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DESCRIPTION

[0001] The invention relates to a device for erecting at sea a large slender body, such as the
monopile of a wind turbine. The invention also relates to a method for erecting at sea such a
large slender body, and to a method for installing an elevated mass, such as a wind turbine,
onto a monopile.

[0002] The invention will be explained below with reference to an offshore wind turbine. The
reference to a wind turbine does not imply any limitations of the scope and extent of the
invention. The method may equally be applied to any other large elongated slender body, such
as other off-shore foundation structures, jetties, radar and other towers.

[0003] The supporting structure of a wind turbine at sea usually has a slender design. The
supporting structure of an offshore wind turbine for instance typically comprises a turbine tower
and a lower portion in the form of a trussed structure, referred to as a jacket. Apart from such a
jacket construction, many wind turbines are supported by a so-called monopile. Monopiles are
large slender bodies, usually hollow steel or concrete cylinders that may achieve lengths of 50
m and more, diameters of 6 m and more, and weights of 500 to 800 tons and more. Monopiles
are huge structures and in fact may be compared to tunnel tube sections. The foundation of a
wind turbine of this type comprises a monopile and a transition piece grouted thereon, and
forming the connection between the monopile and the turbine tower. It is clear from the above
description that a large part of the monopile extends under water where it takes support onto a
resistant substrate in the seabed.

[0004] Due to its vast dimensions, a monopile is particularly difficult and expensive to handle.
A known method for erecting at sea such a large slender body comprises the use of a jack-up
platform on which is provided a large crane able to support the load of the monopile. A device
for use in such method is disclosed in DE 20 2009 006507 U1 for instance. The monopile is
typically transported from the shore to the off-shore platform by closing off its two open ends
with closure caps of steel or another suitable material, and letting it float in a substantial
horizontal position. The floating monopile (due to the enclosed volume of air) is then dragged
to the off-shore platform where it is handled by the crane.

[0005] The above manipulations of the known method are time-consuming, and, in a typical
case, may take as long as 5 to 7 days to be completed.

[0006] Another device for erecting an elongated structure at sea is disclosed in GB 2 442 323
A. Disclosed is a jack-up platform provided at its rear end with a moon-pool, through which
piles or columns can be erected using a gripper structure. The gripper structure comprises two
poles that take support onto the sea bottom and between which two grippers can travel up and
down. The grippers are adapted to take a pile and erect the pile from a horizontal position into
a substantially vertical position by moving the grippers upwards along the poles, and place the
pile onto the sea bottom by moving the grippers downwards along the poles.
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It is an object of the present invention to provide a device and method for erecting at sea a
large slender body, such as the monopile of a wind turbine, in a more efficient manner than
known hitherto, i.e. may require less time than the known method.

According to the invention, this object is achieved by a device in accordance with claim 1
comprising a jack-up platform provided with spud poles for taking support onto an underwater
bottom, and with a work deck to which are connected fixation means for a tension cable and
guiding means that are provided at an edge of the work deck, the fixation and guiding means
being provided at work deck height, whereby in operation the tension cable is attached to the
fixation means, is guided along the guiding means and attached to the large slender body, the
fixation means being adapted to shorten the tension cable.

Another embodiment of the device according to the invention is characterized in that to the
work deck are connected further fixation means for a further tension cable, and further guiding
means that are provided at an edge opposite the edge of the guiding means, whereby in
operation the further tension cable is attached to the large slender body at a rear end thereof,
the further fixation means being adapted to lengthen or shorten the further tension cable.

[0007] In still another embodiment of the device, the fixation means comprise first and second
fixation means, whereby in operation the tension cable is attached to the first fixation means, is
guided along the guiding means and around attachment means, provided on the large slender
body and led back along the guiding means to the second fixation means to form a sling, the
fixation means being adapted to lengthen or shorten the sling.

[0008] In another embodiment of the invention, a device is provided wherein the device
comprises two pairs of first and second fixation means, and two tension cables.

[0009] In another embodiment of the invention, a device is provided wherein the device
comprises two pairs of first and second fixation means, and two tension cables.

[0010] In still another embodiment, the device according to the invention is characterized in
that the fixation means and/or further fixation means comprise (drum) winches. Even more
preferred is a device wherein the fixation means and/or further fixation means comprise a
movable pulley.

[0011] To further improve the load bearing capacity of the device, the fixation means and/or
further fixation means in an embodiment comprise a compound pulley, i.e. a combination of a
fixed and a movable pulley. Most preferred is to use a compound pulley comprising a block and
tackle. A block and tackle is a compound pulley where several sheaves are mounted on each
axle, further increasing the mechanical advantage. Block and tackles usually lift objects with a
mechanical advantage greater than 2.

[0012] In another embodiment of the device according to the invention, the guiding means
comprise a hoist bracket that extends over the edge of the work deck and is provided with a
sheave.



