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Description

The invention is directed to a rotor bearing for an electrical machine, particularly to a disk arma-
ture generator for generating electrical energy from the rotational energy of a power installation
driven in rotation, preferably a turbine power installation, particularly a wind power installation,
comprising at least two stator components that are mutually offset axially along a generally
horizontal rotation axis of a disk armature, and comprising, mounted therebetween on a single
bearing so as to rotate about the rotation axis, at least one ring- or disk-shaped rotor assembly
of the disk armature, and to a wind power installation equipped in such manner.

In the prior art rotating installation parts and machine parts are often mounted by means of
bearings.

For example, in unexamined German patent application DE 10 2004 021 138 Al there is de-
scribed an electrical machine and its mounting in which the fixed bearing is implemented as two
deep groove ball bearings. In this type of design, the rotatable hollow shaft is mounted at two
different points, on a so-called "fixed bearing" and a so-called "loose bearing". However, a
multiple bearing of this kind is a relatively expensive way to deal with large rotating masses,
since in such cases the bearings must be of correspondingly massive construction and are there-

fore cost-intensive.

Particularly, in a wind power installation, the hollow shaft driven by the wind energy, which
hollow shaft is oriented along the main rotor axis, should be mounted to ensure that operation
is as frictionless as possible, so that the energy extracted from the motive force of the wind can
be transferred and converted with the lowest possible losses.

Thus, for example, unexamined patent application DE 10 2009 004 991 Al addresses the
mounting of the rotor of a wind power installation whose rotor points approximately in the wind
direction. The proposed mounting includes at least two annular, mutually concentric elements
for connection to oppositely rotatable system components of the wind power installation, specif-
ically to its rotor or to the hollow shaft of a gearbox coupled thereto, on the one hand, and to
the chassis of the gondola, on the other hand. The force of the wind preferably drives, via a
gear stage, a hollow shaft that is coupled to other components at the output end.
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The problem of mounting a rotating hollow shaft also arises in the context of electrical machines
used to convert rotational energy into electrical energy.

Thus, for example, DE 10 2007 037 842 Al discloses an electrical machine in the category of a
centrally mounted disk armature, configured as a disk armature having a stator and a disk-
shaped rotor. The stator in this case comprises at least one disk-shaped stator part disposed on
a holder and spaced apart from the rotor in the axial direction so as to interact magnetically with
the rotor across an air gap, wherein the rotor is mounted on a holder rotatably about its own
rotation axis. For connection on the input side, the generator has an input hollow shaft, but the
only way to connect this input hollow shaft to the hollow shaft of a gearbox, or the like, is by
butt flanging. Such a hollow shaft connection makes it impossible to position the generator and
a gear, or the like, closer together, since the hollow shaft connection would then be inaccessi-
ble. Since space is at a premium, particularly in wind power installations, such a generator
cannot be used advantageously in such facilities.

Another disk rotor generator for a wind power installation with an upstream planetary gear is
disclosed in US 2010/0225112 Al. WO 02/057624 A1l discloses a generator for a wind power
installation with a double-row angular contact bearing.

From the disadvantages of the prior art comes the problem initiating the invention: to create a
space-saving arrangement for the generator of a wind power installation that permits drive-side
coupling to a gear stage and conversion of the rotational energy into electrical energy with the
lowest possible losses.

This problem is solved by means of a disk armature generator for generating electrical energy
from the rotational energy of a driven power installation with the features of claim 1. Preferred
embodiments are disclosed in the dependent claims.

It has been proven that a bearing according to the invention is quite suitable for exactly guiding
the rotating disk armature, even despite considerable magnetic forces, i.e., for absorbing and
diverting any tilting moments that may occur, without allowing the disk armature to change its
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position or orientation in space, particularly in such a way that the air gaps between the mag-
netic rotor and the stator components interlinked with it vary appreciably.

To mount the rotor of an electrical machine at two mutually offset bearing locations between
which said rotor is located, a respective bearing can be present at each of these two bearing
locations, i.e., separated from each other by a length L in the longitudinal direction of the rotor
rotation axis. In such a case, with reference to a wind power installation, one of these bearings
is mounted on the gearbox side, i.e., facing the hub of the wind rotor, whereas the other one of
these bearings in such a case would be mounted on the tower side; the rotor element of the
electrical machine rotates between the two bearings as soon as the hollow shaft is driven. The
mounting for the electrical machine in this case is not necessarily the same as the mounting for
the driven hollow shaft. Such a two-part bearing must be dimensioned in such cases so that the
bearings are not statically destroyed by the magnetic force developed during the operation of
the energy machine.

This also applies to an arrangement with only one bearing location: in that case, as well, the
mounting for the rotor of the generator must be designed so that the entire generator assembly
can absorb the loads from the magnetic action produced by the operation of the generator
without any appreciable deformation of the rotor mounting due to the resulting magnetic forces.
At the same time, the generator assembly, according to the invention, lends itself to extremely
space-saving construction and can be an extremely compact unit. The number of components
required for this purpose can be reduced; in addition, the components can be extremely easily
accessible for corrections, repairs, retrofits. The mounting of the disk armature can be designed
to allow easy access for servicing. The components, particularly the disk armature, should be as
easy and quick to install as possible, in order to minimize the installation and servicing times
that installers and service technicians have to spend in the wind power installation.

