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DESCRIPTION

FIELD

[0001] The present subject matter generally relates to towers for wind turbines, and more
particularly to an arrangement of a nacelle of the wind turbine on a tower, wherein power
cables are provided from the nacelle on top of the tower to a lower part of the tower.

BACKGROUND

[0002] Wind power is considered one of the cleanest, most environmentally friendly energy
sources presently available, and wind turbines have gained increased attention in this regard.
A modem wind turbine possibly includes a tower, a generator, a gearbox, a nacelle, and one or
more rotor blades.

[0003] In EP 2 577 058 B1 a tower for a wind turbine and a cable guiding for a tower of a wind
turbine is provided. Within the tower power cables lead from the nacelle to the ground. A cable
guiding system is installed for optimizing an overall capacity of the power and to reduce wear
between the cables. The object is achieved by using at least two bundling devices. US
2013/0105199 A1 describes a tower for a wind turbine and to a cable guide therefor, wherein a
nacelle for the wind turbine is arranged on the tower such that it can rotate about a vertical axis
which runs in the longitudinal direction of the tower. Cables are routed in the tower of the wind
turbine out of the nacelle from electrical components to the ground. The tower has at least two
bundling devices which are suitable for joining the individual cables which run longitudinally in
the tower together to form a cable bundle with the cables fixed with respect to one another.

[0004] It is an object to provide a tower for a wind turbine having cables being guided from the
nacelle to a lower portion of the tower, wherein disadvantages of the prior art, for example
increased wear and/or complexity of related devices and/or arrangements are avoided or an
effect thereof is reduced.

BRIEF DESCRIPTION

[0005] Aspects and advantages of the disclosure will be set forth in part in the following
description, or may be obvious from the description, or may be learned through practice of the
disclosure.

[0006] In one aspect, the present disclosure is directed to a tower for a wind turbine according
to claim 1 and to a wind turbine according to claim 15. Specific embodiments are described by
the dependent claims, in particular by a combination of the dependent claims.
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[0007] In particular, or in the alternative, a tower for a wind turbine is disclosed. Said wind
turbine comprises a tower, a nacelle and a rotor having at least one rotor blade. The rotor is
rotatably supported by the nacelle such that the rotor can rotate around an at least partially
horizontal rotor axis.

[0008] The tower is configured for supporting the nacelle and the rotor on a support system,
preferably on a support system being arranged on a ground. The tower itself may be
structured as having an upper top end for supporting the nacelle and a lower support end for
being placed on the support system.

[0009] It shall be noted, that any indication with regard to positioning, specific locations and/or
arrangements of the wind turbine, of the tower and/or of parts of the tower shall be understood
with respect to an erected and/or operational wind turbine and its tower.

[0010] Furthermore, specific directions and orientations such as longitudinal, axial, radial,
circumferential, inner and/or outer refer to the geometric structure of the tower. For example,
the longitudinal axis or centerline of the tower has a more inner position than tower walls which
have an outer position when seen in a radial direction.

[0011] The tower may comprise an electrical connection arrangement mounted directly or
indirectly to the tower at a lower level than the top end. Additionally or in the alternative, the
electrical connection arrangement can be placed on the ground, either in the tower or in the
vicinity of the tower. The electrical connection arrangement is configured to receive lower cable
endings of the power cables reaching from the nacelle through the tower such, that the power
cables can be connected to the electrical connection arrangement.

[0012] Within the nacelle at least an electrical power component, for example an electric
generator, is arranged, wherein the rotor, for example a rotor shaft, is supported by the nacelle
such, that the generator can be rotated by a rotation of the rotor. The rotor blades capture
kinetic energy from wind using known foil principles and transmit the kinetic energy through
rotational energy to turn a shaft and thereby coupling the rotor blades via a gearbox to an
electrical generator, or if a gearbox is not used, directly to the generator. By this, kinetic energy
of the wind harvested by the rotor blades is transformed into mechanical, rotational energy,
and is further transformed into electrical energy by the generator. Subsequently, electric
energy generated is transported via power cables from the nacelle to an electric grid,
preferably via power electronic components, switches and/or transformers.

[0013] According to an embodiment, power electronic components, switches and/or
transformers can be provided within the nacelle such and connected to the generator such,
that the electrical energy as generated by the generator having a low voltage of 400 V to 1000
V is transformed to a medium voltage - for example having a voltage of around 10 kV or
between 20-35 kV -, directly in the nacelle by said components. In this case, at least two,
preferably three, cables having a sufficiently large cross-section are used for transporting
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electrical energy from the nacelle through the tower to an electrical connection point, for
example to the electric connection arrangement.

[0014] In particular, a transformation into medium voltage directly in the tower may be
implemented, if the overall rated power of the wind turbine exceeds 4.6 MW, preferably
exceeds 4.8 MW.

[0015] A power cable according to the present disclosure is a conducting device configured for
transmitting one type of electrical current, in particular having a single phase. In particular, a
multi-core cable having a plurality of power conductors configured for transmitting a plurality of
electrical currents, in particular each having a different electrical phase, shall be considered as
a plurality of power cables.

[0016] According to an embodiment the number of power cables can be more than three,
preferably a multiplicity of three.

[0017] For example, a cable (MVpigh-cable, 20-35 kV) for the higher middle voltage power

transmission made of copper may have a cross section of at least 55 mm?, preferably at least
60 mm?, further preferred at least 65 mm?, and/or of around 70 mm?, and/or may have a cross

section not larger than 75 mm2, in particular preferably not larger than 80 mm?Z.

[0018] A cable (MVpgh-cable, 20-35 kV) for the higher middle voltage power transmission

made of aluminum may have a cross section of at least 85 mm?, preferably at least 90 mm2,
and/or of around 95 mm?2, and/or may have a cross section not larger than 110 mm?Z, in

particular not larger than 100 mm?, preferably not larger than 95 mm?.

[0019] A cable (MV,q,-cable, ca. 10 kV) for the lower middle voltage power transmission made

of copper may have a cross section of at least 150 mm?2, in particular at least 170 mm?,
preferably at least 180 mm?2, and/or of around 185 mm?2, and/or may have a cross section not
larger than 230 mm?, preferably not larger than 210 mm?2, further preferred not larger than 190

mm?2.

[0020] A cable (MV,q,-cable, ca. 10 kV) for the lower middle voltage power transmission made

of aluminum may have a cross section of at least 200 mm?2, in particular at least 220 mm?,
preferably at least 230 mm?2, and/or of around 240 mm?2, and/or may have a cross section not
larger than 280 mm?, preferably not larger than 260 mm?2, further preferred not larger than 250

mm2.

[0021] According to an additional or alternative embodiment, electrical energy as generated by
the generator having a voltage of 400 V to 1000 V is guided through the tower to an electrical
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power component, switches and/or to a transformer for being transformed to medium voltage
(10 - 35 KV) by said components located at a lower position than the nacelle. In this case at
least 9 cables, in at least particular 12, preferred 15 cables, and/or not more than 21 cables, in
particular not more than 18 cables, preferred 15 cables are used for connecting the generator
and/or power devices of the generator to a transformer being located in the tower below the
generator or on the ground.

