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DESCRIPTION

Description

OBJECT OF THE INVENTION

[0001] The object of the invention is a method for assembling a wind turbine in locations where
earthquakes may occur which, using suitable means, achieves a balance between the speed
of execution of the assembly of the wind turbine and the guarantee that the tower will resist
loads associated with possible earthquakes during the assembly.

[0002] Another object of the present invention is a wind turbine assembled according to the
above method.

BACKGROUND OF THE INVENTION

[0003] The wind turbines comprise a tower, a nacelle which houses the electrical generator
and a rotor formed in turn by at least two blades. The tower of the wind turbine supports the
nacelle and the rotor. Large wind turbines have steel, lattice, or reinforced concrete towers or
even mixed-type towers, the latter comprising sections of different materials, for example, a
lower section of concrete and an upper section of steel or lattice.

[0004] Due to the height of the wind turbines, the tower has to be divided into several annular
sections which are stacked during the wind turbine assembly stage thus forming the full height
of the tower. Dividing the tower into sections has the advantage that each section has a size
such that its transport by road or rail is easier.

[0005] One of the most commonly used materials for large towers is concrete, since it involves
competitive costs and performance compared to those for the production of steel towers of
similar characteristics. However, the weight of each concrete tower section can easily exceed
one hundred tons, this fact being infrequent for metal tower sections, so stacking the concrete
sections requires heavy-tonnage lifting and positioning means. The cost of using such lifting
and positioning means, which may be for example a crane, is directly related to the tonnage
and height that it is capable of handling and the time of use thereof. This high-tonnage crane is
also used for lifting and positioning the nacelle, as the weight of the nacelle may also exceed
100 tons.

[0006] The design of wind turbine components and the design of the connections between



DK/EP 3670899 T3

them once placed, should take into account the loads they will have to bear throughout their
useful life to ensure the proper functioning thereof. In particular, the connections between
different concrete sections of the tower are adapted to withstand the loads they will have to
bear throughout their useful life.

[0007] In addition to the expected loads that the wind turbine must bear, such as gravitational
loads, assembly loads, inertial loads, aerodynamic loads, operational loads, etc., other loads
must also be taken into account, depending on the location where the wind turbine is to be
installed, such as earthquakes.

[0008] As it is known, an earthquake is a phenomenon of sudden and transient shaking of the
surface of the Earth produced by the release of accumulated energy in the form of seismic
waves, and of course, wind turbines do not escape this reality. Therefore, the construction
period of the wind turbine is a very vulnerable situation, since a seismic event could occur
during the assembly of the wind turbines, when the wind turbine components have not been
fully fixed.

[0009] Document EP2541047 (Acciona Windpower) discloses a method for assembling a wind
turbine comprising: a tower comprising a plurality of concrete annular sections; a nacelle and a
rotor; the method comprising the nacelle on one upper section of the concrete annular
sections, and then assembling the rotor to the nacelle, wherein main connections for
connecting the concrete annular sections to each other using main connecting means for
resisting the loads provoked by the rotor are performed after stacking the nacelle onto the
upper annular section and before assembling the rotor to the nacelle. However, this method
does not take into account the possibility of occurrence of earthquakes during the assembly of
the wind turbine, so it would not be feasible for seismic locations.

[0010] Therefore, the method of the present invention solves the problem described above, by
providing a method capable of making the wind turbine subassembly stable during the
assembly of the same in the event of an earthquake.

DESCRIPTION OF THE INVENTION

[0011] This invention describes the characteristics of connections between sections of the
tower which are carried out during the assembly of the wind turbine that allow not only to
execute them very quickly but also to minimize the risk of collapse of the wind turbine in the
event of an earthquake.

[0012] More particularly, the invention provides a method according to claim 1 for assembling
a wind turbine comprising a stage wherein auxiliary connections are performed between a first
and a second annular sections before stacking a third section, so that the possibility of an
earthquake damaging the wind turbine during its assembly is minimized. This is achieved by
reducing the time that the sections remain without any connection capable of withstanding said
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potential seismic loads.

[0013] The invention also relates to a wind turbine according to claim 15, the wind turbine
comprising a tower, a nacelle and a rotor. The tower is of the type comprising stackable
annular sections, wherein at least two of these annular sections, e.g a first and a second
annular sections, are made preferably of concrete.

[0014] As a general concept, according to the method of the invention, all annular sections are
consecutively stacked upon each other, wherein one of the annular sections, referred to as
"top annular section”, is stacked atop of all the other annular sections, and finally the nacelle is
stacked upon the top annular section. The auxiliary connections are performed not only for
connecting the second annular section to the first annular section, but also auxiliary
connections are performed, for connecting the third annular section to the second annular
section, after the third annular section is stacked, but before a fourth annular section, or the
nacelle, are stacked, an so on.

