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Description

The present invention concerns a pod of a wind power installation.

Wind power installations are generally known. In a typical wind power in-
stallation as shown in Figure 1 an aerodynamic rotor (106) is rotated by the wind
and thereby generates electric energy by means of a generator. Such a generator
and further components required for operation of the wind power installation are
disposed in a pod. The further components can include for example an installation
control system such as azimuth drives and the actuating system thereof, possibly
a rectifier or frequency converter and the actuating system thereof, and heating or
cooling means and the actuating system thereof, to give just some examples. In
that case the electric devices are predominantly disposed in suitable switch cabi-
nets arranged in the pod. In addition walkway and standing regions are to be pro-
vided so that service personnel can enter the pod and carry out maintenance, in-
vestigation or reconditioning operations. All those devices are arranged in the pod
and protected in particular from wind and rain by a pod casing. In that case the
pod casing basically completely encloses all units and in that arrangement is car-
ried on a pod structure which also carries the walkway and standing regions and
other devices.

In the case of a gearless wind power installation the generator also takes
up some space. For example the air gap diameter of an Enercon E126 is about
10 m. Somewhat smaller types however at least frequently have an air gap diam-
eter of about 5 m. In that case the generator can be carried with its stator on a
machine carrier. Also fixed to the machine carrier is a shaft journal which by way
of bearings carries the generator rotor which can also be referred to as the rotor
member.

By virtue of its size, depending on the respective kind and size of the wind
power installation, such a machine carrier can take up considerable space in the
pod, in which case comparatively little space remains around the machine carrier.

In addition the machine carrier is frequently fixed to the azimuth bearing at
the entire periphery thereof so that the pod can only be reached through the ma-
chine carrier from the pylon and thus through the azimuth bearing.

The German Patent and Trade Mark Office searched the following state of
the art: DE 10 2006 035 721 A1, DE 10 2009 056 245 A1 and EP 1 356 204 B1.
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The document US-A-2007/0222227 is considered to form closest prior art.

Therefore the object of the present invention is to address at least one of
the above-mentioned problems. In particular the invention seeks to improve the
pod structure of a wind power installation. At least the invention seeks to propose
an alternative solution.

According to the invention therefore there is proposed a pod of a wind
power installation according to claim 1. Such a pod has a pod casing which more
specifically substantially represents the outer cover of the pod. It is proposed that
that pod casing is of a self-supporting nature. That firstly avoids on the one hand
support structures within the pod. In that respect the structure of the pod is also
simplified to that extent and supporting transverse or diagonal struts for supporting
the pod casing are avoided within the pod and as a result additional space can be
provided in the pod or can be available for another use.

Preferably the pod is of such a design configuration that the pod casing is
fixed directly or if need be by way of fixing means to the azimuth bearing of the
wind power installation. In particular in that way forces acting on the pod casing
are applied by the pod casing directly to the azimuth bearing and from there further
to the pylon or mast of the wind power installation. Those forces include at least
the forces due to the weight of the pod casing and in particular also wind forces
and/or forces due to weight acting on the pod casing and possibly dynamic forces
of the devices fixed to the pod casing and/or forces due to weight and dynamic
forces of the generator of the wind power installation with which electric energy is
generated from the wind. Preferably also forces of the aerodynamic rotor, namely
forces due to weight acting thereon, forces resulting from its movement and de-
rived wind forces are carried by the pod casing and dissipated by way of the azi-
muth bearing.

In a configuration it is proposed that the pod casing carries the generator.
Thus the components machine carrier and pod casing, as were previously known,
are combined together to provide a new component which is referred to as the pod
carrier. Accordingly the pod carrier substantially assumes the form of a pod casing,
namely it forms the outer cover of the pod, but in that respect is of such a stable
nature that it has the load-carrying capability of a machine carrier which is other-

wise to be provided. In particular it is formed from a material and of a material
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strength which ensure that load-carrying capability. Therefore it is possible to dis-
pense with a specific carrier or a specific support structure for the generator and
instead the generator is fixed to the pod casing. The pod casing therefore carries
the generator and preferably substantially assumes the function of a machine car-
rier for the generator. Thus, apart from the pod casing, the pod does not have any
machine carrier which carries the generator of the wind power installation. Now,
instead of a machine carrier which is substantially arranged internally in the pod
and to which the generator was previously fixed and around which further devices
were fixed, the pod now has an outer cover shell which is of such a sturdy and
stable and stiff construction and which assumes the function of a machine carrier
and encloses the parts to be carried.

As a result such a load-bearing pod casing is of substantially larger outside
dimensions in comparison with a previous machine carrier arranged internally in a
pod. In that way it is possible by virtue of such a load-bearing pod casing to im-
plement equal stability and stiffness with significantly smaller material thicknesses,
in comparison with a previous, inwardly disposed machine carrier. In addition, with
the same outside dimensions, there is substantially more available space in the
interior of the proposed self-supporting pod casing in comparison with the interior
of a pod casing which is not self-supporting and which has to accommodate at
least a machine carrier inside it.

In a preferred embodiment it is proposed that the wind power installation is
gearless in such a way that the generator rotor member is rotated without mechan-
ical transmission by the aerodynamic rotor. In the case of such a gearless wind
power installation, there is usually a correspondingly large, slowly rotating genera-
tor. The nominal rotary speed can be in the region of 5 to 25 revolutions per mi-
nute, in particular in the region of 10 to 20 revolutions per minute, further preferably
in the region of 12 to 14 revolutions per minute. In particular the generator is in the
form of a ring generator in which the magnetically operative components of the
stator and rotor member are respectively arranged substantially in a ring along the
air gap. Usually such a generator has a large number of poles with numbers of
pole pairs of at least 24, in particular at least 48, at least 72 or at least 192.

In particular such a generator is comparatively heavy and can weigh over
10 t, in particular over 50 t, in particular over 70 t. According to the invention such

a high weight can be carried by the proposed self-supporting pod casing insofar as
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the forces are diverted by way of a correspondingly strong external structure. In
that respect the pod casing is a load-bearing part and can also be referred to as a
pod shell.

According to the invention the pod casing has a rotating part and a station-
ary part. The rotating part carries the at least one, in particular the three rotor
blades, of the aerodynamic rotor. In that case the rotating part of the pod casing
forms the so-called spinner of the aerodynamic rotor and in that case forms a part
of the aerodynamic rotor. In addition, at least but alternatively thereto, the rotating
part of the pod casing carries the rotor member of the generator in the sense that
the rotor member is fixedly connected to the rotating part of the pod casing and
carries at least the forces due to the weight of the rotor member and further forces
which occur in operation and which mechanically originate from the rotor member.
Preferably the rotor member forms at least a carrier portion of the rotor member, a
part of the rotating part of the pod casing.

The stationary part carries the stator of the generator. In that case there is
provided at least one rotor bearing, by means of which the rotating part of the pod
casing and therewith also the rotor member of the generator rotate relative to the
stationary part of the pod casing and thus relative to the stator. Preferably the rotor
member and stator are arranged in the proximity of that rotor bearing or in the
proximity of one of the rotor bearings in order to be able to rotate relative to each
other separated from each other only by a small air gap. In that case the rotating
part of the pod casing is carried by the stationary part thereof by way of the rotor
bearing or by way of the plurality of rotor bearings. In that case, by way of the rotor
bearing or bearings, the stationary part of the pod casing carries the rotating part
of the pod casing with the rotor member of the generator and with the one or more
rotor blades, as well as further devices arranged on the rotating part of the pod
casing, like for example pitch motors. The forces transmitted thereby to the sta-
tionary part by way of the rotor bearing or bearings are also diverted from the sta-
tionary part ultimately by way of an azimuth bearing or the like, in particular directly
from the stationary part to the azimuth bearing. In that respect the term stationary
part of the pod casing is used to mean that it is stationary in relation to the rotary
movement of the rotor. In regard to an azimuth movement, that is to say a wind
tracking movement, the stationary part is also mounted movably, namely mounted

movably on said azimuth bearing.
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Preferably the generator is in the form of an external rotor member, partic-
ularly in the case of the gearless wind power installation. Accordingly the rotor
member rotates externally around the stator which is arranged radially inwardly
relative thereto, with an air gap therebetween. Such a configuration is particularly
advantageous for a generator which has an approximately ring-shaped rotor mem-
ber which, due to the principle involved, as from the air gap, is of a smaller radial
extent than the associated stator which can preferably also be a ring stator. In this
case a generator can be constructed, which can be of a larger air gap diameter
with the same outside diameter, in comparison with an internal rotor member.