[0022] For example, a cable for such low voltage power transmission, in particular made from
copper, may have a cross section of at least 200 mm?, preferably at least 220 mm?, further
preferred at least 240 mm?2, and/or of around 270 mm?, and/or may have a cross section not

larger than 330 mm?, preferably not larger than 310 mm?2, further preferred not larger than 300

mm2.

[0023] With respect to one or both of the aforementioned embodiments, at least one or a
plurality of cables for transmitting communication signals and/or support and/or auxiliary
energy can be provided further with mentioned power cables.

[0024] Specifically, the nacelle can be rotyated on the top of the tower about an essentially
vertical axis (yaw axis). For this purpose a yaw system having at least one yaw drive
mechanism is provided effectively between nacelle and the top of the tower. With the help of
this yaw system a wind tracking of the nacelle is enabled. The nacelle may rotate such that the
rotor of the wind turbine perpendicularly confronts the wind, which maximizes the energy
generation of the wind turbine. This implies that the nacelle may rotate around the yaw axis
according to the current wind direction. Hence, the rotation of the nacelle introduces a twist into
the power cables, wherein said twist causes a deviation (shortening) in the length of the power
cables.

[0025] Thus, during operation including rotation of the nacelle around the yaw axis, power
cables may experience a twisting, which is acceptable at least in a certain range. In particular,
a maximum twist angle may at least be +/- 720° degrees (two entire rotations), preferably at
least +/- 900° degrees (three entire rotations), or at least +/- 1440° (four rotations). Hence, the
cables reaching from the nacelle to the electrical connection arrangement must be arranged,
guided and configured to withstand such range of twisting without being subject to unwanted
wear, structural damage and/or any further functional disadvantage caused by the twisting.

[0026] Furthermore, the tower comprises at least one radial cable guiding device for receiving
the cable and a cable support arrangement for supporting the cable in a beneficial manner.

[0027] The radial cable guiding device is directly or indirectly supported by and mounted to the
tower and is configured such that a space for movement of the power cables at least in a radial
direction of the tower is limited, while a displacement of the power cables in an axial direction
of the tower is allowed. Thus, the radial cable guiding device prevents cables from hanging
and/or swinging freely within the tower, but provides displacement flexibility to the power cables
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in axial direction and/or in a longitudinal cable direction. According to an embodiment the radial
cable guiding device can include a ring surrounding the cables, wherein the ring is directly or
indirectly attached to the tower. Hence, the movement of the cables in radial direction is
thereby limited by the inner diameter of the ring.

[0028] In particular, the effective inner diameter of the radial cable guiding device is at least
100% larger, in particular at least 60% larger, preferred at least 30% larger, than a maximum
outer diameter of the power cables, in particular of a cable bundle formed by a plurality of
power cables. For example, the effective inner diameter may have a size of at least 150 mm,
preferably at least 170 mm, further preferred at least 190 mm, and/or of around 200 mm,
and/or may have a cross section not larger than 250 mm, preferably not larger than 230 mm,
further preferred not larger than 210 mm.

[0029] The cable support arrangement is mounted directly or indirectly to the tower at a lower
level than the radial cable guiding device. In particular, the vertical cable support arrangement
comprises cable support fixation means for firmly mounting at least a part of the power cables,
in particular a part of a supported portion of the power cables to the cable support
arrangement.

[0030] Furthermore, the tower comprises anti-torsion fixation means configured for reducing
and/or preventing a propagation of a cable twist of the cables of a hanging portion into power
cables of a loop portion.

[0031] In fact, the cable support arrangement and the anti-torsion fixation means are at least
partially holding the power cables such and are arranged and configured such that the power
cables form and comprise a hanging portion having a cable axis, a cable loop portion having a
horizontal cable loop, and the supported portion being at least partially supported by the cable
support arrangement.

[0032] The term "horizontal cable loop" represents a curved portion of the power cables, in
particular of the cable loop portion, wherein said cables comprise a curvature at least partially
extending in a horizontal plane.

[0033] The cable support arrangement and the anti-torsion fixation means are at least partially
holding the power cables such and are arranged and configured such that the power cables of
the cable loop portion are positioned at least partially in a form similar to a spiral when seen in
direction of the longitudinal axis of the tower.

[0034] In particular, the anti-torsion fixation means are not necessarily embodied as a specific
physical apparatus, but can also be functionally represented by other parts, for example by the
cable support arrangement and in particular by a specific location of cable support fixation
means of the cable support arrangement holding the power cables in a specific way, and/or
wherein the cables have a specific length.
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[0035] The hanging portion is essentially extending from the nacelle or from a nacelle cable
connection point at a lower portion of the nacelle to the cable loop portion of the power cables.
The power cables of the hanging portion are hanging in an essentially straight and parallel
manner, are mainly directed in axial and/or longitudinal direction of the tower and thereby
defining the cable axis. Nevertheless, the power cables of the hanging portion may be subject
to twisting if the nacelle is rotated around the yaw axis. The plurality of power cables may form
a cable bundle.

[0036] According to an embodiment the hanging portion has a length in a vertical direction of
at least 5 m, in particular of at least 7 m, preferred of at least 8 m, and/or around 9 m, and/or
of not more than 50 m, in particular of not more than 20 m, preferred of not more than 15 m,
more preferred not more than 12 m.

[0037] In particular, the power cables are configured to withstand a twist of at least 0.18 full
rotations per meter cable length (n/m), in particular at least 0.2 n/m, preferred at least 0.25
n/m, and/or around 0.28 n/m, and/or not more than 0.4 n/m, in particular not more than 0.35
n/m, preferred not more than 0.3 n/m. For example, power cables having a hanging portion of
about 9 m length are configured to accept a twist of 2.5 rotations in each rotational direction.

[0038] The cable loop portion comprises a vertical cable loop having a first curvature in radial
direction and the horizontal cable loop having a second curvature in a circumferential direction.

[0039] By the first curvature in radial direction the power cables coming from the hanging
portion are at least partially curved towards a radially outer area of the tower. Thus, the first
curvature at least partially extends in the vertical plane.

[0040] By the second curvature in circumferential direction the power cables coming from the
first curvature having a component in radial direction are at least partially curved to obtain an
orientation component in circumferential direction, for example in direction of a tower wall of
the tower. Hence, the second curvature has a curvature component lying in the horizontal
plane, and is thereby forming the horizontal cable loop.

[0041] In particular, the cable loop portion has at least one bending radius while electrically
connecting the hanging portion of the power cables to a supported portion of the power cables.
The cable loop portion may be freely hanging between hanging portion and the cable support
arrangement without being supported by any structure or device, in particular but being
supported by the hanging portion and the supported portion. For example, one ending part of
the cable loop portion is connected to, supported by and merging with the hanging portion of
the power cables. The other ending part of the cable loop portion merges with the supported
portion of the power cables and is thereby supported by the supported portion of the power
cables and indirectly by the cable support arrangement.