[0015] As a consequence, during the period of time that it takes the wind turbine to be
completely assembled, the wind turbine is protected against eventual seismic loads, since
auxiliary connections are provided as the annular sections are being stacked.

[0016] For withstanding all operation loads induced by the wind on the wind turbine including
the rotor, main connections, as explained below, are performed connecting the first and the
second annular sections to each other; in general, the main connections connect each pair of
consecutively stacked annular sections to each other, as well as the top annular section and
the nacelle to each other.

[0017] The execution of the auxiliary connection takes substantially less time than the
execution of the main connections. In general, this applies to all auxiliary connections with
respect to corresponding main connections, for all annular sections. This fact, together with the
fact that the execution of the auxiliary connection connecting the first and the second annular
section to each other, is made prior to the stacking of the third annular section, brings the
consequence that the assembling method proposed minimizes, on the one hand, damage
caused to the tower as it is being mounted at each step of the assembling, as well as also
minimizes the possibility that the tower could crumble during an earthquake and, on the other
hand, minimizes the spectrum of earthquake loads that would potentially affect the tower as
mounted at each step, by reducing the time at which sections remain without an auxiliary
connection that withstand said potential loads.

[0018] The auxiliary connections are configured to acquire a first resistance level needed to
withstand loads induced by an earthquake in a first time and the main connections are
configured to acquire a second resistance level needed to withstand all the operation loads of
the wind turbine in a second time, wherein the second time is longer than the first time.

DESCRIPTION OF THE FIGURES
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[0019] To complement the description being made and for the sake of a better understanding
of the characteristics of the invention according to a preferred practical embodiment thereof,
attached as an integral part of said description are a set of drawings wherein, for the purpose
of illustration and not limiting the scope of the invention, the following is shown:

Figure 1. - Shows a schematic view of a particular embodiment wherein the tower comprises
stackable sections and a crane is stacking a section onto the lower sections.

Figure 2. - Shows a schematic view of a tower comprising four stacked sections wherein a
crane is stacking the nacelle onto the top section.

Figure 3. - Shows a schematic view of a section along a vertical plane of two adjacent sections
and a plan view of the lower section which shows a first embodiment of auxiliary connections of
sections to each other.

Figure 4. - Shows a schematic view of a section along a vertical plane of two adjacent sections
and a plan view of the lower section which shows a non-claimed second embodiment of
auxiliary connections of sections to each other.

Figure 5. - Shows a schematic view of a section along a vertical plane of two adjacent sections
and a plan view of the lower section which shows a non-claimed third embodiment of auxiliary
connections of sections to each other.

Figure 6. - Shows a schematic view of an embodiment of the main connections.

PREFERRED EMBODIMENT OF THE INVENTION

[0020] Next, a detailed description of a preferred embodiment of the present invention shall be
provided, with the help of the above referred figures 1-6

[0021] The invention relates, according to a first aspect thereof, to an assembly method for a
wind turbine comprising a tower (1), a nacelle (2) and a rotor. The tower (1) is of the type
comprising stackable annular sections (3, 4, 5, 6), wherein at least two of the annular sections
(3,4, 5, 6), e.g. afirst (3) and a second (4) annular sections, are made of concrete.

[0022] This method can be applied to any wind-turbine tower (1) regardless the number of
concrete annular sections that it comprises.

[0023] The annular sections (3, 4, 5, 6) may comprise, besides first (3) and second (4) annular
sections, at least one further annular section (5, 6), made of concrete. The tower (1) may
additionally comprise other annular sections (not shown in the figures) which are not made of



DK/EP 3670899 T3

concrete but, for example are made of steel.

[0024] The method of the invention relates to stacking, upon the first annular section (3), the
second annular section (4) and, once the second annular section is stacked, connecting the
first annular section (3) to the second annular section (4) by means of performing auxiliary
connections capable of withstanding seismic loads induced by an earthquake, for allowing the
tower (1) to withstand loads induced by an earthquake that may occur during assembling.

[0025] When the tower (1) comprises the further annular sections (5, 6) made of concrete, the
invention relates to a repetitive method, wherein all concrete annular sections (3, 4, 5, 6) are
consecutively stacked upon each other, i.e. the third annular section (5) is stacked upon the
second annular section (4), the fourth annular section (6) is stacked upon the third annular
section (5), and so on, until all concrete annular sections (3, 4, 5, 6) are stacked. Then, if the
tower (1) comprises the above-referred non-concrete annular section, these are stacked upon
the concrete annular sections (3, 4, 5, 6). Finally, the nacelle (2) and the rotor are mounted
atop of all stacked annular sections, whether concrete or non-concrete.

