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DESCRIPTION

[0001] The present invention relates to a tower of a wind turbine comprising a transport
system for transporting said tower. The present invention further relates to a method of
transporting a tower of a wind turbine using said transport system.

[0002] Wind turbines are increasingly used for the generation of electrical energy. A wind
turbine typically comprises a tower and a nacelle mounted on the tower, to which a hub is
attached. A rotor is mounted at the hub and coupled to a generator. A plurality of blades
extends from the rotor. The blades are oriented in such a way that wind passing over the
blades turns the rotor and rotates the shaft, thereby driving the generator to generate
electricity.

[0003] Wind turbines are in continuous development due to advancements in technology and
energy harvesting. Hence, new-generation wind turbines have increased in size compared to
older ones. One of the components which has greatly increased in size is the tower, allowing
the wind turbine to reach enough height above ground to provide clearance for the turbine
blades at an altitude where there are high wind velocities for adequate power generation. This
increased length of the tower of wind turbines complicates the transport of the tower from the
manufacturing site to the storage facility or directly to the installation site.

[0004] For offshore wind turbines, where the wind energy is harvested offshore, the towers are
transported in vessels. Huge, dedicated offshore wind turbine-installing vessels have been
developed and built for the purpose. These huge vessels are very expensive to use and may
be in low supply.

[0005] For onshore wind turbines, where the wind energy is harvested onshore, the towers are
transported with trailers and trucks on the road. This requires the mobility of the transport
system to be high to be able to transport the towers on sharp curves of the road or on uneven
roads.

[0006] At present, there are different methods for transporting wind turbine towers. One
method is to use a tower formed of a plurality of modules or sections which are assembled at
the installation site. For this, the tower might comprise a plurality of tower sections to reduce
the production and transportation costs, which are then transported separately to the
installation site. This method simplifies the transport of the tower but results in a complicated
assembly of the parts at the installation site, as accurate hoisting technology is required.
Additionally, this method raises health and safety issues, as the workers work under
suspended load, and the work time for the installation of the turbine increases. For the
installation of offshore wind turbines and due to the harsh weather conditions in deep sea
waters, the installation of the multiple modules or sections entails higher risks. On the one side,
this leads to a higher weather exposure of the open parts during installation. On the other side,
the complexity of this method increases the costs of installation due to the high costs of
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operation of the vessels used.

[0007] Document WO 2015/101375 A1 shows a method of transport of a plurality of tower
sections. This document addresses the fact that new developments of wind turbines result in
an increased size of wind turbines, complicating the transport of the components from the
manufacturing site to the installation site. To solve this problem, the heavy components of the
wind turbine are transported separately into sub-components. The document focuses on the
transport of tower sections, which are then assembled at the installation site to form the tower.
More specifically, the method consists of installing an interface device at each end of the tower
section which is conceived for the transport and storage of the tower sections. However, this
method requires to adapt each tower section for the coupling with the interface device and to
assemble and disassemble an interface device for each tower end, which results in a longer
installation time. For the case of offshore wind turbines, this greatly increases the costs of the
wind turbine due to the high costs of operation of the vessels used. Additionally, the mobility of
the trailers is limited, as the tower section is installed directly on the trailer, impeding the trailer
to pivot while supporting the tower section.

[0008] Another method suited for tower transportation is to preassemble the tower and
transport it to the installation site. Under preassembled tower it is meant a tower which is
already assembled from a plurality of tower sections or similar components and which is
transported as one piece, instead of transporting the tower sections or components separately
or jointly as separate pieces. The tower can be preassembled at the manufacturing site and
then be transported to the installation site. For the case of offshore wind turbines and to avoid
the complexity of assembling multiple tower sections using a vessel in the installation site, the
tower sections can also be preassembled at the harbor prior to sea transport on the vessel.

[0009] Methods used for tower section transport, such as the one disclosed in document WO
2015/101375 A1, are not suited to transport large and heavy towers as a preassembled tower
or in a single piece due to the much higher weight and loads which have to be supported by
the frames. Additionally, the frames suited for the transport of a preassembled tower are
configured to be rigid so that the tower does not deform during the transport. Using frames
conceived to transport tower sections for transporting a preassembled tower might result in an
oval deformation of the tower ends, impeding the installation of the tower at the installation site.

[0010] For the transport of preassembled towers, other documents are known. The
preassembled tower can be transported either vertically or horizontally.

[0011] By horizontal transport it is meant that the longitudinal axis of the tower of the wind
turbine is transported substantially horizontally. EP 3 715 628 A1 discloses a ship that
transports preassembled wind turbines in a horizontal arrangement.