In this case and also in other cases, the rotor member can be accommo-
dated from the outside and stably carried by the load-bearing pod casing. Such a
construction co-operates particularly advantageously with a separately excited
synchronous generator in which a magnetic field is produced in the rotor member
by a direct current. In particular in that way the rotor member can become warm
and, by virtue of being accommodated in the pod casing disposed externally there-
around, at least a part of the heat can be easily dissipated outwardly by way
thereof. For example by heat conduction, through the self-supporting pod casing.

Preferably the entire load-bearing pod casing but at least a part of the ro-
tating part and/or a part of the stationary part is in the form of a casting, in particular
a spheroidal graphite iron casting or a few spheroidal graphite iron castings. In
particular parts of the pod casing which have to carry lesser load-bearing forces
such as for example a tail casing or tail part which faces away from the rotor can
be made from another material such as for example aluminium. The use of a
spheroidal graphite iron casting promotes heat conduction and in that respect, par-
ticularly when used with an external rotor member, can promote the dissipation of
heat from the external rotor member. One or more welded parts can also be used.

In an advantageous embodiment it is proposed that the pod is provided with
a ring gear with an internal tooth arrangement for azimuth adjustment of the pod.
That ring gear is fixedly connected to the pod and has an internal tooth arrange-
ment into which one or more azimuth drives can engage with a respective pinion
in order thereby to track the pod with the wind. With this proposal therefore azimuth
drives are arranged stationarily in the pylon or possibly the mast and perform wind

tracking by the ring gear with internal tooth arrangement being correspondingly
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rotated about a substantially vertical axis. The ring gear is fixedly connected to the
pod which thus correspondingly rotates therewith.

In that way, in comparison with previously conventional variants in which
the azimuth drives are disposed in the pod, further space can be provided in the
pod. In addition, uniform distribution of the azimuth drives in the peripheral direc-
tion is possible. The azimuth drives can be distributed at uniform angular spacings,
for example 12 azimuth drives can be so uniformly distributed that an azimuth drive
is arranged every 30°. That ensures a uniform transmission of force to the ring
gear, whereby the loading on the azimuth bearing and thus the wear thereof can
be reduced.

In an embodiment it is proposed that the pod has a working platform ex-
tending through the generator. Accordingly the pod is of such a configuration that
regions in front of and behind the generator and thus also regions towards the
aerodynamic rotor can be reached with one and the same working platform. That
working platform is thus permanently installed and is accessible by a person on
foot. Preferably it can also be accessed over its entire distance in on-going oper-
ation of the installation.

It is further proposed that the pod is provided for a wind power installation
having a generator with a nominal power output of more than 1 MW. That empha-
sises the nature of the design configuration of the pod in the form of a self-support-
ing pod in the sense that heavy rotor blades and generator components can be
carried. A pod structure for a wind power installation with a nominal power output
of 1 MW or more is of a size which necessitates specific preliminary stability inves-
tigations for the load-bearing structure. The man skilled in the art can carry out
such stability investigations if he has information about the basic structure of that
pod, as can be seen for example from the Figures. For smaller and in particular
markedly smaller wind power installations, such questions of stability and stiffness
of the basic structure play a subordinate part, for many different reasons. They
include the point that a smaller generator can be more compact and thus the gen-
erator involves a basic stiffness which fundamentally does not require any further
support. In addition smaller wind power installations are of lesser weight and have
smaller rotor blade lengths and rotor blade surface areas, whereby a wind force
acting on the rotor blades is also reduced. In that way lower forces are required

for any load-bearing structures, whereby those load-bearing structures in turn can
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be weaker and thus lighter. In addition there are basically no transport problems
for smaller wind power installations. More specifically, transport problems arise in
particular due to given maximum dimensions which are predetermined by the road
system and which therefore practically cannot be influenced by wind power instal-
lation manufacturers. Thus for example an outside diameter for a generator of 5
m is a critical size which frequently cannot be exceeded for on-road transport.
Smaller wind power installations do not encounter such problems by virtue of trans-
portable maximum sizes.

Preferably the pod can be accessed on foot. That means that the pod is
so large that an adult person can pass in the pod without stooping over. In that
case the person passes within the load-bearing structure, namely within the load-
bearing pod casing. It is in that respect that the proposed pod differs quite sub-
stantially also from small wind power installations in which it is sometimes difficult
to distinguish between a machine carrier and a pod. Particularly wind power in-
stallations which are reached from the exterior for maintenance purposes fall into
an entirely different category in that respect.

In an embodiment the pod is characterised in that provided between a shaft
journal portion and the pylon is a connecting portion which connects the shaft jour-
nal portion to the pylon and which is of an outside shape that is angled or bent from
the pylon to the shaft journal portion. In particular this involves a tubular shape
which is angled through 90° or bent through 90° approximately. The hub portion is
arranged in the region of the generator and the aerodynamic rotor and provided for
carrying the generator and the aerodynamic rotor. That can be done by way of at
least one or two bearings. The shaft journal portion can be for example in the form
of a cone portion or a conical portion, in particular a front cone portion. In that case
that shaft journal portion can have a substantially horizontal centre line which can
coincide with an axis of rotation of the aerodynamic rotor and/or the generator rotor
member.

The connecting portion is thus of a substantially tubular configuration,
wherein that tube or tubular shape is angled or curved in particular through about
90°. That tubular shape or that tubular connecting portion preferably has an annu-

lar pylon connecting region at one side and an annular shaft journal connecting
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region at its other side. Those two annular connecting regions arranged approxi-
mately at 90° relative to each other are connected by that tubular connecting por-
tion which thus connects the pylon to the shaft journal portion.

In an embodiment it is proposed that the rotating part has blade connec-
tions for fixing a respective rotor blade to the rotating part. That hub portion is in
particular the described rotating part of the pod or it is a portion of said rotating part
of the pod. The blade connections extend in the axial direction, namely relative to
the axis of rotation of the aerodynamic rotor, which preferably coincides with the
axis of rotation of the generator, over a blade connecting region which can also be
referred to as an axial blade connecting region. The generator also extends in the
axial direction within that blade connecting region or axial blade connecting region.
In that case the generator can also be shorter in the axial direction than the axial
blade connecting region. At any event it is proposed that the generator is not dis-
posed in front of or behind the blade connection in the axial direction. As a result,
a flow of force from the aerodynamic rotor to the rotor member and finally by way
of the magnetic field also to the stator is improved or even optimised. In particular
a flow of force is avoided which, coming from the rotor blades, has to flow from the
blade connections partly in the axial direction to the generator rotor member.

The blade connections can moreover also be in the form of blade connect-
ing adapters or can be connected thereto. In that case a respective rotor blade is
initially connected to a blade connecting adapter and that blade connecting adapter
would then be fixed to the blade connection. The blade connecting adapter in that
case forms in particular approximately a short tubular portion, namely of a short
length in comparison with its periphery.

In addition or alternatively it is proposed that the generator is arranged in
relation to the axis of rotation in the radial direction within the blade connections.
The blade connections and thus the rotor blades thus surround the generator.

In particular therefore a configuration is proposed, in which, in the case of
a generator in the form of an external rotor member, the external rotor portion be-
comes the rotor hub and is fitted directly within the blade connections or hub
adapter connections. The stator which is correspondingly disposed inwardly be-
comes a part of the shaft journal portion of the pod. That part is according to the
invention in the form of a front cone portion on the pod. The stator therefore be-

comes a part of a shaft journal or the shaft journal portion of the self-supporting
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pod, which corresponds to a shaft journal. In particular this also involves integra-
tion of generator and blade connecting region.

In that way it is possible inter alia to provide that as few components as
possible and a weight which is correspondingly as low as possible is required,
which in turn can lead to a reduction in costs. It is possible to avoid too many
individual parts, an additional casing which is complicated and expensive to fit, and
unnecessary material expenditure, due to a disadvantageous flow of force in the
drive train. Instead, a simplification in assembly, a reduction in the individual parts
on the building site and an application of force which is as direct as possible from
the rotor blade to the generator can be achieved or can thereby be at least sought
to be achieved. In addition any additional pod hood can also become superfluous
if the blade connecting region also structurally encloses the generator in such a
way that the generator is thereby adequately encapsulated and protected from the
influences of weather.

Particularly if the generator is of a very long structural shape and is of a
greater axial length than the blade connecting region, the generator can also ex-
tend in an axial direction beyond the blade connecting region, at at least one side.
In addition there is proposed a wind power installation comprising a pylon or mast
and a pod according to one of the above-described embodiments. It is desirable
if such a wind power installation has at least one azimuth drive, in particular a
plurality of azimuth drives, which are arranged fixedly in the pylon or mast and
which engage with a respective pinion on a ring gear which is fixedly connected to
the pod and which has an internal tooth arrangement. A robust wind power instal-
lation which can be constructed at a comparatively low level of complication and
expenditure is proposed thereby.