[0026] Figure 1 shows part of the assembly method of the invention. By means of a lifting and
positioning means (7), such as a crane (7), all annular sections (3, 4, 5, 6) of the tower (1) are
lifted and positioned in a stacked manner.

[0027] For connecting the annular sections (3, 4, 5, 6) to each other, auxiliary connections are
provided, performed by auxiliary connection means, and which are intended to withstand
seismic loads induced by an earthquake, for allowing the tower to withstand loads induced by
an earthquake that may occur during the assembling. According to a preferred embodiment,
the auxiliary connections may further be intended to withstand loads induced by the wind on
the wind turbine in absence of the rotor, but not loads induced by the rotor and the wind in the
rotor. According to a more preferred embodiment, the auxiliary connections may be further
intended to withstand loads induced by the wind on the wind turbine including the rotor,
preferably with the blades in a feathered position. More preferably with the blades in a
feathered position when the wind turbine is not operating. In the feathered position, the blades
do not barely offer any resistance to the wind, therefore the rotor is freely rotatable, although
much slower than in operation, so that the loads in the feathered position are much lower that
the operation loads.

[0028] The auxiliary connections, besides withstanding loads induced by the wind on the wind
turbine, including the rotor with the blades in a feathered position, are capable of transmitting
self-weight loads and loads induced by an earthquake to the base of the tower (1),
withstanding not only compression stress but also bending, tensile and shear stress and
enabling loads to be withstood during the assembly. According to the above, the auxiliary
connections, when properly dimensioned, allow the rotor to be mounted using the same crane
(7) without needing to previously perform the main connections, which would be performed
later, thereby releasing the crane (7) for mounting another wind turbine or being dismantled.



DK/EP 3670899 T3

[0029] The method of the invention stands out in that the auxiliary connections for the first (3)
and the second annular section (4) are performed before any other annular section, whether
concrete or non-concrete, is stacked upon the second annular section (4).

[0030] In the case wherein the tower (1) comprises the further concrete annular sections (5,
6), auxiliary connections are also performed after each concrete annular section (4, 5, 6) is
stacked, but before any next annular section (whether concrete or non-concrete) or the
nacelle, are stacked.

[0031] In particular, in the following steps of the method, after the first (3) and the second (4)
annular sections have been stacked and auxiliary connections have already been performed
for connecting the second (4) and the first (3) annular sections to each other, the steps of
stacking and performing auxiliary connections are performed for any further annular concrete
section (5, 6), so that the auxiliary connections still allow the connected sections (4, 5, 6) to
withstand loads induced by an earthquake that may occur during the assembly. This step is
repeated with the rest of the concrete annular sections (5, 6) until all concrete annular sections
(3, 4, 5, 6) are stacked upon each other.

[0032] What is intended by performing auxiliary connections immediately after stacking each
annular section (3, 4, 5), but before any next annular sections or the nacelle is stacked, is
finding a balance between, on one side, a reduced time-consuming assembly method of the
wind turbine and, on the other side, a lower risk of the wind turbine collapsing in case of an
eventual earthquake during the assembling thereof. Also, once the tower (1) is securely
assembled and comprises all the required auxiliary connections performed, the use of the
large-tonnage crane (7) is no longer necessary, since the auxiliary connections ensure that the
tower (1) will not to be damaged nor collapse due to potential earthquakes. Therefore, the
crane (7) may be moved to another location and devoted to other assembly tasks in other wind
turbines within the wind farm. Thus, the time of use of the large-tonnage crane (7) is reduced
when constructing a tower (1) or a set of towers (1) with this method.

[0033] Besides the above-referred auxiliary connections, each pair of adjacent annular
sections (3, 4, 5, 6) are further connected to each other, as well as a top annular section,
whether concrete or non-concrete, and which is stacked atop of all stacked annular sections, is
connected to the nacelle (2), by means of main connections, which are intended to withstand
all operation loads induced by the wind (and possible earthquakes) on the wind turbine
including the rotor.

[0034] According to a preferred embodiment, the main connection connecting the nacelle (2)
to the top annular section is performed before performing any of the main connections
connecting the annular sections (3, 4, 5, 6) to each other, wherein the main connections
connecting annular sections (3, 4, 5, 6) located upwardly are performed before those for
annular sections (3, 4, 5, 6) located near the bottom due to the upper sections have a greater
possibility of overturning in case of earthquakes. Alternatively, the main connections may be
performed beginning with a bottom part of the tower (1), i.e., first the main connection
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connecting the first annular section (3) to the second annular section (4), and then the main
connection connecting the second annular sections (4) to the third annular section (5) and so
on.