[0012] Similarly, by vertical transport it is meant that the longitudinal axis of the tower of the
wind turbine is transported substantially vertically. EP 2 641 825 A1 discloses a ship which
transports preassembled wind turbines in a vertical arrangement and installs the wind turbines
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in the installation site by means of a handling device, which grips and lifts the tower of the wind
turbine, moving the wind turbine to a position above the foundation.

[0013] Regarding further prior art, it is referred to the documents EP 2 937 561 A1 and WO
2011/131254 A2.

[0014] The methods and devices to transport towers of wind turbines known from the prior art
are complex and require costly support structures and hoisting devices. Additionally, not all
methods are suited for transporting completely preassembled towers.

[0015] It is therefore an object of the invention to provide an improved concept for transporting
wind turbine towers.

[0016] This is achieved by tower according to claim 1 and a method of transporting a tower
according to claim 11.

[0017] A transport system according to the invention for transporting a tower of a wind turbine
comprises a frame coupled to a tower end of the tower, a wing coupled to the frame, and a
lifting unit configured to lift the tower.

[0018] As wind turbine towers have two tower ends, the transport system can be coupled to
any of the tower ends. One transport system can also be coupled to each of the tower ends.

[0019] An advantage of having a transport system comprising a plurality of components is the
modular functionality of the single components. On the one side, the modularity of the
transport system allows for easier coupling and decoupling of the single components of the
transport system, and, therefore, the transport system can be easily removed from the tower
once the transport is completed prior to installation of the wind turbine. The components can
be reused for the transport of further towers. On the other side, the modular design allows for
an easier adjustment of the components of the transport system to different wind turbine tower
models, i.e. for towers with differing diameters. Hence, it is not necessary to redesign the
complete transport system when used with another tower diameter.

[0020] The transport system is suited for horizontal tower transport. A preassembled tower can
be transported in one piece from the manufacturing site to the installation site or to a storage
facility by means of this transport system.

[0021] Additionally, the transport system can be suited for further purposes, such as the
upending of the tower at the installation site. For the upending, further components can be
attached to the transport system, such as a yoke configured to be lifted by a crane and an
upending device for upending the tower. Thus, the modular design of the transport system
allows for further uses of the transport system.

[0022] According to the invention, the lifting unit lifts the tower by pushing against the wing.
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After the lifting of the tower and during the transport, the tower is at least partially supported by
the lifting unit. For this, one lifting unit is placed under each wing. For heavy towers, the tower
might be additionally supported by further supports along its longitudinal axis to avoid a
deformation of the tower during transport. Alternatively, the tower can be entirely supported by
the lifting units if one transport system is coupled to each tower end.

[0023] According to a preferred embodiment of the invention, the lifting unit is mounted on a
trailer before lifting the tower. This is particularly advantageous, as a trailer transport is a
simple method to transport towers. Hence, the lifting unit can be easily driven to the
manufacturing site or to the storage site to transport the tower. Additionally, when the
transportation is completed, the lifting unit can be easily removed. The same lifting unit can be
used to transport multiple towers.

[0024] Self-propelled modular transporters (SPMT) can be used as trailers. SPMTs are low-
profile deck, multi-axle, self-propelled transporters, with independent suspension axle
assemblies that are typically used to carry heavy loads. An SPMT can be electric powered and
have six to twelve or more on-center rotation axle assemblies. The axles can be independently
steered by varying each wheel motor speed and direction. The high mobility provided by
SPMTs is particularly useful in sharp curves on local road transport, where a high accuracy is
needed for turning the curve without damaging the tower.

[0025] According to the invention, the transport system further comprises a coupler unit. The
coupler unit couples the frame to the tower end of the tower. If one transport system is coupled
to each tower end, then one coupler unit can also be coupled to each tower end to couple the
transport system to each tower end. An advantage of using a coupler unit is that the frame can
be more easily fastened to the tower end.

[0026] According to the invention, the coupler unit is releasably connected to the tower end by
means of a fastener. For this, the fasteners are inserted in both a first fastening hole of the
tower end and a second fastening hole of the coupler unit to fasten the coupler unit to the
tower end.

[0027] Under releasable connection is to be understood a connection between components
which can be released without damage of the single components. This connection can be
achieved by a semi-permanent joining method. For example, a bolt, screw, pin, rivet, thread,
stud or other longitudinal piece can be used as the fastener of the components.

[0028] Preferably, pins are used for releasable connections of the transport system. By using
pins, the components can be easily attached and afterwards detached when the transportation
of the tower is completed prior to installation of the tower at the installation site. If the tower is
to be upended using the transport system, then the transport system can be easily detached
after upending the tower.