There is also proposed a method of constructing a wind power installation,
in particular constructing a wind power installation as described hereinbefore. In
that respect it is proposed that the rotor member and the stator of the generator
are already connected together by means of a bearing before lifting for installation
on a pylon. Therefore this avoids assembling the rotor member and the stator at
a great height of the pod on the pylon and instead there is proposed pre-production

in the factory and/or pre-production on the ground at the building site.
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Preferably electric devices are already pre-installed in the pod before the
latter is lifted for being fitted on the pylon. In that way also assembly can be sim-
plified and in addition sources of error in the assembly operation are minimised
thereby.

The invention is described in greater detail hereinafter by way of example
by means of embodiments with reference to the accompanying Figures.

Figure 1 shows a simplified perspective view of a wind power installation,

Figure 1a shows a simplified perspective view of a wind power installation
according to the invention,

Figure 2 diagrammatically shows a perspective sectional view of a pod ac-
cording to the invention,

Figure 3 shows a pod as in Figure 2 but in part as an exploded view in
accordance with the construction components when constructing a wind power in-
stallation,

Figure 4 shows a portion on an enlarged scale of a front part of the pod of
Figure 2,

Figure 5 shows a segment of a part of the pod shown in Figures 2 and 3,
provided for fixing a rotor blade,

Figure 6 shows a portion of a pod as shown in Figure 2, namely a blade
connection for fixing a rotor blade,

Figure 7 shows a portion of the pod shown in Figures 2 and 3 in the region
of a part of the generator accommodated in the pod,

Figure 8 shows a perspective external view of a pod,

Figure 9 corresponds to the view in Figure 2, additionally diagrammatically
showing a machine carrier in accordance with the state of the art, for explaining a
difference in relation to an earlier solution,

Figure 10 diagrammatically shows a lateral sectional view of a pod accord-
ing to the invention of a further embodiment,

Figure 11 diagrammatically shows a lateral sectional view of a pod accord-
ing to the invention of a further embodiment,

Figure 12 shows a perspective view of the Figure 11 pod,

Figures 13a to 13d show various embodiments of a pod curve region of the

pod,
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Figure 14 compares a previously known pod to a pod according to the in-
vention of the same power class, to illustrate the space availability provided,

Figure 15 shows a side view of a pod according to the invention to illustrate
a cooling air flow,

Figure 16 shows a perspective sectional view of an embodiment of a pod
according to the invention, and

Figure 17 shows a perspective non-sectioned view of the Figure 16 embod-
iment.

Hereinafter identical references can denote similar but non-identical com-
ponents. In addition the same components can be shown on different scales.

Figures 1 and 1a each show a wind power installation 100, 100" having a
pylon 102, 102" and a pod 104, 104’. Arranged on the pod 104, 104’ is a rotor 106,
106’ with three rotor blades 108, 108’ and a spinner 110, 110°. The rotor 106, 106’
is caused to rotate in operation by the wind and thereby drives a generator in the
pod 104, 104'.

The pod 1 in Figure 2 has a stationary part 2 and a rotating part 4. The
stationary part 2 extends far into the rotating part 4. The stationary part 2 is fixed
by way of an azimuth flange 6 to an azimuth bearing 8 which in turn is fixed to a
pylon flange 10 of a pylon 12. Of the pylon 12, only its upper region, namely its
pylon head 26 with a working platform 14 is shown.

Azimuth drives 16 are arranged in the pylon 12 in the proximity of the pylon
flange 10 and in the proximity of the azimuth bearing 8. The azimuth drives 16
each have an only indicated pinion 18 engaging a ring gear 20 with an internal
tooth arrangement. The internal tooth arrangement is not further shown. The ring
gear 20 can be connected to an inner bearing ring 22 of the azimuth bearing 8 and
is thereby or in some other fashion connected to the azimuth flange 6 and thereby
to the pod 1, namely to the stationary part 2 of the pod 1. The azimuth drives 16
which are fixedly installed in two ring discs 24 in the pylon 12 can move the pod 1
in tracking relationship with the wind by suitable azimuth displacement.

The ring discs 24 are fixedly installed at the height of the pylon flange 10
and thereby lead to a high level of stiffness of the pylon 12 in the illustrated pylon
head 26. The illustrated people 28 show the size relationships in the pylon head

26 and also in the pod 1.
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The stationary part 2 of the pod 1 is fixed to the described azimuth flange
6 on the azimuth bearing 8 and thus the pylon head 26 by way of a tubular carrier
portion 30 which also serves for stiffening and stabilising the pod 1. Thus forces
which act on the pod 1 are also diverted to the pylon 12 by way of that tubular
carrier portion 30. From the pylon 12, a person 28 can reach the pod 1 by way of
a ladder 32 through the ring discs 24, the azimuth bearing 8 and the tubular carrier
portion 30. All those components provide sufficient space for a person 28 to be
able to pass into the pod 1 and also for articles to be able to pass from the pylon
12 into the pod 1.

The stationary part 2 of the pod 1 has a tubular belt region 34. In a con-
necting region 36 which in the mathematical sense forms an intersection region of
the tubular carrier portion 30 and the tubular belt region 34 the tubular carrier por-
tion 30 and the tubular belt region 34 are fixedly connected together. The tubular
carrier portion 30 and the tubular belt region 34 can also be at least portion-wise
made from one piece, as for example in the form of a casting. The connecting
region 36 extends three-dimensionally in space and can thereby receive widely
varying force directions from the pod 1 and pass them into the pylon 12.

Coming from the pylon 12, the tubular carrier portion 30 ends at the height
of a platform 38. The platform 38 essentially serves for a person, in particular
service personnel, to be able to gain entry to the pod 1 and work there. In addition
items of equipment such as for example control cabinets 40 are arranged on the
platform 38, for different purposes. In addition the platform 38 can also contribute
to increasing the stability and in particular stiffness of the pod 1. Persons in the
pod can move on the platform 38 in extensive parts thereof and with a great deal
of available space.

The pod 1 has a rear portion 42 which in regular use is facing away from
the wind. That rear portion 42 can contribute to the stability and in particular stiff-
ness of the pod 1, but otherwise carries fewer mechanical forces than the tubular
carrier portion 30 and the tubular belt region 34. For that reason the rear portion
42 can be of a weaker structure for example from the point of view of its material
strength or its kind of material. For example the use of aluminium is proposed for
that rear portion 42.

A generator portion 44 forwardly adjoins the belt region 34. The generator

46 is disposed in the generator portion 44. The generator 46 includes a stator 48
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and a generator rotor member 50 which is in the form of an external rotor member,
that is to say it is arranged externally around the stator 48. Both the stator 48 and
also the rotor member 50 are of an approximately annular configuration. The stator
48 is fixedly connected to the stationary part 2 of the pod 1. In that way the stator
48 which is of a comparatively great mass and thus great weight is carried by the
stationary part 2 and thus by the pod 1. It will be clear from the illustrated person
28 that the size relationships readily allow a person on the platform 38 to be able
to pass to the generator 46 and through same. In that respect the platform 38
basically only adjoins elements of the stationary part 2 and thus access on foot
thereto is possible even in on-going operation of the wind power installation.

Adjoining the generator portion 44 of the stationary part 2 is a front portion
52 which can also be referred to as the front cone portion 52. That cone portion
52 basically replaces a previously known shaft journal. The front cone portion 52
which is part of the stationary part 2 of the pod 1 is disposed in the region of the
aerodynamic rotor 54 which has three rotor blades 56, of which only one is shown
in its region of attachment. The front cone portion 52 has, adjacent to the platform
38, a maintenance opening 58 through which a person can pass from the station-
ary part 2 into the rotating part 4 and in particular to the rotor blade 56 or into
associated devices.

In addition a slip ring body 60 is accessible from the front cone portion 52.
The slip ring body 60 serves to transmit electric signals, either now information
signals or energy signals, from the stationary part 2 to the rotating part 4 or vice-
versa. In addition, disposed in the pod 1 and thus in the stationary part 2 is a crane
rail 62 extending from the rear portion 42 to the front cone portion 52 and there to
the slip ring body 60. The crane rail 62 carries an electric winch 64 for handling
heavy articles, including tools, being shown in two positions. The winch 64 can
basically be displaced along the crane rail 62 to the slip ring body 60 and thus for
example can lift loads in the pylon 12 and convey them to the front cone portion 52
and there for example to the rotor blade 56.