[0042] According to an optional embodiment the effective cable length of the cable loop portion
is at least 0.5 m, in particular of at least 1 m, preferred of at least 1.5 m, and/or around 2 m,
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and/or does not exceed 5 m, in particular of not more than 4 m, preferred of not more than 3
m.

[0043] It shall be mentioned, that the determination of a length of the hanging portion with
respect to a determination of the effective length of the cable loop portion may be achieved by
an iterative process, in particular by starting with certain initial values, performing an
assessment of functionality of said values and optimizing said values, while using those
optimized values as further starting values.

[0044] Preferably, the power cables forming the hanging portion, the cable loop portion and
the supported portion are made from the same cables without structural intersections,
connections or other irregularities between the single power cables.

[0045] The anti-torsion means can be embodied such that the cable support arrangement
comprises cable support fixation means for firmly mounting at least a part of the supported
portion to the cable support arrangement. The cable support fixation means are configured
and located such, that the fixation effect of the power cables of the cable support arrangement,
in particular with respect to cable twist or cable rotation, extends into and affects the entire
cable loop portion. By this rotational fixation of the supported portion and of an ending part of
the adjacent cable loop portion neighboring the supported portion a propagation, at least an
essential propagation, of a cable twist from the hanging portion into the cable loop portion is
prevented. Thus, a twist - introduced into the hanging portion by a rotation of the nacelle, in
particular within ranges as aforementioned, - realizes essentially solely in the hanging portion
and does not negatively affect the curve loop portion.

[0046] The present embodiment allows for the first time to implement a power connection
between a power component in the nacelle and an electrical connection arrangement using
power cables, wherein undesired wear of the cables caused by relative friction is avoided
without using complex support structures as presented in previous wind turbines.

[0047] In particular, it is achieved to obtain a precise functional separation performed by the
power cables: firstly, a twist of the power cables is essentially exclusively absorbed by the
hanging portion. Secondly, the deviation in length of the power cables is essentially exclusively
compensated by the cable loop portion.

[0048] For example, an effective length of the cable loop portion is determined such that a
deviation in length, caused by a maximum allowable cable twist, of at least 1 cm, in particular
of at least 5 cm, preferred of at least 10 cm, more preferred of at least 15cm, can be
compensated, in particular the cable portion without falling below the acceptable minimum
bending radius.

[0049] Separating a twist of the hanging portion from the cable loop portion prevents
effectively and efficiently that power cables of the cable loop portion are contacting each other
and causing friction phenomenons between each other. Said friction has an even worse effect,
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if cables of the cable loop portion would be squeezed together by a twist while compensating
the length deviation of the cables.

[0050] These specific embodiments are the result of long-term experiments and calculations,
and thereby of a remarkable investment.

[0051] According to a specific form, a propagation of a cable twist from the hanging portion
into the cable loop portion is essentially avoided by locating the cable support arrangement at
a tower level such, and by determining a length of the power cables such that the cable loop
portion is formed at least on a height level same as the supported portion, and/or that the
cable loop portion is not arranged on a lower level as the supported portion and/or than the
cable support arrangement.

[0052] In the alternative or in addition, the anti-torsion fixation means at least partially include
cable support fixation means for firmly mounting at least a part of the supported portion to the
cable support arrangement such, and further include the hanging portion being having a
determined length such the cable loop portion having the vertical cable loop and the horizontal
cable loop is formed. In this case the anti-torsion fixation means are not a specific device, but
are functionally represented by the determined location of the cable support fixation means, by
the stiffness, flexibility and length of the power cables.

[0053] Additionally or alternatively the anti-torsion fixation means are embodied as an anti-
torsion fixation device and/or include an anti-torsion fixation device. Said anti-torsion fixation
device is a physical apparatus, in particular and for example other than the cable support
fixation means. The anti-torsion fixation device arranges the power cables directly or indirectly
to the tower such that a rotation of the cables is inhibited, while a displacement of the power
cables in an axial direction of the tower is allowed. Thus, the anti-torsion device fixes the power
cables to the tower rotationally and in radial direction, but provides displacement flexibility in
axial direction and/or in a longitudinal, cable direction. Thus, according to this embodiment, the
term "anti-torsion fixation means configured for reducing and/or preventing a propagation of a
cable twist of the cables of a hanging portion into power cables of a loop portion" can be
replaced by the term "anti-torsion fixation device configured for arranging the cables to the
tower such that a rotation of the cables about the cable axis is inhibited, while the cables at
least partially of the hanging portion and at least partially of the cable loop portion may perform
a movement in the axial direction”.

[0054] Specifically, the anti-torsion fixation device is located at a transition and/or interface
between the hanging portion and the cable loop portion, thus at an ending of the hanging
portion and a beginning of the cable loop portion (when coming from the top of the wind
turbine). By this, any twist of the power cables of the hanging portion introduced by a rotation
of the nacelle is stopped at the anti-torsion fixation device and cannot propagate further into
the cable loop portion.

[0055] According to an embodiment, A further embodiment is disclosed, wherein the cable
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support fixation means are arranged such and the power cables having a length such that a
minimum bending radius of the bending radius is at least 0.2 m, in particular at least 0.3 m,
preferred 0.4 m, and/or wherein a maximum bending radius is not larger than 1.1 m, in
particular not larger than 0.9 m, preferred not larger than 0.8 m.

[0056] Accordingly, the size of the cable loop portion is determined such, that in actual bending
radius is sufficiently larger than the minimum bending radius if there is no twist introduced into
the power cables. This oversizing of the actual bending radius with respect to the minimum
bending radius is chosen such that a deviation of an effective length of the hanging portion
caused by a maximum cable twist can be compensated by the cable loop portion without the
actual bending radius falling below the minimum bending radius.

[0057] According to a further embodiment, the anti-torsion fixation device comprises a cable
fixation portion having fixation means for firmly mounting the cables to the cable fixation
portion, a mounting portion for mounting the anti-torsion fixation device directly or indirectly to
the tower, in particular to a central support structure of the tower, and an intermediate portion
configured for holding the cable fixation portion to the mounting portion such that a rotation
and/or a displacement of the cable fixation portion with respect to the mounting portion in radial
direction is prevented and a displacement in axial direction and/or along the cable axis is
enabled.

[0058] Specifically, the cable fixation portion may include a cable clamp and a base structure to
which the cable clamp can be firmly fixed, for example by screws. Optionally, the base
structure can be attached to the mounting portion via the intermediate portion as described,
while the intermediate portion is firmly connected to the mounting portion. Intermediate portion
and base structure may be embodied as a rail guiding system, wherein the intermediate
portion may include certain holders embracing at least partially the base structure such that a
rotation and/or a displacement of the base structure with respect to the intermediate portion
and/or mounting portion in radial direction is prevented and a displacement in axial direction
and/or along the cable axis is enabled.