[0029] The releasable connection and the modularity of the transport device allows for a fast
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detachment of the components of the transport system when they are not needed anymore.
Hence, after transport, the transport system can be completely detached from the tower.
Hence, the same transport system can be used to transport multiple towers, as due to the
releasable connection the transport system components are not damaged after detachment.

[0030] Alternatively, the frame is directly releasably connected to the tower end by fasteners,
i.e. without using a coupler unit between the frame and the tower end. For this, the fasteners
are inserted in both a first fastening hole of the tower end and a fourth fastening hole of the
frame to fasten the frame to the tower end.

[0031] The tower ends have usually fastening holes for mounting the tower on the foundation,
monopile or transition piece or for attaching the nacelle to the tower. Hence, these fastening
holes can be further used as the first fastening holes to fasten the coupler unit to the tower end
or to fasten the frame to the tower end.

[0032] Alternatively, if the fastening holes of the tower end are not suited to fasten the coupler
units or the frame, the first fastening holes can be directly drilled at the tower end.

[0033] Alternatively, the coupler unit or the frame can be attached to the tower end by other
releasable joining methods, such as a shape fit or a friction connection.

[0034] According to a preferred embodiment of the invention, the coupler unit comprises a
bracket. The use of brackets is a cost-effective solution with which the frame can be easily
coupled to the tower end.

[0035] According to another preferred embodiment of the invention, the coupler unit comprises
a plurality of brackets distributed along the circumference of the tower end. This is
advantageous for heavy towers, as the load to be supported by the coupler unit can be
distributed on the plurality of brackets. Additionally, the use of brackets simplifies the
attachment of the frame, as the frame can be attached to multiple points of the tower end and
the brackets can be placed arbitrarily.

[0036] The use of brackets is a simple and cost-effective way to combine further components
to the tower end, such as the frame. By using a plurality of brackets distributed along the
circumference of the tower end, the same frame can be used for different towers with varying
diameters at the tower ends. Thus, production costs are reduced by using the same frames for
different wind turbine models, as only the brackets are to be adapted to the different diameters
of the tower ends. Alternatively, by attaching the brackets at different positions depending on
the diameter of the tower end, the same brackets can be used for different wind turbine
models.

[0037] Additionally, by using brackets, further components can be attached to the coupler unit,
such as the yoke used for the upending of the tower.
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[0038] According to a preferred embodiment, the coupler unit is an integral part of the frame,
which means that the frame and the coupler unit are formed as a single body. An integral
connection can be achieved with permanent joining methods such as welding, which
permanently join the surfaces of individual components together to create a single component
which cannot be separated into the original individual components without considerable
damage. An integral connection can also be achieved during the production of the frame. In
this case, the casting mold comprises both the shape of the frame as well as the shape of the
coupler unit. Thus, the casting of the frame produced already comprises the coupler unit.

[0039] According to the invention, the frame is releasably connected to the coupler unit by
means of the fastener. Hence, the coupler unit is a separate part of the frame. In this case, the
fastener can be a semi-permanent joining method, such as a bolt, rivet, screw or other known
joining methods. For example, the coupler unit can be mounted on the frame by a nut-bolt
connection.

[0040] According to another preferred embodiment of the invention, the bracket comprises a
bracket tongue for coupling the bracket to the frame by means of a fastener. For this, the
fastener is inserted in both a third fastening hole of the bracket tongue of the coupler unit and
a fourth fastening hole of the frame to fasten the frame to the coupler unit.

[0041] According to a preferred embodiment, the wing is an integral part of the frame, which
means that the frame and the wing are formed as a single body. An integral connection can be
achieved with permanent joining methods such as welding, which permanently join the
surfaces of individual components together to create a single component which cannot be
separated into the original individual components without considerable damage. An integral
connection can also be achieved during the production of the frame. In this case, the casting
mold comprises both the shape of the frame as well as the shape of the wing. Thus, the
casting of the frame produced already comprises the wing.

[0042] According to another preferred embodiment, the wing is releasably connected to the
frame by means of the fastener. For this, the fasteners are inserted in both a sixth fastening
hole of the wing and a fifth fastening hole of the frame to fasten the wing to the frame. The
fasteners allow for a releasable connection of the frame with the wings, with the above-
mentioned advantages.

[0043] According to another preferred embodiment of the invention, the wing is coupled to the
frame by means of a locking profile. The locking profile comprises a locking element of the
wing and a receptor element of the frame. Thus, the locking element of the wing is the male
profile and the receptor element of the frame is the female profile, wherein the male and
female profiles interlock in a closed locking element.

