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DESCRIPTION

Field

[0001] The invention relates to hatches of a nacelle of a wind turbine.

Background

[0002] Wind is one of the most important renewable energy technologies. Wind turbines (also
referred to as a wind driven power plants, wind turbine generators, or wind energy converters)
are more and more arranged in large-scale offshore wind parks. There are many technical
challenges relating to these offshore wind parks, as for example the assembly of parts and the
transport, the erection of the wind turbine in the sea and the maintenance of the wind turbines.

[0003] In wind driven power plants hatches are used to provide access to the interior space of
the nacelle. According to the prior art, the hatches are positioned below the helicopter hoisting
platform. The opening mechanism of the hatch covers is conventionally realized by a
nonstandard sliding mechanism, whereas the hatch cover is slid beneath the helicopter
hoisting platform. The helicopter hoisting platform girder height needs to be sufficient to allow
the sliding mechanism to be located beneath the helicopter hoisting platform. In order to gain
access to the hatch beneath the helicopter hoisting platform a grating element of the helicopter
hoisting platform needs to be removed.

[0004] DE 10 2013 101 239 A1 discloses a wind turbine with a tower, wherein the top of the
tower forms the nacelle for mounting the rotor of the wind turbine, and wherein the nacelle
comprises a hatch for loading and discharging of material by means of an aircraft.

[0005] US 2011 316 278 A1 discloses a wind turbine comprising a tower, a nacelle that is
located on the tower, wherein the top surface of the tower and/or the nacelle comprises
hatches.

[0006] WO 2015 032 400 A1 discloses a hatch which comprises a frame and means for
mounting the frame in an opening in a wall e.g. of a boat or a nacelle of a wind turbine. The
frame comprises a first portion for overlapping a first side of a rim part of the wall adjacent the
opening.

Summary

[0007] It is an object of the invention to provide an easier and improved access to hatches of a
nacelle for a wind driven power plant.
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[0008] According to an aspect, an improved nacelle for a wind driven power plant is provided.
The wind driven power plant comprises a nacelle having a nacelle cover and a helicopter
hoisting platform. The nacelle further comprises a hatch extension and a hatch cover. The
hatch extension is arranged between the nacelle cover and the hatch cover. The hatch
extension can have a channel-like shape. In other words, the hatch extension is generally
formed like a tunnel or tube having a first open end (lower end/side) and a second open end
(upper end or top end/side). The second open end is to be covered, closed and sealed by a
corresponding hatch cover. The hatch cover is mounted on the top end/side of the hatch
extension. The hatch extension provides a distance between the hatch cover and the nacelle
cover. The hatch extension is configured to adjust a level of the hatch cover to a desired level
having a specific distance to the nacelle cover.

[0009] According to another aspect, a length of the hatch extension can be dimensioned such
that a top surface of the hatch cover is substantially flush with a surface of a winching area of
the helicopter hoisting platform. A height difference between the surface of the winching area
of the helicopter hoisting platform and the top surface of the hatch cover can be avoided. This
simplifies the usage of the hatch cover.

[0010] According to another aspect, the hatch cover can be configured to serve as a part of
the winching area of the helicopter hoisting platform. The hatch cover can also be configured
as an integrated part of the winching area of the helicopter hoisting platform. The top surface
can be a valid walkable surface. The top surface of the hatch cover can be a part of the
walkable surface of the winching area of the helicopter hoisting platform. In other words, the
top surface of the hatch cover can firstly be flush with the walkable surface of the winching
area and can secondly be located in the restricted area of the winching area determined by the
handrail of the helicopter hoisting platform. According to this aspect, access to the hatch cover
of the hatch is advantageously possible without leaving the winching area (the protected area)
of the helicopter hoisting platform and without (partially) removing the walkable surface of the
winching area. The integration of the hatch into the restricted area of the helicopter hoisting
platform, i.e. the winching area allows the helicopter hoisting platform to be advantageously
designed with the minimum allowed dimensions of 4 x 4 square meters.

[0011] There are nacelles according to prior art which comprise a helicopter hoisting platform
with a winching area integrated into the nacelle cover. For these prior art solutions an
integration of a hatch into the winching area is easily implementable. In contrast, for the
present nacelle the helicopter hoisting platform and the winching area can be non-integrated
into the nacelle cover in order to allow the nacelle cover to be configured in an advantageous
manner. By not-integrating the helicopter hoisting platform into the nacelle cover, the nacelle
cover can advantageously be configured with a small number of supporting structures
connecting the nacelle cover to the support frame of the nacelle. Although the helicopter
hoisting platform and the winching area can be non-integrated into the nacelle cover, a hatch
providing access to an interior space of the nacelle can be integrated into the winching area of
the helicopter hoisting platform by means of a hatch extension, according to aspects of the
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invention. In other words, the benefits of a separated nacelle cover can be combined with the
benefits of a hatch integrated into the winching area.

