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DESCRIPTION

Field of invention

[0001] The present invention relates to the technical field of electric generators for wind
turbines. Specifically, the present invention relates to a stator assembly comprising a plurality
of stator segments which are electrically connected in order to forward electric power being
generated with electric coils. The present invention further relates to an electric generator and
a wind turbine with such a stator assembly.

Art Background

[0002] Wind turbines can be erected on-shore or off-shore. Large wind turbines being capable
of providing an electric power up to about 6MW are typically installed off-shore. In particular for
maintenance reasons self-excited generators having a rotor assembly with permanent
magnets are employed. In the near future wind turbines being capable of providing an electric
power In the order of more than 10MW will be provided by wind turbine manufactures having a
special expertise In the field of off-shore wind turbines. For several technical reasons an
electric generator being capable of providing more than 10MW of electrical power must have a
diameter in the order of more than /m.

[0003] WO 2014/033647 A2 and WO 02/15367 A1 disclose related wind turbine generators.

[0004] Such large wind turbine generators are typically realized as self-excited generators with
an inner stator - outer rotor configuration. Thereby, a plurality of stator segments each
comprising several electric coils or windings are mounted one next to each other along a
circumferential direction at a circular outer edge of a stator frame structure. At a circular inner
surface of a rotor frame assembly, which is torque proof connected to a wind rotor and which,
In operation, rotates around the stator frame structure, there are mounted a plurality of
permanent magnets which, when moving along the stator segments, produce a time
alternating magnetic flux through each electric coil. This time alternating magnetic flux induces
an electric current in each electric coil. The currents produced in each electric coll respectively
by each one of the plurality of stator segments are collected or summed up and yield an
electric power output of the generator.

[0005] Collecting the plurality of currents produced in the plurality of stator segments by means
of an appropriate wiring arrangement 1s easy for small or medium sized electric generators
which have a diameter of e.g. less than two or three meters. Known wiring arrangements
comprise several massive bus bars for conducting the currents to an electric power interface of
the generator. It 1Is obvious that Iin larger electric generators it iIs more challenging to provide
the stator assembly with an appropriate wiring arrangement as larger generators not only have
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a larger spatial dimension but also a higher number of stator segments which have to be
electrically connected to an electric power Interface. In particular, a high number of stator
segments require a plurality of electric conductors which have to be mounted in a compact
manner in and/or at a stator frame structure of the stator assembly.

[0006] There may be a need for providing a stator assembly having a plurality of stator
segments with a wiring arrangement which can be realized in a compact manner and which
can be mounted to a stator frame structure of the stator assembly In an easy and effective
manner.

Summary of the Invention

[0007] This need may be met by the subject matter according to the independent claims.
Advantageous embodiments of the present invention are described by the dependent claims.

[0008] According to a first aspect of the invention there Is provided a stator assembly
according to claim 1.

[0009] The described stator assembly I1s based on the idea that (high power but) flexible
cables which are insulated (with respect to each other and with respect to other parts of the
stator assembly) can be used for a wiring arrangement which provides a plurality of electric
connections between an electric power interface and a plurality stator segments mounted at a
radial outer edge of a stator frame structure. Specifically, due to the (non-zero) mechanical
flexibility of the cables the wiring arrangement can be mounted to the stator frame structure In
an easy and effective manner when building up the entire stator assembly. The mechanical
flexibility allows for spatially forming the cables in an appropriate manner and bringing them
INto a desired position at the stator frame structure such than even very strict spatial
constraints for forming the wiring arrangement at the stator frame structure respectively within
a generator comprising the described stator assembly can be fulfilled.

[0010] The mechanical flexibility may even allow the respective wiring assembly to be bended
to a proper spatial shape after a first (end) section of the wiring assembly has already been
Installed. Thereby, geometric shapes may be adopted by the wiring assembly which, due to
spatial constraints, could not be provided by a rigid bus bar structure.

[0011] Specifically, the flexible electric cables can be installed next to each other in at least one
predetermined accommodation channel and/or at cable holders which are provided along the
circumference of the outer edge next to the outer annular frame. When installing a cable or a
cable arrangement it can first be cut to a specific length which corresponds, along and next to
the outer annular frame, to the distance between the electric power interface and the
respective stator segment. Then, the cable or a cable arrangement having a proper length can
be brought in its final mounting position.
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[0012] In preferred embodiments the wiring assemblies are free of solid and rigid bus bar
structures. This may further facilitate an installation of the wiring arrangement at the outer
annular frame.

[0013] The plurality of stator segments may be arranged one next to each other along a
circular circumference around the center axis. Preferably, two neighboring stator segments
adjoin each other such that the entire circumference can be exploited for "picking up”, by the
electric coils or windings of the stator segments, the time alternating magnetic flux produced by
permanent magnets of a rotor assembly, which permanent magnets, in operation, are traveling
next to the circumferential row of stator segments.

[0014] In particular In a so called direct drive wind turbine having no gear box in between (i) a
wind rotor capturing mechanical energy from wind and (ii) the electric generator the described
center axis may correspond or may be aligned with the rotational axis of the wind rotor. With
regard to the spatial relationship between the plurality of wiring assemblies and the outer
annular frame the center axis may define the direction of a (shortest) distance the respective
wiring assembly and (an axial side face of) the outer annular frame.

[0015] The electric power Interface may be any appropriate electric structure which 1s capable
of collecting the individual electric currents respectively the individual power signals and
forwarding the same to the mentioned power transceiver. It iIs mentioned that the electric
power Interface may be either (1) a compact electric structure wherein all electric cables run
together or (i) a spatially distributed structure wherein at different positions wiring assemblies
are spatially combined.

[0016] The power transceiver may be a power converter which Is electrically connected In
between the electric power interface and a utility grid. In order to provide an AC power signal
being matched with the AC frequency of the utility grid the power converter may comprise a
generator side AC-DC converter, an intermediate DC bridge, and a grid side DC-AC converter.
The AC-DC converter and the DC-AC converter comprise several high power semiconductor
switches which, iIn a known manner, are arranged in a bridge configuration for each phase of
an entire AC power signal provided by the electric generator. By controlling the high power
semiconductor switches with an appropriate switching pattern the AC frequency of a power
signal being delivered to the utility grid can be adapted in a known manner to the (given) AC
frequency of the utility grid.

[0017] In the context of this document "radially” and "radial direction” means perpendicular to
the "axial direction” being in line with the "center axis". In a cylindrical coordinate system being
used in this document for describing the geometry of the stator assembly the "axial direction”
along the center line corresponds to the "height coordinate” and the "radial direction”
corresponds the Euclidean distance between the "center axis" and a point of interest. Further,
"outer” means radially outer, I.e. a larger Euclidean distance and "inner" means radially inner,
l.e. a smaller Euclidean distance.
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[0018] According to an embodiment of the invention each wiring assembly Is associated
exclusively with one stator segment. Descriptive speaking, the wiring arrangement exhibits a
"star-configuration” in which each stator segment is electrically connected independently from
the other stator segments with the electric power interface. This makes the design of the wiring
arrangement simple. Further, due to its "star-configuration” the wiring arrangement has a high
degree of reliability because a failure in one wiring assembly only causes a failure In the
electric connection between the electric power interface and one stator segment. Preferably,

each wiring assembly comprises three electric cables, wherein one electric cable Is assigned to
one electric phase of a generated three-phase current.

[0019] According to a further embodiment each stator segment comprises (a) a first electric
coll being assigned to a first electric phase of a three-phase current; (b) a second electric coll
being assigned to a second electric phase of the three-phase current; and (c) a third electric
coll being assigned to the third electric phase of the three-phase current. Further, each wiring
assembly comprises (a) a first electric cable being connected to the first electrical coil; (b) a
second electric cable being connected to the second electrical coil; and (¢) a third electric cable
being connected to the third electrical coil. This may provide the advantage that in normal
operation each stator segment provides electric power for each phase and the coil being
assigned to each phase of each stator segment is individually connected to the electric power
Interface. In other words, different stator segments respectively different wiring assemblies are
electrically decoupled from each other. As a consequence, If a fault occurs within one electric
cable and/or one coll such a fault will be restricted to the respective phase.