The invention can be developed further in that a ring- or disk-shaped rotor assembly of the
generator has only one mounting, particularly a bearing. The electrical machine has, as a disk
armature, one or more ring- or disk-shaped rotor assembly(ies), particularly one or more disk-
shaped rotor assembly(ies), which during operation move(s) rotationally between respective first
and second stator components; this is (these are each) mounted rotatably about the main rotor

axis by means of a single mounting, particularly a bearing.



10

15

20

25

30

DK/EP 2671308 T3

A single bearing, particularly a double-row angular contact ball bearing, is sufficient to absorb
the weight of the mounted and rotating electrical machine disk(s) and the tilting moment caused
by it (or each of them).

If only one rotating electrical machine disk is used, then only a single bearing is necessary,
particularly a double-row angular-contact ball bearing. Due to the saving in space obtained by
eliminating the second bearing, the entire assembly is space-optimized and more compact than
the previous art. Also, fewer parts are needed owing to the elimination of the second bearing
location. This also leads to cost savings.

Eliminating one bearing location per disk-shaped rotor assembly makes it possible to save on
both material and space, and the number of rotary connections is reduced. This reduces the
complexity of installation and facilitates access to the gearbox-side bearing, which is especially
important, particularly in the case of wind power installations, since the components of the
generator assembly can be accessed only from the tower side during operation.

It is further advantageous that there are only a few locations that must be sealed against escap-
ing media such as, for example, oil, lubricant or grease. This yields the further advantage that
an installation according to the invention has fewer seal locations than has been the case in the
prior art.

As is known, seal locations are often weak points in rotating and long-life installations, since
leakage can occur if the sealing elements of rotary connections and/or bearings are untight.
Leaks in rotary connections lead, for example, to premature loss of lubricant, hence to less
lubrication than is necessary and thus, often, to bearing damage. The service life of an installa-
tion generally decreases if the bearings are damaged. If fewer seal locations are present overall,
this also means fewer locations that are susceptible to defects or failure.

By virtue of the arrangement according to the invention, particularly by virtue of the design of
the bearing, and the fact that the hollow shaft transporting the rotational energy passes through
the bearing, many elements of the arrangement are easily accessible from the tower side. In
particular, it is possible for service technicians to replace the existing tower-side seals during

routine-length maintenance visits without having to remove a bearing to do so. A major addi-
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tional advantage of using only one bearing for mounting the rotating electrical machine disk is
that there is no need to adjust several different bearings against one another. This saves time

on service and installation.

In a preferred embodiment of the invention, only one disk-shaped rotor assembly rotates be-
tween two stator components. However, it is conceivable without further measures for the
generator to include a plurality of such assemblies, each composed of a respective pair of stator
components and a rotor disposed therebetween, for example in order to increase the rated
power of the generator. Of course, the assembly, as a whole, would then take on larger dimen-
sions in the longitudinal direction of the rotation axis. Each ring- or disk-shaped rotor assembly
would then preferably be mounted rotatably about the main rotor axis on its own bearing. In a
further preferred configuration, each bearing in such an arrangement would be a double-row
angular contact ball bearing.

The invention further provides that a bearing that supports at least one ring- or disk-shaped
rotor assembly rotatably about the main rotor axis is implemented such that it is fixed to a
support structure of the generator. In the preferred embodiment, it is bolted directly to the
generator housing, or fixedly connected to another fixed element of the generator support. In
this case, this first bearing is always the only bearing in the wind power installation that sup-
ports a respective rotating rotor assembly of the electrical generator.

Further advantages are gained if the inner ring diameter of the bearing is greater by a distance
B than the outer diameter of an innermost hollow shaft or sleeve that passes through the gear-
box and/or the generator. In this way, the generator disk can be configured as ring-shaped,
rather than disk-shaped, thus saving on material, and the first bearing can be mounted as close
as possible to the stator components between which the disk-shaped rotor assembly moves in
rotation. This, in turn, means less tilting moment from the mounted disk-shaped rotor assembly,
as well as more bearing surface area there, i.e., more stable or uniform mounting of the mount-

ed disk, due to the larger diameter of the first bearing.

In a preferred embodiment of the invention, the distance B, and/or the distance C, is approxi-
mately between 20 and 30 cm. However, these distances B, C to the innermost hollow shaft, or
the hollow shaft of the gearbox, can also be selected as smaller, for example, approximately
only 1 cm or more, or up to 5 cm greater than that distance, or at least 30 cm, or at least 50 cm
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greater than that distance. If the bearing is to be still more robustly implemented, or if very
large disk-shaped rotor assemblies are to be supported, then it may be expedient to choose a
distance B and/or C of more than 50 cm and much greater, for example of 100 cm or more.

