be endowed with a variable stiffness. Compared with
the prior arts, the vibration-damping support device 100 according to the present invention Is
dispensed with an additional stiffness adjusting device, and Iin the meantime, has a simple
structure and saves the costs and precious mounting space.

[0040] The vibration-damping support device 100 according to the present invention will have
a relatively low stiffness under normal working load, thus ensuring its vibration-damping
capability. By contrast, when the vibration-damping support device 100 suffers with an
abnormally large load, the stiffness of the vibration-damping support device 100 will be
Increased sharply, thus achieving the purposes of reducing the dynamic deformation and

ensuring safe operation of the component to be dampened.

[0041] According to the present invention, the inner hole 55 of the elastic member 50 is
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defined by the inner side of the elastic rubber body 51. In the embodiment shown In Fig. 2, the
Inner hole 55 of the elastic member 50 includes a first portion 56 which Is located at one end
and has a constant diameter, and a second portion 57 having a diameter which Is increased
gradually along a direction toward the other end. The second portion 57 having a gradually
Increased diameter is preferably arranged at a side of the elastic member 50 having a larger
diameter. The diameter can be gradually increased in a curved manner, or in a linear manner.

[0042] According to the embodiment as shown In Fig. 2, when the elastic rubber body 51 Is
deformed to bulge out, the linear, first portion 56 will contact with the core shaft 30 as a whole
simultaneously. When the component to be dampened suffers a large load, rigid collision would
be generated at some portions thereof, which is particularly advantageous for the embodiment
as shown in Fig. 2. In particular, when the load is increased to a certain value, the stiffness of
the vibration-damping support device will experience a sudden change; that is, the stiffness will
be Increased many times Instantaneously. Therefore, the displacement of the vibration-
damping support device will be kept constant, generating an effect similar to "emergency
braking”. This can advantageously protect the component to be dampened and the vibration-
damping support device.

[0043] According to the present invention, the metal plate 52 of the elastic member 50 iIs
configured to have a Z-shaped structure, as shown in Fig. 2. Specifically, the metal plate 52 of
the Z-shaped structure includes a conical portion arranged in a middle part thereof, and two
flat portions each arranged at an end thereof. The elastic member 50 having the Z-shaped
metal plates 52 I1s similar to the elastic member having ordinary conical plates, both possessing
a certain lateral stiffness. However, the former presents improved properties on rubber stress
and metal stress than the latter. The ordinary conical plate has a smaller opening formed at
each end thereof, which would negatively influence on the rubber deformation under load. In
addition, the internal stress generated when the rubber is deformed would easily render the
metal plates arranged at both ends of the elastic member in fatigue. By contrast, when several
iIdentical Z-shaped metal plates are stacked together, a larger opening could be formed at
each end of the elastic member 50. This would beneficial for the deformation of rubber and the
release of stress under load.

[0044] Fig. 5 shows a second embodiment of the elastic member according to the present
Invention. In this embodiment, the inner hole 155 of the elastic member 150 has a minimized

diameter at an axial central position thereof, and a gradually increased diameter along a
direction toward each axial end thereof. That is, the inner hole 155 of the elastic member 150
has an arcuate cross-sectional shape.

[0045] According to the embodiment as shown In Fig. 5, when the elastic rubber body 51 Is
deformed to bulge out, the linear, the elastic rubber body 51 will firstly contact with the core
shaft 30 at its axial central position, and then gradually contact with the core shaft 30 along the
directions from the central position to both ends. This is different from the simultaneous contact
In the embodiment of Fig. 5. According to the embodiment as shown In Fig. 5, when the load Is
heavy, the stiffness of the vibration-damping support device will be changed gradually.
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Therefore, In this case the vibration-damping support device will still present a certain
vibration-damping property, generating an effect similar to "point braking”. This can also

advantageously protect the component to be dampened and the vibration-damping support
device.

[0046] Fig. 6 shows a third embodiment of the elastic member according to the present
Invention. In this embodiment, the inner hole 255 of the elastic member 250 has a first portion
256 having a constant diameter at its axial central region, and two second portions 25/ each
extending from a corresponding end of the first portion 256 and having a linearly increased
diameter along a direction toward an axial end of the elastic member 250. Therefore, the first
portion 256 1s shaped as a cylinder, while each of the second portions 257 1s shaped as a
frustum. That is, the inner hole 155 of the elastic member 150 has a cross-sectional shape of a

combination of several linear segments. The embodiment according to Fig. 6 can achieve
similar effect as that according to Fig. 2.

[0047] Fig. 7 shows a fourth embodiment of the elastic member according to the present
iInvention. In this embodiment, the inner hole 355 of the elastic member 350 has a first portion
356 arranged at its axial central region, and two second portions 357 each extending from a
corresponding end of the first portion 356 and having a linearly increased diameter along a
direction toward an axial end of the elastic member 350. The first portion 356 of the inner hole
355 of the elastic member 350 has a cross-sectional shape of an elliptic surface, while each of
the second portions 357 has a cross-sectional shape of a frustum. The embodiment according
to Fig. 7 can achieve similar effect as that according to Fig. 5.