[0059] Furthermore, the intermediate portion may include a roller system and/or linear roller
bearings arranged effectively between the mounting portion and the cable fixation portion
such, that translational movement of the cable fixation portion with respect to the mounting
portion can be performed with reduced friction and wear with respect to an embodiment
without said measure.

[0060] Additionally or in the alternative, means for providing a reduced coefficient of friction
between friction components, in particular between the cable fixation portion and the mounting
portion, can be provided. The reduction of the coefficient of friction is to be understood with
respect to a coefficient of friction of the tribological combination steel on steel. In particular,
means for reducing friction do not include providing grease or a liquid or pasty lubricant
between the components. For example, the means are chosen such that a static friction
coefficient (dry and clean) between the friction parties is less than 0.7, in particular less than
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0.3, preferably less than 0.1.

[0061] According to an embodiment, the cable support fixation means of the cable support
arrangement are positioned precisely such that an orientation of the power cables of the cable
loop portion directly adjacent to the cable support fixation means, in the horizontal plane, is not
pointing to the cable axis, and/or that a virtual straight line extending in the horizontal plane
and defined by an orientation of the power cables of the cable loop portion directly adjacent to
the cable support fixation means has a minimum distance to the cable axis of at least 0.1, in
particular of at least 0.15, preferred of at least 0.2 of a respective tower radius. In particular, by
providing the cable support fixation means in the specific way, the formation of the horizontal
cable loop is supported in its form maintained.

[0062] According to an embodiment, the tower comprises a cable loop platform having a
platform surface, wherein the cable loop platform at least partially acts as the cable support
arrangement. In particular, the embodiment as a cable loop platform has two synergistic
effects: power cables are supported and mounted in a preferred way while professional
personnel may use the platform for mounting the cables.

[0063] Furthermore, the cable loop platform can only partially cover a cross-section of the
tower, in particular the cable loop platform covers not more than 70%, in particular not more
than 50%, preferred not more than 40%, more preferred not more than 30% of the size of a
respective sectional area of the tower.

[0064] According to an alternative embodiment, cable loop platform can be a full platform, in
particular, having necessary openings for cables, ladder, and/or an elevator.

[0065] According to another embodiment, the tower of the wind turbine comprises a central
support structure. Said structure is arranged in the tower and is extending in the axial direction
of the tower, wherein the radial cable guiding device and/or the anti-torsion fixation device
is/are mounted to the central support structure.

[0066] Furthermore, a plurality of radial cable guiding devices is provided, wherein the radial
cable guiding devices are mounted to the central support structure along the axial direction. By
this, an improved guiding of the hanging portion of the power cables is achieved.

[0067] According to an embodiment, at least two of the radial cable guiding devices, preferred
a majority thereof, more preferred all of the cable guiding devices, are mounted to the central
support structure such, that the distance between the radial cable guiding devices amounts at
least to 3 m, in particular at least to 4 m, preferred at least to 4.5 m, and/or does not exceed 7
m, in particular 6 m, preferred 5.5 m.

[0068] Furthermore, the electrical connection arrangement located in the tower or on a base of
the tower comprises a power cable splice point. Said power cable splice point connects lower
endings of the power cables with subsequent power conducting devices. In particular, if the
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electrical connection arrangement is positioned in the tower, the power cables are connecting
the nacelle to the electrical connection arrangement, wherein from the subsequent electrical
connection to subsequent electric devices is achieved by using subsequent power conducting
devices embodied as aluminum conductors.

[0069] According to another aspect, a wind turbine having a tower according to one or a
plurality of the precedingly described embodiments as disclosed, wherein a nacelle having a
rotor is rotatably mounted on the top portion of the tower.

[0070] Embodiments as described shall represent various aspects of the disclosure, wherein
additional combinations of said embodiments are explicitly included as long as such
combinations make technically stands in the light of the skilled person, for example, a
combination of functionally embodied anti-torsion means and at least an anti-torsion device is a
suitable embodiment for improving the performance of the cable loop portion.

[0071] These and other features, aspects and advantages of the present disclosure will be
further supported and described with reference to the following description and appended
claims, in particular in paragraphs referring to FIG. 3 to FIG. 6. The accompanying drawings,
which are incorporated in and constitute a part of this specification, illustrate embodiments of
the disclosure and, together with the description, serve to explain the principles of the
disclosure, wherein a limitation of the disclosure may not be construed by said shown
embodiments, for example, further non-shown embodiments such as the embodiment having
the electrical connection arrangement placed on a height level in the tower for ergonomically
optimizing installation and maintaining task of professional personal as described in the
following, but not shown, shall be included.

BRIEF DESCRIPTION OF THE DRAWINGS

[0072] A full and enabling disclosure, including the best mode thereof, directed to one of
ordinary skill in the art, is set forth in the specification, which makes reference to the appended
figures, in which:

FIG. 1 illustrates a perspective view of one embodiment of a wind turbine according to the
present disclosure;

FIG. 2 illustrates a simplified, internal view of one embodiment of a nacelle of a wind turbine
having a gearbox system according to the present disclosure;

FIG. 3 represents a partially schematic sectional view through the tower of the wind turbine
according to a first embodiment as shown in FIG. 1;

FIG. 4 represents shows a partially schematic view in a tower of the wind turbine according to
the first embodiment of FIG. 3;
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FIG. 5 displays a sectional view on an anti-torsion device of the first embodiment of FIG. 3; and

FIG. 6 shows a partially schematic view in a tower of the wind turbine according to a second
embodiment.

[0073] Single features depicted in the figures are shown relatively with regards to each other
and therefore are not necessarily to scale. Similar or same elements in the figures, even if
displayed in different embodiments, are represented with the same reference numbers

DETAILED DESCRIPTION

[0074] Reference now will be made in detail to embodiments of the disclosure, one or more
examples of which are illustrated in the drawings. Each example is provided by way of
explanation of the disclosure, not limitation of the disclosure.

[0075] FIG. 1 is a perspective view of an exemplary wind turbine 10. In the exemplary
embodiment, the wind turbine 10 is a horizontal-axis wind turbine. Alternatively, the wind
turbine 10 may be a vertical-axis wind turbine. In the exemplary embodiment, the wind turbine
10 includes a tower 100 that extends from a support system 14 on a ground 12, a nacelle 16
mounted on tower 100, and a rotor 18 that is coupled to nacelle 16. The rotor 18 includes a
rotatable hub 20 and at least one rotor blade 22 coupled to and extending outward from the
hub 20. In the exemplary embodiment, the rotor 18 has three rotor blades 22. In an alternative
embodiment, the rotor 18 includes more or less than three rotor blades 22. In the exemplary
embodiment, the tower 100 is fabricated from tubular steel to define a cavity (not shown in
Figure 1) between a support system 14 and the nacelle 16. In an alternative embodiment, the
tower 100 is any suitable type of a tower having any suitable height. According to an alternative
or additional embodiment, the tower can be a hybrid tower comprising a portion made of
concrete and a tubular steel portion. Also, the tower can be a partial or full lattice tower.