At least one ring- or disk-shaped rotor assembly of the generator is connected to one or more
elements that are directly or indirectly connected to the hollow shaft and are arranged rotatably
about the main axis. This connection can take the form of massive screw connections; however,
any other common type of massive, rotationally fixed form-locking or force-locking connections

would be conceivable.

Assuming the distances B, C specified above, it has proven particularly advantageous if the
coupling device between the gear hollow shaft and/or the generator input hollow shaft, on the
one hand, and a ring- or disk-shaped rotor element comprises at least one coupling disk and/or
at least one shaft ring. It is then contemplated that the rotation of the hollow shaft be transmit-
ted to, for example, a shaft ring, which is form-lockingly connected to the gear hollow shaft and
rotates along with the latter about the main rotor axis. At the same time, however, this shaft
ring is also form-lockingly connected to the coupled-on coupling disk. Both elements, the shaft
ring and the coupling disk, rotate about the main rotor axis during operation and are coupled in

a rotationally fixed manner to at least one or more connection element(s).

According to a preferred embodiment of the invention, the coupling of at least one ring- or disk-
shaped rotor assembly of the disk armature to the gearbox is implemented, not as rigid, but by
means of at least one preferably elastic force transmission device disposed inside the generator
SO as to be able to rotate about the rotation axis thereof.

Further advantages are gained by coupling at least one disk-shaped rotor assembly of the gen-
erator to one or more coupling and/or damping elements arranged rotatably about the main
axis. Such an arrangement according to the invention ensures that the axial loads from the
magnet are advantageously distributed symmetrically, and that exact rotation of the hollow
shaft is possible and no tilting occurs, since no tilting moment is developed.

In a configuration of this kind, the connection elements can be designed as elongated coupling

elements oriented parallel to the main rotor axis, each positioned about the main axis--for ex-
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ample, distributed annularly about the main rotor axis - and in particular can serve as massive
connectors, for instance as screws or bolts. For damping purposes, or also for tolerance equali-
zation during installation and, where appropriate, for purposes of more uniform force transmis-
sion, these connectors can be implemented in elastic material, particularly consisting of
elastomer-like or vulcanized-rubber-like or synthetic-rubber-like material. Alternatively - as, for
example, in the most advantageous embodiment - they can also consist of massive, metallic
material, or also of optimized hollow profile members that are sheathed in softer material for

damping purposes.

It is further within the teaching of the invention that in the case of a power installation with a
planetary gearbox and the sun gear centrally mounted therein, the gear hollow shaft and the
sun gear are coupled to each other in a rotationally fixed manner, or alternatively, form a single,

common part.

The mounting for the gear hollow shaft preferably is not located inside the gearbox itself, but
instead in the generator according to the invention, or at least in the transitional region between
the gearbox and the generator. That way, the full thickness of the planetary gears can be used
for tooth engagement with the toothed region of the sun gear. The latter has an axial prolonga-
tion that extends into the generator and is mounted there.

For this mounting, the invention also prefers one or more angular contact ball bearings, prefera-
bly a double-row angular contact ball bearing. It is not mandatory, of course, that just one
double-row angular contact ball bearing is provided; for example, two, for example single-row,
angular contact ball bearings could be used instead.

This bearing is preferably directly mechanically coupled to a hollow shaft driven from the gear
side or to a hollow shaft that drives the generator. It should be noted that the bearing in ques-
tion here is not the bearing mentioned earlier hereinabove, but another bearing. This second
bearing is coupled to the chassis, the housing of the gondola, or the housing of the gearbox or
generator, or to another part fixedly attached thereto. This can be done, for example, by directly
screwing or connecting the bearing to the part concerned, for example to a stationary part of
the gearbox; in the preferred embodiment of the invention, this second bearing is screwed to
the housing and/or to the planet gear carrier of a planetary gear driven by the rotor via a ring
gear. In a preferred configuration of the invention, a plurality of planetary gears is mounted to
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this planet gear carrier. In the latter case, the stationary part of the gearbox and/or of the
planet gear carrier of a planetary gearbox should be fixedly coupled or screwed to the tower or
the tower side of the wind power installation.

The invention further provides for equipping a wind power installation with a gearbox and a disk
armature generator. In this case, the wind wheel is set in rotation by wind energy which serves
as the drive source. From the hub of the wind wheel, the rotational energy extracted from the
wind is transmitted to a rotatable ring of the main rotor bearing. The outer ring of the latter is
preferably fixed to the tower of the wind power installation, whereas the hub is connected, for
example screwed, to its inner ring. In the preferred configuration of the invention, this simulta-
neously forms the ring gear of a connected planetary gearbox and drives a plurality of gear
elements, for example, planetary gear wheels. This drive energy is passed along the hollow
shaft toward the main axis according to the principle of gearing. In the most advantageous
configuration of the invention, this hollow shaft is integrated with, or connected to, the sun gear
of the gearbox. The axis of the sun gear and the main rotor axis therefore coincide.