The rotating part 4 of the pod 1 is mounted on the stationary part 2 rotatably
about a substantially horizontal axis by means of a rear bearing 70 and a front
bearing 72. The rear bearing 70 is arranged in the proximity of the generator 46,

approximately adjacent to the stator 48. Provided on the rotating part 4 in the



10

15

20

25

30

DK/EP 2795108 T3

-14 -

region of the rear bearing 70 is a cover apron 74 protecting the rear bearing 70
from the influences of weather.

An annular carrier structure 78 extends to the rear bearing 70, from a rotor
member casing portion 76 which carries the rotor member 50 and which surrounds
it in the manner of a cylindrical casing. That arrangement provides that the rotating
part 4 of the pod 1 is carried in that rear region of the rotating part 4 on the rear
bearing 70.

Adjoining the rotor member casing portion 76 is a hub portion 80. The hub
portion 80 is fixed in the rotor member casing portion 76 and also provided in that
region is a brake disc 82 which can stop the rotor member 50 by means of the
brake means 84, which may be required in particular for maintenance activities.
Arranged on the hub portion 80 are rotor blade attachments 86 each having a rotor
blade connection 88 for fixing a respective rotor blade 56. Arranged in the rotor
blade attachment 86 is a pitch drive 90 with a respective associated pitch box 92.
Such a pitch box 92 is used to operate the pitch motors and can contain actuating
units and/or energy storage means for emergency displacement or the like. The
pitch box 92 is illustrated here by way of example for further modules for actuating
or powering the pitch drives. In that way the angle of incidence of the rotor blade
56 can be altered and for that purpose the rotor blade 56 is mounted rotatably to
the blade connection 88 by way of a blade bearing 94. Other embodiments may
also have a plurality of pitch drives for each rotor blade.

The rotating part 4 of the pod 1 is received in the front bearing 72 by means
of a bearing support 96. Thus the rotating part 4 is supported internally with its
bearing support 96 in the front bearing 72 and the stationary part 2 is here con-
nected from the outside to the front bearing 72. The bearing support 96 of the
rotating part 4 is thus arranged in the region of the front bearing 72 within the sta-
tionary part 2 whereas otherwise the rotating part 4 rotates externally around the
stationary part 2, in particular around the front cone portion 52 and the generator
portion 44. That permits interchangeability of the front bearing 72 from the interior
of the stationary part 2 of the pod 1. The crane rail 62 can also be helpful for such
interchange activity.

Figure 3 shows the composition of some pod parts and fitment of the pod
1 on the pylon 12. A method of erecting a wind power installation can in that re-

spect be such that the belt region 34 of the stationary part 2, optionally together



10

15

20

25

30

DK/EP 2795108 T3

-15-

with the rear portion 42, is fitted onto the pylon 12 in the region of its pylon head
26. For that purpose the azimuth flange 6 of the stationary part 2 is fitted onto the
pylon head 26 in the region of the azimuth bearing 8 and onto the azimuth bearing
8 respectively, and fixed there.

As the next essential step, the generator portion 44 together with the gen-
erator 46, namely the generator rotor member 50 and the stator 48, and together
with the rear bearing 70 which for that purpose are pre-installed, as shown in Fig-
ure 3, can be fixed in the belt region 34. For that purpose the rear bearing 70 is
arranged on and fixed to an annular belt flange 302.

In a further essential step the front cone portion 52 of the stationary part,
together with the hub portion 80 of the rotating part, can be mounted in place. For
that purpose the front cone portion 52 is fixed to the generator portion 44 and the
hub portion 80 is fixed to the rotor member portion 76. For that purpose each of
those 4 portions has a corresponding ring flange. The hub portion 80 of the rotating
part 4 can be pre-installed with the front cone portion 52 of the stationary part 2
together with the front bearing 72 before being lifted to the height of the pylon head.
Auxiliary fixings can be provided for that purpose for example in the region of the
brake disc 82 to fix the hub portion 80 and the front cone portion 52 relative to each
other.

Depending on the respective size of the wind power installation and thus
the size of the pod and depending on the respective available construction crane,
that pre-installed hub portion 80 with the front cone portion 52 with or without rotor
blades 56 or possibly with rotor blade portions can be lifted. Devices like the slip
ring body 60, the pitch drives 90 and the pitch boxes 92 can be pre-installed in the
hub portion 80 and/or the front cone portion 52. Some or all of those or further
devices can be pre-installed.

Figure 4 shows a portion of a front part of the hub portion 80 of the rotating
part and the front cone portion 52 of the stationary part. It is possible to see here
in particular the mounting for the front bearing 72 which here is in the form of a
two-row tapered roller bearing. The hub portion 80 has a hub cap 98 which can
also be referred to as the spinner cap 98 and which can be produced as a separate
part in relation to the hub portion 80 and is then fixed to the hub portion 80. The
hub cap 98 also includes the bearing support 96 which is mounted from the interior

in the front bearing 72.
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Figure 4 also shows the slip ring body 60 diagrammatically and without il-
lustrating the connected lines — these are otherwise also not shown in the views
for the sake of greater clarity of the drawing. The slip ring body 60 is easily acces-
sible from the interior of the front cone portion which forms a stationary part, and
can be removed for maintenance operations or repair operations.

When the slip ring body 60 is removed the front bearing 72 can be removed
towards the interior of the front cone portion 52 and thus replaced. For that pur-
pose the hub portion 80 and in particular the bearing support 96 would have to be
fixed relative to the front cone portion 52.

The hub portion 80 which is entirely or partially shown in Figures 2 to 4 can
be composed, in an embodiment, of three basically identical hub segments 502.
Such a hub segment 502 is shown in Figure 5. For fixing to the rotor member
casing portion 76, as is shown in Figures 2 and 3, the hub portion 80 has an annular
hub flange 304. A cap flange 306 is provided for connection to the hub cap 98.
The hub segment 502 which is clearly illustrated separately in Figure 5 has a hub
flange portion 504 and a cap flange portion 506. Also shown are two segment
flanges 508 provided for connecting the hub segments 502 together. Thus three
hub segments 502 can be connected to form the hub portion 80 by means of the
segment flanges 508. In that case the hub flange portions 504 are overall fitted
together to form the hub flange 304. The cap flange portions 506 are also fitted
together to form the cap flange 306.

The hub segment 502 also has a rotor blade attachment 86 having a blade
connection 88. A blade bearing 94 is fixed to the blade connection 88.

Provided in the rotor blade attachment 86 is a reinforcing rim portion 510
which extends peripherally in a ring shape and in which the pitch drive 90 is fitted.
The pitch drive 90 is also held by a receiving projection 512. The pitch drive 90
can be arranged in stable relationship by virtue of that doubled fixing for same.
Both the reinforcing rim portion 510 and also the receiving projection 512 are ar-
ranged in the rotor blade attachment 86 and thus in the hub portion 80. Pre-instal-
lation of the pitch drive 90 can be made possible or facilitated thereby.

The enlarged view in Figure 6 shows in particular a rotor blade attachment
86 in greater detail. The pitch drive 90 is fitted with a transmission portion 602 in

the reinforcing rim portion 510 and the receiving projection 512, and in particular
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fixed to the reinforcing rim portion 510. The receiving projection 512 can in partic-
ular increase tilting stability for the pitch drive 90. In the event of a current failure
the pitch drive 90 can be supplied with displacement energy by means of the pitch
box 92 in order to turn the rotor blade 56 into the feathered position. Connecting
lines are not shown in this view in Figure 6 although they are naturally provided
between the pitch drive 90 and the pitch box 92. The blade bearing 94 with which
the rotor blade 56 is mounted rotatably to the rotor blade attachment 86 is in the
form of a double ball bearing or two-row ball bearing.

Figure 6 also shows the brake disc 82 with the brake means 84. The brake
means 84 is fixed to the front cone portion 52 in the region of an annular flange
604 which can also be referred to as an annular cone flange 604. The brake means
84 with brake disc 82 is provided for braking and arresting the rotor.

A front platform portion 606 can be arranged as part of the platform 38 in
the cone portion 52, and fixed to the front cone portion 52. A service worker can
pass through the maintenance opening 58 in the front cone portion 52 from the
front platform portion 606 to and into the rotor blade attachment 86 and from there
also to and into the rotor blade 56. For that purpose however the brake disc 82 is
firstly to be fixed in the brake means 84 and an arresting action is also to be imple-
mented to prevent rotation of the rotating part and thus a movement of the rotor
blade attachment 86.

Figure 7 shows the structure and arrangement of the generator 46 in a por-
tion thereof on an enlarged scale. The generator 46 has a stator 48 and a rotor
member 50. The rotor member can also be referred as the generator rotor. The
rotor 50 of the generator 46 is referred to as the rotor member 50, in order better
to differentiate it from the aerodynamic rotor.