[0044] The locking element of the wing can be a protruding tab designed to mate with the
receptor element of the frame, which can be designed as an aperture. This coupling method is
easy to connect and can be easily released.
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[0045] According to another preferred embodiment of the invention, the locking profile is
secured from releasing by means of a stopper. The stopper is inserted below the locking
profile in an insertion hole of the frame. Thus, through the stopper, the locking profile cannot
vertically shift due to the weight of the wing and detach, so the closed locking profile is secured
by the stopper. A pin can be used as a stopper and be inserted in the insertion hole of the
frame.

[0046] According to another preferred embodiment of the invention, the wing is coupled to the
frame by both fasteners and the locking profile, with the above-mentioned advantages of both
methods.

[0047] The wings can be mounted and aligned for coupling for example by a forklift or a crane.

[0048] According to another preferred embodiment of the invention, the transport system
further comprises a base configured to support the weight of the tower. This base is coupled to
the lower part of the frame or forms an integral part of the lower part of the frame. This is
particularly advantageous, as after the coupling of the frame, the tower can be entirely
supported by the frames if at each tower end a frame is coupled to the tower end. Other
supports used to support the tower so that the tower does not touch the ground and gets
damaged can be removed. Particularly during the storage of preassembled towers, this is
useful as the frames can support the weight of the tower in the storage facility, so space is
gained which is otherwise taken by the tower supports.

[0049] Alternatively, for heavy towers which cannot be supported only at the ends, supports
can be arranged along the length of the tower to avoid deformation of the tower under its own
weight. In this case, the first and last supports can be removed, as the tower can be supported
on its ends by the base of the transport systems attached to each tower end.

[0050] According to a preferred embodiment of the invention, the frame and/or the base are
built using materials which can support the tower load without deforming, such as steel. This is
particularly important, as the rigidity of the base and of the frames ensures that the tower ends
will not deform to an oval shape during storage or transport, impeding the installation of the
tower at the installation site.

[0051] According to another preferred embodiment of the invention, the base is an integral
part of the frame. This results in a particularly rigid frame.

[0052] According to another preferred embodiment of the invention, the base is a separate
part of the frame. This is particularly useful during upending of the tower, i.e. during the
installation of the tower, where the base can be attached to the ground and the frame can be
lifted from the ground by detaching itself from the base, when the frame is pulled up by a
crane.
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[0053] It is particularly advantageous if one tower end has a frame with an integral base and
another tower end has a frame with a base which is a separate part of the frame. Then, during
upending, the tower end with the separate base is lifted from the ground.

[0054] According to another preferred embodiment of the invention, the lifting unit comprises
detachable legs configured to be placed on the lifting unit during transport. The use of
detachable legs simplifies the support of the lifting unit, as during storage, the lifting unit is
supported by the legs and during transport, the detachable legs are mounted on the lifting unit
and the lifting unit is then supported on its base. This is advantageous, as the space needed
during transport is reduced and the legs are secured on the lifting unit during transport, so they
do not get lost.

[0055] According to another preferred embodiment of the invention, the lifting unit comprises
an extendable lifting arm which is configured to push against the wing to lift the tower. The
extendable lifting arm can be a hydraulic arm or a telescopic arm. The use of an extendable
lifting arm allows to lift the tower off the ground and transport it, but also to reach a sufficient
height above ground to avoid obstacles in the ground during the transport of the tower. Thus,
for tower transport on local roads, by elevating the tower high enough, damage of the tower
can be avoided in uneven roads or roads with bumps and holes. For the transport of the tower
of an offshore wind turbine to the vessel, at low tides damage can be avoided by elevating the
tower to a sufficient height above ground. At low tides, the height difference between the
vessel and the harbor is high, so transporting the tower too low might result in the tower hitting
the ground when the tower is transported on the ramp between the vessel and the harbor.
Thus, a cylinder of the extendable lifting arm can be large enough to avoid that the belly of the
tower collides against obstacles.

[0056] A further advantage of having a lifting arm is the loose connection between the wings
and the lifting arm. This loose connection allows to transport the tower on uneven surfaces
without transferring skew loads from the trailer to the tower.

[0057] According to another preferred embodiment of the invention, two wings are coupled to
the frame. The use of two wings attached at the sides of the frame leaves the center space of
the frame free for attachment of further components, such as the yoke used for upending of
towers during installation of the wind turbine. Additionally, the weight of the tower is more
equally balanced during the transport. Using two wings at each side of the frame for each
transport system requires also the same number of lifting units, as one arm lifts one wing of the
frame. Additionally, if separate trailers are used for each lifting unit, the mobility of the tower
transport increases, simplifying the transport in difficult situations.

