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(57) Abstract: The present invention relates to a coupling assembly (1)

Fig. 2

for fixedly connecting a rotational member (2) to an end section (3) of
ahollow shaft (4). It may e.g. be used for connecting the main shaft (4)
of awind turbine (28) to a planet carrier (2) of a coaxial planetary gear
system. The coupling assembly (1) comprises a shrink ring (6) and a cou-
pling element (7). The shrink ring (6) has an outer diameter corresponding
to the inner shaft diameter (d) and a conical surface (14) for connecting
the shrink ring (6) and the coupling element (7). The coupling element (7)
comprises an annular groove (18) with agroove diameter corresponding to
the outer shaft diameter (D) and aconical surface (20) matching the shrink
ring (6). When in use, the hollow shaft (4) is arranged in the groove (18)
and connected to the coupling element (7) by axialy extending bolts (9).
Hereby atorque can betransferred by both the shrink connection and the
bolts fastened into the hollow shaft. The coupling element (7) preferably
comprises an outer flange (26) to which the rotational member (2) can be
fastened.
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COUPLING ASSEMBLY AND WIND TURBINE COMPRISING SUCH ASSEMBLY

FIELD OF THE INVENTION

The present invention relates to a coupling assembly for connecting a rotational
member to an end section of a hollow shaft, and in particular to such an assembly
in which the connection is established via a combination of a shrink connection
and further axially extending bolts. In some aspects, the invention relates to a
wind turbine in which such a coupling assembly is used to connect a planet carrier

of a planetary gear system to the main shatft.

BACKGROUND OF THE INVENTION

Wind turbines are used to gather wind energy and to transform the energy into
another form of energy, typically electrical energy. For this purpose, most wind
turbines include a main shaft which at one end is coupled to the blades of the
wind turbine and at the opposite end is connected to a driven wind turbine part.
This driven wind turbine part may be an input shaft of a gearbox or an input shaft

or torque transferring member of an electric energy generator.

In modern wind turbines, the torque which is to be transferred in a connection
between a driving member and a driven member is relatively high. The torque
may lie in the interval between 500 and 15,000 kilo Newton meters. Various
solutions have been provided in wind turbines in order to connect the main shaft
and the driven part in a way which can sustain and transfer the high torque. One
solution is to mount a so-called shrink disc around an interconnection area of the
shaft and the driven part and apply the necessary pressure to transfer the loads in
a friction connection. However, for hollow shafts, the establishment of such a
shrink connection often results in deformation and run out of the main shaft which
may cause difficulties with the fitting of the main bearings as well as with the
alignment of the gearbox. These problems may be more pronounced for hollow
shafts with relatively small wall thicknesses. Due to the distance from the main
bearings to the centre of gravity of the gearbox, it is typically necessary to also
support the gearbox with a further bearing which results in a statically over-

determined system.
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Hence, an improved coupling assembly would be advantageous, and in particular

a more efficient and/or reliable coupling assembly would be advantageous.

OBJECT OF THE INVENTION
It is an object of the present invention to provide a coupling assembly with which

a more compact design can be obtained than for known solutions.

It is another object of the present invention to provide a coupling assembly with
which very large torques can be transferred also for hollow shafts having a
relatively small wall thickness so that a known shrink connection would cause

significant deformation.

It is an object of at least some embodiments of the present invention to provide a
coupling assembly with which is easier to align the gearbox of a wind turbine than

for known solutions.

It is another object of at least some embodiments of the present invention to
provide a coupling assembly with which a statically over-determined design can

be avoided.

It is a further object of the present invention to provide an alternative to the prior

art.

In particular, it may be seen as an object of the present invention to provide a

coupling assembly that solves the above mentioned problems of the prior art.