Further features, details, advantages and effects based on the invention will emerge from the
following description of some preferred embodiments of the invention and by reference to the

drawings, wherein:

Fig. 1 is a vertical section through the gondola of a wind power installation along the main axis
of the rotor, with the tower and the wind wheel shown broken away;

Fig. 2 shows an enlarged detail from FIG. 1, with an exemplary mounting of the generator

rotor;

Fig. 3 shows an overall assembly according to the invention, with the generator and the gear-
box integrated therein, in perspective view;

Fig. 4 shows the overall assembly according to FIG. 3, in a vertical plane along the main rotor
axis, cut away and in perspective;



10

15

20

25

30

DK/EP 2671308 T3

Fig. 5 is an enlarged view of detail V of FIG. 4;

Fig. 6 is a detail view, corresponding to FIG. 5, of the overall assembly according to FIG. 3, but
from another perspective; and

Fig. 7 shows detail V from FIG. 4, with the section plane rotated in the plane of the drawing.

FIG. 1 illustrates the structure of a gondola 35 of a wind power installation 99 suitable for the

use of a disk armature generator according to the invention.

The drawing shows the top end of a tower 34, of circular cross section, on which the gondola 35
is mounted swivelably about a vertical tower axis 25, to effect yaw adjustment, by means of a
nacelle bearing 26 installed in a horizontally lying position. Whereas one ring of this nacelle
bearing 26 is fixed to the top side of the tower 34, the other ring can be swiveled about the

tower axis 25 by means of a drive (not shown).

Supported on the swivelable ring of the nacelle bearing 26 is a top plate or a frame 24 of a
support structure 29 that is able to pivot about the tower axis 25. This support structure 29
forms the inner sleeve of the gondola 35 and can be reached by maintenance personnel via an
elevator, a ladder 33, or a staircase in the tower 34, and through lateral hatch openings 37 in
the wall of the tower 34.

The inner sleeve or support structure 29 can have a wall 27, a base plate 32 with an opening for
the tower 34, and lateral wall plates, which connect the base plate 32, the wall 27 and the top
plate or frame 24 to one another, and thus serve to impart sufficient rigidity to the support
structure 29. At their respective opposite sides from the wall 27, the base plate 32, the lateral
wall plates and the top plate, or frame, 24 are prolonged to an approximately circular mouth
region 36.



10

15

20

25

30

DK/EP 2671308 T3

10

The entire space inside the support structure 29, behind the mouth region 36, is surrounded
externally by a fairing 28, which, for aerodynamic reasons, has a gently curved shape and is
designed to keep wind and weather out of the interior.

Located in front of the mouth region 36 is a wind wheel 23 per se, which has another degree of
freedom of movement, in addition to the azimuth swiveling of the gondola 35 and the tower axis
25, specifically that of rotation about a second axis, the so-called main rotor axis 17, which
extends in an approximately horizontal direction away from the tower axis 25 in the region of
the gondola 35. The wind wheel 23, for its part, comprises a hub 22, from which a plurality of
vanes or rotor blades 21 extend in approximately radial directions with respect to the main rotor
axis 17, and which, via blade bearings, can be mounted to the hub 22 rotatably about their

longitudinal axis.

The rotatable mounting of the hub 22 about the main rotor axis 17 and the capture of the
rotational energy can be effected by means of an assembly 20 that can include a number of
functional units, specifically a main or rotor bearing 4 per se, a gearbox 13, particularly a step-
up gearbox, and a generator 14.

In the embodiment shown, the generator 14 - viewed looking along the main rotor axis 17 - is

located between the gearbox 13 and the tower 34. Due to its basic design in the form of a disk
armature, the generator 14 has a generally disk-shaped construction, with two mutually facing
end sides by the main rotor axis 17; the end side facing the gearbox 13 will be designated the

gearbox side G and the end side facing the tower 34 the tower side T. The rotational energy is
fed into the generator 14 at the gearbox side G.

The assembly 20 is integrated into a common housing, which, however, can be composed of a
plurality of parts that can in particular be associated with the gearbox 13, on the one hand, and
with the generator 14, on the other hand, and can, for example, be connected to one another
via fastening means annularly disposed at the periphery. For this purpose, the various housing
parts comprise at their outer peripheries a plurality of bores extending parallel to the main rotor
axis 17, which are aligned with one another in pairs or threes, and together serve to accommo-
date the through-passage of screws, bolts or the like, by means of which the housing parts
concerned can be connected to one another and at the same time the assembly 20, as a whole,
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can be undislodgeably anchored, particularly tightly screwed, to the region 36 of the support
structure 29 set aside for this purpose.

The main bearing 4 is disposed in a housing region of the gearbox 13 facing the hub 22, and
comprises two mutually concentric rings, the outer ring of which is integrated with the housing
of the gearbox 13 and thus is connected rotationally fixedly to the gondola 35, whereas the
inner ring comprises a ring gear 16, toothed on its inner face, of the gearbox 13 configured as a
planetary gearbox. To connect the hub 22, provided in the ring gear 16 is a plurality of fastening
bores, for example, internally threaded blind bores, which are arranged annularly about the

main rotor axis 17.