[0048] Through selecting the shape of the inner hole of the elastic member according to Figs.
2 and 5-7/, the elastic member can have different changing trends of stiffness, thus can
satisfying different requirements for different applications. The specific structure to be adopted
can be dependent on the balance between the requirement on the displacement and that on

the vibration dampening property for the wind turbine generator. It can be designed by one
skilled in the art based on actual needs.

[0049] Fig. 8 schematically shows the structure of a vibration-damping support device 500
according to a fifth embodiment of the present invention. According to this embodiment, in the
radially outer area, I1.e., the area far away from the core shaft 530, of the elastic rubber body
551 of the elastic member 550 of the vibration-damping support device 500, the elastic rubber
body 551 Is located beyond the metal plates 552; that 1s, the elastic rubber body 551 Is
configured to extend outwardly in the radial direction with respect to the metal plates 552. That
means, the elastic rubber body 551 Is configured to bulge outwardly in the radial direction. In
other words, the elastic rubber body 551 Is configured to be arranged nearer to the inner wall
515 of the housing 510 than the metal plates 52. Therefore, according to this embodiment, the
outer profile of the elastic member 550 has an outer diameter which iIs defined by the outer
side of the elastic rubber body 551. The outer diameter can be constant or variable.

[0050] According to one example of the present invention, the smallest distance between the
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elastic rubber body 551 and the inner wall 515 of the housing 510 is set in a range of 0-30 mm.
Preferably, the smallest distance between the elastic rubber body 551 and the inner wall 515 of
the housing 510 is set in a range of 0-10 mm.

[0051] Fig. 9 schematically show the state of the elastic member 550 of the vibration-damping
support device 500 according to the fifth embodiment of the present invention after the core
shaft 530 Is exerted with a force to experience a movement. As shown In Fig. 9, when the core
shaft 530 Is exerted with a force, such as a downward force (as shown by the arrow of Fig. 9),
the lower elastic member 550 will withstand a load, so that the elastic rubber body 551 of the
lower elastic member 550 will bulge toward the lower housing more significantly. WWhen the
lower elastic member 550 withstands an extreme load, the bulged portion of the elastic rubber
body 551 thereof will start to contact with the lower housing, so that the lower housing will
restrict the deformation of the rubber. Under such circumstances, the stiffness of the elastic
rubber body 551 will be Iincreased gradually. Moreover, as the load is increasing, the amplitude
of the stiffness increase will be larger.

[0052] Similarly, it i1s readily understood that when the core shaft 530 is exerted with an upward
force, the upper elastic member 550 will withstand a load, so that the elastic rubber body 551
of the upper elastic member 550 will bulge toward the upper housing more significantly. VWWhen
the upper elastic member 550 withstands an extreme load, the bulged portion of the elastic
rubber body 551 thereof will start to contact with the upper housing, so that the upper housing
will restrict the deformation of the rubber. Under such circumstances, the stiffness of the elastic
rubber body 551 of the upper elastic member 550 will be increased gradually. Moreover, as the
load Is Increasing, the amplitude of the stiffness increase will be larger.

[0053] Accordingly, when the core shaft 530 Is exerted with a force to move up and down, the
elastic rubber body 551 of the upper or lower elastic member 550 will bulge inwardly to contact
with the upper housing or the lower housing of the housing 510. Thus the deformation of the
elastic rubber body will be restricted by the housing 510, causing the stiffness thereof being
changed significantly. In this way, the vibration-damping support device 500 will be endowed
with a variable stiffness. Compared with the prior arts, the vibration-damping support device
500 according to the present invention Is dispensed with an additional stiffness adjusting
device, and In the meantime, has a simple structure and saves the costs and precious
mounting space.

[0054] The vibration-damping support device 500 according to the present invention will have
a relatively low stiffness under normal working load, thus ensuring its vibration-damping
capability. By contrast, when the vibration-damping support device 500 suffers with an
abnormally large load, the stiffness of the vibration-damping support device 100 will be
Increased sharply, thus achieving the purposes of reducing the dynamic deformation and
ensuring safe operation of the component to be dampened.

[0055] Obviously, as an addition, the radially inner region of the elastic rubber body 551
according to the fitth embodiment can have a similar structure as any one of those according
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to the first to the fourth embodiments.

[0056] Fig. 10 schematically shows the structure of a vibration-damping support device 600
according to a sixth embodiment of the present invention. In this embodiment, the elastic
member 650 includes a total of five metal plates 652, consisting of two outermost metal plates
653 (l1.e., the uppermost one and the lowermost one) and three middle metal plates 654.

[0057] According to this embodiment, the outer profile of the elastic member 650 has an
approximately constant outer diameter, which 1s defined by the elastic rubber body 651 and
slightly larger than the diameter of said two outermost metal plates 653. Therefore, said two
outermost metal plates 653 of the elastic member 650 extend beyond the middle metal plates
654 In an outer radially direction. That means, the middle metal plates 654 are each slightly
shorter than said two outermost metal plates 653.