[0076] The rotor blades 22 are spaced about the hub 20 to facilitate rotating the rotor 18 to
enable kinetic energy to be transferred from the wind into usable mechanical energy, and
subsequently, electrical energy. The rotor blades 22 are mated to the hub 20 by coupling a
blade root portion 24 to the hub 20 at a plurality of load transfer regions 26. The load transfer
regions 26 may have a hub load transfer region and a blade load transfer region (both not
shown in Figure 1). Loads induced to the rotor blades 22 are transferred to the hub 20 via the
load transfer regions 26.

[0077] In one embodiment, the rotor blades 22 have a length ranging from about 15 meters
(m) to about 91 m. Alternatively, rotor blades 22 may have any suitable length that enables the
wind turbine 10 to function as described herein. For example, other non-limiting examples of
blade lengths include 20 m or less, 37 m, 48.7 m, 50.2 m, 52.2 m or a length that is greater
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than 91 m. As wind strikes the rotor blades 22 from a wind direction 28, the rotor 18 is rotated
about a rotor axis 30. As the rotor blades 22 are rotated and subjected to centrifugal forces,
the rotor blades 22 are also subjected to various forces and moments. As such, the rotor
blades 22 may deflect and/or rotate from a neutral, or non-deflected, position to a deflected
position.

[0078] Moreover, a pitch angle of the rotor blades 22, i.e., an angle that determines a
perspective of the rotor blades 22 with respect to the wind direction, may be changed by a
pitch system 32 to control the load and power generated by the wind turbine 10 by adjusting an
angular position of at least one rotor blade 22 relative to wind vectors. Pitch axes 34 of rotor
blades 22 are shown. During operation of the wind turbine 10, the pitch system 32 may change
a pitch angle of the rotor blades 22 such that the rotor blades 22 are moved to a feathered
position, such that the perspective of at least one rotor blade 22 relative to wind vectors
provides a minimal surface area of the rotor blade 22 to be oriented towards the wind vectors,
which facilitates reducing a rotational speed and/or facilitates a stall of the rotor 18.

[0079] In the exemplary embodiment, a blade pitch of each rotor blade 22 is controlled
individually by a wind turbine controller 36 or by a pitch control system 80. Alternatively, the
blade pitch for all rotor blades 22 may be controlled simultaneously by said control systems.

[0080] Further, in the exemplary embodiment, as the wind direction 28 changes, a yaw
direction of the nacelle 16 may be rotated about a yaw axis 38 to position the rotor blades 22
with respect to wind direction 28.

[0081] In the exemplary embodiment, the wind turbine controller 36 is shown as being
centralized within the nacelle 16, however, the wind turbine controller 36 may be a distributed
system throughout the wind turbine 10, on the support system 14, within a wind farm, and/or at
a remote control center. The wind turbine controller 36 includes a processor 40 configured to
perform the methods and/or steps described herein. Further, many of the other components
described herein include a processor. As used herein, the term "processor” is not limited to
integrated circuits referred to in the art as a computer, but broadly refers to a controller, a
microcontroller, a microcomputer, a programmable logic controller (PLC), an application
specific integrated circuit, and other programmable circuits, and these terms are used
interchangeably herein. It should be understood that a processor and/or a control system can
also include memory, input channels, and/or output channels.

[0082] FIG. 2 is an enlarged sectional view of a portion of the wind turbine 10. In the
exemplary embodiment, the wind turbine 10 includes the nacelle 16 and the rotor 18 that is
rotatably coupled to the nacelle 16. More specifically, the hub 20 of the rotor 18 is rotatably
coupled to an electric generator 42 positioned within the nacelle 16 by the main shaft 44, a
gearbox 46, a high speed shaft 48, and a coupling 50. In the exemplary embodiment, the main
shaft 44 is disposed at least partially coaxial to a longitudinal axis (not shown) of the nacelle
16. A rotation of the main shaft 44 drives the gearbox 46 that subsequently drives the high
speed shaft 48 by translating the relatively slow rotational movement of the rotor 18 and of the
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main shaft 44 into a relatively fast rotational movement of the high speed shaft 48. The latter is
connected to the generator 42 for generating electrical energy with the help of a coupling 50.
Furthermore, a transformer 90 and/or a suitable electronics, switches, and/or inverters are
arranged in the nacelle 16 in order to transform electrical energy generated by the generator
42 having a voltage between 400V to 1000 V into electrical energy having medium voltage (10
- 35 KV). Said electrical energy is conducted via power cables 160 from the nacelle 16 into the
tower 100.

[0083] The gearbox 46, generator 42 in transformer 90 may be supported by a main support
structure frame of the nacelle 16, optionally embodied as a main frame 52. The gearbox 46
may include a gearbox housing that is connected to the main frame 52 by one or more torque
arms 103. In the exemplary embodiment, the nacelle 16 also includes a main forward support
bearing 60 and a main aft support bearing 62. Furthermore, the generator 42 can be mounted
to the main frame 52 by decoupling support means 54, in particular in order to prevent
vibrations of the generator 42 to be introduced into the main frame 52 and thereby causing a
noise emission source.

[0084] Preferably, the main frame 52 is configured to carry the entire load caused by the
weight of the rotor 18 and components of the nacelle 16 and by the wind and rotational loads,
and furthermore, to introduce these loads into the tower 100 of the wind turbine 10. The rotor
shaft 44, generator 42, gearbox 46, high speed shaft 48, coupling 50, and any associated
fastening, support, and/or securing device including, but not limited to, support 52, and forward
support bearing 60 and aft support bearing 62, are sometimes referred to as a drive train 64.

[0085] The nacelle 16 also may include a yaw drive mechanism 56 that may be used to rotate
the nacelle 16 and thereby also the rotor 18 about the yaw axis 38 to control the perspective of
the rotor blades 22 with respect to the wind direction 28.

[0086] For positioning the nacelle 16 appropriately with respect to the wind direction 28, the
nacelle 16 may also include at least one meteorological mast 58 that may include a wind vane
and anemometer (neither shown in Figure 2). The mast 58 provides information to the wind
turbine controller 36 that may include wind direction 28 and/or wind speed.

[0087] In the exemplary embodiment, the pitch system 32 is at least partially arranged as a
pitch assembly 66 in the hub 20. The pitch assembly 66 includes one or more pitch drive
systems 68 and at least one sensor 70. Each pitch drive system 68 is coupled to a respective
rotor blade 22 (shown in Figure 1) for modulating the pitch angel of a rotor blade 22 along the
pitch axis 34. Only one of three pitch drive systems 68 is shown in Figure 2.