[0012] According to another aspect the hatch extension and the hatch cover can be floating
with respect to the winching area of the helicopter hoisting platform. Although the hatch is
integrated into the winching area and although the top surface of the hatch cover is a part of
the walkable surface of the winching area, the hatch cover and the winching area can
encompass a small slit. The slit can be configured such that the walkability of the top surface of
the hatch cover and the winching area is not disadvantageously affected. The slit can be
configured such that the hatch and the hatch cover as well as the winching area of the
helicopter hoisting platform can independently vibrate or expand / shrink from each other
dependent on vibrations or temperature variations.

[0013] According to a non claimed aspect the nacelle further comprises a provision flange
around an opening in the nacelle cover. The hatch extension can be configured as an adapter
having an adapter flange. The adapter flange of the adapter can be coupled to the provision
flange projecting from the nacelle cover around the opening inside the nacelle cover. The
adapter can extend the opening in the nacelle cover. The hatch cover can be mounted on top
of the adapter. Different levels of the hatch cover are advantageously realizable by a hatch
extension configured as an adapter which extends an opening inside the nacelle cover.

[0014] According to another aspect, the hatch cover can be configured to be opened so as to
allow entrance to an interior space of the nacelle. Advantageously, the interior space of the
nacelle is accessible in an easy and convenient manner without the need for dismounting the
nacelle cover. The hatch cover can comprise linear actuators or gas springs which can be
configured to keep the hatch cover in specific positions, e.g. in an opened position.

[0015] According to another aspect, the hatch cover can be configured to be opened from an
interior space of the nacelle and from an exterior space of the nacelle, respectively. For a
hatch cover which can be opened from an interior and an exterior space of the nacelle, the
usability is advantageously improved compared to a hatch cover which can only be opened
from one side.

[0016] According to another aspect, the hatch extension can be made of a composite, in
particular a fiber reinforced polymer.

[0017] According to another aspect, the nacelle cover can comprise and/or can be built of a
plurality of panels which are made of a composite, in particular a fiber reinforced polymer.

[0018] The panels of the nacelle cover and the hatch extension can advantageously be made
of a composite, in particular a fiber reinforced polymer. The fiber reinforced polymer can be a
glass fiber reinforced polymer (GFRP). A glass fiber reinforced polymer, also known as
"Fiberglass" or "fiberglass"” is a type of fiber-reinforced plastic where the reinforcement fiber is
specifically glass fiber. The fibers may be randomly arranged and flattened into a sheet (called
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a chopped strand mat), or woven into a fabric. Alternatively, the fibers of a layer of the
composite may be unidirectionally aligned. The polymer matrix may be a thermoset polymer
matrix, most often based on thermosetting polymers such as epoxy, polyester resin, or
vinylester, or a thermoplastic. Glass fibers are made of various types of glass depending upon
the fiberglass use. These glasses all contain silica or silicate, with varying amounts of oxides of
calcium, magnesium, and sometimes boron. Other common names for fiberglass are glass-
reinforced plastic (GRP), glass-fiber reinforced plastic (GFRP) or GFK (from German:
Glasfaserverstarkter Kunststoff). Because glass fiber itself is sometimes referred to as
"fiberglass”, the composite is also called "fiberglass reinforced plastic.” The present description
also uses the term "composite” for GFRP or GRP.

[0019] According to the invention, the hatch extension is configured as an integral part of the
nacelle cover. In particular, the hatch extension can be configured as an integral part of a
panel of the nacelle cover. This configuration advantageously avoids an additional flange
connection which would be needed if the hatch extension is no integral part of the nacelle
cover or a panel of the nacelle cover.

[0020] According to another aspect the top surface of the hatch cover can comprise an anti-
slide-plating. This advantageously reduces hazards caused by slipping on the hatch cover, e.g.
due to rain or snow.

[0021] According to another aspect, the wind driven power plant can comprise a plurality of
hatch extensions. These hatch extensions can be positioned in a rear part of a roof of the
nacelle. A plurality of hatch extensions advantageously allows the nacelle to be accessed at
different locations.