SUMMARY OF THE INVENTION

Thus, the above described object and several other objects are intended to be
obtained in a first aspect of the invention by providing a coupling assembly for
fixedly connecting a rotational member to an end section of a hollow shaft, the
hollow shaft having a rotational axis, and the end section having an inner shaft
diameter and an outer shaft diameter, the coupling assembly comprising :

- a shrink ring,

- a coupling element,

- a plurality of first bolts, and
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a plurality of second bolts;

wherein the shrink ring comprises:

a shrink ring end surface facing away from the rotational member when the
coupling assembly is in use,

a shrink ring outer surface having an outer shrink ring diameter
corresponding to the inner shaft diameter,

a shrink ring conical surface, and

a plurality of through-going first bores arranged circumferentially and
adapted to receive the first bolts, the first bores extending from the shrink

ring end surface;

and wherein the coupling element comprises:

a first coupling element surface facing away from the rotational member
when the coupling assembly is in use,
a second coupling element surface facing towards the rotational member
when the coupling assembly is in use,
an annular groove arranged in the first coupling element surface, the
annular groove comprising:
o an outer groove surface with a groove diameter corresponding to the
outer shaft diameter,
o a groove conical surface matching the shrink ring conical surface,
and
o a bottom surface,
a plurality of through-going second bores arranged circumferentially and
extending between the bottom surface of the groove and the second
coupling element surface, and
a plurality of first threaded holes extending at positions and orientations
matching the plurality of first bores of the shrink ring when the coupling

assembly is in use.

By "rotational member" is preferably meant a member which is to be rotated by a

rotational movement of the hollow shaft. As will be explained in the following, the

hollow shaft will typically be a driving shaft, such as a main shaft of a wind

turbine. The main shaft of a wind turbine is the low-speed shaft used to transfer

the rotational movement of the hub to the high-speed generator shaft via the

gear box.
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By "fixedly connecting" is preferably meant that the components rotate together
so that the rotational speed of the rotational member becomes the same as that
of the hollow shaft. It is not intended to mean that the connection cannot be dis-

assembled again.

By "corresponding to" in relation to the diameters is preferably meant that the
diameters, when taking into account the tolerances, should be so that when the
coupling assembly is ready for use, a friction coupling has been established which
can transfer the required torque. The actual size of this torque depends on the use
of the coupling assembly. In relation to currently used wind turbines, the torque
to be transferred via the coupling assembly is typically in the order of 500 and
15000 kilo Newton meters.

By "facing away from" and "facing towards" is preferably meant that a normal
vector of the surface in question has a vector component parallel to a rotational
axis of the rotational member. The two vector components would then be pointing

in opposite directions.

The design as described above is stiffening the end of the hollow shaft to which
the rotational member is connected. This is particularly relevant for hollow shafts
having a relatively small wall thickness which would easily deform due to the large
clamping forces involved in known coupling assemblies. For traditional shrink
connections used to enable transfer of very large torques, the risk of deforming
especially a hollow shaft with small wall thickness is high. With the present
invention, the torque will be transferred both by the frictional connections
established by the shrink ring and by the plurality of second bolts. Therefore, less
tightening of the shrink connection is necessary and thereby the resulting
deformation can be lower than for traditional shrink connections.

The first bores of the shrink ring may extend parallel to the rotational axis when
the coupling assembly is in use. Hereby it can be obtained that the tightening of
the first bolts will result in a uniform compressional force being established

between the shrink ring outer surface and the inner surface of the hollow shaft.
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The shrink ring end surface may extend perpendicular to the rotational axis when
the coupling assembly is in use. This is particular advantageous in combination
with embodiments in which the first bores of the shrink ring extend parallel to the
rotational axis when the coupling assembly is in use. By having the shrink ring
end surface extending perpendicular to the rotational axis, a large contact area for

the heads of the first bolts is obtained.

The first coupling element surface may extend perpendicular to the rotational axis
when the coupling assembly is in use. In presently preferred embodiments in
relation to wind turbines, the first coupling element surface is used for the
alignment of a main bearing. By having a perpendicular orientation, the alignment
is facilitated when the main bearing, such as a tapered roller bearing, or optionally
an additional spacer element with a corresponding surface geometry is used for
ensuring a predefined distance between the main bearing and the coupling
element. Such an additional spacer element could e.g. be a machined distance

ring used to facilitate the correct mutual positioning of the components.