[0020] According to a further embodiment each stator segment further comprises (a) at least
one further first electric coil being assigned to the first electric phase and being connected to
the first electric cable; (c) at least one further second electric coll being assigned to the second
electric phase and being connected to the second electric cable; and (c) at least one further
third electric coil being assigned to the third electric phase and being connected to the third
electric cable. Thereby, each one of the further electric coils I1s connected with the
corresponding electric coll either in parallel or in series. Such a configuration may provide the
advantage that each stator segment is capable of providing a higher amount of electric power.
In case of a series connection between the first electric coil and the further first electric coll, the
second electric coll and the further second electric coill, and the third electric coill and the
further third electric coil, the voltage being provided by the stator segments Is increased. In
case of a parallel connection of the respective electric coils the current being provided by the
respective stator segment is increased.

[0021] In some stator segment configurations each stator segment comprises, for each electric
phase, at least two further electric coils, whereby the coils being assigned to one electric phase
are connected In a configuration which comprises both a series connection and a parallel
connection. In a currently preferred stator segment configuration each stator segment
comprises altogether four electric coils for each phase, whereby respectively two colls are
connected In series and the two series connections of coils are connected In parallel. This
configuration represents a good compromise between increasing the electric warpage and the
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electric current being provided by each stator segment.

[0022] An appropriate electric connection between different coils may be realized by means of
local bus bars. These local bus bars, which may be assigned to the respective stator segment,
can be configured such that the respective stator segment will be realized with a compact
spatial design.

[0023] According to the invention the plurality of stator segments is subdivided into at least a
first subset of stator segments and a second subset of stator segments, and

the electric power interface comprises at least a first subordinate interface being assigned to
the first subset and a second subordinate interface being assigned to the second subset,
wherein

the first subordinate interface and the second subordinate interface are spatially separated
from each other.

[0024] Spatially distributing the electric power interface may provide the advantage that spatial
restrictions given In the interior of the generator can be met more easily. Specifically, there is
no need to spatially bring together the ends of all cables within a comparatively small region
where the a not subdivided electric power interface iIs located.

[0025] According to the Invention the stator segments of the first subset are distributed
uniformly along the circular outer edge and/or the stator segments of the second subset are
distributed uniformly along the circular outer edge.

[0026] This configuration of the stator assembly yields a high symmetry for the wiring
arrangement. Specifically, If all subsets of stator segments are distributed in such a manner the
number of electric cables, which have to be installed in different angular regions, does not vary
strongly. In particular, there may be no angular region existing which is free from all electric
cables. This means that the wiring assembly occupies in all angular regions a similar volume of
space.

[0027] According to a further embodiment the at least two subordinate interfaces are
distributed uniformly along the circular outer edge or the at least two subordinate interfaces are
distributed in a non-uniform manner along the circular outer edge.

[0028] Spatially arranging the at least two subordinate interfaces uniformly along the circular
outer edge may mean that the angular distance between the at least two subordinate
Interfaces Is the same when "traveling” along the circular outer edge in a given direction, e.g. In
a clockwise direction. In case of exactly two subordinate interfaces this angular distance iIs
180°. In case of three subordinate interfaces the angular distance between two neighboring
subordinate Interfaces I1s 120°. Generally, In case of N uniformly distributed subordinate
Interfaces the angular distance between two neighboring subordinate interfaces is 360°/N.

[0029] Spatially arranging the at least two subordinate interfaces in a non-uniform manner may
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allow to design the entire wiring arrangement in a highly flexible manner. Specifically, the
design of the wiring arrangement may take into account other spatial constraints at or within
the generator and/or the nacelle of the wind turbine. In case of more than two subordinate
Interfaces, a third interface may be spatially located in the same angular region as the first
subordinate interface (which is spatially separated from the second subordinate interface). In
case of four subordinate interfaces respectively two of them could be located within one and
the same region.

[0030] According to a further embodiment the stator assembly further comprises a first
subordinate circuit breaker, which Is electrically connected with the first subordinate interface
and which i1s electrically connectable with a first subordinate power transceiver of the power
transceiver. Alternatively or in combination the stator assembly further comprises a second
subordinate circuit breaker, which i1s electrically connected with the second subordinate
Interface and which is electrically connectable with a second subordinate power transceiver of
the power transceiver. This may provide the advantage that for instance in case of a failure of
one of the stator segments an electric generator comprising the described stator assembly can
be kept In operation by opening the subordinate circuit breaker which is assigned to the failed
stator segment (and other typically not failed stator segments which are assigned to the same

subset of stator segments and which are connected also to the opened subordinate circuit
breaker.

[0031] In this respect It Is mentioned that such a continued operation (with a reduced power
production) of the electric generator can be realized in a smooth manner In particular in case
the stator segments of the respective subset are distributed uniformly along the circular outer
edge (as described above). This means that all the stator segments, which are no longer In
operation, are distributed uniformly and an opening of the circuit breaker does not cause an

asymmetry of the electric power production along the circular outer edge of the outer annular
frame.

[0032] According to a further embodiment the stator assembly further comprises cable holders
which are attached to the outer annular frame. Thereby, each cable holder provides support
for a plurality of electric cables and In particular for several wiring assemblies when being
routed in a circumferential direction along and next to the outer annular frame.

[0033] When mounting the wiring arrangement to the outer annular frame the cable holders
may facilitate a precise and tidy spatial cable configuration. Further, after having established a
proper spatial cable configuration the described cable holders can ensure that the proper
spatial cable configuration will be maintained.

[0034] In a simple embodiment the cable holders are realized with rods which extend Iin an
axial direction of the stator assembly, 1.e. parallel to the center axis. A fixation of the cables to
the respective rod may be realized for instance by means of appropriate fixation means such
as clamping elements and/or cable straps.
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[0035] According to a further embodiment the stator assembly further comprises cable fixation
means which are also attached to the outer annular frame, wherein each cable fixation means
fixes an end section of one wiring assembly, which end section runs at least approximately in a
radial direction In order to electrically contact a respective stator segment.

[0036] With the described cable fixation means respectively one wiring assembly can be
guided from the circular main region of the wiring arrangement radially outwards to one stator
segment. This means that the direction of the respective wiring assembly has to be changed
from the circumferential or tangential direction at least approximately to the radial direction.
This requires a cable bending by at least approximately 90°. Also the described cable fixation
means provide a significant contribution to a precise and tidy spatial cable configuration.

[0037] The described cable fixation means and/or any other mechanical structures which are
IN mechanical contact with at least one of the electric cables may be made from or may at least
comprise at its outer surface an electrically insulating material. This may provide the advantage
that the electric insulation between different electric cables and/or the electric insulation
between at least one electric cable and other components of the annular structure can be
improved. This may result in an improved operational reliability of the stator assembly
respectively of the respective electric generator.

[0038] In preferred embodiments Iin particular the cable fixation means are made from a glass
fiber composite material.

[0039] According to a further embodiment the stator assembly further comprises a first
electromagnetic compatibility (EMC) shielding arrangement which is attached to the outer
annular frame and which, together with a sidewall of the outer annular frame, forms a first
channel in which the wiring assemblies are routed along and next to the outer annular frame.

[0040] With the described first EMC shielding arrangement electromagnetic radiation, which is
emitted by each cable carrying a high power AC current, will be significantly attenuated. This
may provide the advantage that the risk of perturbances of electronic devices, which may have
a limited EMC, can be effectively reduced. Such electronic devices may be In particular
controllers for controlling the operation of a wind turbine and which are situated in a nacelle of
the wind turbine. Examples for such controllers are e.g. a controller for controlling the above
mentioned high power semiconductor switches of the power converter, blade pitch angle
adjustment controllers, etc.

[0041] The first channel may be a predominantly closed channel. This may mean that apart
from (1) a larger opening representing a cable outlet for a plurality of electric cables towards the
electric power interface or (i) at least two medium sized openings representing a cable outlet
towards the above described subordinate interfaces the first channel may only have a plurality
of small openings wherein respectively one wiring assembly Is let through for connecting the
respective one of the plurality of stator segments.
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[0042] Preferably, the above mentioned cable holders are located within the first channel.
Thereby, for the plurality of wiring arrangements a high level of tidiness can be established and
maintained within the first channel. The cable holders may also be configured for increasing
the mechanical stability of the first EMC arrangement. This may provide the advantage that the
EMC arrangement can be realized with comparatively thin metal plates or sheet metal.