The rotor member 50 has various poles each having a respective pole shoe
702. The pole or pole shoe body, of which only the pole shoe 702 can be seen in
Figure 7, is provided with a pole shoe winding 704 which is overall supplied with a
direct current for external excitation of the pole shoe body and thus the rotor mem-
ber 50, which current moreover is to be supplied by way of the slip ring body 60
indicated in Figures 2 to 4. The rotor member 50, in particular its pole shoe body,
is fixedly secured in the rotor member casing portion 76. External ribs 706 are
provided to cool the rotor member 50. They can be mounted on the rotor member

casing portion 76 or the rotor member casing portion 76 is produced together with
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those external ribs 706. Advantageously the rotor member casing portion 76, the
external ribs 706 and also the pole shoe body of each pole of the rotor member 50
is respectively made from metal or at least another material which has good ther-
mal conductivity. In that way the heat of the rotor member 50 can be passed into
the rotor member casing portion 76 and dissipated outwardly by way of the external
ribs 706. The external ribs 706 are arranged approximately lengthwise relative to
the wind, in particular when the pod 1 is oriented in relation to the wind, so that the
wind can flow along the external ribs 706 and provide a suitable cooling effect.
Alternatively the external ribs can also be arranged in a helical configuration
around the rotor member 50 in order better to correspond to the wind is deflected
by the rotor blades.

The stator 48 substantially has a laminated stator core 708 fixedly secured
to a stator carrier portion 710. The laminated stator core 708 is provided with
windings, in particular with a continuous winding and in particular with a 6-phase,
namely twice 3-phase continuous winding, which however is not shown in Figure
7 for the sake of clarity. Stator windings are only diagrammatically indicated by the
illustrated winding heads 716. The generator air gap 712 is formed between the
pole shoes 702 and the laminated stator core 708. The stator 48 extends radially
inwardly from the air gap 712 and due to the proposed structure there is no spatial
limitation worth mentioning in that direction. That affords good accessibility and in
that case the space can be used for example for cooling devices, depending on
what kind of cooling requirement is involved. In addition the space can possibly
be used to increase the stability of the stator 48.

The illustrated configuration of the rotor member 50 and the stator 48 basi-
cally reproduces a characteristic size requirement for the rotor member and stator.
It will be seen that the radial extent of the rotor member 50, namely from the air
gap 712 to and including the rotor member casing portion 76, is markedly less than
the radial extent of the stator 48 from the air gap 712 to a cover plate 714 of the
stator 48. Thus, with a given maximum outside diameter which can be predeter-
mined for example due to transport conditions, the illustrated configuration in the
form of an external rotor member makes it possible for the air gap 712 to be of a
larger diameter than if the stator which is of a larger radial thickness, having regard

to the outside diameter thereof, were disposed on the outside.
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The stator carrier portion 710 is fixed to the cone flange 604 by means of a
front stator flange 718 or the cone flange 604 is fixed to the front stator flange 718.
Towards the belt region 34 of the stationary part 2 the stator carrier portion 710
has a rear stator flange 720 with which the stator carrier portion 710 is fixed to a
front belt region flange 722. A plurality of connecting bolts 724 are provided for
that purpose. The rear bearing 70 with the stationary bearing portion 726 is ac-
commodated between the two flanges, namely the rear stator flange 720 and the
front belt region flange 722. The rear bearing 70 can basically be removed by
separation of the rear stator flange 720 from the belt region flange 722.

The rotor member casing portion 76 is fixedly connected on the rotating
bearing portion 728 of the rear bearing 70 by way of the annular grid-like carrier
structure 78. The rotor member casing portion 76 is also connected to the hub
flange 304 by way of the rotor member casing flange 730. Lifting eyes 732 are
also provided for lifting purposes. Such lifting eyes 732 can basically be arranged
on each hub segment 502. It may however be sufficient to provide only a pair of
lifting eyes 732 so that a pair of lifting eyes 732 is only arranged on a hub segment
502. For that reason the hub segment 502 in Figure 5 does not have any lifting
eye 732.

Figure 8 shows an external view of the pod 1 in the assembled condition of
being fitted on a pylon 12. A rotor blade 56 is diagrammatically shown as being
fitted at a rotor blade attachment 86 for clearer illustration purposes. In particular
seams in the region of each two assembled segment flanges 508 can be seen in
this external view. In the region of such seams it is possible to see two lifting eyes
732 which are provided for mounting the pod 1, more specifically this hub portion.
It is to be noted that, depending on the respective size, the hub portion 80 can also
be supplied in one piece. In that way it is also possible that it is only then that lifting
eyes 732 are fitted in the region of such a weld seam, in relation to the segment
flanges 508.

The external ribs 706 can preferably be so thin and provided in such large
numbers that they cannot be perceived as ribs in the size and resolution of the
view in Figure 8. The front cone portion 52 is to be seen from the exterior, through
an opening in a rotor blade attachment 86.

Figure 9 substantially corresponds to the view in Figure 2, but the Figure 9

view is not perspective or differs in its perspective slightly from the view in Figure
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2. In addition the view of the pod 1 diagrammatically shows a pod 901 of a known
wind power installation of smaller size, in particular a lower power output class.
The known pod 901 is also a pod of a gearless wind power installation. Coming
from the pylon 12, such a pod in the state of the art firstly has a cast machine
carrier 902. It extends similarly to a curved tube from the pylon 12 in an approxi-
mately 90° bend to the generator. To gain access to the pod 901 on foot the service
personnel must thus climb upwardly from the pylon 12 into the machine carrier 902
and leave the machine carrier 902 from a rear machine carrier opening 904, into a
free internal space in the pod. Adjoining the machine carrier 902 is the stator car-
rier 906 which can also be referred to as the stator bell because it basically passes
completely through the pod 901 and is of an approximately bell-shape configura-
tion. Fixed at its periphery is the stator 908 which here is shown in only highly
diagrammatic form. To pass into the front part of the pod 901, a stator bell opening
910 is provided in the stator bell 906. A shaft journal 912 extends from the stator
bell 906. The shaft journal is internally hollow and cables can be carried therein to
a slip ring body 914. It is however not possible for a person to pass into the front
region of the pod 901 through the shaft journal 912.

The rotor, namely both the aerodynamic rotor and also the rotor member of
the generator, is carried on that shaft journal 912. Provided for that purpose is a
rotor hub 916 mounted rotatably on the shaft journal by way of two shaft journal
bearings 918. Disposed on the hub 916 are rotor blade attachments 920 for fixing
rotor blades. Also arranged on the hub is a rotor member carrier 922 which ex-
tends from there radially outwardly and carries the generator rotor member 924
within the stator 908. The air gap 926 is formed between the stator 908 and the
generator rotor member 924.

Shown in the rotor blade attachment 920 which is downward in the view is
a rotor blade adaptor 928 connected rotatably to the rotor blade attachment 920
by way of adaptor bearings 930. A rotor blade is not shown here.

The mode of operation here is such that wind forces are transmitted to the
rotor blades and from there to the rotor blade adaptors 928 in order thereby to
perform a rotary movement. The forces are then further transmitted to the hub 916
by way of the adaptor bearings 930 and the rotor blade attachments 920. The hub
916 is of a comparatively small diameter and further transmits the torque generated

as described to the rotor member carrier 922, from which the torque is transmitted
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outwardly to the rotor member 924. Accordingly, this involves a comparatively dis-
advantageous flow of force from the rotor blades to the generator rotor member.
In addition the shaft journal 912 which has to carry forces due to the weight of the
rotor and in addition tilting moments of the rotor is precisely smaller in its diameter
than in the case of the concept according to the invention, using a pod carrier.
Accordingly such shaft journals are produced as a very massive structure, more
specifically with very great wall thicknesses. Accordingly this involves a greater
weight to ensure adequate stability.

In addition, although the pod 901 is in part of a larger diameter than the pod
1 according to the invention, it is more difficult to gain access to the pod 901 on
foot because the stator carrier 902 is arranged in the middle of the pod 901 and
thus basically occupies the best position. All items of equipment have to be ar-
ranged there around that machine carrier 902.

In addition accessibility to the pod 901 on foot is only afforded in a part
because the stator bell 906 makes a large part of the pod 901 inaccessible or ac-
cessibility is possible only when the rotor is fixed and thus the generator rotor mem-
ber 924 is fixed.

In comparison there is proposed a pod 1 which is self-supporting and
thereby firstly avoids, namely replaces, the machine carrier 902. In that case the
pod 1 carries the supporting forces in its outer skin which is of a considerably larger
diameter in relation to the previous structure and can thus achieve a high level of
stability with a markedly smaller wall thickness. In spite of the large diameter there-
fore it is even possible to make weight savings — depending on the respective spe-
cific configuration — in comparison with the previous structure described with refer-
ence to Figure 9.