The through-going second bores may extend parallel to the rotational axis when
the coupling assembly is in use. These bores are used for insertion of second bolts
to be fastened to third threaded holes extending from an end surface of the
hollow shaft as will be explained below. As it is easiest to establish the holes in
the hollow shaft parallel to the rotational axis thereof, the corresponding second
holes should extend in the same direction. However, in principle it would also be
possible to use other orientations of the second bolts if considered advantageous

for a given loading to be transferred.

The coupling element may further comprise an outer flange extending in a
direction away from the rotational axis, the outer flange comprising at least a part
of the second coupling element surface. By having such an outer flange, a larger

surface area is obtained for establishing the connection to the rotational member.

The coupling element may further comprise a plurality of second threaded holes
extending from the second coupling element surface, the second threaded holes
being adapted to receive third bolts for establishment of the connection between

the rotational member and the hollow shaft. Alternatively or in combination



10

15

20

25

30

35

WO 2018/050184 PCT/DK2017/050264

6

therewith, the rotational member can be connected to the second coupling

element surface by use of other means, such as gluing or welding.

In embodiments comprising such an outer flange, the second threaded holes may
be provided in the outer flange, such as being circumferentially arranged. This is

particularly relevant for large rotational members, but also because larger torques
can be transferred for a given number and size of bolts when they are arranged at
a larger distance from the rotational axis. Furthermore, a larger distance between
the rotational axis and the position of the bolts gives more space for larger bolts if

necessary.

In any of the embodiments as described above, the ratio between the inner shaft
diameter and the outer shaft diameter is 0.5 to 0.95, such as 0.6 to 0.95,
preferably 0.8 to 0.9. The advantages as described above relating to the
significantly less deformation of a hollow shaft with coupling assemblies according
to the present invention are particularly relevant for hollow shafts having a small
wall thickness, as such shafts are more prone to deformations. This also means
that a smaller wall thickness can withstand the involved deformation than what
would be necessary for hollow shafts designed to have traditional shrink
connections used. Especially for very large diameter shafts, the possibility of
having a smaller wall thickness without exceeding an acceptable amount of
deformation is advantageous as this means a lower amount of material used for
the casting of the shaft. The actual dimensions to use for the hollow shaft will be
determined by taking into account a number of design parameter, such as
ensuring the required stiffness, keeping the amount of material used low to
minimize weight and cost, and ensuring a wall thickness small enough to avoid

casting errors.

In any of the embodiments as described above, the rotational member may be a
planet carrier of a coaxial planetary gear. The invention could also be used for a

direct drive connection.

In a second aspect, the present invention relates to a wind turbine comprising:
- atower, a nacelle mounted on top of the tower, a hub, at least two wind

turbine blades arranged on the hub, a gear box, a generator, and
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- a main shaft adapted to transfer a low speed rotational movement of the
hub to a high speed rotational movement of an input shaft of the generator
via the gear box,

wherein the gear box comprises a planetary gear system comprising a planet
carrier, and
wherein the planet carrier is connected to the main shaft via a coupling assembly

as described above.

The planetary gear system used for wind turbines will typically be a co-axial gear
system.

In presently preferred embodiments of wind turbines as described above, the
main bearing for supporting the main shaft may be arranged in the near proximity
of the first coupling element surface. This in combination with the planet carrier
being mounted directly to the outer flange of the coupling element result in a very
compact design. This means less material being used and thereby both less

weight and lower cost of the total design as compared to known designs.

A further related effect of the compact design as well as the significantly less
deformation as compared to known connections, is a minimised risk of run out
and misalignment along the hollow shaft. In relation to wind turbines, this means
that there is no need for an additional bearing behind the planet carrier. Hereby it
is obtained that the statically indefiniteness of known systems can be avoided by

at least some embodiments of the present invention.