[0043] According to a further embodiment the stator assembly further comprises a second
EMC shielding arrangement, which (i) is also attached to the outer annular frame, which (ii) Is
located radially outwardly from the first EMC shielding arrangement, and which (i) Is
configured for shielding electromagnetic radiation being emitted from the electric coils of the
stator segments.

[0044] In order not to mechanically and/or spatially interfere with an air gap being provided In
between the stator segments and permanent magnets being mounted to a rotor frame
structure the second EMC shielding arrangement may form an open second channel. In a
cross section within a plane being defined by the center axis and a radial direction of the stator
assembly the second EMC shielding arrangement may have the shape of a bracket with two
end sections, wherein one end section Is free (l.e. not supported) and the other end section Is
mounted to the outer annular frame.

[0045] Within the open second channel there may be located stator segment end windings
and/or local stator segment bus bars which may be used for interconnecting different coils of
one and the same stator segment. Shielding the stator segment end windings has the effect
that specifically those coil portions are shielded, which coil portions have the strongest
curvature (l.e. the axial portions of the coils are typically straight metal rails) and which, as a
physical consequence, represent the most radiative portion with regard to the emission of
electromagnetic radiation in particular in the axial direction. Further, the rotor frame structure
and In particular the permanent magnets being located radially outwardly from the stator
segment also provide for some EMC shielding.

[0046] In the radial direction the second EMC shielding arrangement may overlap with the first
EMC shielding arrangement. This may improve the EMC shielding capability in particular
because also end sections of the electric cable which run more or less In a radial direction In
order to contact the respective stator segment will be shielded.

[0047] The above described cable fixation means may be attached to the outer annular frame
at a position in between the first EMC shielding arrangement and the second EMC shielding
arrangement or at a radial position at which there 1s a spatial overlap between the two EMC
shielding arrangements.

[0048] According to a further embodiment the first EMC shielding arrangement and/or the
second EMC shielding arrangement is/are build up with a plurality of EMC segments.

[0049] Segmented EMC shielding arrangements may provide the advantage that the EMC
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shielding can be realized In an easy and effective manner. In a circumferential direction
neighboring EMC segments may overlap with each other.

[0050] In preferred configurations the described EMC segments are made from thin metal
plates which are spatially shaped In an appropriate manner in order to yield an annular
shielding structure for the respective EMC shielding arrangement. The metal plates may be
made from a sheet metal.

[0051] According to a further embodiment the stator assembly further comprises an inner
annular frame, which is arranged concentrically around the center axis and which mechanically
connects with a circular inner edge of the outer annular frame. Thereby, the outer annular
frame comprises two Inclined annular walls which, along a radial direction, spread apart from
each other such that in between a first inclined annular wall and the second inclined annular
wall there 1s formed an accommodation space.

[0052] By providing an accommodation space in between the two inclined annular walls of the
outer annular frame a mechanically protected region Is created which can be used for
accommodating functional components of the stator assembly and/or of an electric generator
comprising the described stator assembly. The provided accommodation space may be used
for Instance for accommodating cooling equipment being used for cooling temperature
sensitive components, in particular the described stator segments, of the electric generator.

[0053] Due to the described "spreading apart” between the two inclined annular walls the

widths respectively the height along the center axis of the accommodation space increases
with Increasing radial distance. Therefore, In radially outer positions larger functional

components can be accommodated within the accommodation space than in radially inner
positions.

[0054] With respect to a symmetry plane being oriented perpendicular to the center axis and
being defined by the main extension of the inner annular frame, the first inclined annular wall
can be located at one side of this symmetry plane whereas the second inclined annular wall
can be located at the opposite side of this symmetry plane. With this symmetry plane the two
Inclined annular walls may form the same angle, when viewing the described stator assembly
IN a cross sectional plane being defined by the center axis and the radial direction. This angle

may be e.g. in the range between 20° and 50°, In particular between 25° and 45°, and more
particular between 30° and 40°.

[0055] In the three dimensional space the first inclined annular wall and/or the second inclined
annular wall may have at least approximately the shape of the curved surface area of a
truncated cone.

[0056] According to a further embodiment the outer annular frame further comprises an

annular flange, which extends along the axial direction and which 1s arranged in between the
Inner annular frame and a radial inner edge of the second inclined annular wall. Descriptive
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speaking, the second inclined annular wall is not directly formed at respectively does not
directly contact the inner annular frame. In fact the described annular flange is interconnected
between an outer edge of the inner annular frame and the second inclined annular wall. This
means that the described annular flange "shifts” the second inclined annular wall away from
the first inclined annular wall. This has the effect that the size respectively the volume of the
accommodation space Is increased, wherein this increase Is directly proportional to the axial
extension of the annular flange. As a consequence, the number and/or the size of functional
components of the stator assembly, which functional components can be accommodated within
the accommodation space, will be increased respectively enlarged.

[0057] Extending "along the axial direction” does not necessarily mean that the annular flange
extends solely along the axial direction. However, a solely axial extension may be of advantage
because the increase of the accommodation space will be maximized.

[0058] At this point it Is mentioned that the described annular flange i1s an optional part of the
outer annular frame. Without the described annular flange the two inclined annular walls may
represent two sides of a triangle.

[0059] It 1Is mentioned that the described annular flange introduces an axial asymmetry to the
outer annular frame respectively to the entire stator assembly. This asymmetry may be of
benefit In order to allow for a precise and tidy spatial cable configuration, wherein the
described wiring arrangement also provides for an axial asymmetry of the stator assembly.
Preferably, the wiring arrangement i1s mounted at and/or routed along the second inclined
annular wall.

[0060] According to a further aspect of the invention there Is provided an electric generator, In
particular an electric generator for a wind turbine. The provided electric generator comprises
(a) a stator assembly as described above and (b) a rotor assembly, which Is configured and
supported such that it can rotate around the center axis. The electric generator may have In
particular an inner stator - outer rotor configuration.

[0061] The described electric generator i1s based on the idea that by realizing the wiring
arrangement with (flexible) cables the spatial design of electric winding within a housing of the
generator can be formed in an appropriate manner. Specifically, the electric cables can be bent
IN such a manner that spatial Iimitations and/or constraints given within a housing of the
generator for the electric wiring of the stator segments can be met.

[0062] Just for the sake of clarity it iIs mentioned that in the described (optional) inner stator -
outer rotor configuration the stator segments comprising electric coils are oriented radially In
the outer direction. Magnets of the rotor assembly produce, during normal operation, a time
varying magnetic field at the stator segments. Thereby, the magnets may be In particular
permanent magnets, which are arranged at the inner side of an outer wall of the rotor
assembly. For attaching the magnets, axially oriented slots may be provided at this inner side,
wherein the magnets can be axially inserted into these slots. Furthermore, in between the
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stator segments and the (permanent) magnet there Is provided an air gap. The mechanical
stability of both the stator assembly and the rotor assembly must be high enough In order to
ensure that a mechanical contact between the stator segments and the (permanent) magnets
IS excluded for any time.

[0063] According to a further embodiment the outer annular frame has an outer diameter
larger than /m, In particular larger than 8m, and more particular larger than 9m.

[0064] With regard to the radial extension or dimension of the electric generator it should be
clear that the larger the electric generator is the larger the electric wiring arrangements must
be In order to provide for a reliable electric contact of the stator segments. Specifically, a large
stator assembly requires long electric cables. In this context it should be clear that with the
(flexible) electric cables of the described wiring arrangement stator segments, which are
arranged along a long circular outer edge, can be electrically connected in an easy and reliable
manner.

[0065] The radially outer dimension of the outer frame structure of the stator assembly or
alternatively the radially outer side of the rotor assembly may define the geometric dimension
of the described electric generator along the radial direction perpendicular to the center axis
respectively the rotational axis.

[0066] According to a further aspect there is provided a wind turbine for generating electrical
power. The provided wind turbine i1s in particular an off-shore wind turbine. The provided wind
turbine comprises (a) a tower; (b) a wind rotor, which 1s arranged at a top portion of the tower
and which comprises at least one blade; and (c) an electric generator as elucidated above.
The electric generator 1Is mechanically coupled with the wind rotor.