[0035] Figure 2 represents a step of the method object of the invention wherein, by means of
the crane (7), the nacelle (2) is lifted and positioned onto the top annular section. Later a main
connection must be performed for connecting the nacelle (2) and the upper annular section
(6). Finally, main connections are performed for connecting all the concrete annular sections
(3, 4, 5, 6) to each other by means of main connecting means.

[0036] Also preferably, the auxiliary connections are further configured to acquire a first
resistance level needed to withstand loads induced by an earthquake in a first time and the
main connections are configured to acquire a second resistance level needed to withstand all
the operation loads of the wind turbine in a second time, longer than the first time.

[0037] As explained above, at least the first (3) and the second (4) annular sections are made
of concrete. Preferably, one, some or all, of the further annular sections (5, 6) are also made of
concrete. In particular, the top annular section (6) may also be made of concrete. However, as
an alternative, the tower (1) may comprise other annular sections not made of concrete but, for
instance, selected types of steel, the annular sections (3, 4, 5, 6) made of concrete occupying
the lower position, wherein the annular sections not made of concrete would be stacked upon
the annular sections (3, 4, 5, 6) made of concrete.

[0038] According to a preferred embodiment for performing the auxiliary connections, see
figure 3, the first annular section (3) comprises housings (9), located in an upper flange of the
first annular section (3), and the second annular section (4) comprises bars (8) emanating at
least from a lower flange of the second annular section (4). The housings (9) of the first
annular section (3) are configured to allocate the bars (8) of the second annular section (4), for
defining bar (8)-housing (9) assemblies wherein the bars (8) are inserted into the housings (9).
In general, for each pair of adjacent annular sections (3, 4, 5, 6) made of concrete, one of the
adjacent annular sections (3, 4, 5, 6), referred to as upper annular section (4, 5, 6) is stacked
upon the other adjacent annular section (3, 4, 5, 6), referred to as lower annular section (3, 4,
5), wherein the upper annular section (4, 5, 6) has bars (8) as explained above for the second
annular section (4), whereas the lower annular section (3, 4, 5) has housings (9) as explained
above for the first annular section (3).

[0039] Figure 3 also shows the connection between a lower and an upper annular sections,
specifically first (3) and second (4) annular sections. Once the bars (8) have been introduced
into the housings (9), the auxiliary connections are later performed.

[0040] Preferably, the housings (9) are distributed homogeneously along the upper flange of
each lower annular section (3, 4, 5); for instance, the housings (9) are located perimetrally, at a
uniform angular spacing, as seen on figures 3-5.
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[0041] For performing the auxiliary connections, once the upper annular section has been
stacked over the lower annular section, and always before stacking another annular section
over the upper annular section, the resin (11) is inserted (preferably poured) in at least one of
the housings (9) of the lower annular section (3, 4, 5). In particular, resin (11) is inserted so
that some or all of the housings (9) are partially filled with resin (11). Preferably, only some, but
not all, of the housings (9), for instance, between 20 % and 40%, are partially filled with resin
(11). The housings (9) which are filled with resin (11) are preferably filled up to 30%, more
preferably up to 40 %, of the volume of the housings (9). The resin (11) is preferably inserted
in non-contiguous housings (9), see figure 3.

[0042] As a result of the resin (11) having been hardened, a temporary anchor is achieved.
This ensures that the bars (8) withstand bending (flexion) stress during the assembly of the
wind turbine in the case of lateral loads due to the effect of eventual earthquakes.

[0043] Stacking an annular section (4, 5, 6) upon a previously mounted annular section (3, 4,
5) may take a stacking time of approximatively 3 hours. According to a preferred embodiment,
performing any auxiliary connection takes a time which is shorter than the stacking time, so
that the assembling of the wind turbine is not delayed by performing the auxiliary connections.
The time taken for performing an auxiliary connection may be preselected by, for instance,
selecting an appropriate kind of resin (11).

[0044] Preferably, by way of example, the step of partially filling with resin (11) in some or all
the housings (9) takes a first predetermined time which is preferably 40 minutes or less, more
preferably 30 minutes or less. Later, a second predetermined time after the housing (9) is
partially filled, for allowing the resin (11) to cure, may be waited, before stacking the third
annular section (5) or the nacelle (2) upon the second annular section (4). As explained above,
the combined duration of the first and the second predetermined times is preferably less than
the stacking time, preferably less than three hours.

[0045] The partial application of resin (11) in the housings (9) of each annular concrete section
(3, 4, 5, 6), as explained above, is preferably done in a time shorter than or equal to the first
pre-set time of application of the resin (11) in order to reduce the possibility of the tower (1)
collapsing in the eventual occurrence of an earthquake and also in order to reduce the
spectrum of loads that the auxiliary connection has to withstand; if the application of resin (11)
takes more time, the exposure time increases, and the greater the exposure time the higher
the probability of having an earthquake of a greater magnitude. This is achieved because the
auxiliary connections enable the tower (1) to withstand the loads that may suffer the structure
in such an event. In this sense, the sooner the auxiliary connections are finished, the lower the
exposure time of the annular sections (3, 4, 5, 6) to a potential earthquake without safe
connections.