In a third aspect, the present invention relates to a method of assembling an end
section of a main shaft of a wind turbine and a planet carrier of a planetary gear
system by use of a coupling assembly according to any of the preceding claims,
the main shaft being provided with third threaded holes extending from an end
surface of the main shaft and at positions and orientations matching the second
bores of the coupling element,
the method comprising the following steps:

- mounting the shrink ring to the coupling element by use of the plurality of

first bolts,

- arranging the end section of the main shaft in the annular groove,
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- mounting the coupling element to the end section by use of the plurality of
second bolts being screwed into the third threaded holes,
- tightening the plurality of first bolts to establish a shrink connection, and

- mounting the planet carrier to the coupling element.

A method and design as described above offers the possibility of mounting the
main bearings on the main shaft from the rear end, i.e. the end where the planet

carrier is to be fastened.

The actual torque to be transferred by the coupling assembly as described above
depends on the actual application. The design process for given product thus
includes determining which part of an expected loading to transfer via the shrink
connection and which part to transfer via the second bolts. Furthermore, the
design process includes determining an appropriate combination of a large
number of other design parameters, such as dimensions, numbers of first and
second bolts, inclination of the conical surfaces etc. Such a process will typically
include a large number of computer simulations as well as experimental work in
order to reach an optimised product. Part of the design process will typically also
include determining how the method of assembling is to be carried out to ensure
that the necessary torque can be transferred between the hollow shaft and the

rotational member.

In some embodiments according to the third aspect of the invention, the planet
carrier is mounted to the coupling element by third bolts being screwed into the

second threaded holes in the outer flange.

The first, second and third aspects of the present invention may each be
combined with any of the other aspects. These and other aspects of the invention
will be apparent from and elucidated with reference to the embodiments described

hereinafter.

BRIEF DESCRIPTION OF THE FIGURES
The coupling assembly according to the invention will now be described in more

detail with regard to the accompanying figures. The figures show one way of
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implementing the present invention and is not to be construed as being limiting to

other possible embodiments falling within the scope of the attached claim set.

Figure 1 schematically shows a connection between a hollow shaft and a rotational

member via a coupling assembly according to the present invention.

Figure 2 schematically shows a cross-sectional and exploded view of a coupling

assembly according to the present invention.

Figure 3 is a partial enlarged view of a section of figure 2 after assembly of the

parts.

Figure 4 is a cross-sectional view of the shrink ring of the coupling assembly in

figure 2.

Figure 5 is a cross-sectional view of a coupling element of the coupling assembly

in figure 2.

Figure 6 schematically shows a known wind turbine.

Figure 7 schematically shows a known modular drive train of a wind turbine.

Figure 8 schematically shows a modular drive train including the use of a coupling

assembly according to the present invention.

Figure 9 shows a possible design of a drive train of a wind turbine including a

coupling assembly according to the present invention.

Figure 10 is a flow-chart of a method according to the invention.

DETAILED DESCRIPTION OF AN EMBODIMENT

Figure 1 schematically shows the overall principle of using a coupling assembly 1
according to the present invention for fixedly connecting a rotational member 2 to
an end section 3 of a hollow shaft 4 so that the rotational member 2 rotates

together with the hollow shaft 4 around a rotational axis 5. In relation to wind
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turbines, such a hollow shaft may e.g. be made by casting, such as made from

cast iron GGG40 which is a low grade of ductile iron.

Figure 2 schematically shows an embodiment of the invention, and figure 3 shows
an enlarged view of a part of the coupling assembly in figure 2. In figure 2, the
parts are shown in exploded view as before assembly, and in figure 3, the
coupling assembly is shown in the assembled condition. The end section 3 of the
hollow shaft 4 has an inner shaft diameter d and an outer shaft diameter D. The
coupling assembly 1 comprises a shrink ring 6, a coupling element 7, a plurality of
first bolts 8, and a plurality of second bolts 9. When the coupling assembly 1 is
assembled and ready for use, the rotational axis of the shrink ring 6 and the
rotational axis of the coupling element 7 are coincident with the rotational axis 5
of the hollow shaft 4; see figure 1. Therefore, only one rotational axis will be
referred to in the following. The plurality of first bolts 7 and second bolts 9 are
preferably arranged circumferentially at one distance from the rotational axis 5 for
the first bolts 7 and at one other distance from the rotational axis for the second
bolts 9. However, it would also be possible e.g. to arrange the second bolts 9 on
two circles provided that the wall thickness of the hollow shaft 4 is large enough

to accommodate for this.