[0067] It has to be noted that embodiments of the invention have been described with
reference to different subject matters. However, a person skilled in the art will gather from the
above and the following description that, unless other notified, in addition to any combination of
features belonging to one type of subject matter also any combination between features
relating to different subject matters i1s considered as to be disclosed with this document.

[0068] The aspects defined above and further aspects of the present invention are apparent
from the examples of embodiment to be described hereinafter and are explained with
reference to the examples of embodiment. The Iinvention will be described in more detall
hereinafter with reference to examples of embodiment but to which the invention is not limited.

Brief Description of the Drawing

[0069]

Figure 1
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shows In accordance with an embodiment of the invention a wind turbine comprising an
electric generator with a cable wiring arrangement (non-depicted).

Figure 2
shows the stator assembly with a plurality of stator segments mounted at the radially
outer edge.

Figure 3
shows In a cross sectional view an outer annular frame of the stator assembly with the
attached stator segments and cooling installations provided within an accommodation
space.

Figure 4
llustrates a layout of an electrical connection between altogether twelve coils of one
stator segment.

Figure 5
shows the layout of an entire wiring arrangement comprising several wiring assemblies.

Figure ©
shows the layout of a wiring assembly comprising, for each stator segment, three flexible
cables which are fixed at cable holders which are attached to the not depicted outer
annular frame.

Figure 7
shows In a perspective half sectional view the outer annular frame with two EMC

shielding arrangements wherein one EMC shielding arrangement 1s assigned to the
wiring arrangement and the other shielding arrangement is assigned to end windings of
the stator segments.

Figure 8
shows In a perspective half sectional view an electric connection between different coils

of one stator segment by means of three local bus bars.

Detailed Description

[0070] The illustration in the drawing Is schematic. It is noted that in different figures, similar or
iIdentical elements or features are provided with the same reference signs or with reference
signs, which are different from the corresponding reference signs only within the first digit. In
order to avoid unnecessary repetitions elements or features which have already been
elucidated with respect to a previously described embodiment are not elucidated again at a
later position of the description.

[0071] Further, spatially relative terms, such as "front” and "back", "above"” and "below", "left"
and "right”, et cetera are used to describe an element's relationship to another element(s) as

llustrated In the figures. Thus, the spatially relative terms may apply to orientations in use
which differ from the orientation depicted in the figures. Obviously all such spatially relative
terms refer to the orientation shown In the figures only for ease of description and are not
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necessarily limiting as an apparatus according to an embodiment of the invention can assume
orientations different than those illustrated in the figures when in use.

[0072] Figure 1 shows a wind turbine 180 according to an embodiment of the invention. The
wind turbine 180 comprises a tower 182, which is mounted on a non-depicted fundament. On
top of the tower 182 there Is arranged a nacelle 184. In between the tower 182 and the nacelle
184 there I1s provided a yaw angle adjustment device 183, which Is capable of rotating the
nacelle 184 around a not depicted vertical axis, which i1s aligned basically with the longitudinal
extension of the tower 182. By controling the yaw angle adjustment device 183 In an
appropriate manner it can be made sure, that during a normal operation of the wind turbine
180 the nacelle 184 is always properly aligned with the current wind direction.

[0073] The wind turbine 180 further comprises a wind rotor 190 having three blades 192. In
the perspective of Figure 1 only two blades 192 are visible. The wind rotor 190 Is rotatable
around a rotational axis 190a. The blades 192, which are mounted at a hub 194, extend
radially with respect to the rotational axis 190a.

[0074] In between the hub 194 and a blade 192 there iIs respectively provided a blade
adjustment device 193 In order to adjust the blade pitch angle of each blade 192 by rotating
the respective blade 192 around a not depicted axis being aligned substantially parallel with
the longitudinal extension of the blade 192. By controlling the blade adjustment device 193 the
blade pitch angle of the respective blade 192 can be adjusted in such a manner that at least
when the wind Is not so strong a maximum wind power can be retrieved from the available
wind power. However, the blade pitch angle can also be intentionally adjusted to a position, In
which only a reduced wind power can be captured.

[0075] A spinner structure 195 covers the hub 195. By means of the spinner structure 195,
which may also be denominated a nose cone, functional elements such as the blade
adjustment devices 193 will be protected from rough external environmental impacts.

[0076] At the nacelle 184 there Is provided an electric generator 100. In accordance with basic
principles of electrical engineering the electric generator 100 comprises a stator assembly 110
and a rotor assembly 120. As can be seen from Figure 1, the electric generator 100 iIs located
between a front end of the nacelle 184 and the hub 194.

[0077] According to the embodiment described here the electric generator 100 is realized with
a so called inner stator - outer rotor configuration. Permanent magnets 122 being attached to a
rotor frame structure of the rotor assembly 120 travel around not depicted stator segments
being attached at a stator frame structure of the stator assembly 110. In between the stator
segments, which comprise coils or windings for picking up a time alternating magnetic
Induction, and the permanent magnets, there 1s formed an air gap.

[0078] According to the exemplary embodiment described here the stator assembly 110 has
an outer diameter in the order of 10m and the air gap has a size of 10mm. From these
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dimensions one can recognize that there are extreme high demands regarding the mechanical
precision and stability for both the stator assembly 110 and the rotor assembly 120. Further, it
should be clear that the large size of the spatial arrangement of the entirety of all stator
segments requires a suitable electric wiring arrangement for forwarding the electric power
being generated by (the coils of) the stator segments to an electric power transceiver.
According to the exemplary embodiment described here this electric power transceiver Is a
power converter 186 which Is described below in more detall.

[0079] The wind rotor 190 i1s rotationally coupled with the rotor assembly 110 by means of a
rotatable shaft 196. A schematically depicted bearing assembly 198 Is provided in order to hold
In place both the wind rotor 190 and the rotor assembly 120. As can be seen from Figure 1,
the shaft 196 extends along the rotational axis 190a. The rotational axis 190a is identical with a
center axis of the stator assembly 110.

[0080] It iIs mentioned that there 1s also a not depicted bearing assembly being located within

the generator 100. This bearing assembly supports the shaft 196 within the region where the
shaft 196 Is indicated with dashed lines.

[0081] It is further mentioned that the wind turbine 180 is a so called direct drive wind turbine
wherein between wind rotor 190 and rotor assembly 110 there Is not provided a gear box.
However, It Is mentioned that the electric generator 100 could also be driven indirectly via a
gear box, which may be used to convert the number of revolutions of the wind rotor 190
typically into a higher number of revolutions of the rotor assembly 120.

[0082] In order to provide an AC power signal being matched with a utility grid the electric
output of the stator assembly 110 is electrically connected to the above mentioned power
converter 186 by means of a three phase electric cable assembly. The respective cables are
denominated with reference numeral 110a. The power converter 186 comprises a generator
side AC-DC converter 186a, an intermediate DC bridge 186b, and a grid side DC-AC converter
186¢c. The AC-DC converter 186a and the DC-AC converter 196¢c comprise several not
depicted high power semiconductor switches which, in a known manner, are arranged In a
bridge configuration for each phase of an AC current provided by the electric generator 100.

[0083] The wind turbine 180 further comprises a control system 188 for operating the wind
turbine 100 In a highly efficient manner. Apart from controlling for instance the yaw angle
adjustment device 183, the depicted control system 188 Is also used for adjusting the blade
pitch angle of the blades 192 of the wind rotor 190 in an optimized manner.

[0084] Figure 2 shows In more detail the stator assembly 110. The stator assembly 110 is an
annular structure which i1s located in a concentric manner with regard to the rotational axis
190a. The stator assembly 110 comprises an inner annular frame 218 which surrounds a non-
depicted bearing assembly. This hearing assembly provides rotational support for the rotor
assembly 120 as depicted in Figure 1. An outer annular frame 212 having a circular outer edge
212a and an inner edge 212b surrounds the inner annular frame 218. An annular flange 215 is
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provided In between the inner annular frame 218 and the outer annular frame 212. The
annular flange 215 will be described in detail below when making reference to Figure 3.

[0085] From the lillustration shown In Figure 2 it can be seen that within the outer annular
frame 212 there are provided several openings 217a and several larger further openings 217b.
According to the exemplary embodiment described here these openings 217a and these
further openings 21/7/b are used to provide an access to an accommodation space which Is
formed within the outer annular frame and which will be described below In detail when making
reference to Figure 3. According to the exemplary embodiment described here the openings
21/7a are intended as an entrance for a human service technician to enter this accommodation
space. The further openings 21/7/b serve as a gate for bringing comparatively large
components, In particular cooling Installations, into the accommodation space and, If
necessary, to remove such large components out from the accommodation space.