[0022] According to another aspect, the wind driven power plant can comprise hatches and
corresponding hatch extensions wherein a first hatch and hatch extension has a first maximum
diameter and a second hatch and hatch extension has a second maximum diameter. The first
maximum diameter is greater than the second maximum diameter. Individual hatch extensions
with different dimensions can advantageously be used for different purposes. In particular, the
larger hatch and hatch extension can have a maximum diameter of at least 2 meters. The
larger hatch and hatch extension may have a substantially rectangular cross-sectional area.
The larger hatch and hatch extension may serve to provide a rather flat (not too steep) access
to the interior space of the nacelle.

[0023] According to another aspect the hatch and the corresponding hatch extension can be
configured to provide access to a stairway in order to provide an easy and convenient entrance
into the interior space of the nacelle. The stairway can advantageously be a 45° stairway being
configured according to engineer standards for conventional and ergonomic stairway designs.
The hatch extension can advantageously be configured such that the winching area represents
the top step of the stairway if the hatch cover is opened. The hatch and the corresponding
hatch extension can advantageously have a first diameter of approximately 3050 mm and a
second diameter of approximately 850 mm.
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[0024] According to another aspect, the panels and the hatch extension can be connected to
each other by means of overlapping flanges, which are integral to the panels and the hatch
extension, i.e. the provision flange and the adapter flange. The flanges advantageously extend
in the same plane as the panel or the hatch extension to which they belong. Flanges of curved
panels or hatch extensions may accordingly extend in a direction substantially tangential to the
curve, i.e. continue in the direction of (overall) extension in the region of the panel or hatch
extension adjacent to the flange. In other words, the respective flange extends straightly (not
bent or curved) from the panel or hatch extension.

[0025] Advantageously, the arrangement of the flanges (and the panels / hatch extensions)
can be based on a high-point drainage concept. Accordingly, the flange of a higher panel /
hatch extension overlaps the flange of a lower complementary hatch extension / panel of a
flange connection on an outer side of the nacelle cover in a downward direction. This aspect
exploits gravitational forces such that a water flow (e.g. caused by rain) is directed away from
the split line (of the flange connection).

[0026] Advantageously, the flange connection can comprise reinforcing angular ("L"-shaped)
beams or similar profiled metal beams, which can be arranged along the flanges, thereby
becoming a part of the flange connection. The reinforced flange connection allows for a simple
and robust construction of the nacelle cover.

[0027] According to another advantageous aspect, the nacelle cover comprises at least two
different flange connections, dependent on the fitting conditions and whether the flange
connections are configured to be detachable flange connections or permanent flange
connections. A first flange connection may comprise a rivet / clinch nut and a bolt. A second
flange connection may comprise a clinch bolt and a normal nut. A first flange connection may
comprise two metal bars on opposite sides of the flanges. A second flange connection may
comprise only one metal bar on one side of the flange connection.

[0028] The metal bars can be arranged and conductively interconnected such that they form a
faraday cage to provide a lightning protection of the drive train and other components.

[0029] The flange connections may be configured to constitute a substantially maintenance
free connection, having an expected / calculated lifetime of approximately twenty-five years.

[0030] The configuration of the flange connections and their location and orientation around
the nacelle cover as well as the configuration of the panels and the hatch extensions provides
that the nacelle cover is more / better self-supporting, i.e. requires less connection points
(brackets) to the support frame than prior art solutions. According to another advantageous
aspect, at least one panel may comprise a sandwich structure having a foam core.

[0031] Further, at least one panel of the self-supported nacelle roof can be reinforced by at
least one rib. Advantageously, the rib can be an integral part of the panel. There may be a
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plurality of ribs located in the panels of the nacelle roof. The panels comprising the ribs may be
formed in a sandwich construction comprising a core of foam. Advantageously, the nacelle roof
can thereby be configured to sustain snow loads (highest load on the roof), live loads load (e.g.
from maintenance work) and fall arrest loads.

[0032] Advantageously, the panels are configured to comprise an enveloping cuboid that fits
into standardized freight containers.

[0033] According to another aspect, the hatch extension and the hatch cover can be
configured to close and seal the nacelle in a water and air tight manner if the hatch cover is
closed. The hatch cover and/or the hatch extension can comprise a sealing. This sealing can
provide water and air tightness of the nacelle if the hatch cover is closed. The interior space of
the nacelle can advantageously be protected against exterior environmental influences if the
hatch cover is closed.