[0058] According to a preferred embodiment of the invention, the wings are demounted from
the transport system during storage. This is particularly advantageous, as the protruding wings
take a considerable amount of axial space. By removing the wings during storage, the towers
can be stored closer together, gaining storage space.
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[0059] According to a preferred embodiment of the invention, the wings are demounted on the
vessel. This is particularly advantageous, as the protruding wings take a considerable amount
of axial space. By removing the wings on the vessel before transporting them on the sea to the
offshore installation site, more towers can be transported on the vessel with the gained axial
space. Thus, the costs of vessel operation decrease as less trips are needed to the installation
site.

[0060] According to a preferred embodiment of the invention, the width of the frame is chosen
to fit between rails on the deck of a vessel for sea transport. The modular design of the
transport system allows to use the same frame for towers with a different diameter, so the
frame can be adapted to fit between the rails on the deck of a vessel to be able to easily
secure the frame for sea transport. The fitting of the frame to the rails is also advantageous
during upending, for example if the base is a separate part from the frame. The base is then
fixed to the rails before sea transport and the frame can be detached from the base during
upending at the installation site.

[0061] Yet another aspect of the present invention relates to a tower of a wind turbine
comprising a transport system coupled to each of the tower ends. Thus, a transport system is
coupled to a tower end of the tower and a further transport system is coupled to the other
tower end of the tower. Each transport system coupled to the tower ends comprises a frame
coupled to the tower end, a wing coupled to the frame, and a lifting unit configured to lift the
tower. The weight can be more equally balanced and the rigidity of the transportation
increased if one transport system is coupled to each end of the tower.

[0062] Another aspect of the invention relates to a method of transporting a tower of a wind
turbine, wherein the tower comprises a transport system coupled to each end of the tower. The
method comprises the steps of coupling a frame to each tower end, coupling a wing to each
frame, pushing against the wing of each frame with the lifting unit to lift the tower off the
ground, and transporting the tower.

[0063] If the transport system further comprises a coupler unit, then, before coupling the frame
to each tower end, the coupler unit is fastened to each tower end. Then, the frame is fastened
to the coupler unit of each tower end and, thus, coupled to the tower end.

[0064] In order to facilitate the understanding of the characteristics of the invention and being
an integral part of this specification, some drawing sheets are attached on which figures, with
an illustrative but not limiting character, the following is represented:

Figures 1 to 4 show the process of coupling a transport system according to an embodiment of
the invention.

Figures 5 and 6 show the mounting and transport of a lifting unit on a trailer.

Figure 7 shows a transport system according to an embodiment of the invention coupled to a
tower end and the lifting of the tower by means of the lifting unit and the transport system.
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Figure 8 shows a transport system according to another embodiment of the invention coupled
to a tower end and the lifting of the tower by means of the lifting unit and the transport system.

Figure 9 shows the coupling of a coupler unit according to another embodiment of the
invention to a tower end of the tower.

Figure 10 shows the coupling of a yoke to a transport system according to an embodiment of
the invention.

Figure 11 shows a tower with a transport system according to one embodiment of the invention
coupled to a tower end and a transport system according to another embodiment of the
invention coupled to the other tower end.

Figure 12 shows the transport of a tower to a storage facility.

Figure 13 shows the transport of a tower on a vessel.

[0065] Figures 1 to 4 show the coupling of a transport system 1 to a tower end 3 of a tower 2
of a wind turbine. The transport system 1 shown in these figures comprises a coupler unit 10, a
frame 5 being coupled through the coupler unit 10 to the tower end 3 and two wings 6 attached
to the frame 5. During the coupling of the transport system 1, the tower 2 stands on a support
34 to avoid direct contact of the tower 2 with the ground, thus preventing a possible damage of
the tower 2 during the installation and simplifying the attachment of the transport system 1.
When the frame 5 is installed, its base 7 can serve as a tower-support and the support 34 can
be removed.

[0066] Figure 1 shows the attachment of the coupler unit 10 to the tower end 3. The tower end
3 comprises a plurality of first fastening holes 20, which could be the fastening holes used to
attach the tower to the foundation or the transition piece or to attach the nacelle to the tower.
The first fastening holes 20 are used to couple the coupler unit 10 to the tower end 3. For this,
fasteners 13 are inserted in both the first fastening holes 20 of the tower end 3 and second
fastening holes 21 of the coupler unit 10.

[0067] In this embodiment shown, the coupler unit 10 comprises four brackets 11 distributed
along the circumference of the tower end 3, each of the brackets comprising a plurality of
second fastening holes 21 which are fastened by fasteners 13. The fasteners 13 in this
example are bolts, which can be screwed to an inner thread of the first fastening holes 20 and
are then fastened with a nut. However, other fastening means can be used.