The pod configuration in Figure 10 has a pod curve region 134 which func-
tionally approximately corresponds to the belt region 34 in Figure 2. The pod curve
region 134 is thus part of the stationary part 1002 of the pod 1001. Adjoining the
pod curve region 134 is a generator portion 144 and adjoining same is a front cone
portion 152. In that case the pod curve region 134 is connected to the pylon 1012
by way of an azimuth bearing 1008 and a pylon flange 1010. In that way the pod
curve region 134 forms a stable connection from the pylon 1012 to the generator
portion 144. For that purpose the pod curve region is formed substantially like a

tube portion curved through about 90°. That makes it possible to achieve a very
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good stable and rigid connection between the pylon 1012 and the generator portion
144. It was found that a rear portion 42, as shown for example in Figure 2, is not
necessarily required. The configuration of that tubular element ultimately also en-
sures deflection of the flow of forces from the generator rotor member to the pylon
in a simple and efficient manner. The fundamental structure which provides a load-
bearing outer shell and which accordingly affords a great deal of space in the inte-
rior of the pod 1001 means that it is also possible to dispense with the space which
in the Figure 2 embodiment is present in the rear portion 42.

The pod 1001 in Figure 10 can be modified in a variant in such a way that
in particular a casing portion which is not load-bearing can be fitted at the rear, at
the side remote from the rotor. For example additional assemblies such as cooling
means or devices for service operations such as for example crane openings can
be arranged downwardly therein.

The person 128 shown in the pod curve region 134 is standing on a platform
138 and shows that this embodiment in Figure 10 also has a great deal of space
in the pod 1001.

The platform 138 is correspondingly shortened in relation to Figure 2. The
crane rail 162 is also shortened and carries a winch 164 with which elements can
be lifted out of the pylon 1012 into the pod 1001 or can be lowered therefrom. From
there, mainly where the person 128 is shown on the platform 138, the winch 164
can be displaced with or without a load along the crane rail 162 to a position entirely
forwardly into the front cone portion 152. It is possible in that way to reach the
illustrated slip ring body 160 and also a maintenance opening 158 in the front cone
portion 152.

The front cone portion 152 is fixedly connected by way of the generator
portion 144 to the pod curve region 134 and by way thereof finally to the pylon
1012.

The generator portion 144 has a cylindrical casing portion 1714 which sub-
stantially forms a direct connection from the pod curve region 134 to the front cone
portion 152 and by virtue of the nature of its configuration, in particular the cylindri-
cal shape, also permits good transmission of force from the front cone portion 152
to the pod curve region 134. In particular forces are transmitted thereby, which are
transmitted from the aerodynamic rotor to the hub cap 198 and further to the front

bearing 172 and thereby to the front cone portion 152.
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A stator carrier portion 1710 is arranged around the cylindrical portion 1714
and together with carrier sides 1711 and the cylindrical portion 1714 forms a struc-
ture which is approximately trapezoidal in section. The stator 148 and in particular
the laminated stator core 1708 is carried thereby. Cooling flows for cooling the
stator 148, in particular the laminated stator core 1708, can be guided within the
trapezoidal structure 1709.

As there is also sufficient space within the generator portion 144 and as
that generator portion 144 can also be entered on foot in operation of the wind
power installation items of equipment such as control cabinets 140 or the like are
also disposed there.

The embodiment of Figure 10 has, on the rotating part 1004, a rotor mem-
ber casing portion 176 which carries the rotor member 150 and is provided with
external ribs 1706. The external ribs 1706 are arranged approximately in a helical
form around the pod 1001, in particular namely around the rotor member casing
portion 176. Wind deflected by the aerodynamic rotor in operation can thus ad-
vantageously flow to those external ribs 1706, more specifically with an air flow
flowing approximately parallel to the ribs 1706. That kind of configuration of the
external ribs 1706 is not restricted to the illustrated embodiment in Figure 10. Ra-
ther, such external ribs are generally a preferred design configuration.

The rotor member casing portion 176 is mounted on the rear bearing 170
by way of an annular carrier structure 178 which at the same time functions as a
cover apron. A connecting carrier portion 179 extends approximately over an out-
side periphery of the rear bearing 170. Thus the forces acting on the rotating part
1004 are transmitted to the rear bearing 170 by way of the annular carrier structure
178 and the connecting portion 179. In addition that annular carrier structure 178
at any event encloses the generator 146 from the one side.

The illustrated configuration in Figure 10 can differ in further details from
the embodiment as shown for example from Figure 2. Unless otherwise described
further elements of this Figure 10 embodiment correspond at least basically to the
embodiment of Figure 2. In addition the novel structure as shown for example in
Figure 2 or the other Figures promotes a substantially more advantageous flow of
forces from the rotor blades to the rotor member because the flow of forces is
substantially already received in the region of the outer skin or outer walls of the

hub portion 80 and is passed from there to the outwardly disposed rotor member
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50. At any event the newly proposed pod 1, in spite of the partially reduced overall
diameter, affords substantially more space in its interior because basically the en-
tire interior is available for the provision of various items of equipment and also for
the provision of a working platform or a walkway surface for negotiating the pod on
foot.

In addition the newly proposed pod structure promotes the provision of a
generator in the form of an external rotor member which in turn can lead to a larger
air gap diameter with an unchanged overall outside diameter because the radial
extent of the rotor member is less than that of the stator.

Providing the rotor with cooling ribs a so-called exterior rib configuration,
can provide for example a cooling surface area in the region of about 20 — 150
square metres for an outside diameter of 5 m. The rear bearing 70 can be in the
form of a rolling bearing and in that case can be replaceable.

The belt region 34 of the stationary part 2, which can also be referred as
the pod carrier 34, is preferably in the form of a casting. The rear portion 42 can
also be referred to as the tail casing 42 and is preferably made from aluminium. A
so-called azimuth module can be arranged in the pylon head 26 for azimuth ad-
justment, for which uniformly arranged drives are proposed, distributed in particular
uniformly over the periphery. The azimuth bearing 8 can be of an internally toothed
configuration in particular at its inner bearing ring 22. A smaller tooth arrangement
diameter, in comparison with externally toothed structures, can be compensated
by a larger number of drives. In an embodiment, 14 azimuth drives 16 are provided
here.

For making the rotatable connection between the front cone portion 52 and
the bearing support 96, there can be a two-row tapered roller bearing as the front
bearing 72 which is replaceable from the interior.

The slip ring body can be accommodated in the front cone portion 52 or on
the bearing support 96. The bearing support 96 is part of the hub cap 98 which is
also preferably intended for integration of the three hub segments 502.

The proposed self-supporting pod makes it possible to address disad-
vantages like high weight and a high level of mounting complication and expendi-
ture. Accordingly it is possible to achieve a reduction in weight and a reduction in
mounting complication and expenditure. Further advantages and proposed as-

pects are as follows:
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The air gap lies in the natural flow of forces. The outwardly disposed carrier
structure provides for achieving a low stress level. In that respect it is to be noted
in particular that the stress level is proportional to the inverse of the square of the
radius of the carrier structure relative to a pod centre line. In that respect the sta-
bility of such a carrier structure basically increases only proportionally to the re-
spective wall thickness of the carrier structure.

The use of the rear bearing 70 in the proximity of the air gap makes it pos-
sible to achieve a high level of air gap stiffness. In addition the air gap, viewed in
the axial direction, is between the rear bearing 70 and the front bearing 72. That
also makes it possible to achieve a high level of tilting stability and a correspond-
ingly small air gap thickness. An increase in the length of the air gap can also be
promoted. All this ultimately leads to small air gap losses.

The proposed external rotor member generator means that the rotor mem-
ber can be cooled from the outside, which initially can be purely passively possible.

The stator can be better cooled through the freely accessible stator core
centre. In the proposed solution the stator can be reached from the interior. There
are substantially no limitations in respect of height and thickness in the laminated
stator core. That gives a great deal of space for cooling and the core stiffness of
the laminated stator core can also be increased.

The pod can also be of a spacious configuration in its interior, while being
of small outside dimensions.

In addition a self-supporting pod has a robust outside structure which facil-
itates in particular transport and construction.

The construction of a wind power installation on site can be simplified by
virtue of the robust outside structure and in addition lifting eyes which are cast
thereon, like the lifting eyes 732. Operations for fitting small parts on the building
site become superfluous in that case. Basically a simple component exchange is
possible, in particular in regard to the rear bearing 70 and the front bearing 72.
Any rescue of people from the pod 1 can also be handled with fewer problems.