[0034] The present invention also provides a wind park comprising a plurality of wind driven
power plants comprising the hatch extension according to the aspects and embodiments of the
invention.

[0035] Further aspects and characteristics of the invention will ensue from the following
description of preferred embodiments of the invention with reference to the accompanying
drawings, wherein

« FIG. 1is a simplified perspective view of a wind turbine,

o FIG. 2 is a simplified perspective view of two separate hatches which are positioned in
the rear part of the roof of the nacelle,

« FIG. 3 is a simplified perspective view of two separate hatches and the helicopter
hoisting platform with a partially skipped handrail and a partially skipped nacelle cover,

« FIG. 4 is a simplified view on an exploded view of a part of the roof of the nacelle and a
hatch extension,

« FIG. 5 is a simplified cross-sectional view of a flange connection of two nacelle cover
panels, according to the prior art,

» FIG. 6 is a simplified cross-sectional view of a flange connection of two overlapping
panels,

« FIG. 7 is a simplified cross-sectional view of a flange connection of an inner roof panel
overlapping an outer roof panel of the nacelle roof.

Detailed description of embodiments

[0036] FIG. 1 is a simplified perspective view of a wind turbine or wind driven power plant 1.
The wind driven power plant 1 comprises a tower 2, a nacelle 3, and a rotor 4. The nacelle 3
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extends in a vertical direction, which is substantially parallel to the axial extension of a
supporting structure, in particular a tower 2 on which the nacelle 3 can be mounted. The
nacelle 3 comprises a nacelle cover 5 and a helicopter hoisting platform 6 which comprises
further a winching area 7 and a handrail 8.

[0037] FIG. 2 is a simplified perspective view of two separate hatches 13, 14 which are
positioned in the rear part of the roof 12 of the nacelle 3.

[0038] For the present embodiment, the roof 12 is divided into separate sections 15, 16.
However, the roof may also be a one-piece-element. The hatches 13, 14 comprise in general a
similar setup, except that the sizes of the hatches 13, 14 are different from each other for the
present embodiment. The details of the hatches will be explained referring to the one or the
other hatch but they are valid correspondingly.

[0039] The hatch 13 comprises a hatch extension 9 and a hatch cover 10. The hatch
extension 9 is mounted to the roof section 15. The hatch extension 9 has a channel-like shape
with two open ends. At the top end the hatch cover is mounted to the hatch extension 9. The
lower end of the channel-like hatch extension 9 coincides with an opening (not shown in Fig. 2)
inside the roof section 15. The hatch extension 9 provides a distance between the roof section
15 of the nacelle cover and the hatch cover 10.

[0040] The hatch 14 comprises a hatch extension 18 and a hatch cover 17. The hatch
extension 18 is mounted to a different roof section 16. The hatch is shown in opened position.
The hatch cover 19 is mounted by means of hinges 17 to the hatch extension 18. The hatch
cover 19 is additionally equipped with a linear drive 11 which is configured to keep the hatch
cover 19 in specific positions, e.g. in an opened position.

[0041] The winching area of the helicopter hoisting platform is indicated in FIG. 2 by a single
winching area element 20. The winching area element 20 comprises a cut-out 21. The hatch
14 is configured to fit this cut-out 21 with respect to two aspects. Firstly, the hatch cover 19 is
configured to substantially fit the cut-out 21 of the winching area element 20 with respect to the
dimensions within the top surface of the winching area element 20. Secondly, the length of the
hatch extension 18 is configured such, that the top surface of the hatch cover 19 is
substantially flush with the top surface of the winching area element 20 if the hatch cover 19 is
in closed position. If the hatch cover 19 is in closed position, there is no significant gap
between the top surface of the hatch cover 19 and the top surface of the winching area
element 20 with respect to both lateral and vertical distances.

[0042] FIG. 3 is a simplified perspective view of two separate hatches 13, 14 and the winching
area 7 of the helicopter hoisting platform 6 with a partially skipped handrail 8 and a partially
skipped nacelle cover 5.