A planet gear carrier 3 of the gearbox 13 is integrated with, or non-rotatably connected to, the
housing of the gearbox 13. Rotatably mounted to bearing bushings fastened to the latter is a
plurality of outwardly toothed planet gears 2, which mesh with the ring gear 16 on one side and
with a central, outwardly toothed sun gear 15 on the other side. The sun gear 15 is configured
as hollow, thus having a central opening through which, for example, the hub 22 is accessible.
Since the rotation axis of the sun gear 15 coincides with the main rotor axis 17, it is also aligned
with the axis of symmetry of the hub 22 of the wind wheel 23.

The side of the gearbox facing the hub 22 is not covered by the gearbox housing, but by a ring
disk that is rotationally fixedly connected to the ring gear 16; it can be configured as relatively
thin, since it does not perform any essential load-bearing function, but instead serves primarily
to seal off or encase the gearbox 13 with respect to the hub 22. This fairing thus rotates along
with the hub 22. This also applies to a central, hollow shaft 1 of this fairing, which prolongation
passes through the central opening in the sun gear 15 and extends, concentrically with the main
rotor axis 17, from the hub-side gearbox fairing rearwardly, i.e., toward the tower 34, specifical-
ly preferably through both the gearbox 13 and the generator 14. Consequently, the hollow shaft
1 also rotates only at the relatively slow rotation speed of the hub 22 and thus affords the
possibility of exactly determining and monitoring the hub rotation speed from inside the gondola
35, while the hub 22 can be inspected visually while the machinery is in motion, if the wind is
low, through the hollow space enclosed by the hollow shaft 1.

The side of the gearbox 13 facing the hub, and formed by the fairing rotating along with the

ring gear 16, constitutes the input side of the gearbox, while the opposite side of the gearbox,
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facing the tower 34, serves as its output side. There, the sun gear 15 of the gearbox 13 pro-
trudes through a central opening in the particular housing region integrated with the planet gear
carrier 3 and extends into the adjacent region of the generator 14, in order to transmit the
rotational energy from the gearbox 13 to the generator 14. In this region, the sun gear 15,
which is not mounted to the hollow shaft 1, is mounted to the housing of the gearbox 13, or to
the planet gear carrier 3 integrated therewith, or connected thereto, and/or to a local housing
portion of the generator 14. Because the particular bearing 12 of the gearbox 13 is relocated in
the generator 14, or at least into the transitional region between the gearbox 13 and the gener-
ator 14, the teeth of the sun gear 15 that mesh with the planet gears 2 can extend over the
entire thickness (parallel to the main rotor axis 17) of the planet gears 2.

The bearing 12 of the sun gear 15 serving as the hollow shaft of the gearbox 13 is preferably
configured as an angular contact ball bearing, for example as a double-row angular contact ball
bearing, particularly as a double-row angular contact ball bearing in an O arrangement, that is,
in which the contact axes of all the balls located in a common cross-sectional plane along the
main rotor axis 17 form a rhombus, in contrast to the so-called X arrangement of the ball con-
tact axes. The radially inwardly located raceways of this bearing 12 either can be disposed
directly on the prolongation of the sun gear 15, particularly machined thereinto, or can be dis-
posed in a separate inner ring of the bearing 12, which inner ring butts outwardly flush against
the sun gear 15, or against its prolongation extending in the axial direction into the gearbox 14!.
Meanwhile, the outer ring of the bearing 12 can be braced directly against a portion of the
housing of the gearbox 13 and/or generator 14. The outer ring can, for example, be screwed to
the disk-shaped planet gear carrier 3 and extend from there into the generator 14. Instead of
being screwed directly to the housing of the gearbox 13 or generator 14, the bearing 12 can be
fixedly connected to another fixed element of the generator support.

As depicted in the drawings, the diameter of the tower-side prolongation of the sun gear 15 is
smaller, in the illustrated embodiment, than the diameter of the sun gear 15 itself.

The prolongation of the sun gear 15 in the axial direction beyond the bearing 12, which prolon-
gation thus faces the tower 34, serves to feed the rotational energy into the generator 14 and,
for tapping the rotational energy, can also have at its outer radial periphery a set of teeth, or

other profiling suitable for torque transmission. Non-rotatably fixed thereto is the shaft ring 10,
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preferably having on its inner face a profiling that is complementary to the profiling of the sun
gear 15; in smaller installations, a slot and key connection can be used instead of a circumferen-
tial profiling. In any case, with the usual power ratings of professional power installations, a
form-locking connection between the shaft ring 10 and the sun gear 15 is preferred over a
friction-locking connection.

The shaft ring 10 can have a larger extent in the axial direction than in the radial direction, such
that its shape could be described as approximately disk-like. It is penetrated in the axial direc-
tion along its periphery by a plurality of openings in which damping elements 9 parallel to the
main rotor axis 17 are inserted and anchored. These preferably each carry, on their regions
projecting out of or protruding from, the shaft ring 10 a respective sleeve made of an elastic
material and having, for example, a cylindrical or barrel-shaped outer circumference. These
sleeves can be held in place, for example, by means of caps placed on the ends of the respec-
tive damping element 9 and fastened by means of screws.