Figures 2 and 3 also show a bearing 10 arranged to support the end section 3 of
the hollow shaft 4. In relation to wind turbines as will be described later, this
bearing 10 will be the rear end main bearing. The correct positioning of the
bearing 10 in relation to the coupling assembly 1 can be facilitated by arranging a
spacer element 11, such as a distance ring, between the bearing 10 and the
coupling element 7.

Figure 4 schematically shows a cross sectional view of a shrink ring 6, such as the
one in figure 2. It comprises a shrink ring end surface 12, a shrink ring outer
surface 13, and a shrink ring conical surface 14. The outer shrink ring diameter
corresponds to the inner shaft diameter d as can more clearly be seen in figures 2
and 3. The shrink ring 6 further has a plurality of through-going first bores 15
arranged circumferentially and extending from the shrink ring end surface 12. The
first bores 15 are arranged and dimensioned so that they are adapted to receive

the first bolts 8 as shown in figures 2 and 3.
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Figure 5 schematically and in cross-sectional view shows an embodiment of the
coupling element 7. It comprises a first coupling element surface 16 facing away
from the rotational member 2 when the coupling assembly 1 is in use, and a
second coupling element surface 17 facing towards the rotational member 2 when
the coupling assembly 1 is in use. It further comprises an annular groove 18
arranged in the first coupling element surface 16. When the coupling element 7 is
in use, the end section 3 of the hollow shaft 4 is arranged in the annular groove
18 as shown in figure 2. The annular groove 18 comprises an outer groove surface
19 with a groove diameter corresponding to the outer shaft diameter D, a groove
conical surface 20 matching the shrink ring conical surface, and a bottom surface
21. It further comprises a plurality of through-going second bores 22 arranged
circumferentially and extending between the bottom surface 21 of the groove 18
and the second coupling element surface 17. These second bores 22 are used for
the establishment of the bolted connection to the end section 3 of the hollow shaft
4 by screwing second bolts 9 into threaded holes 23 extending from an end
surface 24 of the hollow shaft 4 as shown in figures 2 and 3. The connection
between the shrink ring 6 and the coupling element 7 is established by first bolts
8 being inserted into a plurality of first threaded holes 25 extending at positions
and orientations matching the plurality of first bores 15 of the shrink ring 6 when
the coupling assembly 1 is in use. The shrink ring 6 and the coupling element 7
may be made from a number of materials, and the materials to use will be
determined as part of the design process. One example would be 42CrMo4.

In the embodiment of the invention shown in figures 2 to 5, when the coupling
assembly 1 is in use, the first bores 15 of the shrink ring 6 extend parallel to the
rotational axis 5, the shrink ring end surface 12 extends perpendicular to the
rotational axis, the first coupling element surface 16 extends perpendicular to the
rotational axis, and the through-going second bores 22 extend parallel to the
rotational axis. However, other orientations of the bores and or the surfaces are
also covered by the invention as long as the overall functioning of the coupling
assembly is accordance with the claimed invention.

As seen from the above description, the shrink ring 6 is positioned and adapted to
lock the hollow shaft 4 to the coupling element 7 by transferring torque between
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the neighbouring surfaces by friction by providing pressure to the surfaces of the
interconnection. The pressure is provided by tightening the first bolts 8 whereby
the shrink ring 6 and the coupling element 7 are mutually moved in a direction
parallel to the rotational axis. Due to the conical surfaces 14,20, the
compressional force increases as the first bolts 8 are tightened.