[0043] The hatch covers 10, 19 are integrated parts of the winching area 7 of the helicopter
hoisting platform 6. The hatch covers 10, 19 are valid walkable surfaces proceeding the
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walkable surface of the winching area 7 of the helicopter hoisting platform 6. To reduce
hazards of slipping the top surfaces of the hatch covers 10, 19 are equipped with an anti-slide-
plating. Although the hatch covers 10, 19 are integrated parts of the winching area 7, the
winching area 7 and the helicopter hoisting platform 6 are floating with respect to the hatches
13, 14. That means there are small slits between the hatch covers 10, 19 and the winching
area 7. These slits are so small that they do not disadvantageously influence the walkability of
the winching area 7 and the hatch covers 10, 19. The floating aspect allows the hatches 13, 14
and the helicopter hoisting platform 6 to be decoupled from each other. The hatches 13, 14
and the helicopter hoisting platform 6 may independently vibrate or expand / shrink from each
other dependent on vibrations or temperature variations. The hatches 13, 14 allow access to
the interior space 26 of the nacelle 3. The hatches 13, 14 comprise different dimensions
because they serve different functions. For instance, the hatch 13 is configured to provide
access to a stairway 25 as an entrance to the interior space 26 of the nacelle 3. The
integration of the hatch covers 10, 19 into the winching area 7 allows access to the interior
space 26 of the nacelle 3 without the need for leaving the restricted area (secured area) of the
helicopter hoisting platform 6 determined by the handrail 8.

[0044] Between the hatch extensions 9, 18 and the hatch covers 10, 19 a sealing 27 is
provided. The sealing is configured to seal the interior space 26 of the nacelle 3 with respect to
water and air if the hatch covers 10, 19 are in closed positions. VWhen the hatch covers 10, 19
are in closed positions, the nacelle is protected against environmental influences.

[0045] The hatch covers 10, 19 can not only be opened from the winching area 7, i.e. from an
exterior space of the nacelle, but also from the interior space 26 of the nacelle 3. This means a
person can open the hatch cover 10, enter the interior space 26 of the nacelle 3, close the
hatch cover 10 in order to protect the interior space 26 against environmental influences, and
then open the hatch cover 10 again in order to leave the nacelle 3.

[0046] FIG. 4 is a simplified view on an exploded view of a roof section 15 of the nacelle 3 and
a hatch extension 9. The hatch 13 is only partially represented by the hatch extension 9 while
the hatch cover of the hatch 13 is not shown. The roof section 15 comprises an opening 30
and a provision flange 31 which surrounds the opening 30. The provision flange 31 is integral
to the roof section 15 of the nacelle cover 5. The hatch extension 9 is configured as an adapter
which comprises an adapter flange 32 at the lower end of its channel-like shape. The adapter
flange 32 is integral to the hatch extension 9. The hatch extension 9 is configured to be
mounted by joining the provision flange 31 of the roof section 15 of the nacelle cover 5 with the
adapter flange 32 of the hatch extension 9. In this and other embodiments and for the aspects
of the invention, the provision flange 31 and the adapter flange 32 correspond to each other so
as to form a common flange connection.

[0047] The flanges of the provision flange 31 and the adapter flange 31 overlap each other in
the same plane as the hatch extension 9 or roof section 15 to which they belong. This
configuration is referred to as planar overlapping flange connection.
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[0048] The nacelle cover 5 can also comprise a plurality of panels. The provision flange 31 can
then be integral to one of the panels of the nacelle cover 5.

[0049] The hatch extension 9 can be integral to the nacelle cover 5 or one of the panels of the
nacelle cover 5. The planar overlapping flange connection between the provision flange 31 and
the adapter flange 32 of the hatch extension 9 would then be avoided.

[0050] FIG. 5 shows a simplified cross-sectional view of a flange connection of two nacelle
cover panels 100, according to the prior art. Flanges 101 extend perpendicularly from the
panels 100. The flanges 101 are connected by a bolted (screwed) connection 102 on the
inside of the nacelle. This provides that the bolt 103 and the nut 104 are both accessible from
inside the nacelle. The bolted connection may comprise additional washers 105 (i.e. optional
elastomeric washers for sealing and / or spring washers) and metallic washers 106.
Advantageously, due to the configuration of the flanges 101, the bolted assembly 102 on the
inside of the nacelle is well protected from environmental effects outside the nacelle.

[0051] FIG. 6 shows a simplified perspective cross-sectional view of an exemplary flange
connection 110 of two overlapping nacelle cover panels 234 according to an aspect of the
invention. The nacelle panels 234 are made of a composite, in particular a glass fiber
reinforced polymer (GFRP). This type of overlapping flange connection may also be applied to
the overlapping flanges of provision and adapter flange of the nacelle cover and the hatch
extension.