[0068] By using releasable fasteners 13 such as a nut-bolt connection, the brackets 11 and,
thus, the complete transport system 1 can be releasably connected to the tower 2. This
releasable connection has the advantage that the transport system 1 can be removed during
the installation step of the wind turbine, as the transport system 1 is not needed during
operation of the wind turbine.
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[0069] Each bracket 11 of the coupler unit 10 further comprises a bracket tongue 12
configured to be coupled to the frame 5. For this, the bracket tongue 12 has third fastening
holes 22 configured to be fastened by fasteners 13. Depending on the size and weight to be
supported by the transport system 1, the bracket tongues 12 of a coupler unit 10 can have
different sizes. Alternatively, each bracket 11 can comprise more than one bracket tongue 12.
Alternatively, each bracket 11 can comprise a plurality of third fastening holes 22.

[0070] In Figure 2, the frame 5 is attached to the tower end 3 of the tower 2 by fastening the
frame 5 to the coupler unit 10, the coupler unit 10 being already fastened to the tower end 3.
For this, the frame 5 comprises a plurality of fourth fastening holes 23 corresponding to the
third fastening holes 22 of the bracket tongues 12 of the coupler unit 10. Fasteners 13 are
inserted in both the fourth fastening holes 23 of the frame 5 and the third fastening holes 22 of
the brackets 11 to couple the frame 5 to each bracket 11 and, thus, to couple the frame 5 to
the tower end 3 of the tower 2. As the lower brackets 11 support a higher load due to the
weight of the tower 2, they both comprise two third fastening holes 22 at each bracket tongue
12. Hence, the frame 5 comprises at is lower part two fourth fastening holes 23 at each side
configured to be inserted by fasteners 13 and coupled to the corresponding third fastening
holes 22 of the coupler unit 10.

[0071] Once the frame 5 is attached to the tower end 3, the tower 2 can be supported by the
frame 5. For this, the frame 5 of the transport system 1 has a base 7 which is formed as an
integral part of the frame 5, which means that the frame 5 and the base 7 are formed as a
single body.

[0072] Figure 3 shows the next step of the attachment of the transport system 1. In this
embodiment, two wings 6 are coupled to the frame 5 at each side of the frame 5. Each wing 6
has two locking profiles 14, which are configured to be coupled to a complementary locking
profile 14 of the frame 5. Hence, the wings 6 and the frame 5 can be locked together via said
profiling, wherein the locking is achieved by shifting a locking element 15 of the locking profiles
14 of the wings 6 in a receptor element 16 of the locking profiles 14 of the frame 5. The locking
element 15 is a protruding tab designed to mate with the receptor element 16, which is
designed as an aperture. The locking is achieved by first shifting the wings 6 horizontally
towards the edge of the frame 5 until the locking elements 15 of the wings 6 are horizontally
aligned with the receptor elements 16 of the frame 5, and subsequently by shifting the wings 6
vertically so that the locking elements 15 are locked in the receptor elements 16.

[0073] Figure 4 shows the last step of the attachment of the transport system 1. Here, the
wings 6 are secured by stoppers 17, so that the locking profiles 14 of both the wings 6 and the
frame 5 do not detach. The stoppers 17, in this case configured as pins, are inserted in
insertion holes 24 bored at the frame 5 below each wing 6. The stoppers 17 prevent the wings
6 to vertically shift down and therefore the locking elements 15 of the wings 6 to detach from
the receptor elements 16 of the frame 5.
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[0074] Additionally, the wings have each one sixth fastening hole 26 corresponding to a fifth
fastening hole 25 of the frame 5 to further secure and fasten the wings 6 to the frame 5 by
means of a fastener 13, inserted in the sixth fastening hole 26 and the fifth fastening hole 25.
This is an additional measure to secure that the locking profiles 14 do not detach during
transport.

[0075] Figure 5 shows a lifting unit 31 which is used to lift the tower 2 of the wind turbine for
transport. The lifting unit 31 comprises detachable lifting unit legs 32 for easily mounting the
lifting unit 31 on a trailer 30 and to reduce the space needed on the trailer 30. The lifting unit
31 further comprises a lifting unit arm 33 which is extendable in order to lift the tower 2.

[0076] The lifting unit 31 is mounted on the lifting unit legs 32 to easily shift the trailer 30 under
the lifting unit 31 and mount the lifting unit 31 on the trailer 30. The trailer 30 shown here is a
10 axle SPMT.