[0086] As can be further seen from Figure 2, the stator assembly comprises a plurality of
stator segments 230 each having several electric coils or windings 231. The entire
circumference respectively the entire radially outer edge 212a of the stator assembly 110 is
covered with these stator segments 230. As a consequence, along the circumferential direction
the electric colls 231 are arranged one next to each other without any significant gap. This
allows for an effective conversion of mechanical energy, which drives the rotor assembly 120
shown In Figure 2, into electric energy generated from the time alternating magnetic flux which
IS picked up by the plurality of stator segments 230.

[0087] According to the exemplary embodiment described here the stator assembly 110 has
an outer diameter in the order of 10m. This means that there Is a significant effort for providing
a suitable electric connection to the (electric coils of all) stator segments 230. In order to
realize such an electric connection In an easy and reliable manner a suitable wiring
arrangement is provided. This wiring arrangement will be described below in detall in particular
with reference to Figures 5 and 6.

[0088] Figure 3 shows within a plane being defined by the radial direction and the axial
direction of the stator assembly 110 a cross sectional view of the outer annular frame 212. As
can be seen, the outer annular frame 212 comprises a first inclined annular wall 313 and a
second Inclined annular wall 314. The second inclined annular wall 314 directly extends from
an outer edge of the inner annular frame 218. The first inclined annular wall 313 indirectly
extends from the outer edge of the inner annular frame 218. Specifically, the annular flange
215 mentioned already above Is located Iin between the outer edge of the inner annular frame
218 and the inner edge of the first inclined annular wall 313.

[0089] In between the first inclined annular wall 313 and the second inclined annular wall 314
there 1s provided an accommodation space 316. It 1s apparent that the volume of the
accommodation space 316 Increases with the length of the annular flange 251 In the axial
direction. According to the embodiment described here the accommodation space 316 Is used
for accommodating a cooling Installation 360, which Is used for cooling components of the
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respective electric generator, which components are heated up during an operation of the
electric generator. Typically the stator segments 230 and In particular their electric coils 231
are the components which require a significant cooling In order to guarantee a reliable
operation of the electric generator.

[0090] According to the embodiment described here the cooling installation 360 comprises a
ventilation device 361 driven by an electric motor 361a. A flow of air, which I1s used as the
cooling medium for the stator segments 230, i1s driven by the ventilation device 361 and
streams or flows through an aperture 317c¢ formed within the second inclined annular wall 314.
A heat exchanger 362 being arranged within the airflow (and within the accommodation space
316) 1s used for cooling down the air. The heat exchanger 362 acts as a liquid - gaseous
Interface for the entire cooling concept.

[0091] It can be seen that according to the embodiment described here the cooling installation
360 occupies most of the area of the cross section of the accommodation space 316. Further,
along the circumference of the outer annular frame 212 there are provided a plurality of such
cooling installations 360 such that the volume of the accommodation space 316 is utilized to a
high extend respectively In a spatially effective manner. From this spatially effective utilization
of the accommodation space 316 it should be clear that according to the embodiment
described here it makes sense to provide the outer annular frame 212 with a plurality of
openings 217a and further openings 21/7/b in order to allow a service technician to enter the
accommodation space 316 at different positions along the circumference of the outer annular
frame 212.

[0092] The stator segment 230 shown In the cross sectional view of Figure 3 Is mechanically
supported at a first radial outer edge 313a of the first inclined annular wall 313 and at a second
radial outer edge 314a of the second Inclined annular wall 314. The electric coils 231 each
having at least one lateral end winding 331a are electrically connected with a wiring
arrangement 340. Details about the wiring arrangement 340 are presented below In particular
with reference to Figures 5 and 6.

[0093] Figure 4 illustrates in accordance with an embodiment of the invention a layout of an
electrical connection between altogether twelve electric coils of one and the same stator
segment 230.

[0094] Specifically, the stator segment 230 comprises a first electric coil 432, a second electric
coll 434, and a third electric coill 436. In accordance with known stator segment designs the
first electric coill 432 1s assigned to a first phase (U) of a three phase electric current, the
second electric coll 434 Is assigned to a second phase (V) of the three phase electric current,
and the third electric coil 436 Is assigned to a third phase (W) of the three phase electric
current. A first electric cable 449a Is assigned to the first electric phase (U), a second electric
cable 449b i1s assigned to the second electric phase (V), and a third electric cable 449c is
assigned to the third electric phase (V).



DK/EP 3252928 T3

[0095] As can be seen from Figure 4, according to the embodiment described here, the stator
segments 230 further comprises altogether

e three further first electric colils 432' being assigned to the first electric phase (U),

o three further second electric coil 434’ being assigned to the second electric phase (V),
and

o three further third electric coils 436" being assigned to the third electric phase (W).

From the depicted layout one can see that from the four electric coils, which are assigned to
one and the same electric phase, two of them are respectively connected in series and the
resulting two pairs of series connected electric coils are connected in parallel.

[0096] Figure & shows the layout of the wiring arrangement 340. According to the exemplary
embodiment described here the wiring arrangement comprises four subordinate wiring
arrangements. For the sake of clarity of the illustration exclusively one wiring assembly 641 of
these wiring assemblies is shown In Figure 6.

[0097] As one can take from these Figures 5 and 6, the wiring arrangement 340 connects the
plurality of not depicted stator segments with an electric power Interface 550. The electric
power Interface 550 1s a spatially distributed interface comprising four subordinate power
Interfaces, a first subordinate power interface 552, a second subordinate power interface 554,
and two further subordinate power Interfaces 556. According to the embodiment described
here the first subordinate power interface 552 Is spatially separated from the second
subordinate power interface 554. Respectively one further subordinate power interface 556 Is
located close to the first subordinate power interface 552 and to the second subordinate power
Interface 554.

[0098] The wiring arrangement 340 comprises four subordinate wiring arrangements, a first
subordinate wiring arrangement 542, a second subordinate wiring arrangement 544, and two
further subordinate wiring arrangements 546. As can be seen from Figure 5, respectively one
subordinate wiring arrangement is assigned to one of the subordinate power interfaces.

[0099] The reason for the division of the wiring arrangement 340 into different subordinate
wiring arrangements 1s that the entire number of stator segments 230 Is subdivided into
different subsets of stator segments, here four subsets of stator segments. According to the
exemplary embodiment described here the subdivision I1s symmetric in that along the
circumference of the circular outer edge 212a there I1s a defined sequence regarding the
assignment of stator segments 230 to the different subsets being connected with respectively
one subordinate wiring arrangement. Specifically, when turning e.g. a clockwise and starting at
a certain angular position the first stator segment is assigned to the first subset of stator
segments, the second stator segment is assigned to the second subset of stator segments, the
third stator segment is assigned to the third subset of stator segments, the fourth stator
segment Is assigned to the fourth subset of stator segments, the fifth stator segment is again
assigned to the first subset of stator segments, the sixth stator segment is again assigned to
the second subset of stator segments, and so on.
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[0100] As can be seen from Figure 5, according to the exemplary embodiment described here
each subordinate power Interface 552, 554, 556 Is connected with respectively one circuit
breaker 567. Further, each circuit breaker 567 is connected with respectively one subordinate
power converter 586'. This configuration provides the advantage that in case of a damage or In
case of a failure of one stator segment the operation of the electric generator can be continued
by opening the subordinate circuit breaker 567 which is assigned to the failed stator segment
and the other typically not failed stator segments (a) being assigned to the same subset of
stator segments and (b) being connected also to the opened subordinate circuit breaker 567.
Thereby, advantage Is taken from the matter of fact that according to the exemplary
embodiment described here the power converter 186 shown in Figure 1 iIs subdivided into the
four subordinate power converters 586'. In case of a typically equally generated power
distribution among the different subsets of stator segments opening one subordinate circuit
breaker 56/ results In a decrease of the power production from 100% to 75%.
Correspondingly, opening two subordinate circuit breakers 567 would, In the embodiment
described here, reduce the power production by a factor of 2.