In the embodiment shown in figures 2 and 5, the coupling element 7 further
comprises an outer flange 26 extending in a direction away from the rotational
axis 5. This outer flange 26 comprises at least a part of the second coupling
element surface 17 to which the rotational member 2 is mounted. In the
embodiments shown, the part of the coupling element 7 where the heads of the
second bolts 9 are placed after assembly is recessed. Hereby it becomes possible
to have a plane end surface of the rotational member 2 arranged up against the
second coupling element surface 17. However, in other designs the geometry of a
rotational member could allow the necessary space for the second bolts 9, so that
the second coupling element surface 17 could be plane.

The present invention was made in relation to wind turbines and for connecting
the main shaft of the wind turbine to the planet carrier of a gearbox, such as a
coaxial planetary gear. The torque to be transferred for this application is very
large, and for this purpose, the connection between the planet carrier and the
coupling element 7 will typically be made by a plurality of bolts. In a preferred
embodiment, the coupling element 7 therefore further comprises a plurality of
second threaded holes 27 extending from the second coupling element surface 17,
the second threaded holes 27 being adapted to receive third bolts (nhot shown) for
the establishment of the connection between the rotational member 2 and the
hollow shaft 4 via the coupling assembly 1. In the illustrated embodiment, the
second threaded holes 27 are provided in the outer flange 26. Alternatively or in
combination therewith, the outer flange 26 could be provided with through-going
third bores (not shown), and the corresponding threaded holes (not shown) could
then be in the rotational member 2. This alternative would be advantageous for
bulky rotational members 2 leaving too little space for insertion and tightening of
the bolts.
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Figure 6 schematically shows an example of a known wind turbine 28. It
comprises a tower 29 with a nacelle 30 mounted thereon, a hub 31, at least two
wind turbine blades 32 arranged on the hub 31, a gear box 33, a generator 34,
and a main shaft 4 adapted to transfer a low speed rotational movement of the
hub 31 to a high speed rotational movement of an input shaft 35 of the generator
34 via the gear box 33. Typically, the hub 31 has three blades 32 attached
thereto. The torque to be transferred is resulting from a force provided by the
wind to the blades 32 and via the main shaft 4. It also results from resistance
provided by the system for generating energy. In addition to the torque to be
transferred, the connection should also be able to withstand the transferral of
bending moments and axial loading due to the various forces involved in the
operation of the wind turbine 28.

Figure 7 schematically shows a drive train of a known wind turbine. The main
shaft 4 is supported by two main bearings, called a front bearing 36 and a rear
bearing 10, and the gear box 33 is supported by a third bearing 37 and a gear
stay 44; the gear stay is shown schematically. This design has a high axial
stiffness and an optimal load distribution between the front and rear bearings
36,10 also with respect to the position in relation to the tower 29. On the other
hand, the set-up is statically over-determined, because there are more bearings
than actually needed to be statically determined.

The very compact design obtainable with the present invention has a number of
advantages. If a main objective for a given application is to avoid deformation of
the hollow shaft 4, an alternative would be to have most of the torque transferred
by the second bolts 9. However, then very strong and thus expensive bolts would
be necessary. Figure 8 schematically shows a drive train of a wind turbine 28
wherein the planet carrier is connected to the main shaft 4 via a coupling
assembly 1 according to the present invention as described above. The planet
carrier is not directly visible in figure 8 but is part of the gear box 33. The rear
bearing 10 for supporting the main shaft 4 is arranged in the near proximity of the
first coupling element surface 16 as more clearly shown in figures 2 and 3. An
example of a specific design of a main shaft 4 for a wind turbine 28 and a coupling
assembly 1 according to the present invention is shown in figure 9. As shown in
the figures, the rear main bearing 10 can be arranged very close to the coupling
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assembly 1, and the first coupling element surface 16 can be used for the correct
mutual alignment of the components; this was explained above. The third bearing
37 and the gear stay 44 used in known drive trains can be avoided with the
compact design of a coupling assembly according to the present invention.
Calculations made in relation to the present invention have shown that the weight
of the main shaft 4 can be reduced by in the order of 40% which is highly
advantageous with respect to both amount of material used as well as the cost of
transportation and handling. This has become possible, because the torque is to
be transferred by both the shrink connection and the second bolts 9. This means
that the shrink connection is to carry less torque than for a known connection,
and thereby less deformation of the main shaft 4 takes place during the
establishment of the connection. This decrease in deformation as compared to
known solutions is particularly advantageous for hollow shafts having a relatively