The proposed pod also affords a high level of sealing integrity. That is
achieved for example by the connection of the rotor blade externally to the rotor

blade attachment 86 of the hub portion 80 because no additional casing arrange-
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ment is provided, which could allow moisture to enter at the edges of the attach-
ment 86. Sealing integrity can also be improved in the region of the azimuth bear-
ing, that is to say the connection to the pylon head.

For supplying feed air, it is proposed that water separators and/or sand
separators are used.

The proposed pod is also advantageous for larger installations, more spe-
cifically in particular for future installations involving a structural size and power
output level which exceeds the present structural size or power output level. A
limitation is imposed in particular by limitations in terms of on-road transport of the
components. The pod carrier and/or hub portion are possibly to be appropriately
divided for transport. Because the pod is self-supporting and thus the pod casing
forms the load-bearing structure the pod can correspondingly grow in size for in-
stallations as they become larger, that is to say in relation to larger installations the
pod can be made correspondingly larger, thereby directly affording an increase in
stability.

The flow of forces in respect of the proposed pod is also advantageous in
such a way that, coming from the rotor blades from the outside, the forces are
passed through the hub portion 80 directly to the rotor member 50 and then further
to the stator and from there to the outer shell of the stationary part 2 in a basically
straight simple direction.

A rolling bearing with a raceway track diameter of about 3 m is possible for
the rear bearing 70, which permits a high level of stability, in particular resistance
to tilting.

The pod 1001 in Figure 11 has substantially a tubular body which is angled
or curved through about 90°. That arrangement has a pylon connection region
1102, a connecting portion 1104 and a shaft journal portion 1106. The connecting
portion 1104 is connected to or joined to the shaft journal portion 1106 by way of
an approximately annular shaft journal connecting region 1108. The connecting
portion 1104 is connected to the pylon head 1110 and thus a corresponding pylon,
by way of the pylon connecting region 1102.

The shaft journal portion 1106 has a front cone portion 1152 having a stator
1148. Of the stator 1148, the Figure shows a stator structure 1149 which substan-
tially carries an electromagnetically operative part (not shown in Figure 11) of the

stator 1148, more specifically in particular the laminated stator core members and
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the stator windings. At any event the stator structure 1149 together with the shaft
journal portion 1106, in particular the front cone portion 1152, can be formed in one
piece and thus integrated into that shaft journal portion. By virtue of its function,
the front cone portion 1152 can also be referred to as the shaft journal and in that
respect then the stator 1148, at least its stator structure 1149, would then be inte-
grated into the shaft journal.

The rotating part 1204 of the pod 1101 is supported by means of two bear-
ings, namely a rear bearing 1170 and a front bearing 1172 rotatably on the front
cone portion 1152 and thus rotatably on the shaft journal portion 1106. Rotor
blades 1156 are thus mounted rotatably about an axis of rotation 1103. In that
case each rotor blade 1156 is connected to a respective blade connection 1187 on
the rotating part 1204, that is to say fixedly connected thereto, by way of a rotor
blade attachment 1186 or rotor blade adaptor 1186. The rotor member 1150 of
the generator which here is composed of the stator 1148 and the rotor member
1150 is also arranged in the region of that blade connection 1187.

In relation to the axis of rotation 1103 therefore the generator comprising
the stator 1148 and the rotor member 1150 is arranged in the axial direction in the
same region as the blade connections 1187. The three blade connections 1187
define a blade connecting region. In addition the generator comprising stator 1148
and rotor member 1150 is here disposed in the radial direction, relative to the axis
of rotation 1103, within the blade connections 1187. In operation of the wind power
installation therefore the blade connections 1187 rotate externally around the gen-
erator comprising stator 1148 and rotor member 1150. In that case the rotor mem-
ber 1150 rotates with the blade connections 1187. In the illustrated embodiment
therefore the generator is disposed both in the axial direction and in the radial di-
rection within the blade connecting region defined by the blade connections 1187.

In addition the generator is within the rotating part 1204 which thus also
forms a blade connecting cover and encloses the generator therein and protects it
outwardly from the influences of weather.

Particularly when the generator is of a very long structural shape and is of
a greater axial length than the blade connecting region the generator can also ex-
tend in the axial direction to at least one side beyond the blade connecting region.

Figure 12 shows a perspective view inclinedly from the front of the pod

1101 of Figure 11. Figure 12 shows in particular parts of the rotor blades 1156.
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The rotor blades 1156 are respectively connected to the rotating part 1204 of the
pod 1101 by way of the rotor blade attachment or adapter 1186. It will be seen
that the blade connecting portion 1204 completely encloses the generator.

The blade connection 1187 can be seen in Figure 12 in the form of an ap-
proximately V-shaped region at which the rotor blade attachment or adapter 1186
is fixed to the rotating part. Two auxiliary broken lines 1188 are shown by way of
example for one of the two blade connections 1187 to clearly illustrate the V-
shaped configuration. That kind of connection can improve a flow of forces from
the respective rotor blade 1156 to the rotating part 1204, at any event in compari-
son with a connection which is straight instead of V-shaped. In addition the outside
dimensions of the rotating part 1204 can be at least somewhat reduced, which is
of significance in particular in the case of separate transport of the rotating part
1204 to the place of erection of the wind power installation.

In particular the described V-shaped form of the blade connection, that is
to say the connection of the rotor blade attachment or adapter 1186 to the rotating
part 1204 in a V-shaped region is a preferred embodiment which is not limited to
the specific example shown in Figures 11 and 12, but applies generally.

Figures 13a to 13d show four different embodiments of a pod curve region
1334a to 1334d. Those pod curve regions substantially correspond to the pod
curve region 134 shown in Figure 10. The pod curve region 1334a in Figure 13a
has an outside curve region 1335a which extends approximately uniformly in a
curved shape from a pylon connecting region 1308a to a generator connecting
region 1310a. In this case the outside curve region 1335a is of a closed configu-
ration and the pod curve region 1334a is basically in the shape of a tube portion
curved uniformly through about 90°.

The pod curve region 1334b in Figure 13b is basically of the same shape
as the pod curve region 1334a. In this case the pod curve region 1334b in Figure
13b has an outside curve region 1335b with an exit opening 1338b to climb out.
That exit opening 1338b permits service personnel to climb out of the pod, namely
the pod curve region 1334b. Figure 13b and moreover Figures 13a, 13¢ and 13d
each show a still unequipped pod curve region and thus no door or the like is also
shown in the exit opening 1338b in Figure 13b. The pod curve regions shown in

Figures 13a to 13d can be produced for example in the form of castings.
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Figures 13a to 13d show different embodiments of the pod curve region
1334a to 1334d. The references in those four embodiments are identical in terms
of the numbers, but differ in terms of the appended letters a to d, corresponding to
the drawings in Figures 13a to 13d.

The embodiment in Figure 13c has a pod curve region 1334¢ with a sub-
stantially straight outside curve region 1335c¢ which in that respect can also be
referred to as the back region 1335c. An exit opening 1338¢ is also provided in
that outside curve region or back region 1335c.

The embodiment of Figure 13d shows the pod curve region 1334d with a
substantially straight outside curve region or back region 1335d, but without an exit
opening.

It is possible to easily climb out of the pod through the exit openings 1338b
and 1338c¢ respectively. On the other hand the embodiments of Figures 13a and
13d without an exit opening can achieve a higher level of stability or the same
stability in a simpler fashion. Any exit required for climbing out would then have to
be provided at another location.

Figure 14 shows a diagrammatic side view in section of a pod 1401 in ac-
cordance with an embodiment of the invention and a pod 1401’ in accordance with
the state of the art, wherein both pods 1401 and 1401’ are part of a wind power
installation of the same power class. Figure 14 is intended to show the amount of
spaces available. In particular the pod 1401 according to the invention has a very
large interconnecting working space region 1402. For that purpose a correspond-
ing rectangle is shown in the pod 1401, which illustrates that working region 1402.
The largest interconnected working region 1402’ which is rectangular in cross-sec-
tion is illustrated in the pod 1401’. Although the pod 1401’ in accordance with the
state of the art is markedly larger than the pod 1401 according to an embodiment
of the invention, it nonetheless has less compact interconnected free space, as is
intended to be shown by that working region 1402’. The reason for this is that in
the state of the art, a carrier structure, in particular a shaft journal 1404’ and a
machine carrier 1406’, are arranged centrally within the pod 1401’ and any free
spaces can only be arranged distributed around that machine carrier 1406’ or shaft
journal 1404’

In the case of the pod 1401 in accordance with an embodiment of the state

of the art it is self-supporting and its actual shell thus forms the carrier structure
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and thus there is no further carrier structure. The entire inner region of the pod
1401 is thus substantially available for use for items of equipment and for people,
in particular service personnel, to be present therein.