[0046] For performing the main connections between adjacent annular sections (3, 4, 5, 6),
the housings (9) that are partially filled with resin (11) are completed later by totally being filled
with grout (10). Additionally, grout (10) is inserted in the (empty) housings (9) wherein resin
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(11) has not been inserted. According to a preferred embodiment, performing the main
connections may comprise a further stage of inserting (for example, pouring) grout (10), or a
functionally equivalent product, for filing the gap (18) that exists between each pair of
consecutively-stacked annular sections (3, 4, 5, 6). Concrete may be used instead or grout
(10). Resin (11) may also be used instead of grout (10).

[0047] As it has been mentioned before, later on, by performing the main connections, a final
connection will be achieved by filling with grout (10) the remaining empty volume in the
housings (9), i.e.the volume not filled with resin (10), so that all the bars (8) substantially
withstand the same loads.

[0048] Figure 3 shows an embodiment in which, after the execution of the main connections,
some of the housings (9) will comprise resin (11) in a lower area and grout (10) in the upper
area, and the gap (18) that exists between the two adjacent annular sections (specifically the
first (3) and the second (4) annular sections) is filled with grout (10).

[0049] Performing the main connections connecting the nacelle (2) and the top annular section
(6) to each other may comprise fastening the nacelle (2) and the top annular section (6) with
retaining elements.

[0050] Figure 4 shows a non-claimed second embodiment of the auxiliary connections.
According to such embodiment, at a lower part of at least one of the housings (9) there is a
recess (12) which is open towards the interior of the lower annular section (3, 4, 5), so that the
step of performing the auxiliary connections comprises the following stages:

= accessing the bars (8) of the upper annular section (4, 5, 6) through the recesses (12) of
the lower annular section (3, 4, 5), and
» fastening a retaining element (13) to the bar (8) within the recess (12).

[0051] Main connections show grout (10) inserted in the housings (9) and in the gap (18) that
exists between the two adjacent annular sections.

[0052] Figure 5 shows a non-claimed alternative embodiment for the auxiliary connections
wherein lugs (14, 15) and dowel rods (16) are used. According to such an embodiment, the
auxiliary connections may be performed by means of first lugs (14) which are integral with, or
attached to, the upper flange of the lower annular section (3, 4, 5), and second lugs (15) which
are integral with, or attached to, the lower flange of the upper annular section (4, 5, 6), so that
the performing of the auxiliary connections comprises the stages of:

» connecting the first lugs (14) to the second lugs (15) by interposing dowel rods (16)
therebetween, and
¢ blocking the dowel rods (16).
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[0053] Said lugs (14, 15) can be positioned and fixed to the walls of the annular sections (3, 4,
5, 6) in a factory at the time of manufacture thereof, or alternatively performed on site when
assembling the wind turbine. Preferably, and for each connection, one of the first lugs (14) is
factory-fixed to one of the sections (3) and another one of the second lugs (15) is fixed to the
adjacent section (4) when assembling the tower (1), allowing adjustment of the position to
ensure contact of the planes of any first lug (14) and corresponding second lug (15). Thus, the
problems of tolerances in components of large dimensions are overcome.

[0054] Main connections show grout (10) inserted in the housings (9) and in the gap (18) that
exists between the two adjacent annular sections.

[0055] The method for performing the auxiliary connections involving annular sections (3, 4, 5,
6) of the tower (1), according to the invention, is time-wise far less costly than performing the
main connections involving said annular sections (3, 4, 5, 6). Thus, the operating time of the
crane (7), which is a high-tonnage crane (7), can be reduced, as the components of the wind
turbine including nacelle (2) and tower (1) will be safely connected through connections that
enable the assembly to stand the loads related to phenomenon that may occur during the
assembly stage. Later, the main connections required for standing all the operational loads of
the wind turbine and hence performed before turning on the wind turbine so that it can start
generating power, can be performed using other means different than the high-tonnage crane

@).

[0056] The speed of execution of the auxiliary connections enables the entire process to be
performed continuously using a single crane (7) and thus reduce the operating time of the
high-tonnage crane (7) for the assembly of the wind turbine. Said crane (7) can be used once
the auxiliary connections are performed and all the heavy components stacked to assemble
another wind turbine in the wind farm.