[0052] Each composite panel (including each hatch extension) 234 is manufactured as a wide
span self-support composite panel. The panel 234 is configured as a typical sandwich
lamination. Each panel 234 comprises an outer side fiberglass layer 111 and an inner side
fiberglass layer 112. The panels 234 can optionally comprise a middle foam core 236 in-
between the outer side fiberglass layer 111 and the inner side fiberglass layer 112. The foam
core 236 can be configured to form reinforcement ribs in the panel 234. Alternatively, the foam
core 236 can be a global foam core 236, i.e. spanning a major part of the panel 234. The foam
cores 236 are covered by the outer side and inner side fiberglass layers 111, 112 and enhance
the stability of the panel 234.

[0053] Resin infusion is utilized during the lamination process. In a one-shot resin infusion
process, the resin is distributed in a uniform manner across the layup. Subsequently, bonding /
curing the complete layup can be conducted, e.g. in an autoclave. Accordingly, a majority or all
the composite panels (including the hatch extensions) of the nacelle 3 are manufactured in a
one-shot lamination / manufacturing step.

[0054] The panels (including each hatch extension) 234 are connected to each other by
means of overlapping flanges 237. Each of the flanges 237 is integral to one of the panels or
the hatch extension 234. The flanges 237 advantageously extend in the same plane as the
panel 234 to which it belongs or at least in substantially the same plane as the region of the
panel 234 adjacent to the flange 237. In other words, the respective flange 237 extends
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essentially straightly (not bent or curved) from the adjacent region of the panel or hatch
extension 234.

[0055] The arrangement of the panels (including each hatch extension) of the nacelle cover in
general, and in particular of the overlapping flanges 237, is based on a high-point drainage
concept. This means that the flange 237’ of the top panel (including each hatch extension) 234"
of a flange connection 110 having a higher level (greater altitude; greater height) spans /
overlaps the flange 237" of the complementary bottom panel (including each hatch extension)
234" (the bottom panel 234" having a lower level) on an outer surface of the nacelle 3 in a
downward direction. Hence, the arrangement of the overlapping flanges 237', 237"
advantageously exploits gravitational forces which determine the water flow direction in order
to keep water from flowing into the nacelle 3.

[0056] The drilings 238 (drill holes) for the flange connection 110 are applied after the
manufacturing process of the composite panels (including each hatch extension) 234, i.e. after
curing and/or autoclaving the panels 234, and after the respective panels or hatch extensions
234', 234" are adjusted to each other. With this procedure, the accuracy of fit of corresponding
drillings 238", 238" in the flanges 237 of both respective panels 234 is advantageously
ensured.

[0057] According to an aspect, specialized threaded bolts 239 and nuts 240 are used. Either a
(clinch) bolt 239" or a (clinch / rivet) nut 240’ is pressed (clinched, riveted) into a reinforcing
metal beam 235 that is part of the flange connection 110. Given this procedure, the attached
threaded bolt 239' or nut 240’ is fixed in position and is not rotatable. The complementary nut
240 or bolt 239 used to tighten the connection joint can accordingly be applied from the inside
or the outside of the nacelle 3, depending on the configuration (the flange connection 110
being a permanent connection or a detachable connection). Generally, a detachable flange
connection should be accessible at least from inside the nacelle 3. No access to the joint is
necessary from the outside which advantageously decreases the risk during assembling or
maintaining the nacelle 3. A permanent flange connection 110 may be operated (loosened /
disengaged, tightened / engaged) from inside or the outside the nacelle 3, depending on
accessibility of the flange connection.

[0058] In this embodiment, a rivet nut 240’ is riveted to the metal bar 235 on the inside. The
bolt 239 is screwed into the rivet nut 240’ from the outside.

[0059] The flange connection 110 is reinforced by profiled metal bars 235 (metal beams),
which can be arranged adjacent to the flanges 237 (and extending along the split line), thereby
becoming a part of the flange connection 110. The metal bars 235 can, for example, exhibit a
flat bar shape and/or an "L"-shape (as shown). The metal bars 235 are mounted to the
connection joints to stabilize the flange connection. Furthermore, the "L"-shaped metal bars
235 are further used and configured to mount the composite panels 234 to the lateral sections
of the framework structure of the support frame. Adjustable brackets can be coupled to the L-
shaped or angular metal bars 235 and the support frame, i.e. the beams or truss members of
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the support frame.