[0101] As can be seen from Figure 6, each subordinate wiring arrangement and here
specifically the first subordinate wiring arrangement 542 comprises several wiring assemblies
648. According to the exemplary embodiment described here each subordinate wiring
arrangement consists of six wiring assemblies 648. Each wiring assembly 648 extends
between the respective subordinate power interface 552 and one of a plurality of electric
connections 649 to respectively one stator segment 230. According to the exemplary
embodiment described here the stator segments 230 are designed such that in each stator
segment 230 there Is produced a current for each phase of a three phase current. Therefore,
each wiring assembly 648 comprises the three cables 449a, 449b, and 449c, which have
already been mentioned above with reference to Figure 4.

[0102] Figure 6 shows with reference to the subordinate wiring arrangement 542 a further
advantageous feature of the subordinate wiring arrangements. According to the exemplary
embodiment described here the above described symmetry 1s realized by means of two
branches which form the subordinate wiring arrangement 542. In Figure 6, a first (upper left)
branch extends from the subordinate power interface 552 Iin a counter clockwise direction, the
second (lower right) branch extends from the subordinate power interface 552 in the clockwise
direction. Between the ends of the two branches there is a gap. This configuration allows to
electrically connect each stator segment 230 with a minimum entire cable length.

[0103] It iIs mentioned that with regard to the total number "N" of stator segments, the number
"'ns" of subsets of stator segments respectively subordinate power interfaces, and the number
"'nd"” of stator segments respectively electric connections being assigned to one subset
respectively one subordinate power interface there exists the following relationship:

nd = N / ns
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[0104] It should be clear that the Iinvention is not limited to the number of the subordinate
wiring arrangements respectively to the number of subordinate power interfaces In other

embodiments the number of subordinate wiring arrangements respectively subordinate power
Interfaces is two, three, five, six, seven, eight, or more.

[0105] In a currently preferred embodiment the total number "N" of stator segments i1s 24 and
the number "ns" of subsets of stator segments respectively of subordinate power interfaces is
4. As a consequence, the number "nd" of stator segments respectively electric connections
being assigned to one and the same subset respectively one and the same subordinate power
Interface is 4.

[0106] As can be best seen from Figure 6 the cables 449a, 449b, 449c of all wiring assemblies
648 (and of the entire wiring arrangement 340) are spatially hold in place by means of cable
holders 666. These cable holders 666 are attached to the outer annular frame 212 which is not
depicted Iin Figures 5 and 6.

[0107] Figure 7 shows In a perspective half sectional view the outer annular frame 212 and
stator segments 230 mounted at the radially outer side of the outer annular frame 212. The
cable arrangement 340 respectively its wiring assemblies, which are routed in a circumferential
direction along and next to the outer annular frame 212, run within an electromagnetic
compatibility (EMC) channel, which 1s provided by a first EMC shielding arrangement 770.
According to the exemplary embodiment described here the first EMC shielding arrangement
770 comprises a plurality of first EMC segments 7/71. The first EMC segments 771 are made
from thin metal plates which are spatially shaped in an appropriate manner in order to yield,
together with the side surface of the second inclined annular wall 314, an annular EMC
shielding structure for the wiring arrangement 340.

[0108] As can be seen from Figure 7, the above mentioned cable holders 666 are also located
within this EMC channel. Preferably, the cable holders 666 not only have the purpose of
holding the cables of the wiring arrangement in place. The cable holders 666 may also
represent a structural component of the first EMC shielding arrangement 770, which structural
component improves the mechanical stability of the first EMC shielding arrangement 770.

[0109] As can be further seen from Figure 7, there i1s provided a second EMC shielding
arrangement 772, which is located radially outwards from the first EMC shielding arrangement
770. Both EMC shielding arrangements 770 and 772 have an overlap with each other such
that there 1s a spatially complete EMC shielding (at least along the radial direction). The
second EMC shielding arrangement 772 forms an open channel within which the end portions
of the cables 449a, 449b, and 449c are located. As can be seen from Figure /7, also local bus
bars /38 being assigned to exclusively one stator segment 230 and end windings 331a are
EMC shielded by the second EMC shielding arrangement 772. It iIs mentioned that in particular
the outer frame of the rotor assembly 120 and/or the permanent magnets 122 being mounted
at the radially inner wall of this outer frame of the rotor assembly 120 also provide for an
effective EMC shielding. Therefore, the matter of fact, according to which the second EMC
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shielding arrangement 772 forms an open EMC channel, has no negative EMC effects.

[0110] According to the exemplary embodiment described here the second EMC shielding
arrangement /72 comprises a plurality of second EMC segments 7/73. Also the second EMC
segments 773 are made from thin metal plates which are spatially shaped in an appropriate
manner in order to yield an annular EMC shielding structure for the end windings 331a, the
local bus bars 738, and the end portions of the cables 449a, 449b, and 449c.

[0111] It 1s clear that the larger the number of stator segments 230 is, the larger is the effort for
realizing a tidy spatial arrangement of the plurality of electric cables. Specifically, within the first
EMC shielding arrangement the electric cables (being attached to the cable holders 666) run at
least predominantly along a circumferential direction. However, when contacting a specific
stator segment the end portions of the respective cables must run at least partially in a radial
direction. This means that the respective cable must be bent by approximately 90°. The
respective cable guiding is supported or realized by cable fixation means 768. As can be seen
from Figure 7, these cable fixation means 768 are configured for spatially fixing the respective
electric cable end portions Iin an orientation which is at least approximately radial.

[0112] As can be further seen from Figure 7, each electric cable 449a, 449b, 449¢ comprises
an Inner conductive core 7491 and an outer insulating structure or jacket 7490. The outer
Insulating structures 7490 insulate the respective inner conductive core 7491 in particular (a)
from the other inner conductive cores 7491, (b) from the cable holders 666, and (c) from the
cable fixation means 768. This improves the electric reliability of the entire electric generator.

[0113] Figure 8 shows In a perspective half sectional view an electric connection between
different coils of one stator segment 230 by means of three local bus bars 738. The local bus
bars 738 are hold in place by means of appropriate bus bar holders 739.

[0114] It should be noted that the term "comprising” does not exclude other elements or steps
and the use of articles "a" or "an" does not exclude a plurality. Also elements described In
association with different embodiments may be combined. It should also be noted that

reference signs in the claims should not be construed as limiting the scope of the claims.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant i1s for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken In
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.

Patent documents cited in the description



DK/EP 3252928 T3

o WVWOI2UT4035047A2 188083]
o WWOIDZI03B/AT [BEE3]



10

15

20

25

30

DK/EP 3252928 T3

Patentkrav

1. Statorenhed (110) omfattende

en statorrammekonstruktion med en udvendig ringformet ramme (212) med en
cirkuleer udvendig kant (212a), der laber koncentrisk omkring en midterakse
(190a), som definerer en aksialretning;

en flerhed af statorsegmenter (230), der er monteret pa den udvendige kant
(212a) langs en omkredsretning for den udvendige kant (212a), hvor hvert sta-
torsegment (230) omfatter mindst en elektrisk spole (231); og

en ledningsindretning (340), der elektrisk forbinder flerheden af statorsegmen-
ter (230) med en elektrisk effektgraenseflade (550) til at opsamle elektrisk ef-
fekt genereret af statorsegmenterne (230) og videresende den opsamlede
elektriske effekt til en effekttransceiver (186); hvor ledningsindretningen (340)
omfatter

en flerhed af ledningsenheder (648), idet hver ledningsenhed (648) elektrisk
forbinder en af flerheden af statorsegmenter (230) med den elektriske effekt-
greenseflade (550), hvor hver ledningsenhed (648) dirigeres langs og ved si-
den af den udvendige ringformede ramme (212), kendetegnet ved, at led-
ningsindretningen yderligere omfatter elektriske kabler (449a, 449b, 449c), der
er forbundet mellem den elektriske graenseflade (550) og det respektive sta-
torsegment (230), hvor de elektriske kabler (449a, 449b, 449c) er forsynet med
elektriske isoleringskonstruktioner (7490), der hver omgiver et af de elektriske
kabler (449a, 449b, 449c), endvidere kendetegnet ved, at

(a) flerheden af statorsegmenter (230) er underinddelt | mindst en farste del-
maengde af statorsegmenter og en anden delmasngde af statorsegmenter,

(b) den elektriske effektgraenseflade (550) omfatter mindst en f@rste underord-
net graenseflade (552), der er tildelt den farste delmasngde, og en anden un-
derordnet graenseflade (554), der er tildelt til den anden delmaengde, hvor den
ferste underordnede graenseflade (552) og den anden underordnede graense-
flade (554) er rumligt adskilt fra hinanden, og

(c) statorsegmenterne (230) af den farste delmasngde er ensartet fordelt langs
den cirkuleere udvendige kant (212a), og/eller statorsegmenterne (230) af den
anden delmangde er ensartet fordelt langs den cirkulaere udvendige kant
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(212a), saledes at flerheden af ledningsenheder (648) pa alle vinkelomrader
optager en lignende rumvolumen.