[0057] Taking into account the properties of the resin (11) and grout (10), mainly Young's
modulus (E), and establishing an adequate ratio between the dimensions of the areas that
include resin (11) and the dimensions of the areas that includes grout (10), suitable properties
of strength of the final union are reached. In general, the Young's modulus (E) achieved by the
resin (11) is lower than that achieved by the grout (10), so that if the whole housings (9) were
filled only with resin (11), the bars (8) inserted into these housings (9) would withstand lower
load than the bars (8) inserted in those housings (9) filled only with grout (10). In one
embodiment, the dimension of the area of the housing (9) including resin (11) is less than 50%
of the total volume of the housing (9). In this way, the bars (8) that are inserted in these
housings (9), after being completely filled with grout (10) and after the grout (10) has set, work
similarly to the rest of the bars (8) inserted in housings (9) filled only with grout (10) despite the
different properties (Young modulus) of resin and grout.

[0058] The total time required for carrying out the main connections is the sum of that required
to perform the grout (10) injection, plus the time required for the grout (10) to cure in each of
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the main connections. Therefore, the total execution time of main connections amounts to over
24 hours in general, often being over 48 or even 72 hours.

[0059] Once all the main connections have been performed, the rotor is placed, and the wind
turbine is capable of withstanding all operational loads induced by said rotor once in operation
(due to the wind acting on the surface of the blades and the rotor's own weight).

[0060] Figure 6 shows an embodiment for accessing the joints between the concrete annular
sections (3, 4, 5, 6) and for performing the main connections, wherein lifting means are used
which comprise a hanging platform (17) suspended from the nacelle (2) or from the upper
section (6) of the tower (1), thus avoiding the use of large cranes (7) or intermediate platforms.

[0061] Preferably, the tower (1) is a frustoconical tower (1).

[0062] Below, a table is shown, indicating, as a percentage, a ratio of the number of housings
(9) filled with resin (11) with respect to the total number of housings (9) for each annular
section, as a function of the height at which the annular section is located. As can be observed,
there are 6 annular sections defining 5 joints. The total volume filled of the set of housings (9)
decreases as the height is increased, however in the annular section (5) immediately below the
upper annular section (6), corresponding to a height of 100 m, it increases. The lowest line of
the chart (TOTAL) indicates the percentage ratio of the housings (9) filled with resin (11) with
respect to the total number of housings (9) for the whole tower (1).

H(m) %
100 27
80 25
60 27
40 35
20 39
TOTAL 30

[0063] The connection for connecting the lowest annular section and the foundation (19), and
the connection for connecting the top annular section (6) (the highest section) and the nacelle
(2) are main connections, do not make use of auxiliary connections.

[0064] The invention also relates, according to a second aspect, to a wind turbine comprising a
tower (1), a nacelle (2) and a rotor, wherein the wind turbine is assembled according to the
method described above.

REFERENCES CITED IN THE DESCRIPTION



DK/EP 3670899 T3

Cited references

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

Patent documents cited in the description

o EP2E41047A [0808]




10

15

20

25

DK/EP 3670899 T3

PATENTKRAV

1. Fremgangsmade til samling af en vindmalle, hvor vindmellen omfatter et
tarn (1), en nacelle (2) og en rotor, hvor tarnet (1) omfatter stabelbare ringformede

afsnit (3, 4, 5, 6), hvilken fremgangsmade omfatter falgende trin:

- stabling, oven pa et farste ringformet afsnit (3), af et andet ringformet

afsnit (4), ved hjeelp af lafte- og positioneringsudstyr (7);

- frembringelse af hjeelpeforbindelser til at forbinde det farste (3) og det
andet (4) ringformede afsnit til hinanden ved hjeelp af hjeelpeforbindelsesudstyr,
hvor hjeelpeforbindelserne frembringes inden stabling af et tredje ringformet afsnit
(5) eller en anden vindmeallekomponent oven pa det andet ringformede afsnit (4),
hvor hjeelpeforbindelserne yderligere er konfigureret til at modsta seismiske

belastninger fremkaldt af et jordskeelv;

hvor, til frembringelse af hjeelpeforbindelserne, det farste ringformede
afsnit (3) omfatter huse (9), der befinder sig i en @vre flange af det farste
ringformede afsnit (3), og det andet ringformede afsnit (4) omfatter steenger (8),
der udgar i det mindste fra en nedre flange pa det andet ringformede afsnit (4),
hvor husene (9) i det ferste ringformede afsnit (3) er konfigureret til at allokere
steengerne (8) i det andet ringformede afsnit (4) til definition af stang (8)-hus (9)-

samlinger, hvor steengerne (8) indseaettes i husene (9); og
kendetegnet ved:

- at trinnet bestaende af at frembringe hjeelpeforbindelserne omfatter delvis
fyldning af kun nogle af husene (9) med resin (11), hvor et trin bestdende af
frembringelse af hovedforbindelser til at forbinde det farste ringformede afsnit og
det andet ringformede afsnit til hinanden omfatter fuldferelse af fyldningen af de
huse, der allerede indeholder resin, med meartel og fyldning af de huse, der ikke er

blevet fyldt med resin, med martel; eller hvor

- trinnet bestaende af frembringelse af hjeelpeforbindelserne omfatter delvis
fyldning af alle husene (9) med resin (11), hvor et trin bestaende af frembringelse

af hovedforbindelser til at forbinde det farste ringformede afsnit og det andet
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ringformede afsnit til hinanden omfatter fuldferelse af fyldningen af de huse, der

allerede indeholder resin, med martel.