[0088] In the exemplary embodiment, the pitch assembly 66 includes at least one pitch bearing
72 coupled to hub 20 and to a respective rotor blade 22 (shown in FIG. 1) for rotating the
respective rotor blade 22 about the pitch axis 34. The pitch drive system 68 includes a pitch
drive motor 74, a pitch drive gearbox 76, and a pitch drive pinion 78. The pitch drive motor 74
is coupled to the pitch drive gearbox 76 such that the pitch drive motor 74 imparts mechanical
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force to the pitch drive gearbox 76. The pitch drive gearbox 76 is coupled to the pitch drive
pinion 78 such that the pitch drive pinion 78 is rotated by the pitch drive gearbox 76. The pitch
bearing 72 is coupled to pitch drive pinion 78 such that the rotation of the pitch drive pinion 78
causes a rotation of the pitch bearing 72.

[0089] Pitch drive system 68 is coupled to the wind turbine controller 36 for adjusting the pitch
angle of a rotor blade 22 upon receipt of one or more signals from the wind turbine controller
36. In the exemplary embodiment, the pitch drive motor 74 is any suitable motor driven by
electrical power and/or a hydraulic system that enables pitch assembly 66 to function as
described herein. Alternatively, the pitch assembly 66 may include any suitable structure,
configuration, arrangement, and/or components such as, but not limited to, hydraulic cylinders,
springs, and/or servo-mechanisms. In certain embodiments, the pitch drive motor 74 is driven
by energy extracted from a rotational inertia of hub 20 and/or a stored energy source (not
shown) that supplies energy to components of the wind turbine 10.

[0090] The pitch assembly 66 also includes one or more pitch control systems 80 for
controlling the pitch drive system 68 according to control signals from the wind turbine
controller 36, in case of specific prioritized situations and/or during rotor 18 overspeed. In the
exemplary embodiment, the pitch assembly 66 includes at least one pitch control system 80
communicatively coupled to a respective pitch drive system 68 for controlling pitch drive
system 68 independently from the wind turbine controller 36. In the exemplary embodiment,
the pitch control system 80 is coupled to the pitch drive system 68 and to a sensor 70. During
normal operation of the wind turbine 10, the wind turbine controller 36 controls the pitch drive
system 68 to adjust a pitch angle of rotor blades 22.

[0091] In one embodiment, in particular when the rotor 18 operates at rotor overspeed, the
pitch control system 80 overrides the wind turbine controller 36, such that the wind turbine
controller 36 no longer controls the pitch control system 80 and the pitch drive system 68.
Thus, the pitch control system 80 is able to make the pitch drive system 68 to move the rotor
blade 22 to a feathered position for reducing a rotational speed of the rotor 18.

[0092] According to an embodiment, a power generator 84, for example comprising a battery,
electric capacitors hence letter or an electrical generator driven by the rotation of the hub 20, is
arranged at or within the hub 20 and is coupled to the sensor 70, the pitch control system 80,
and to the pitch drive system 68 to provide a source of power to these components. In the
exemplary embodiment, the power generator 84 provides a continuing source of power to the
pitch assembly 66 during operation of the wind turbine 10. In an alternative embodiment,
power generator 84 provides power to the pitch assembly 66 only during an electrical power
loss event of the wind turbine 10. The electrical power loss event may include power grid loss
or dip, malfunctioning of an electrical system of the wind turbine 10, and/or failure of the wind
turbine controller 36. During the electrical power loss event, the power generator 84 operates
to provide electrical power to the pitch assembly 66 such that pitch assembly 66 can operate
during the electrical power loss event.
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[0093] In the exemplary embodiment, the pitch drive system 68, the sensor 70, the pitch
control system 80, cables, and the power generator 84 are each positioned in a cavity 86
defined by an inner surface 88 of hub 20. In an alternative embodiment, said components are
positioned with respect to an outer surface of hub 20 and may be coupled, directly or indirectly,
to outer surface.

[0094] FIG. 3 shows a partial, sectional view on a first embodiment of a tower 100 of a wind
turbine 10. Also, FIG. 4 and FIG. 5 display certain aspects of the first embodiment of the tower
100. The tower 100 has a top end 102 suitable for supporting the nacelle 16. Electrical energy
generated by the generator 42 and transformed by the transformer 90 is conducted via the
power cables 160 from the nacelle 16 in the tower 100, wherein a nacelle connection portion
188 of the power cables 160 is firmly arranged in the nacelle 16, for example with the help of
nacelle cable fixation means 92.

[0095] The power cables 160 are leading towards the yaw axis 38 and/or to a cable axis 162
mainly being aligned with a longitudinal axis of the tower 100. At this central location, the power
cables 160 are led into the tower 100, in particular in axial direction 112 of the tower 100. From
there the power cables 160 are freely hanging into the tower 100 in axial direction and are
preferably supported by a support arrangement in the nacelle 16.

[0096] Power cables 160 hanging in the tower 100 can be understood as a hanging portion
164 of the power cables 160. Specifically, a plurality of radial cable guiding devices 120 having
a ring 122 or a roundish holding device are provided in the center of the tower 100 such that
the cable axis 162 lies within the ring 122. Therefore, the power cables 160 of the hanging
portion 164 are surrounded by the cable guiding devices 120 such that a space for movement
of the power cables 160 is limited in radial direction 110 of the tower 100, while a displacement
of the power cables 160 in axial direction 112 of the tower 100 is possible.

[0097] At the lower end of the hanging portion 164 the power cables 160 merge into a cable
loop portion 166, which then is followed by a supported portion 168 of the power cables 160.
Hence, the power cables 160 in the tower 100 may be understood as having a hanging portion
164, a cable loop portion 166 and a supported portion 168.

[0098] The supported portion 168 is supported by a cable support arrangement 150, which -
according to the present embodiment - is embodied as a partial support platform 152 being
arranged at least partially horizontally in the tower 100.

[0099] According to all embodiments, the power cables 160 of the cable loop portion 166 may
have at least a vertical cable loop 170 with a first curvature 172 and a horizontal cable loop
180 with a second curvature 182. The first curvature 172 has a curvature component lying in a
vertical plane 174 such that the power cables 160 lead from a central area of the tower 100 at
least partially in radial direction 110 towards the tower wall 108, as depicted in FIG. 3, FIG. 4 in
FIG. 6. In addition, the horizontal cable loop 180 having the curvature 182 causes an
orientation of the power cables 160 of the cable loop portion 166 towards a circumferential
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direction towards cable support fixation means 154 of the cable support arrangement 150.

[0100] The configuration as described result in the power cables 160 of the cable loop portion
166 are positioned at least partially in a form similar to a spiral when seen in direction of the
longitudinal axis of the tower 100.