DK/EP 2372143 T3

[0013] A particularly preferred embodiment of the device according to the invention is
characterized in that the fixation means and/or further fixation means comprise linear winches.
Linear winches are able to pull large loads. The use of linear winches makes it possible to omit
the use of pulleys, and therefore save space on the work deck of the jack-up platform. Linear
winches are known per se and comprise a steel frame designed to withstand a rated load with
an adequate safety factor, and at least two cable grips, one of which may be an integral part of
the frame and the other is guided by runners and moved by two hydraulic cylinders. A
continuous pulling winch uses two movable cable grips guided by runners and moved by two
hydraulic cylinders. The at least two cable grips catch the cable intermittently thereby allowing
to pull or pay out the cable, as desired. A hydraulic power unit is used to power the linear
winch, and the winch may be equipped with a remote control system, if desired. The power unit
may be equipped with an automatic system for reading and correcting the movements of the
grips in real time so as to keep the winches synchronized.

[0014] In another preferred embodiment a combination of roll winches, pulleys, linear winches
is used.

[0015] Another preferred embodiment of the device according to the invention is
characterized in that the platform comprises additional spud poles arranged at the edge of the
work deck on both sides of the guiding means and in proximity thereof

[0016] The invention also relates to a method for erecting at sea a large slender body, such
as the monopile of a wind turbine. The method comprises:

» providing a device according to any one of the preceding claims;

o with the platform in a jacked-up position, bringing the large slender body in a
substantially horizontal floating condition at least partly underneath the work deck of the
platform such that a top end thereof is underneath the edge of the guiding means and a
rear end thereof is underneath the edge of the further guiding means;

¢ attaching the tension cable to the slender body; and

¢ pulling on the tension cable using the fixations means and thereby;

« gradually bringing the slender body in an erected position along the edge of the work
deck; and optionally

« driving the slender body into the under water bottom.

[0017] In a preferred embodiment of the invention, a method is provided wherein a further
tension cable is attached to the large slender body at the rear end thereof, and the further
tension cable is lengthened or shortened by the further fixation means.

[0018] Another embodiment of the invention provides a method wherein the fixation means
comprise first and second fixation means, and wherein the tension cable is attached to the first
fixation means, is guided along the guiding means and around attachment means, provided on
the large slender body and led back along the guiding means to the second fixation means to
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form a sling.

[0019] Even more preferred is a method wherein the device comprises two pairs of first and
second fixation means, and two tension cables that are each attached to the first fixation
means of a pair, guided along the guiding means and around attachment means, provided on
the large slender body and led back along the guiding means to the second fixation means of
said pair to form a sling.

[0020] It has advantages to characterize the method according to the invention by an
embodiment in which the attachment means of the large slender body are located between the
top end thereof and its center of gravity, and more preferably relatively close to its center of
gravity.

[0021] When using the method for erecting a monopile of a wind turbine, the erected
monopile is according to an embodiment driven into the substrate by a hydraulic hammer after
it has been erected, i.e. put in a substantially vertical position along an edge of the work deck
of the platform. A hydraulic hammer, optionally with follower, is known per se to the skilled
person.

[0022] The invention further relates to a method for installing an elevated mass, such as a
wind turbine, onto a monopile, the method comprising the method steps according to the
invention as elucidated above in more detail, and the step of connecting the wind turbine to the
erected monopile. Connecting the wind turbine tower to the monopile may conveniently be
carried out by grouting a transition piece on the monopile, and forming the connection between
the monopile and the turbine tower.

[0023] Although the method according to the invention may be applied to provide a foundation
for any erected structure, the method is preferably applied to a structure that is founded onto a
substrate under water.

[0024] The method according to the invention is further in particular suitable for cylindrical
hollow monopiles having a length of at least 20 m, more preferably at least 40 m and most
preferably at least 60 m, and a weight of at least 300 tons, more preferably at least 500 tons,
and most preferably at least 700 tons.

[0025] The invention will now be explained in more detail with reference to the drawings,
without however being limited thereto and wherein:

Fig. 1 schematically shows a perspective view of an embodiment of the device according to the
invention;

Fig. 2A and 2B schematically show a view from above and a side view respectively of the
embodiment of figure 1 in a first step of the method according to the invention;

Fig. 3A and 3B schematically show a view from above and a side view respectively of the
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embodiment of figure 1 in a next step of the method according to the invention;

Fig. 4A and 4B schematically show a view from above and a side view respectively of the
embodiment of figure 1 in another next step of the method according to the invention;

Fig. 5A and 5B schematically show a view from above and a side view respectively of the
embodiment of figure 1 in yet another step of the method according to the invention;

Fig. 6A and 6B schematically show a view from above and a side view respectively of the
embodiment of figure 1 in a final step of the method according to the invention; and finally

Fig. 7 schematically shows a perspective view of another embodiment of the device according
to the invention.