[0058] According to the embodiment as shown In Fig. 10, when the elastic rubber body 651 Is
deformed to bulge out, the linear, it will contact with the core shaft 630 as a whole
simultaneously. When the component to be dampened suffers a large load, rigid collision would
be generated at some portions thereof, which iIs particularly advantageous. In particular, when
the load Is increased to a certain value, the stiffness of the vibration-damping support device
will experience a sudden change; that iIs, the stiffness will be Increased many times
Instantaneously. Therefore, the displacement of the vibration-damping support device will be
kept constant, generating an effect similar to "emergency braking”. This can advantageously
protect the component to be dampened and the vibration-damping support device.

[0059] According to an embodiment not shown, the outer profile of the elastic rubber body can
be configured to consist of three linear segments. That is to say, the outer profile of the elastic
rubber body Iincludes a central portion which Is located at the axially central region of the
elastic rubber body and has a constant outer diameter, and two end portions that are located

at both ends and each have an outer diameter gradually reduced. It can also achieve similar
technical advantages.

[0060] The vibration-damping support device according to the present invention can be
particularly used for reducing the vibration of a gearbox of a wind turbine generator. However,
it can be readily understood that the vibration-damping support device according to the present
Invention can be also used in other applications which need vibration reduction.

[0061] Although the present invention has been described with reference to preferred
embodiments, various modifications and variants to the present invention may be made by
anyone skilled in the art, without departing from the scope of the present invention. In
particular, as long as there i1s no structural conflict, the respective technical features mentioned
In various embodiments may be combined with one another in any manner. The present
Invention is not limited to the specific embodiments disclosed herein, but rather includes all the
technical solutions falling within the scope of the claims.
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Patentkrav

1. Vibrationsdaampende statteindretning (100), indbefattende:

et hus (10, 20);

en kerneaksel (30), der har en ende, der gar ind igennem huset (10, 20) med
henblik pa forbindelse med en vibrationskilde; og

to elastiske elementer (50; 150; 250; 350), der er anbragt inden | huset (10,
20) og anbragt | afstand fra hinanden, hvor hvert elastisk element (50; 150;
250; 350) indbefatter et indvendigt hul (55; 155; 255; 355), med hvilket det kan
monteres pa kerneakslen (30), hvor hvert elastisk element (55; 155; 255; 355)
Indbefatter et elastisk gummielement (51), og en flerhed af metalplader (52),
som er indlejret | det elastiske gummielement (51) og parallelt med hinanden,
hvor det elastiske gummielement (51) straekker sig ud over metalpladerne (52)
| en radial retning; hvor det elastiske gummielement (51) i et omrade ved det
elastiske element (50; 150; 250; 350) mod kerneakslen (30) straekker sig ud
over metalpladerne (52) 1 en radialt indvendig retning, og det indvendige hul
(55; 155; 255; 355) af det elastiske element (50; 150; 250; 350) er udformet til
at have en variabel diameter, kendetegnet ved, at det indvendige hul (155) |
det elastiske element (150) har en minimeret diameter ved en aksial central
position af det elastiske element (150), og en diameter, som er gradvist @get |
en retning fra det aksiale centrale omrade til hver aksial ende af det elastiske
element (150).

2. Vibrationsdeempende statteindretning ifelge krav 1, kendetegnet ved, at
det iIndvendige hul (255) | det elastiske element (250) indbefatter et farste af-
snit (256), som har en konstant diameter ved et midteromrade af det elastiske
element (250), og to andre afsnit (257), der hver isaer straekker sig fra en ende
af det f@rste afsnit (256) til en tilsvarende aksial ende af det elastiske element
(250) og har en diameter, som er lineaert sget mod den aksiale ende af det
elastiske element (250).

3. Vibrationsdeempende statteindretning ifelge krav 1, kendetegnet ved, at
det Indvendige hul (355) | det elastiske element (350) indbefatter et farste af-
snit (356), som er anbragt ved et midteromrade af det elastiske element (350),
og to andre afsnit (357), der hver isaer straekker sig fra en ende af det farste
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afsnit (356) til en tilsvarende aksial ende af det elastiske element (350) og har
en diameter, som er lineaert aget mod den aksiale ende af det elastiske ele-
ment (350), hvor det farste afsnit (356) har en ellipseformet tvaersnitsform.

4. Vibrationsdaampende statteindretning ifalge et af kravene 1 til 3, kendeteg-
net ved, at en minimeret afstand mellem det elastiske gummielement (50) og
kerneakslen (30) ligger i et omrade fra O til 30 mm.

5. Vibrationsdaampende statteindretning ifalge et af kravene 1 til 4, kendeteg-
net ved, at de elastiske elementer (50) hver i1saer er udformet som en konisk
fleder og har modsatte tilspidsende retninger; og

kerneakslen (30) indbefatter en skulder (31), som har to skranende sideflader
til montering af hver af de koniske fjedere.

6. Vibrationsdaempende statteindretning ifalge et af kravene 1 til 5, kendeteg-
net ved, at vibrationskilden er en gearkasse af en vindmwllegenerator.
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