[0077] Once the lifting unit 31 is mounted on the trailer 30, the lifting unit legs 32 can be
detached and secured on the lifting unit 31 for the transport, as shown in Figure 6.

[0078] Figure 7 shows the alignment of the lifting unit 31 under the wing 6 in order to lift the
tower 2. For each wing 6, a lifting unit 31 is used. The lifting unit arms 33 are placed under
each wing and extended, so that the tower 2 is lifted. The extension of the lifting unit arms 33
can be done using hydraulics.

[0079] Figure 8 shows an alternative embodiment of the transport system 1 with a single wing
6. In this case, only one lifting unit 31 is used at this tower end 3 in order to lift the tower 2. The
lifting unit 31 is in this case standing on two trailers 30, however it is also possible to use a
single trailer 30 for the lifting unit 31.

[0080] Figure 9 shows the coupling of a coupler unit 10 according to another embodiment of
the invention to a tower end 3 of the tower 2 of a wind turbine. The tower end 3 comprises a
plurality of first fastening holes 20, which are used to couple the coupler unit 10 to the tower
end 3. For this, fasteners 13 are inserted in both the first fastening holes 20 of the tower end 3
and second fastening holes 21 of the coupler unit 10.

[0081] In this embodiment shown, the coupler unit 10 comprises four brackets 11 distributed
along the circumference of the tower end 3, each of the brackets comprising a plurality of
second fastening holes 21 which are fastened by fasteners 13. The fasteners 13 in this
example are bolts, which can be screwed to an inner thread of the first fastening holes 20 and
are then fastened with a nut. However, other fastening means can be used.

[0082] Each bracket 11 of the coupler unit 10 further comprises two bracket tongues 12. The
outer bracket tongue 12 of each bracket 11 is configured to be coupled to the frame 5, as seen
in Figure 10. The inner bracket tongue 12 of each bracket 11 is configured to be coupled to a
yoke 40, which is used for the upending of the tower 2. Due to the modular design of the
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transport system 1, the transport system 1 can be used for further purposes, as shown here.
To attach the frame 5 to the bracket 11 as seen in Figure 10, the bracket tongue 12 has third
fastening holes 22 configured to be fastened by fasteners 13.

[0083] As shown in Figure 10, once the frame 5 is attached to the tower end 3, the tower 2 can
be supported by the frame 5. For this, the frame 5 in this embodiment of the transport system
1 has a base 7 which is formed as a separate part of the frame 5, which means that the frame
5 and the base 7 are separate pieces connected by a releasable joining method, such as a pin,
a screw, a shape fit or a friction connection. This is particularly useful during upending of the
tower 2, i.e. during the installation of the tower 2, where the base 7 can be attached to the
ground and the frame 5 can be lifted from the ground by detaching itself from the base 7, when
the frame 5 is pulled up by a crane. After coupling the frame 5 to the coupler unit 10, two wings
6 are coupled to the frame 5 at each side of the frame 5.

[0084] As shown in Figure 10, a yoke 40 can be coupled to the inner bracket tongues 12 of the
coupler unit 10 of the transport system 1. For this, the yoke 40 has yoke tongues 42 with
eighth fastening holes 27 configured to be attached to the third fastening holes 22 of the
bracket tongues 12 by means of fasteners 13. The yoke 40 comprises further a lifting trunnion
41 for the balance of the weight and for the rotation of the yoke 40.

[0085] Figure 11 shows a tower 2 with a transport system 1 according to one embodiment of
the invention coupled to a tower end 3 and a transport system 1 according to another
embodiment of the invention coupled to the other tower end 2. At one tower end 3, the
transport system 1 is configured as the embodiment shown in Figures 1 to 4, with a coupler
unit 10, a frame 5 with an integral base 7 and two side wings 6. At the other tower end 3, the
transport system 1 is configured as the embodiment shown in Figures 9 and 10, with a coupler
unit 10, a frame 5 with a detachable base 7 as a separate part of the frame 5, two side wings 6
and a yoke 40. This configuration is advantageous for upending the tower 2, where an
upending device 50 is attached to one tower end 3 configured to rotate the tower 2 while the
crane lifts the yoke 40 attached to the other tower end 3.

[0086] For each wing 6 of each transport system 1, a separate lifting unit 31 is placed under
the wing 6 and a separate lifting unit arm 33 of each lifting unit 31 extends and pushes the
wing 6 upwards to lift the tower 2. In this case, each transport system 1 has two wings 6, so
there are four wings 6 in total. Thus, there are also four lifting units 31, placed on four trailers
30. When the tower 2 is lifted, the supports 34 can be removed, as the tower 2 is supported by
the lifting units 31 on the trailers 30.