Each of these sleeves engages in a respective opening in another disk 8 that partially overlaps in
the radial direction with the shaft ring 10, but has a larger outer diameter than the shaft ring
10.

This arrangement with the shaft ring 10, the damping elements 9, the sleeves, if any, encasing
the latter, and the disk 8 offers elasticity that can provide damping of impacts, particularly in the
event of jerky rotational movements, load changes or overloads, and thus furnishes some lati-
tude, particularly with respect to higher-frequency components of the rotational movement, and
consequently is intended to avert damage to the downstream portions of the installation or
generator 14.

The rotational energy is relayed, via the — damped - rotational movement, from the disk 8 to the
movable disk-shaped rotor assembly 5 of the disk armature generator 14. In the embodiment
shown, the disk-shaped rotor assembly 5 has an approximately p-shaped cross section, i.e., with
two mutually parallel legs connected to each other by a web, but with one of the two legs ex-
tending past the web, i.e., on both sides of the web. The two mutually parallel leg ends point
radially outward, whereas the third leg end extends radially inward, i.e., to the main rotor axis
17, where it can assume a course that runs parallel to the axis 17.
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The two mutually parallel, radially outward pointing legs of the cross section correspond to two
annular-disk-shaped regions with a groove-shaped space between them, which can accommo-
date magnets, preferably permanent magnets, whose magnetic fields are then linked to stator-
side components 6, 7 and induce voltages there when the disk-shaped rotor assembly 5 rotates
about the main rotor axis 17, which, when a load is connected drive a current through the
components 6, 7 and can thus be used to feed the output power, converted to electrical energy,

into a power grid.

For optimal efficiency, it is important that the region of the disk-shaped rotor assembly 5 con-
taining the magnets maintain constant distances, or in any case predefined distances, from the
gear-side and tower-side stator components 6, 7. This is ensured by providing a dedicated
bearing 11 for the approximately disk-shaped rotor assembly 5 concerned. This is a bearing, for
example a ball bearing, preferably an angular contact ball bearing, preferably a double-row
angular contact ball bearing, particularly a double-row angular contact ball bearing of so-called O
construction. The invention recommends that the balls in both or all of the rows of balls roll
along at least one raceway for each row, which raceways are formed on a common ring of the
bearing 11 - i.e., on its inner or outer ring - that constitutes a first connection element of the
particular bearing 11, whereas, depending on the embodiment, the respective other connection
element of the bearing 11 can be implemented as a one-piece ring or, for example in order to
increase the elasticity, can consist of a plurality of rings.

A connection element of this kind - preferably the radially outer such connection element - is
preferably connected to the radially inward-pointing leg of the disk-shaped rotor assembly 5,
and for this purpose can be provided on the outer side with a circumferential flange having one,
or preferably more, fastening means arranged distributed annularly around the periphery, par-
ticularly through-openings for the through-passage of screws, pins or the like, which simultane-
ously also engage through respective bores aligned with them and provided in the inward-
pointing leg of the disk-shaped rotor assembly 5, and also can engage in yet another respective
bore in the disk 8, in order to connect this disk 8, the disk-shaped rotor assembly 5 and the
outer ring of the bearing 11 rotationally and fixedly to one another.

The respective other connection element of the bearing 11 - preferably the radially inner con-
nection element - is supported by the housing of the generator 14, and is preferably rotationally
fixedly anchored to the gear-side housing plate of the generator 14, for example, by means of
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one or preferably a plurality of screws, bolts, or the like, arranged distributed annularly over its
circumference and extending parallel to the rotation axis 17.

Besides precise mounting of the cross-sectional p-shaped disk-shaped rotor assembly 5, the
radially inward facing web thereof also serves to absorb the rotational energy from the disk 8 by
inducing a torque. This torque induction preferably takes place by means of a form lock, which
can be effected by means of the above-cited pins extending approximately parallel to the main
rotor axis 17, and/or by the form-locking mutual engagement of mating profilings on the disk-
shaped rotor assembly 5, on the one hand, and the disk 8, on the other.

As FIG. 7 shows, the inner diameter of the radially inwardly disposed ring of the bearing 11 is
greater by a distance B than the outer diameter of the hollow shaft 1 passing through the cen-
tral opening in the output hollow shaft 1 of the gearbox 13 and rotating synchronously with the
hub 22 of the wind wheel 23. Naturally, the inner diameter of the radially inwardly disposed ring
of the bearing 11 is also greater, by a distance C, than the outer diameter of the sun gear 15 of
the gearbox 13 itself. Distance B is between 1 cm and well above 50 cm and is dependent on
the overall size of the assembly 20, and naturally depends substantially on the total output of
the wind power installation 99. Distance C, as well, should be greater than 1 cm, for example
greater than 5 cm, preferably greater than 15 cm, particularly greater than 50 cm or even
greater than 100 cm.