[0060] The metal bars 235 can be arranged and conductively interconnected such that they
form a faraday cage to provide a lightning protection of the drive train and other components.

[0061] Between the panels 234 a sealing 241 is applied and provides water and air tightness
of the flange connection 110. Water and air tightness generally refers to a liquid / fluid ingress
protection under environmental conditions the nacelle 3 is exposed to. Moreover, sealing paste
can be used to tighten the drill holes 238', 238" with respect to water and air. A liquid bolt
retaining compound (also: liquid screw retention or liquid screw locking) can protect the
screwed connection of the bolt 239 and the nut 240 against undesired loosening. An
elastomeric (rubber/silicone) washer 242 is applied between a steel washer 113 and the flange
237.

[0062] The flange connection 110 is configured to be a substantially maintenance free
connection, having an expected / calculated lifetime of approximately twenty-five years.

[0063] In short, the flange connection 110 comprises (from outside to inside of the nacelle 3) a
bolt 239 extending through a metal washer 113, an elastomeric washer 242, a drill hole 238" in
the outer/top panel 234', an elastomeric sealing 241, a drill hole 238" in the inner/bottom panel
234", and a rivet nut 240' riveted into a hole of a profiled metal bar 235. The bolt 239 is
screwed into the rivet nut 240' from the outside.

[0064] The concept of planar flange connections 110 in combination with the high-point
drainage concept has surprisingly proven to be more robust and easier to maintain than the
prior art flange connections 100.

[0065] FIG. 7 shows a simplified cross-sectional view of a flange connection 120 of an inner
roof panel 247 overlapping an outer lateral roof panel 243 of the nacelle roof. The
configuration / construction of the panels 234, more specifically the inner roof panels 247 and
outer roof panels 243 is substantially comparable / similar to the panels 234 of the side 243
and rear walls 245 of the nacelle 3.

[0066] Each panel 247, 243 comprises an outer side fiberglass layer 111 and an inner side
fiberglass layer 112. The panels 247, 243 can optionally comprise a middle foam core 236 in-
between the outer side fiberglass layer 111 and the inner side fiberglass layer 112. The foam
core 236 can be configured to form reinforcement ribs in the panels 247, 243. Preferably, the
ribs extend along the vertical direction Z and/or the transverse direction Y. Alternatively, the
foam core 236 can be a global foam core 236, i.e. spanning over a major portion of the panel
247, 243. The foam cores 236 are covered by the outer side and inner side fiberglass layers
111, 112 and enhance the stability of the panels 247, 243.

[0067] The panels 247, 243 are connected to each other by means of overlapping flanges
237. Each of the flanges 237 is integral to one of the panels 247, 243. The flanges 237
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advantageously extend in the same plane as the panel 247, 243 to which it belongs or at least
in substantially the same plane as the region of the panel 247, 243 adjacent to the flange 237.

[0068] The arrangement of the panels of the nacelle cover in general, and in particular of the
overlapping flanges 237, is based on the high-point drainage concept. This means that the
flange 237' of the top panel 234’ of a flange connection 120 having a higher level overlaps the
flange 237" of the complementary bottom panel 234" on an outer surface of the nacelle 3 in a
downward direction.

[0069] The drill holes 238 for the flange connection 120 are applied after the manufacturing
process of the composite panels 243, 247.

[0070] A clinch bolt 239" having a straight-knurled press-fit collar below its head (or generally
speaking under heads serrations) is pressed into a(n outer) reinforcing metal bar 235' that is
part of the flange connection 120. The clinch bolt 239" is fixed to the metal bar 235" in a
rotatably fixed manner.

[0071] A complementary nut 240 is used to tighten the flange connection 120.

[0072] The flange connection 120 is a detachable flange connection and can be detached
from inside the nacelle 3.

[0073] The flange connection 120 is reinforced by profiled metal bars 235', 235" on the inside
and the outside of the nacelle 3 adjacent to the top flange 237' and the bottom flange 237",
respectively. The metal bars 235", 235" substantially sandwich the flanges 237', 237" of the
panels 247, 243 in-between. The metal bars 235', 235" extend along the split line (the direction
of extension of the flange connection 120 between panels). The metal bars 235, 235" are a
part of the flange connection 120. The metal bars 235 can have a flat bar shape (as shown) or
a "L"-shaped profile (not shown).

[0074] The metal bars 235 can be arranged and conductively interconnected such that they
form a faraday cage to provide a lightning protection of the drive train and other components.