2. Statorenhed (110) ifelge det foregaende krav, hvor hver ledningsenhed
(648) udelukkende er associeret med et statorsegment (230).

3. Statorenhed (110) ifelge et af de foregaende krav, hvor hvert statorsegment
(230) omfatter.

en farste elektrisk spole (432), der er tildelt en farste elektrisk fase af en trefa-
set strom;

en anden elektrisk spole (434), der er tildelt en anden elektrisk fase af den
trefasede stram; og

en tredje elektrisk spole (436), der er tildelt den tredje elektriske fase af den
trefasede strem; og

hvor hver ledningsenhed (648) omfatter

et farste elektrisk kabel (449a), der er forbundet til den f@rste elektriske spole
(432);

et andet elektrisk kabel (449b), der er forbundet til den anden elektriske spole
(432); 0g

et tredje elektrisk kabel (449c), der er forbundet til den tredje elektriske spole
(436);

4. Statorenhed (110) ifelge det foregaende krav, hvor hvert statorsegment
yderligere omfatter

mindst en yderligere farste elektrisk spole (432"), der er tildelt den farste elek-
triske fase og er forbundet til det farste elektriske kabel (449a),

mindst en yderligere anden elektrisk spole (434'), der er tildelt den anden elek-
triske fase og er forbundet til det andet elektriske kabel (449b); og

mindst en yderligere tredje elektrisk spole (436'), der er tildelt den tredje elek-
triske fase og er forbundet til det tredje elektriske kabel (449c); hvor

hver af de yderligere elektriske spoler (432', 434", 436') er forbundet med den
tilsvarende elektriske spole (432, 434, 436), enten parallelt eller | serier.

5. Statorenhed (110) ifelge et af de foregaende krav, hvor
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de mindst to underordnede graenseflader (552, 554, 556) er ensartet fordelt
langs den cirkulaere udvendige kant (212a), eller

de mindst to underordnede graenseflader (552, 554, 556) er fordelt pa en ikke-
ensartet made langs den cirkuleere udvendige kant (212a).

6. Statorenhed (110) ifglge et af de foregaende krav, yderligere omfattende
en ferste underordnet stremafbryder (567), der er elektrisk forbundet med den
ferste underordnede graenseflade (552), og som kan forbindes elektrisk med
en fa@rste underordnet effekttransceiver (586') af effekttransceiveren (186),
og/eller

en anden underordnet stremafbryder (567), der er elektrisk forbundet med den
anden underordnede granseflade (554), og som kan forbindes elektrisk med
en anden underordnet effekttransceiver (5386') af effekttransceiveren (1386).

7. Statorenhed (110) ifglge et af de foregaende krav, yderligere omfattende
kabelholdere (666), der er fastgjort til den udvendige ringformede ramme
(212), 1det hver kabelholder (666) giver statte til en flerhed af elektriske kabler
(449a, 449b, 449c) oq iseer til flere ledningsenheder (648), nar de dirigeres |
en omkredsretning langs og ved siden af den udvendige ringformede ramme
(212).

8. Statorenhed (110) ifglge et af de foregaende krav, yderligere omfattende
kabelfastgarelsesmidler (768), som ogsa er fastgjort til den udvendige ringfor-
mede ramme (212), idet hvert kabelfastgarelsesmiddel (768) fastgar et ende-
afsnit af en ledningsenhed (648), hvilket endeafsnit Iaber | det mindste tilnaer-
melsesvist | en radial retning for at kontakte et respektivt statorsegment (230)
elektrisk.

9. Statorenhed (110) ifelge et af de foregaende krav, yderligere omfattende

en feorste afskaermningsindretning til elektromagnetisk kompatibilitet, EMC
(//70), som er fastgjort til den udvendige ringformede ramme (212), og som,
sammen med en sidevaeg (131) af den udvendige ringformede ramme (212),
danner en farste kanal, hvori ledningsenhederne (648) dirigeres langs og ved
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siden af den udvendige ringformede ramme (212).

10. Statorenhed (110) ifelge det foregaende krav, yderligere omfattende

en anden EMC-afskeermningindretning (772), der ogsa er fastgjort til den ud-
vendige ringformede ramme (212), der er anbragt radialt udad fra den farste
EMC-afskaermningsindretning (770), og som er konfigureret til at afskaarme for
elektrisk straling, der udsendes fra statorsegmenternes (230) elektriske spoler
(231).

11. Statorenhed (110) ifalge et af de to foregaende krav, hvor

den ferste EMC-afskaermningsindretning (770) og/eller den anden EMC-af-
skeermnngsindretning (772) er opbygget med en flerned af EMC-segmenter
(771, 773).

12. Statorenhed (110) ifglge et af de foregaende krav, yderligere omfattende
en indvendig ringformet ramme (218), som er anordnet koncentrisk omkring
midteraksen (190a), og som er mekanisk forbundet til en cirkulaer indvendig
kant (212b) af den udvendige ringformede ramme (212), hvor

den udvendige ringformede ramme (212) omfatter to skra ringformede vaegge
(313, 314), som, langs en radial retning, spreder sig fra hinanden, saledes at
der mellem en farste skra ringformet vaeg (313) og den anden skra ringfor-
mede vaeg (314) dannes et optagelsesrum (316).

13. Statorenhed (110) ifelge det foregaende krav, hvor

den udvendige ringformede ramme (212) yderligere omfatter en ringformet
flange (215), der straekker sig langs aksialretningen (190a), og som er anord-
net mellem den indvendige ringformede ramme (218) og en radial indvendig
kant af den anden skra ringformede vaeg (314).

14. Elektrisk generator (100), isaer en elektrisk generator (100) til en vindmalle
(180), hvilken elektriske generator (100) omfatter

en statorenhed (110) ifalge et af de foregaende krav, og

en rotorenhed (120), der er konfigureret og understattet, saledes at den kan
rotere omkring midteraksen (190a);
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hvor
Isaer den elektriske generator (100) har en indvendig stator - udvendig rotor-
konfiguration.

15. Elektrisk generator (100) ifelge det foregaende krav, hvor
den udvendige ringformede ramme (212) har en udvendig diameter, der er
starre end 7 m, I1saer st@rre end 8 m og mere isaer starre end 9 m.

16. Vindmawalle (180) til generering af elektrisk effekt, i1seer en offshore-vind-
mwlle (180), hvor vindmallen (180) omfatter

et tarn (182);

en vindrotor (190), som er anordnet ved en @vre del af tarnet (182), og som
omfatter mindst et blad (192), og

en elektrisk generator (100) ifglge et af de to foregaende krav, hvor den elek-
triske generator (100) er mekanisk koblet til vindrotoren (190).
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DRAWINGS

FIG 1




DK/EP 3252928 T3

b e e = b M el e e e = oe e e owmeom ¢

- WMewm W™ M OE R OW WM OEEE W™ W MmO OR W W

i I I

S . N R

f/’d—”’f”ff’f”f’/’f/u
ATTALALTLTRALAALTRALARARLALYY
/I ﬂ " "“.""’f“"""ﬂ l

;V Aghcbhphgiciobiehpiciolvhgielciol by
-

ll,l BPEABRBRRA RS RERE R R BT AT

f’f///ff/f/ffff/f/f//f
ﬁ/ﬂ/ﬂfff/#/ﬂfff##/’f’/

ffffff#f/ff’f’fﬁf’ffl‘
FAaCtRLIERTRRRARACRR Y RN :
l ‘. AARIRVATRBERB LR RR TR R E—