With regard to all the bearings 11, 12, the respective air gaps can be sealed with respect to the
environment by means of a seal at one, or preferably both end sides, of the bearing. This pro-
vides the additional option of filling the region of the air gap sealed in this way with a lubricant,
for example grease. FIG. 6, in particular, shows sealing elements 30, which can be implemented
as hollow shaft seals, or as seals for large bearings, for example made of vulcanized-rubber-like
or synthetic-rubber-like materials, and/or comprising one or, where appropriate, a plurality of
sealing lips, where appropriate also with lock rings, etc.

Whereas the gearbox-side stator component 6 is anchored, for example screwed, directly to the
gearbox side G of the housing of the generator 14, the tower-side stator component 7 is con-
nected to the tower side T of the generator by a local housing portion. This housing portion can
be connected in the region of its outer periphery - or offset radially inward therefrom - to the
gearbox-side housing portion via a local cylinder-jacket-shaped portion.
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Although the rotational movement of the at least one ring- or disk-shaped rotor assembly 5
between the first and second stator components 6, 7 occurs without contact, particularly with-
out friction, a countertorque to the braking torque from the rotor 5 develops in the stator com-
ponent, according to the principle "action=reaction," during the conversion of the rotational
energy into electrical energy. The housing of the generator 14 must convey this torque devel-
oped in the stator into the support structure 29 of the tower 34 of the wind power installation
99, and for that reason must be of sufficiently robust construction and must be anchored suffi-
cient firmly to the generator support or the support structure 29 of the tower 34 of the wind
power installation 99, which can preferably be accomplished with a large number of fastening
means distributed annularly about the rotation axis 17, particularly screws, bolts or the like,
disposed parallel to the rotation axis 17.

It is clearly apparent from the sectional representation of FIG. 4 that the tower-side stator
components 7 are attached to the tower side T via an annular housing portion of the generator
14. Due to the large central opening in this housing portion, the diameter of which can be the
same as the radial inner diameter of the tower-side stator component 7, many essential ele-
ments of the assembly 20 can be accessed from the tower side T without the need for disas-
sembly. The tower-side elements of the invention can readily be reached by service technicians
for purposes of installation, seal inspection, relubrication, maintenance, repair and other servic-
ing, as well as for replacing components. The disk-shaped rotor assembly can be exposed and
made accessible by sequentially removing individual components from the tower side T, for
example in the following order: first the tower-side housing portion of the generator 14 is re-
moved, together with or followed by the tower-side stator component 7; the disk-shaped rotor
assembly 5 is exposed in this way and is therefore accessible. Once the disk-shaped rotor as-
sembly 5 is removed, the gearbox-side rotor element 6 can also be accessed. If the latter and
the gearbox-side housing portion are also removed, access is gained to the gearbox 13 located
behind them.

If the disk-shaped rotor assembly 5 can be decoupled from the disk 8, then the latter can be
removed without the need to completely disassemble the magnet and component region of the
generator 14; instead, all that has to be done is fix the disk-shaped rotor assembly 5 temporarily
in place. Once the disk 8 is removed, there is access to the bearing 11 behind it, and also - after
subsequent removal of the shaft ring 10 - access to the bearing 12 for the sun gear 15 of the
gearbox 13.
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The damping elements 9 are directly accessible regardless.

In contrast to the previously described embodiment according to FIG. 1 as well as FIGS. 3 to 7,
FIG. 2 shows a modified embodiment. Here, the electrical machine or disk-shaped rotor assem-
bly 5 is mounted by means of two mutually separated bearings at spaced-apart bearing loca-
tions, with the electric rotor 5 that is to be mounted located halfway between them. For
example, a respective single-row ball bearing is disposed at each of these two bearing locations,
with the base planes of the bearings oriented parallel to each other but spaced apart by a length
L. One of these bearings is therefore disposed at the gearbox side G and the other at the tower
side T. The disk-shaped rotor assembly 5 of the electrical machine or the generator 14 extends
between the two bearings. The bearings used for this purpose are preferably angular contact
ball bearings whose contact axes converge toward each other in a radial direction - preferably
radially outwardly - similarly to an O arrangement. Alternatively, an X arrangement would also
naturally be conceivable in principle.
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Patentkrav

1. Skiveanker-generator til at generere elektrisk energi fra rotationsenergien af et
rotationsdrevet kraftanlaeg, fortrinsvis et stramningskraftanieeg, i saerdeleshed et
vindkraftanlaag, omfattende mindst to statorkomponenter (6, 7) der er gensidigt
forskudt aksialt langs en cirka horisontal rotationsakse (17) af skiveankeret, og
omfattende, monteret derimellem for at rotere omkring rotationsaksen (17),
mindst én ringformet eller skiveformet rotorkomponent (5) af skiveankeret,
omfattende en inputsideforbindelse til et gear, fortrinsvis et
hastighedsomsaetningsgear, i seerdeleshed et planetgear, hvor outputakslen deraf,
i seerdeleshed solhjulet deraf, som straekker sig koaksialt med rotationsaksen (17)
af skiveankeret, er koblet til mindst én ringformet eller skiveformet
rotorkomponent (5) af skiveankeret, kendetegnet ved, at et rulleleje (11) er
associeret med en ringformet eller skiveformet rotorkomponent (5) af