To illustrate the space requirement involved, further free spaces 1408 are
also shown in the pod 1401, and further free spaces 1408’ are shown in the pod
1401°.

The embodiment of Figure 15 shows a possible form of cooling system.
The pod 1501 is connected by way of an azimuth bearing 1508 to the pylon 1512,
of which here only an upper part is shown. Flow entry openings 1518 are provided
in the pylon 1512. Ambient air 1520 flows in through those flow entry openings
1518 and flows into the pod 1501 in the form of a cooling flow 1522 in the region
of the azimuth bearing 1508. The cooling flow 1522 then goes to the generator
1546, flows therethrough and leaves the wind power installation in the form of
heated exhaust air 1524.

In that respect Figure 15 is only highly diagrammatically illustrated and
shows cooling of the generator 1546 only in the upper region. In actual fact the
generator 1546 extends substantially completely around the pod 1501 and cooling
also takes place over the entire periphery of the generator 1546. The fan 1526
which is shown by way of example is disposed in usual operation not just at the
one illustrated position, but a plurality thereof can be arranged in the peripheral
direction around the generator 1546. In the region of the generator 1546 the pod
1501 can have flow discharge openings 1528 preferably arranged at the side of
the pod 1501, that faces away from the wind.

Figures 16 and 17 show once again the structure of the pod 1601 according
to an embodiment. The pod 1601 is fixed rotatably to the pylon 1612 with its pod
curve region 1364 by way of an azimuth bearing 1608. At a rotor member casing
portion 1676 the generator rotor member 1650 is rotatably mounted inter alia by
way of a rear bearing 1670 at the pod curve region 1634.

The rotor member 1650 thus rotates relative to the stator 1648 which is
arranged within the rotor member 1650. The stator 1648 and the rotor member
1650 basically form the generator 1646 which inter alia can be cooled by way of
inclinedly arranged cooling ribs 1630. In this case the inclinedly disposed cooling
ribs 1630 are substantially so inclined that, when the wind flows thereagainst, com-

ing as shown in Figures 16 and 17 approximately from the left-hand side of the
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plane of the drawing, the ribs take account of rotation of the aerodynamic rotor or
rotating part 1604 as occurs in regular operation of the installation. In that case,
more specifically, the wind flows in a helical configuration in relation to the pod
1601 and those cooling ribs 1630 are oriented in relation thereto.

Arranged between the region of the cooling ribs 1630 and the rear bearing
1670 is an apron portion 1674 or a cover apron 1674 which also has apron open-
ings 1675 through which cooling air, in particular exhaust air which has already
been heated up cooling, can be discharged. In particular the cooling shown in
Figure 15 can issue in the form of a cooling flow through such apron openings
1675.
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Patentkrav

1. Nacelle (1) af et vindenergianlaeg (100), hvor vindenergianlaegget (100) om-
fatter et tarn (102) eller en mast, en aerodynamisk rotor (106) og en generator
(46) med en lgber (50) og en stator, og nacellen (1) er udstyret med en nacel-
lebekleedning (2, 4), hvor nacellen (1), isaer nacellebekleedningen (2, 4), er
selvbaerende, og hvor nacellebeklaedningen (2, 4) omfatter en roterende del
(4), der mindst baerer en rotorvinge (56) af den aerodynamiske rotor (106)
og/eller generatorens (46) lgber (50), og en stadende del (2), der baerer gene-
ratorens (46) stator (48), hvor den roterende del (4) af nacellen (1) ved hjeelp
af et bageste leje (70) og et forreste leje (72) er monteret drejeligt omkring en
i det veesentlige horisontal akse pa den staende del (2), kendetegnet ved, at
- den staende del (2) omfatter et forreste, isaer betreedeligt, konusafsnit (52),
0g

- et navafsnit (80) er tilvejebragt til optagelse af den mindst ene rotorvinge (56),
hvor navafsnittet (80) er monteret drejeligt omkring konusafsnittet (52).

2. Nacelle (1) ifglge krav 1,
kendetegnet ved, at nacellebeklaedningen (2, 4) baerer generatoren (46).

3. Nacelle (1) ifglge krav 1 eller 2,
kendetegnet ved, at nacellebeklzedningen (2, 4) i det vaesentlige overtager
en maskinbaerers (902) funktion.

4. Nacelle (1) ifglge et af de foregaende krav,

kendetegnet ved, at vindenergianlaegget (100) er gearlgst pa en sadan made,
at Igberen (50) roteres uden mekanisk overfgring af den aerodynamiske rotor
(106).

5. Nacelle (1) ifalge et af de foregaende krav,

kendetegnet ved, at nacellebeklaedningen (2, 4), den roterende del (4) og/el-
ler den staende del (2) helt eller delvist er fremstillet af stal, iseer kuglegrafitjern
eller aluminium.
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6. Nacelle (1) ifalge et af de foregaende krav,
kendetegnet ved, at generatoren (46) er udformet som udvendig laber.

7. Nacelle (1) ifalge et af de foregaende krav,

kendetegnet ved en tandkrans (20), der er fast forbundet med nacellen (1) og
har en indvendig fortanding til azimutindstilling af nacellen (1), der er indrettet
til, at mindst et azimutdrev (16), isaer flere azimutdrev (16), der er anbragt fast
i tarnet (12), gar i indgreb med hver iszer et tandhjulsdrev pa tandkransen med
indvendig fortanding.

8. Nacelle (1) ifalge et af de foregaende krav,
kendetegnet ved en arbejdsplatform (38), der straekker sig gennem genera-
toren (46).

9. Nacelle (1) ifglge et af de foregaende krav,
kendetegnet ved, at generatoren (46) har en maerkeeffekt pa mere end 1 MW.

10. Nacelle (1) ifelge et af de foregaende krav,
kendetegnet ved, at nacellen (1) er betraedelig.

11. Nacelle (1) ifelge et af de foregaende krav,

kendetegnet ved, at generatoren (46) er udformet som en langsomt gaende
generator og/eller som mangepolet generator med mindst 48, mindst 72,
mindst 96, iseer mindst 192 statorpoler.

12. Nacelle (1) ifelge et af de foregaende krav,

kendetegnet ved, at nacellebeklaedningen (2, 4) omfatter

- et aksetapafsnit (1106), der er anbragt i omradet af generatoren og den ae-
rodynamiske rotor, til at beere generatoren og den aerodynamiske rotor, og

- et forbindelsesafsnit, der forbinder aksetapafsnittet (1106) med tarnet, og for-
bindelsesafsnittet har en udvendig form, der er bgjet eller vinklet fra tarnet til
aksetapafsnittet (1106), iseer en rgrformet form, der er bgjet eller vinklet ca.
90°.

13. Nacelle (1) ifelge et af de foregaende krav,
kendetegnet ved, at den roterende del (4) omfatter vingetilsiutninger (1187)
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til fastggrelse af hver isaer en rotorvinge pa den roterende del (4), og vingetil-
slutningerne (1187) straekker sig i aksial retning over et vingetilslutningsom-
rade, og generatoren, iseer dens Igber (1150), er anbragt i dette vingetilslut-
ningsomrade i forhold til den aksiale retning, og/eller at generatoren er anbragt
i radial retning inden for vingetilslutningerne i forhold til rotationsaksen.

14. Vindenergianlaeg (100) med et tarn (102) eller en mast og en nacelle (1)
ifelge et af de foregaende krav.

15. Vindenergianlaeg (100) ifglge krav 14,

kendetegnet ved, at mindst et azimutdrev (16), iseer flere azimutdrev (16), er
anbragt fast i tarnet (12) eller masten og gar i indgreb med hver iseer et tand-
hjulsdrev (18) pa en eller den tandkrans (20), der er fast forbundet med nacel-
len (1) og omfatter en indvendig fortanding.

16. Fremgangsmade til opbygning af et vindenergianlaeg (100) ifglge krav 14
eller 15, hvor generatorens (46) leber (50) og stator (48), allerede fer de Igftes
til installation pa et tarn (12), er forbundet med hinanden ved hjeelp af et leje.

17. Fremgangsmade ifalge krav 16, hvor statoren (48), Igberen (50) og mindst
et leje, der forbinder statoren (48) og Igberen (50), er praefabrikeret pa fabrik-
ken og/eller pa opstillingsstedet pa jorden.

18. Fremgangsmade ifalge krav 16 eller 17, hvor et vindenergianlaeg (100)
ifalge krav 12 eller 13 opstilles, og/eller elektriske indretninger i nacellen (1) er
installeret pa forhand.
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