2. Fremgangsmade ifelge krav 1, kendetegnet ved, at den yderligere

omfatter falgende trin:

- nar hjeelpeforbindelserne til at forbinde det ferste ringformede afsnit (3) il
det andet ringformede afsnit (4) er blevet frembragt, stabling, oven pa det andet
ringformede afsnit (4), af det tredje ringformede afsnit (5) ved at anvende |afte- og
positioneringsudstyret (7), séledes at det tredje ringformede afsnit (5) forbliver

pverst pa alle stablede ringformede afsnit (3, 4, 5);

- frembringelse af hjeelpeforbindelser til at forbinde det stablede tredje

ringformede afsnit (5) til det andet ringformede afsnit (4); og

- gentagelse af de to ovenstaende trin, saledes at en flerhed af ringformede
afsnit (5, 6) stables oven pa hinanden, og der frembringes tilsvarende
hjeelpeforbindelser til at forbinde to pa hinanden felgende stablede ringformede
afsnit (4, 5, 6), hvor hjeelpeforbindelserne frembringes inden stabling af endnu et

ringformet afsnit.

3. Fremgangsmade ifelge et hvilket som helst af krav 1-2,

kendetegnet ved, at den yderligere omfatter stabling af nacellen over alle
stablede ringformede afsnit (3, 4, 5, 6), hvor hjeelpeforbindelserne yderligere er
konfigureret til at modsta belastninger fremkaldt af vinden pa vindmaellen i rotorens

fraveer.

4. Fremgangsmade ifelge krav 3, kendetegnet ved, at den yderligere
omfatter fastgerelse af rotoren pa nacellen, hvor hjeelpeforbindelserne yderligere
er konfigureret til at modsta belastninger fremkaldt af vinden pa vindmellen

inklusive rotoren med bladene i en kantstilling.

5. Fremgangsmade ifelge et hvilket som helst af krav 1-4,
kendetegnet ved, at hovedforbindelserne til at forbinde det farste (3) og det andet
(4) ringformede afsnit til hinanden er beregnet til at modsta alle driftsmaessige

belastninger fremkaldt af vinden pa vindmaellen inklusive rotoren.
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6. Fremgangsmade ifelge krav 2 og 5, kendetegnet ved, at den yderligere

omfatter falgende trin:

- frembringelse af hovedforbindelser, der forbinder to tilstadende

ringformede afsnit (4, 5, 6) til hinanden; og

- frembringelse af en hovedforbindelse, der forbinder nacellen (2) og det

pverste ringformede afsnit (6) til hinanden;

hvor én hovedforbindelse af hovedforbindelserne, hvilken
hovedforbindelse forbinder nacellen (2) og det @verste ringformede afsnit (6) til
hinanden, frembringes, inden de hovedforbindelser, der forbinder to tilstadende

ringformede afsnit (4, 5, 6) til hinanden, frembringes.

7. Fremgangsmade ifalge et hvilket som helst af krav 5 og 6,

kendetegnet ved, at hjeelpeforbindelserne yderligere er konfigureret til at opna et
forste modstandsniveau, der er pakreevet for at modsta belastninger fremkaldt af
et jordskeelv i et f@rste tidsrum, og at hjeelpeforbindelserne er konfigureret til at
opna et andet modstandsniveau, der er pakreevet for at modsta alle driftsmaessige
belastninger af vindmeallen i et andet tidsrum, der er leengere end det farste

tidsrum.

8. Fremgangsmade ifelge et hvilket som helst af de foregaende krav,
kendetegnet ved, at mindst det farste (3) og det andet (4) ringformede afsnit er

fremstillet af beton.

9. Fremgangsmade ifelge krav 1, kendetegnet ved, at frembringelsen af
hovedforbindelserne yderligere omfatter fyldning af et tilbageveerende mellemrum

(18) mellem det farste (3) og det andet (4) ringformede afsnit med martel (10).

10. Fremgangsmade ifelge krav 1, kendetegnet ved, at husene (9) er jeevnt

fordelt langs de ringformede afsnits (3, 4, 5, 6) avre flange.