skiveankeret, hvilken

a) er dannet som eller med vinkelkontaktkugleleje(r), eksempelvis med en
kontaktvinkel pa mellem 40° og 50° i forhold til rotationsaksen (17),
fortrinsvis som et toradet vinkelkontaktkugleleje, i saerdeleshed som et
toradet vinkelkontaktkugleleje i en O-anordning,

b) gennemgribes af outputakslen (15) af gearet (13) eller en drejefast del
koblet dertil og omfatter en radialt indre ring hvis indvendige diameter har
en radial afstand (C) til den udvendige diameter af outputakslen (15) af
gearet (13).

2. Skiveanker-generator ifglge krav 1, kendetegnet ved, at mindst én
Iabebanering er feelles for alle rullelejerne (11) til en ring- eller skiveformet
rotorkomponent (5) af skiveankeret.

3. Skiveanker-generator ifglge krav 1 eller 2, kendetegnet ved, at den minimale
indvendige diameter af rullelejet (11) associeret med en ring- eller skiveformet
rotorkomponent (5) af skiveankeret er en radial afstand (B) fra den udvendige
diameter af outputakslen af gearet, der er 1 cm eller mere, eksempelvis 5 cm
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eller mere, fortrinsvis 15 cm eller mere, fortrinsvis 50 cm eller mere, i

sardeleshed 100 cm eller mere.

4. Skiveanker-generator ifglge et af de foregédende krav, kendetegnet ved, at et
omrade tilhgrende outputakslen af gearet (13) og straskkende sig igennem
rullelejet (11) er koblet, udover det gennemgrebne rulleleje (11), dvs. udover
endesiden deraf, som vender mod tarnet (34), til mindst én ringformet eller
skiveformet rotorkomponent (5) af skiveankeret.

5. Skiveanker-generator ifglge krav 4, kendetegnet ved, at koblingen mellem
outputakslen af gearet (13) og til mindst én ringformet eller skiveformet
rotorkomponent (5) af skiveankeret ikke er stift implementeret, men ved hjeelp af
mindst €n indretning til elastisk kraftoverfgring (8-10) der er anbragt inden i
generatoren roterbart omkring rotationsaksen (17) deraf.

6. Skiveanker-generator ifglge krav 5, kendetegnet ved, at indretningen til
kraftoverfgring omfatter mindst to roterende elementer, et af hvilke er

implementeret som en koblingsskive (8) og/eller mindst én som en akselring (10).

7. Skiveanker-generator ifglge krav 6, kendetegnet ved, at de to roterende
elementer (8, 10) er drejefast koblet til hinanden ved hjalp af mindst ét
forbindelseselement (9).

8. Skiveanker-generator ifglge krav 7, kendetegnet ved, at mindst ét
forbindelseselement (9) er implementeret som et langstrakt koblingselement
orienteret parallelt og excentrisk med rotationsaksen (17) af generatoren, i
serdeleshed som skrue eller bolt eller forbinder.

9. Skiveanker-generator ifglge krav 8, kendetegnet ved, at mindst ét
koblingselement bestar af et elastisk materiale, eksempelvis et elastomer-
lignende, vulkaniseret gummi-lignende eller gummi-lignende materiale eller er

belagt med sadan et materiale.
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10. Skiveanker-generator ifglge et af kravene 7 til 9, kendetegnet ved, at flere
koblingselementer er anbragt ringformet fordelt omkring rotationsaksen (17) af

generatoren.

11. Skiveanker-generator ifglge et af kravene 4 til 10, kendetegnet ved, at
outputakslen af gearet (13) er monteret til huset af generatoren og/eller af gearet
ved hjaelp af mindst ét rulleleje (12), hvilket er anbragt pa gearsiden af koblingen
mellem gearoutputakslen, pa en side, og mindst én ringformet eller skiveformet
rotorkomponent (5) af skiveankeret, pa den anden side.

12. Skiveanker-generator ifglge krav 11, kendetegnet ved, at outputakslen af
gearet (13) er omgivet udvendigt af den indre ring af dens rulleleje (12), mens
den ydre ring af naevnte rulleleje (12) er omgivet udvendigt af huset af

generatoren (14) og/eller af gearet (13).

13. Skiveanker-generator ifglge et af kravene 11 eller 12, kendetegnet ved, at
mindst ét rulleleje (12) til outputakslen af gearet (13) er implementeret som et
vinkelkontaktkugleleje, fortrinsvis som et toradet vinkelkontaktkugleleje, i

sa@rdeleshed som et toradet vinkelkontaktkugleleje i en O-anordning

14. Vindkraftanlaeg med et gear og en skiveanker-generator til at generere
elektrisk energi ifglge et af de foregaende krav.
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