[0101] The power cables 160 are firmly attached to the cable support arrangement 150 with
the help of cable support fixation means 154. Said fixation of the power cables 160 in a radial
outer area of the tower 100 is embodied such, that a virtual line 186 starting at the cable
support fixation means 154 adjacent to the cable loop portion 166 does not lead through the
cable axis 162 or the tower axis, nor through a central area of the tower 100. In particular, the
virtual straight line 186 extending in the horizontal plane 184 defined by the orientation of the
cables 160 of the cable loop portion 166 directly adjacent to the cable support fixation means
154 has a minimum distance to the cable axis 162 of at least 0.1, in particular of at least 0.15,
preferred of at least 0.2 of a respective tower radius 106.

[0102] The combination of a vertical cable loop 170 and a horizontal cable loop 180 leads to a
beneficial formation of the cable loop portion 166, which inhibits a propagation of a twist of the
hanging portion 164 into the cable loop portion 166. The example shown in FIG. 6 provides a
solution, wherein the anti-torsion fixation means are at least partially functionally represented
by the specific fixation of the power cables 160 on the cable support arrangement 150, and by
the determination of a specific length of the power cables 160 such, that the cable loop portion
166 having the vertical cable loop 170 and a horizontal cable loop 180 are materializing.
Possibly, the transition between the hanging portion 164 and the cable loop portion 166 may
be manifested by providing a radial cable guiding device 120 as shown in FIG. 6 at this
transition.

[0103] Nevertheless, embodiments as shown in FIG. 3, FIG. 4 and FIG. 5 include to embody
the anti-torsion fixation means as an anti-torsion fixation device 130. Thus, the hanging portion
164 and the cable loop portion 166 can be differentiated from each other by the anti-torsion
fixation device 130 placed between both portions. Nevertheless, the special provision of the
cable loop portion 166 having a vertical cable loop 170 and a horizontal cable loop 180 as
described supra is still in applicable option.

[0104] The anti-torsion fixation device 130 has the effect that any twist introduced into the
cables 160 by a rotation of the nacelle 16 remains in the hanging portion 164 and cannot
propagate beyond the anti-torsion device 130 into the cable loop portion 166. The anti-torsion
device 130 as indicated in FIG. 3 and FIG. 4 shall the embodied according to the detailed FIG.
5.

[0105] The anti-torsion device 130 is mounted to the tower 100 via the central support
structure 116 and may replace a radial cable guiding device 120 located the closest to the
cable support arrangement 150 as shown in FIG. 6.



DK/EP 3825549 T3

[0106] The anti-torsion device 130 may comprises a cable fixation portion 132 for fixing the
power cables 160 to a fixation plate 133 using cable fixation means 134. Thus, the cable
fixation portion 132 is firmly connected to the power cables 160. Furthermore, the cable
fixation portion 132 is connected to the mounting portion 136 by the intermediate portion 138
such that a rotation about the cable axis 162 and/or a displacement of the cable fixation portion
134 with respect to the mounting portion 136 in radial direction 110 is prevented and a
displacement in axial direction 112 and/or along the cable axis 162 is enabled.

[0107] For example, the power cables 160 may be attached to a fixation plate 133 by the help
of fixation means 134 in form of a bracket. Optionally or alternatively, the intermediate portion
138 may comprise a clamp 139 which holds the fixation plate 133 in radial direction 110 and
prevents a rotation of the power cable 160 together with the cable fixation portion 132.

[0108] The embodiments according to FIG. 3 to FIG. 6 all include that the electrical connection
arrangement 140 which is placed under the cable support arrangement 150. Nevertheless, it is
disclosed, but not shown, to located electrical connection arrangement is in the tower such,
that the electrical connection arrangement 140 is located at a proper ergonomically installation
and working height of professional personal standing on the support platform 152. For such
purpose, power cables 160 after the supported portion following the supported portion may be
guided upwards again to an electrical connection arrangement 140 being arranged in a proper
working height of professional personal.

[0109] In fact, it will be apparent to those skilled in the art that various modifications and
variations can be made in the present invention without departing from the scope of the
invention, for instance, features illustrated or described as part of one embodiment can be
used with another embodiment to yield a still further embodiment, for example, by combining
the first embodiment having the anti-torsion device 130 of FIG. 3 to 5 with the embodiment
having anti-torsion means of FIG. 6, thus, it is intended that the present invention covers such
modifications and variations as come within the scope of the appended claims.
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1. Et tdrn (100) til en vindmglle (10), hvor tdrnet (100) omfatter

en topende (102) til roterbart at understgtte om en krgjeakse (38) en nacelle (16) pd
vindmgllen (10), en stgtteende (104) til at understgtte vindmgllen (10) pd et
stgttesystem (14) pd en grund (12), nacellen (16) har en elektrisk stremkomponent,
iser en generator (42),

tarnet (100) yderligere omfattende mindst to, fortrinsvis tre, strgmkabler (160) til
elektrisk at forbinde den elektriske strgmkomponent med en elektrisk
forbindelsesindretning (140), som er monteret pa tdrnet (100) p3 et lavere niveau
end topenden (102) eller som er placeret pd grunden (12),

mindst én radial kabelfgringsanordning (120) monteret pa tdrnet (100) til fastgarelse
af stramkablerne (160) til tdrnet (100) ved at begraense stremkablets (160) plads til
bevaegelse i det mindste i radial retning (110) af tdrnet (100), mens det tillader en
forskydning af stremkablerne (160) i en aksial retning (112) af tdrnet (100),

en kabelunderstgtningsindretning (150) monteret pa tdrnet (100) pa et lavere niveau
end den radiale kabelfgringsanordning (120) til at understgtte i det mindste en del af
strgmkablerne (160), og

anti-torsionsfikseringsmidler konfigureret til at reducere og/eller forhindre en
udbredelse af en kabelsnoning af strgmkablerne (160) af en haengende del (164) ind
i stramkabler (160) af en slgjfedel (166),

hvor kabelunderstgtningsindretningen (150) og anti-torsionsfikseringsmidlerne i det
mindste delvist holder strgmkablerne (160), og er anbragt og konfigureret, sdledes
at stramkablerne (160) omfatter

en haengende del (164) med en kabelakse (162),
en kabelslgifedel (166) med en vandret kabelslgjfe (180), og

en understgttet del (168) der er i det mindste delvist understgttet af
kabelunderstgtningsindretningen (150),

hvor kabelslgjfedelen (166) omfatter

en fgrste krumning (172), der danner en lodret kabelslgjfe (170), der
i det mindste delvist streekker sig i et lodret plan (174), og
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en anden krumning (182) der er i det mindste delvist krummer for at
opnd en orienteringskomponent af stremkablerne (160) i en periferisk
retning af tarnet (100) og derved danner den vandrette kabelslgjfe
(180), som i det mindste delvist straekker sig en vandret plan (184).

2. Tarnet (100) ifglge krav 1, hvor kabelunderstgtningsindretningen (150) er placeret pa et
tdrnniveau, og stremkablerne (160) har en leengde, sdledes at kabelslgjfedelen (166) straekker
sig i det mindste pd samme hgjdeniveau som den understgttede del (168), og/eller at
kabelslgjfedelen (166) ikke er anbragt pd et lavere niveau som den understgttede del (168)
og/eller end kabelstgtteindretningen (150).