11. Fremgangsmade ifalge et hvilket som helst af krav 1-10,
kendetegnet ved, at trinnet bestdende af delvis fyldning af nogle af eller alle

husene (9) med resin (11) varer et farste pa forhand fastlagt tidsrum, som
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fortrinsvis er pa 40 minutter eller mindre, mere fortrinsvis pa 30 minutter eller

mindre.

12. Fremgangsmade ifalge krav 11, kendetegnet ved, at den yderligere
omfatter et trin bestaende i at vente, i et andet pa forhand fastlagt tidsrum efter
den delvise fyldning med resin (11), pa, at resinen (11) heerder, inden det tredje
ringformede afsnit (5) eller nacellen (2) stables oven pa det andet ringformede
afsnit (4).

13. Fremgangsmade ifelge krav 12, kendetegnet ved, at den kombinerede
varighed af det ferste pa forhand fastlagte tidsrum plus det andet pa forhand
fastlagte tidsrum er kortere end en ngdvendig stablingstid for stabling af et
ringformet afsnit (4, 5, 6) oven pa et tidligere monteret ringformet afsnit (3, 4, 5),

fortrinsvis kortere end 3 timer.

14. Fremgangsmade ifalge et hvilket som helst af krav 1 eller 2,
kendetegnet ved, at trinnet eller trinnene bestaende i at frembringe en hvilken
som helst hjeelpeforbindelse varer et tidsrum, der er kortere end stablingstrinnets

eller -trinnenes tidsrum.

15. Vindmglle samlet pa grundlag af fremgangsmaden ifelge et hvilket som
helst af de foregaende krav, hvilken vindmelle omfatter et tarn (1), en nacelle (2)

og en rotor, hvor tarnet (1) omfatter:

- stabelbare ringformede afsnit (3, 4, 5, 6), omfattende mindst et farste
ringformet afsnit (3), et andet ringformet afsnit (4) og et tredje ringformet afsnit (5),
hvor det andet ringformede afsnit (4) er beregnet til at blive stablet oven pa det

farste ringformede afsnit (3) ved hjeelp af lgfte- og positioneringsudstyr (7); og

- hjeelpeforbindelser, der er konfigureret til forinden at forbinde det farste (3)
og det andet (4) ringformede afsnit til hinanden ved hjeelp af
hjeelpeforbindelsesudstyr, inden det tredje ringformede afsnit (5) agtes stablet

oven pa det andet ringformede afsnit (4),

hvor hjeelpeforbindelserne yderligere er konfigureret til at modsta

seismiske belastninger fremkaldt af et jordskeelv; og
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hvor ét nedre ringformet afsnit af hvert par af ringformede afsnit (3, 4, 5,
6), der er forbundet ved hjeelp af hjeelpeforbindelserne, omfatter en avre flange
med huse (9), hvor ét @vre ringformet afsnit omfatter en nedre flange, hvorfra
steenger (8) udgar, saledes at husene (9) er konfigureret til at allokere steengerne
(8), hvorved stang (8)-hus (9)-samlinger til frembringelse af hjeelpeforbindelserne

defineres;
- kendetegnet ved, at tarnet yderligere omfatter:

. resin (11), der til dels fylder kun nogle af husene (9) til frembringelse af

hjeelpeforbindelserne, og meartel, der fuldferer fyldningen af de huse, der allerede
indeholder resin (11), og fylder de huse, der ikke er blevet fyldt med resin (11) til
frembringelse af hovedforbindelser til at forbinde det farste ringformede afsnit og

det andet ringformede afsnit til hinanden,; eller

. resin (11), der til dels fylder alle husene (9) til frembringelse af
hjeelpeforbindelserne, og martel, der fuldferer fyldningen af de huse, der allerede
indeholder resin (11), til frembringelse af hovedforbindelser til at forbinde det

farste ringformede afsnit og det andet ringformede afsnit til hinanden.

16. Vindmglle ifalge krav 15, yderligere omfattende det tredje ringformede
afsnit (5), der er stablet oven pa det andet ringformede afsnit (4) ved hjeelp af
lzfte- og positioneringsudstyret (7), saledes at det tredje ringformede afsnit (5)

forbliver stablet oven pa alle stablede ringformede afsnit (3, 4, 5); og

- hvor hjeelpeforbindelserne ogsa er konfigureret til at forbinde det andet (4)
og det tredje (5) ringformede afsnit til hinanden ved hjeelp af
hjeelpeforbindelsesudstyret, inden en flerhed af ringformede afsnit (6) agtes stablet
oven pa hinanden, hvor tilsvarende hjeelpeforbindelser til at forbinde to pa
hinanden fglgende stablede ringformede afsnit (5, 6) frembringes, hvor

hjeelpeforbindelserne frembringes, inden endnu et ringformet afsnit stables.
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