small wall thickness.

Figure 10 is a flow chart of a method of assembling an end section 3 of a main
shaft 4 of a wind turbine 28 and a planet carrier 2 of a planetary gear system by
use of a coupling assembly according to the present invention. The main shaft 4 is
provided with third threaded holes 27 extending from an end surface 24 of the
main shaft 4 and at positions and orientations matching the second bores 22 of
the coupling element 7. The method comprising the following steps:
- mounting 38 the shrink ring 6 to the coupling element 7 by use of the
plurality of first bolts 8,
- arranging 39 the end section 3 of the main shaft 4 in the annular groove
18,
- mounting 40 the coupling element 7 to end section 3 by use of the plurality
of second bolts 9 being screwed into the third threaded holes 23,
- tightening 41 the plurality of first bolts 8 to establish a shrink connection,
and
- mounting 42 the planet carrier 2 to the coupling element 7.

In embodiments where the coupling element 7 comprises an outer flange 26, the
method may further comprise the step of mounting 43 the planet carrier 2 to the
coupling element 7 by third bolts being screwed into the second threaded holes 27

in the outer flange 26.
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Although the present invention has been described in connection with the
specified embodiments, it should not be construed as being in any way limited to
the presented examples. The scope of the present invention is set out by the
accompanying claim set. In the context of the claims, the terms "comprising” or
"comprises" do not exclude other possible elements or steps. Also, the mentioning
of references such as "a" or "an" etc. should not be construed as excluding a
plurality. The use of reference signs in the claims with respect to elements
indicated in the figures shall also not be construed as limiting the scope of the
invention. Furthermore, individual features mentioned in different claims, may
possibly be advantageously combined, and the mentioning of these features in
different claims does not exclude that a combination of features is not possible
and advantageous.
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CLAIMS

1. Coupling assembly (1) for fixedly connecting a rotational member (2) to an end
section (3) of a hollow shaft (4), the hollow shaft (4) having a rotational axis (5),
5 and the end section (3) having an inner shaft diameter (d) and an outer shaft
diameter (D), the coupling assembly (1) comprising:
- a shrink ring (6),
- a coupling element (7),
- a plurality of first bolts (8), and
10 - a plurality of second bolts (9);
wherein the shrink ring (6) comprises:
- ashrink ring end surface (12) facing away from the rotational member (2)
when the coupling assembly (1) is in use,
- ashrink ring outer surface (13) having an outer shrink ring diameter
15 corresponding to the inner shaft diameter (d),
- ashrink ring conical surface (14), and
- a plurality of through-going first bores (15) arranged circumferentially and
adapted to receive the first bolts (8), the first bores (15) extending from
the shrink ring end surface (12);
20 and wherein the coupling element (7) comprises:
- afirst coupling element surface (16) facing away from the rotational
member (2) when the coupling assembly (1) is in use,
- asecond coupling element surface (17) facing towards the rotational
member (2) when the coupling assembly (1) is in use,
25 - an annular groove (18) arranged in the first coupling element surface (16),
the annular groove (18) comprising:
o an outer groove surface (19) with a groove diameter corresponding
to the outer shaft diameter (D),
o agroove conical surface (20) matching the shrink ring conical
30 surface (14), and
o a bottom surface (21),
- a plurality of through-going second bores (22) arranged circumferentially
and extending between the bottom surface (21) of the groove (18) and the
second coupling element surface (17), and
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- a plurality of first threaded holes (25) extending at positions and
orientations matching the plurality of first bores (15) of the shrink ring (6)
when the coupling assembly (1) is in use.