- \ ALELESERRARERRLRRL RN
1.... AATTRTRRRR IR R RN RN RN

\. #fd,fﬂfﬂﬂfﬂﬁ#f!ﬂﬂﬂﬂdfﬂ#l

Y . TS 323253383203 A ARt Q)"
,q\ “lsliLiRnRALAREHLBRRERERR —_—

ALELRRAERRLENERR AR LALS
LSSRIELEERRLERSRSSRALANE
d#fﬂ'#ﬁ#ﬁfﬁd#ﬂfﬂfﬂ#fﬂ#d -
b FEARVERARLRRABRRURLTLTRE
ﬂ#ﬂ#ﬂﬂ# ERTLLANARALRRAR A WD
AVTRIALILIRARLRLIN RN
ITINMTIEIRERLRANEAEARRREL

‘uiddnduldddﬂ!ﬂiuddui-!- =]
o ATRIETRATLIR AR AR R RAL
LTILETLTRIEETRCRTTNELER

a3 mrfﬁd#i#dﬁaﬁ'uﬂﬂw'ﬁ#w#ﬁf

110

LSS RS R RARRR R RIRRR RARYY
LARIRERRINERAL LR R AR R LAWY
ASTRLRLRAEARARRRNARNLRYL
ﬂ ARMMERRARERARATRRRATAL]E W Y
-ﬂ-n;uua—un-w-aa-u-—-a
; ATEARRRRARRRRURLRLIRELY
’ ﬂ#'-#-#ﬂ#'-!-#l#'#d-!-!t
.I:—:::a-::—a—:: .
AT ELE AL RN ILAR DL I

f’b::-----::--

LAARARR AR LR AR IR En )Y
RERLELNRARY -::--::(

N~ M i ! e » / (TR FRRER AR NI RN NNAN AL

REGUARERUGNERERIRNERE TN
_| “ ATRRVARRARIRRRRRARDNEAE

SIETERARRARANNARALINY W
NRIIRIRRRRERERNRRNRNRAIL ‘

- e e e g III'III"]II'I.‘

REIRRANARNNR]
(LAILERliRiRl -

HEHEERERNS

. I-'[l‘-'[l"ll"lll‘l'l

s T
ARSI EEERARNEEEERENRENNET R

__—n““““==5==5==u

Y e e e e e whe b e e w— ' — s b — — — vk ——

_ .:------:--:-
ﬁ ARITANEETATENANNANANEANNN Eny
L AN AN IR N AN}

iAEAERENAEARN RSN NEN
; TSNRSADIRENDRRRIDRENII I

- —— g —— — . — — — T — — — — -

_ﬁ.--w--l--n----
. \ IR R R RRRRRE RN A
. ~__--_—-h-h-h-u!-huh-
: (FERANFE A NRANA N RAANU]
F‘--u--.-h-h---t-.

——— - —— — — — —— T — — —— . —— ——

.:::n::::u-::
.::-: EANFAEREA ._::u,

ESERRS RN RN NNREN
~_==-== ERNERERIRRERS
iun-:::::::.:l
sl::_ Y711121334 221211312

‘-!hh-n-hhh‘-h-\uhhh-'
~._ Y812 103202 Y1232717113

YAEEBEDZRERRIRERIRRIREY
nuhh!hhn-\h‘hihuhhhh-h-
'_ XN RRRREERLIRRRERREE
Y EIRFRERRINIRERRRREANEN
~; TESEREERENnsaisassnss

FRXTENEEER RS RNINBRRELS
33721232222223232273337 3
\ l\lu- 17228721322 2222 2278
\\ ,.' hhh\hhh\hh\h\h\hhhh\h\’
~l IXSRENERESRRRRRILIENRE?

WiZEETES VIR RT RIS FRTRRE T
ﬂh\\hhﬁ\\!hi.\\\hﬂ\hhh\\-

Nt\h\\h\h\ﬁﬁﬁ\\\\\\.‘\h,
EISSEFESFR IS SRSNSFSIRIE.
WWIRIFTERIRIFNERIRIFTNIN
‘\\\\\\N\\N\\\\\\\\\\N\-

I-.!l A EEEECAECRT AR AW TN, .!l-.j
IS EF AR TSRS LRI ESTRT
. ' ¥V ST P TV I T I SIS TII NG
WRIFTEPIILTIFIFEF I IV 7 1

.I..| j‘\l\l\\\\!\h\\\\!\!\l\\
.v ...‘.-.......Q..‘.‘\.‘I

—_— « KA ETE T AT TEETOL
’ \\\N\\\\N\\\\\\\\\\\\\\
l...lr

\\\\\\\\\\\\\\N\\\\\\\‘\

¢ g— T = = == —l = S Lm =T S DT Sl ——

.l a\\.\.\.\\.\\.\u\.\.\\\\.\.\.\.\.\\\u
l B SR ETITERTETETIFITRITF y

.. “‘\\\\\\\\‘\\.\\‘\‘.\\\\l

\-‘-“'\-'-l\“‘-.‘-“‘\.l

Y \\\\\\\\.\.\\\.\\.\\\\\\\\ l

.\
. i....

« B A te'em = e tm'e' e = = ' = e = et - - -

SS\!\.\-\.\.\.\\-.\\.&!.\:!\).\:.\..\\:\\.\L

- - ; e, | \lﬂ P A e mm—

- et P e e e . K II\
B —

- r



DK/EP 3252928 T3

FIG 3

231 &

230 316 231

'. 331a

360~5 . 1% o . ' ' o & }

361 ) f"— ~

—~H¥ || ¢ EIBIEIEIE

_ 313 i E gi L 1 340
/ 361a—" 1V ’ ) ____%

“1e 218 215

FIG 4

430494436 432437436 432434 436 432734 436
g s Sl

[ =t [ -




DK/EP 3252928 T3

B . A .,Muf) -
Wk ‘._ ! h ...).. ..e'. ) .
b! . . .
'Y

iid T

s 4
iy -_ it
AW s .\\ : s
P s A
o > > i . ‘"
\ - : o g ..-._r,. s — gy
e T et Yo i 28 W N ‘A7

- ' . . .I_ B i . . ) ‘_. o o~ .... . .- r .

ALE 068G

\\_\ [ /mmm 066 m m
/ .;v\. . /qc _©wm\_H_ _H_/_owm

955 06
/95~ E m

I NP

%m\_u 3 JH



DK/EP 3252928 T3

9 Dl



DK/EP 3252928 T3

-

romg i ‘I‘
" e . - S

.
oy

—
S
.lr..ulnnc.lnrllllll.ul..".”u-tl_
Ny
” — e ——— =
™)
_—

\ _\«..l ll\..llll. “ e - =T

.u.'.l.
- l.'
—
'-l' —

1EC

044 . . | v ,.
N _( 9ed 9 999 16t/

. : - u - " n " B : n [ " = . = n
R AT e R oy e e sy Kl e o oy 2 Sl e | —y
NN i SR RS AR YRS LIS | a—— . : A
NN MY 2 N T B - e —T PR | R ORI © - S gremay - ™, —_ .
. ..l \ ] T T .. .- . ... . .... - . .’. . r. . ..o'”..

——— e

] NN

| Y b . . . .. v . g . . . .... . _ x . . . J ‘ y v ;

167,




DK/EP 3252928 T3

iy
4 Iy qal 7
f 1y s 1 i
I 11 ry 1}
i 1t 1 ¢
{1y 7
A Iy
f 1t i A
F v ey A
P lrrr W
f 111y I,
fF rer o 1 814
fF i1t nH ! W
! rid o B
LN B N N ¥ A |
P iy o1 1B
f &40 )7 1B
F ey 11 i ¥}
t §r1r 1! i
t 27t 11 1
PO N Y B A
' I Y N B A ¥
I 811 f1 1 i}
NN YN
v et & e




	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - CLAIMS
	Page 25 - CLAIMS
	Page 26 - CLAIMS
	Page 27 - CLAIMS
	Page 28 - CLAIMS
	Page 29 - DRAWINGS
	Page 30 - DRAWINGS
	Page 31 - DRAWINGS
	Page 32 - DRAWINGS
	Page 33 - DRAWINGS
	Page 34 - DRAWINGS
	Page 35 - DRAWINGS