3. Tarnet (100) ifglge et af de foregdende krav, hvor anti-torsionsfikseringsmidlerne
indbefatter i det mindste delvist kabelunderstgtningsfikseringsmidler (154) til fast montering
af i det mindste en del af den understgttede del (168) til kabelunderstgtningsindretningen
(150), og inkluderer yderligere den haengende del (164) idet den har en bestemt laengde,
sdledes at kabelslgjfedelen (166) med den lodrette kabelslgjfe (160) og den vandrette
kabelslgijfe (180) er dannet.

4. Tarnet (100) ifelge et af de foregdende krav, hvor anti-torsionsfikseringsmidlerne er
udformet som mindst én anti-torsionsfikseringsanordning (130), der er konfigureret til at
anbringe kablerne (160) til tdrnet (100), sdledes at en rotation af kablerne (160) om
kabelaksen (162) er forhindret, mens kablerne (160) i det mindste delvist af den haengende
del (164) og i det mindste delvist af kabelslgjfedelen (166) kan udfgre en beveegelse i aksial
retning (112), og iseer at kablet slgjfedelen (166), der har den lodrette kabelslgjfe (160) og
den vandrette kabelslgijfe (180) er dannet.

5. Tarnet (100) ifglge et af de foregdende krav, hvor kabelunderstgtningsfikseringsmidlerne
(154) er anbragt, og strgmkablerne (160) har en leengde, sdledes at en
minimumsbgjningsradius af bgjningsradius er mindst 0,2 m, isaer mindst 0,3 m, fortrinsvis 0,4
m, iseer hvor mindst et, fortrinsvis alle, stramkablerne (160) har et tvaersnit pd mindst 80
mm?, fortrinsvis mindst 85 mm?, yderligere foretrukket mindst 90 mm?, og/eller p& omkring
95 mm?, og/eller kan have et tvaersnit, der ikke er stgrre end 110 mm?, helst ikke sterre end
105 mm?, yderligere foretrukket ikke stgrre end 100 mm?, eller isaer hvor mindst et, fortrinsvis
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alle, stremkablerne (160) har et tvaersnit pd mindst 55 mm?, fortrinsvis mindst 60 mm?,
yderligere foretrukket mindst 65 mm?, og/eller pd omkring 70 mm?, og/eller kan have et
tveersnit, der ikke er stgrre end 85 mm?, helst ikke stgrre end 80 mm?, yderligere foretrukket
ikke stgrre end 75 mm?.

6. Tarnet (100) ifglge krav 5, hvor en stgrrelse af kabelslgjfedelen (166) er bestemt sdledes,
at en afvigelse af en effektiv laengde af den haengende del (164) fordrsaget af kabelsnoningen
kan kompenseres af kabelslgjfedelen (166) uden at falde under den minimale bgjningsradius.

7. Tarnet (100) ifelge et af de foregdende krav, hvor kabelunderstgtningsfikseringsmidlerne
(154) er anbragt sdledes,

at en orientering af stramkablerne (160) af kabelslgjfedelen (166) direkte stgdende
op til kabelunderstgtningsfikseringsmidlerne (154), i det vandrette plan (184) ikke
peger pd kabelaksen (162), og/ eller

at en virtuel lige linje (167), der straekker sig i det vandrette plan (184) defineret af
en orientering af kablerne (160) af kabelslgjfedelen (166) direkte stadende op til
kabelunderstgtningsfikseringsmidlerne (154) har en minimumsafstand til kabelaksen
(162) pd mindst 0,1, iseer p& mindst 0,15, fortrinsvis pd mindst 0,2 af en respektiv
tarnradius (106).

8. Tarnet (100) ifglge et af de foregdende krav, hvor kabelunderstgtningsindretningen (150)
i det mindste delvist er dannet af en kabelslgijfeplatform (152) med en platformsflade (156),
der understgtter kablerne (160).

9. Tarnet (100) ifglge krav 8, hvor kabelslgjfeplatformen (152) ikke daekker mere end 70%,
iseer ikke mere end 50%, fortrinsvis ikke mere end 40% af stgrrelsen af et respektive
tvaersnitsareal af tdrnet (100).

10. Tarnet (100) ifelge et af de foregdende krav, en central stgttestruktur (116) er anbragt i
tarnet (100) og straekker sig i aksial retning (112), hvor den radiale kabelfgringsanordning
(120) er monteret til den centrale stattestruktur (116).
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11. Tarnet (100) ifglge krav 10, hvor en flerhed af radiale kabelfgringsanordninger (120) er
monteret pd den centrale stgttestruktur (116) langs den aksiale retning (112).

12. Tarnet (100) ifelge krav 11, hvor mindst to af de radiale kabelfgringsanordninger (120),
fortrinsvis et flertal heraf, er monteret pd den centrale stgttestruktur (116), sdledes at
afstanden mellem de radiale kabelfgringsanordninger (120) udggr mindst 3 m, isser mindst 4
m, fortrinsvis mindst 4,5 m og/eller ikke overstiger 7 m, iseer 6 m, fortrinsvis 5,5 m.

13. Tarnet (100) ifglge et af de foregdende krav 3 til 12, hvor anti-torsionsfikseranordningen
(130) omfatter

en kabelfikseringsdel (132) med fikseringsmidler (134) til fast montering af kablerne
(160) til kabelfikseringsdelen (132),

en monteringsdel (136) til montering af anti-torsionsfikseringsanordningen (130) til
den centrale stgttestruktur (116), og

en mellemdel (138) konfigureret til at holde kabelfikseringsdelen (132) til
monteringsdelen (136), sdledes at en rotation og/eller en forskydning af
kabelfikseringsdelen (132) i forhold til monteringsdelen (136) i radial retning (110)
forhindres, og en forskydning i aksial retning (112) og/eller langs kabelaksen 162) er
muliggjort.

14. Tarnet (100) ifglge krav 13, hvor den mellemliggende del omfatter midler til i det mindste
delvist at muligggre en rullende kontakt mellem kabelfikseringsdelen (132) og
monteringsdelen (136), og/eller midler til at tilvejebringe en reduceret koefficient for friktion
mellem friktionskomponenter med hensyn til en friktionskoefficient for det tribologiske
kombinationsstal pa stal.

15. En vindmglle (10) omfattende en nacelle (16), en rotor (18) med mindst en rotorvinge
(22), hvor rotoren (22) er roterbart understettet af nacellen (16), og et tdrn (100) ifglge et af
de foregdende krav, hvor nacellen (16) er drejeligt monteret omkring en krgjeakse (38) af
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vindmgllen (10) pa topenden (102) og har en elektrisk stremkomponent, isaer en generator
(42).
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DRAWINGS
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Fig. 2
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Fig. 5
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Fig. 6
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