[0075] Between the panels 247, 243 a sealing 241 is applied and provides water and air
tightness of the flange connection 120. Water and air tightness generally refers to a liquid /
fluid ingress protection under environmental conditions the nacelle 3 is exposed to.

[0076] Moreover, sealing paste can be used to tighten the drill holes 238', 238" with respect to
water and air. A liquid bolt retaining compound can protect the screwed connection of the
(clinch) bolt 239" and the nut 240 against undesired loosening. The flange connection 120
further comprises a steel washer 113 (and / or spring washer) between the inside metal bar
235" and the nut 240.

[0077] The flange connection 120 is configured to be a substantially maintenance free
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connection, having an expected/calculated lifetime of approximately twenty-five years.

[0078] In short, the flange connection 120 comprises (from outside to inside of the nacelle 3) a
bolt 239" pressed into (a hole in) the outside metal bar 235', and further extending through a
drill hole 238" in the top flange 237" (of the inner roof panel 247), an elastomeric sealing 241, a
drill hole 238" in the bottom flange 237", a hole in an inside metal bar 235"and a nut 240
screwed to the bolt 239' from the inside.

[0079] The concept of planar flange connections 120 in combination with the high-point
drainage concept has surprisingly proven to be more robust and easier to maintain than the
prior art flange connections 100.
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Patentkrav

1. Vindkraftanleeg (1), der omfatter en nacelle (3) med et nacelledeeksel (5),
som omfatter en tagsektion (15) og en helikopterhejseplatform (6), hvor nacel-
len yderligere omfatter en lugeforlezengelse (9) og et lugedeeksel (10) | tagsek-
tionen, hvor lugeforleengelsen er anbragt mellem nacelledeekslet og lugedaeks-
let, hvor lugeforleengelsen har en kanallignende form, hvor lugedaekslet er
monteret oven pa lugeforleengelsen, og hvor lugeforleengelsen giver for en af-
stand mellem lugedeekslet og nacelledeekslet,

hvor nacelledzekslets tagsektion omfatter en dbning (30) inde i nacelledeekslet,
og hvor lugeforleengelsen er konfigureret som en integreret del af nacelle-
deekslets tagsektion, der rager frem fra nacelledeekslet rundt om abningen for
at forlaenge abningen, iseer som en integreret del af et panel (100) af nacelle-

deekslets tagsektion.

2. Vindkraftanleeg (1) ifelge krav 1, hvor en leengde af lugeforleengelsen (9) er
dimensioneret saledes, at en topflade af lugedeekslet (10) i det vaesentlige flug-

ter med en overflade af et spilomrade (7) af helikopterhejseplatformen (6).

3. Vindkraftanleeg (1) ifelge krav 1 eller 2, hvor lugedaekslet (10) er konfigure-
ret til at tiene som en del af spilomradet (7) af helikopterhejseplatformen (6),
og/eller lugedeekslet danner en integreret del af helikopterhejseplatformens

spilomrade.

4. Vindkraftanleeg (1) ifelge et hvilket som helst af de foregaende krav, hvor
lugedeekslet (10) er konfigureret til at blive abnet for at tillade adgang til et indre

rum (26) af nacellen (3).

5. Vindkraftanleeg (1) ifelge et hvilket som helst af de foregaende krav, hvor

lugedeekslet (10) er konfigureret til at blive abnet fra et indre rum (26) og fra et
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ydre rum af nacellen (3).

6. Vindkraftanleeg (1) ifelge et hvilket som helst af de foregaende krav, hvor

lugeforleengelsen (9) er lavet af en komposit.

7. Vindkraftanleeg (1) ifelge et hvilket som helst af de foregaende krav, hvor
nacelledeekslet (5) omfatter og/eller er bygget af en flerhed af paneler (100),

som er fremstillet af en komposit, iseer GFRP.

8. Vindkraftanleeg (1) ifalge et hvilket som helst af de foregéende krav, omfat-
tende en flerhed af lugeforleengelser (9), som er placeret i det mindste i en

bageste del af et tag af nacellen (3).

9. Vindkraftanleeg (1) ifelge krav 8, hvor en ferste lugeforleengelse (9) har en
farste maksimal diameter, og en anden lugeforleengelse har en anden maksi-

mal diameter, og den ferste diameter er sterre end den anden diameter.

10. Vindmagllepark, omfattende en flerhed af vindkraftanleeg (1) ifalge et hvilket

som helst af de foregaende krav.
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Fig. 4
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