[0087] Figure 12 shows the transport of the tower 2 using the transport system 1. The tower 2
was lifted using the methods described above and is then transported with the trailers 30. The
trailers 30 are SPMT. Four 10 axle SPMT's are used, one in each corner, where in Figure 12
only two trailers 30 are shown. A load spreading structure is made for each SPMT, which also
allows the SPMT to rotate slightly when driving on uneven terrain.
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[0088] In this figure, the tower 2 is transported to a storage facility 70 and then stored there.
Due to the modular design of the transport system 1, the wings 6 can be removed of the tower
2 in the storage facility 70 to reduce the space needed to store the tower 2. When the tower 2
is transported again, the wings 6 can be reattached to the transport system 1.

[0089] Figure 13 shows the loading of a vessel 71 with towers 2 for the installation of offshore
wind turbines. The towers are transported with four 10-axle SPMT as trailers 30. A ramp 73
with a platform is used to load the towers 2. The platform can be a floating platform or a static
platform, which is raised and lowered following the tide. Additionally, the lifting unit 31 can lift
the tower 2 at each end of the tower 3 to a sufficient height to avoid that the tower 2 hits the
ground when it is loaded on the ramp 73 to the vessel 71. For example, it avoids a collision
against the ground at low tides, where the height difference between the vessel 71 and the
harbor is high. The upending devices 50 used for upending the tower 2 at the installation site
are also shown in this figure.
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PATENTKRAV

1. Tarn (2) til en vindmaelle, hvilket tarn omfatter et transportsystem (1) il

transport af tarnet (2), hvor transportsystemet (1) omfatter:

- en ramme (5), der er koblet til en tarnende (3) af tarnet (2),

- en vinge (6), der er koblet til rammen (5),

- en lgfteenhed (31), der er konfigureret til at lafte tarnet (2), og

- en sammenkoblingsenhed (10) til sammenkobling af rammen (5) til

tarnenden (3),

hvor lgfteenheden (31) lafter tarnet (2) ved at skubbe mod vingen (6), hvor

tarnet (2) under transporten mindst delvist understattes af lafteenheden (31),

hvor sammenkoblingsenheden (10) ved hjeelp af et fastgerelseselement

(13) udlgseligt er forbundet med tarnenden (3),

hvor rammen (5) ved hjeelp af fastgarelseselementet (13) udlgseligt er

forbundet med sammenkoblingsenheden (10).

2. Tarn (2) ifelge krav 1, kendetegnet ved, at sammenkoblingsenheden (10)

omfatter en flerhed af holdere (11), der er fordelt langs tarnendens (3) periferi.

3. Tarn (2) ifelge et hvilket som helst af de foregaende krav,
kendetegnet ved, at vingen (6) ved hjeelp af fastgerelseselementet (13) udlaseligt

er forbundet med rammen (5).

4, Tarn (2) ifelge et hvilket som helst af de foregaende krav,
kendetegnet ved, at vingen (6) ved hjeelp af en laseprofil (14) udlzseligt er

forbundet med rammen (5).

5. Tarn (2) ifelge et hvilket som helst af de foregaende krav,
kendetegnet ved, at transportsystemet (1) yderligere omfatter en basis (7), der er

konfigureret til at understotte tarnets (2) veegt.
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6. Tarn (2) ifelge krav 5, kendetegnet ved, at basen (7) er en integreret del

af rammen (5).

7. Tarn (2) ifelge krav 5, kendetegnet ved, at basen (7) er en separat del af

rammen (5).

8. Tarn (2) ifelge et hvilket som helst af de foregaende krav,
kendetegnet ved, at Izfteenheden (31) omfatter aftagelige ben (32), der er

konfigureret til at blive placeret pa lafteenheden (21) under transporten.

9. Tarn (2) ifelge et hvilket som helst af de foregaende krav,
kendetegnet ved, at Iafteenheden (31) omfatter en udtraekkelig laftearm (33), der

er konfigureret til at skubbe mod vingen (6) for at lafte tarnet (2).

10. Tarn (2) ifelge et hvilket som helst af de foregaende krav,

kendetegnet ved, at der er koblet to vinger (6) til rammen (5).

11. Fremgangsmade til transport af et tarn (2) til en vindmaelle ifalge et hvilket

som helst af de foregaende krav, hvilken fremgangsmade omfatter felgende trin:
- sammenkobling af en ramme (5) til hver tarnende (3),
- sammenkobling af en vinge (6) til hver ramme (5),

- skub mod vingen (6) i hver ramme (5) med lgfteenheden (31) for at lafte

tarnet (2) op fra jorden og

- transport af tarnet (2).
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