2. Coupling assembly (1) according to any of the preceding claims, wherein the
first bores (15) of the shrink ring (6) extend parallel to the rotational axis (5)
when the coupling assembly (1) is in use.

3. Coupling assembly (1) according to any of the preceding claims, wherein the
shrink ring end surface (12) extends perpendicular to the rotational axis (5) when
the coupling assembly (1) is in use.

4. Coupling assembly (1) according to any of the preceding claims, wherein the
first coupling element surface (16) extends perpendicular to the rotational axis (5)
when the coupling assembly (1) is in use.

5. Coupling assembly (1) according to any of the preceding claims, wherein the
through-going second bores (22) extend parallel to the rotational axis (5) when
the coupling assembly (1) is in use.

6. Coupling assembly (1) according to any of the preceding claims, wherein the
coupling element (7) further comprises an outer flange (26) extending in a
direction away from the rotational axis (5), the outer flange (26) comprising at
least a part of the second coupling element surface (17).

7. Coupling assembly (1) according to any of the preceding claims, wherein the
coupling element (7) further comprises a plurality of second threaded holes (27)
extending from the second coupling element surface (17), the second threaded
holes (27) being adapted to receive third bolts for establishment of the connection
between the rotational member (2) and the hollow shaft (4).

8. Coupling assembly (1) according to claim 7, when dependent on claim 6,

wherein the second threaded holes (27) are provided in the outer flange (26).
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9. Coupling assembly (1) according to any of the preceding claims, wherein the
ratio between the inner shaft diameter (d) and the outer shaft diameter (D) is 0.5
to 0.95, such as 0.6 to 0.95, preferably 0.8 to 0.9.

10. Coupling assembly (1) according to claim any of the preceding claims, wherein

the rotational member (2) is a planet carrier of a coaxial planetary gear.

11. A wind turbine (28) comprising:
- atower (29), a nacelle (30) mounted on top of the tower(29), a hub( 31),
at least two wind turbine blades (32) arranged on the hub (31), a gear box
(33), a generator (34), and
- a main shaft (4) adapted to transfer a low speed rotational movement of
the hub (31) to a high speed rotational movement of an input shaft (35) of
the generator (34) via the gear box (33),
wherein the gear box (33) comprises a planetary gear system comprising a planet
carrier (2), and
wherein the planet carrier (2) is connected to the main shaft (4) via a coupling
assembly (1) according to claim 10.

12. Wind turbine (28) according to claim 11, wherein the planetary gear system is

a co-axial gear system.

13. Wind turbine (28) according to claim 11 or 12, wherein a main bearing (10)
for supporting the main shaft (4) is arranged in the near proximity of the first
coupling element surface (16).

14. Method of assembling an end section (4) of a main shaft (4) of a wind turbine
(28) and a planet carrier (2) of a planetary gear system by use of a coupling
assembly (1) according to any of the preceding claims, the main shaft (4) being
provided with third threaded holes (23) extending from an end surface (24) of the
main shaft (4) and at positions and orientations matching the second bores (22)
of the coupling element (7),
the method comprising the following steps:

- mounting (38) the shrink ring (6) to the coupling element (7) by use of the

plurality of first bolts (8),
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- arranging (39) the end section (3) of the main shaft (4) in the annular
groove (18),
- mounting (40) the coupling element (7) to end section (3) by use of the
plurality of second bolts (9) being screwed into the third threaded holes
5 (23),
- tightening (41) the plurality of first bolts (8) to establish a shrink
connection, and

- mounting (42) the planet carrier (2) to the coupling element (7).

10 15. Method according to claim 14, wherein the coupling assembly (1) is according
to claim 9, and wherein the planet carrier (2) is mounted to the coupling element
(7) by third bolts being screwed into the second threaded holes (27) in the outer
flange (26).

15
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