[0026] Referring to figures 1 and 2, an embodiment of a device 1 for erecting a monopile 2 of
a wind turbine is shown. Device 1 comprises a jack-up platform 10 provided with spud poles 11
at its four corners, and a work deck 12. The platform 10 is stabilized by lowering the spud
poles 11 until they take support onto or into the seabed 100. The work deck 12 may in this
stabilized position be raised above sea level 101 by jacking it upwards along the spud poles 11,
as shown in figure 2B for instance. To work deck 12 are connected a pair of first and second
fixation means (3, 4) for a tension cable 5, as well as guiding means for tension cable 5 in the
form of a hoist bracket 6. Hoist bracket 6 extends over an edge 13 of work deck 12 and is
provided with a sheave 7. Hoist bracket 6 is supported by member 8, which is connected to
and supported by the side 13. A second pair of first and second fixation means (3', 4') for a
second tension cable 5' are also connected to work deck 12, as well as guiding means for
tension cable 5' in the form of a hoist bracket 6'. As with hoist bracket 6, hoist bracket 6'
extends over an edge 13 of work deck 12 and is provided with a sheave 7'. Hoist bracket 6' is
supported by member 8', which is connected to and supported by the side 13.

[0027] The first fixation means 3 comprise a winch 30 and a compound pulley, which is a
combination of a fixed pulley 31 and a movable pulley 32. Fixed pulley 31 is connected to work
deck 12, while movable pulley 32 is trailing. Compound pulley (31, 32) is a block and tackle, i.e.
comprises several sheaves mounted on each axle or one sheave with several grooves. A
tension cable 35 is at one end attached to fixed pulley 31, runs to the movable pulley 32, is
wound around its sheave and returns to fixed pulley 31 where it is wound around its sheave
before running to the movable pulley again. This loop is repeated a desired number of times
before tension cable 35 is led to winch 30 where it is wound up.

[0028] In operation the tension cable 5 is attached to the first fixation means 3 by a shackle
33, connected to movable pulley 32, is guided along the sheave 7 of hoist bracket 6 and
around attachment means in the form of bollard 20, that is welded on the monopile 2, and led
back along the sheave 7 of hoist bracket 6 to the second fixation means 4 to form a sling. The
second fixation means 4 comprise similar components as the first fixation means 3 and their
description will not be repeated here. The sling formed by tension cable 5 can be shortened
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(thereby pulling on bollard 20) or lengthened (thereby lowering bollard 20) by winding up or
winding down the cable 35 with the aid of winch 30. In the same way, a tension cable 5' is
attached to the first fixation means 3' by a shackle 33', connected to movable pulley 32', is
guided along the sheave 7' of hoist bracket 6' and around attachment means in the form of
bollard 20, that is welded on the monopile 2, and led back along the sheave 7' of hoist bracket
6' to the second fixation means 4' to form a sling. The sling formed by tension cable 5' can be
shortened (thereby pulling on bollard 20") or lengthened (thereby lowering bollard 20') by
winding up or winding down the cable 35' with the aid of winch 30'.

[0029] In the embodiment shown, platform 10 comprises additional spud poles (14, 14') that
are arranged at the edge 13 of work deck 12 on both sides of hoist brackets (6, 6') and in
proximity thereof. Additional spud poles (14, 14") that take support onto or into the sea bed,
prevent the platform 10 from tilting to an undesirable level during operations. To the work deck
are connected further fixation means in the form of a winch 50 that is able to wind up or wind
down a further tension cable 55. Tension cable 55 is guided along further guiding means in the
form of a hoist bracket 51 with sheave 52, provided at an edge 15 opposite the edge 13. In
operation, tension cable 55 is attached to the monopile 2 at a rear end thereof.

[0030] With reference to figures 2 to 6, several steps of an embodiment of the method for
erecting the monopile 2 are shown. The method comprises providing a device as has been
described in detail above. The platform 1 is first put in a jacked-up position by lowering the
spud poles 11 until they take support into or onto the seabed 100, and then raising the work
deck 12 with respect to the spud poles 11 until the desired height of the work deck is reached.
Work deck is then above sea level 101.

[0031] A monopile 2 which has been transported from the shore to the off-shore platform 1 by
closing off its two open ends with closure caps of steel or another suitable material such that it
is able to float in the water in a substantially horizontal position, is then brought at least partly
underneath the work deck 12 of platform 1 in this substantially horizontal floating condition. A
top end part 21 of monopile 2 is brought more or less underneath the edge 13 between the
brackets (6, 6') and a rear end 22 thereof more or less underneath the edge 15 of bracket 51.
With the monopile 2 in this position, the slings formed by tension cable 5 and 5' are slung
around the bollards 20 and 20' respectively, and the rear cable 55 is likewise attached to the
rear end 22, for instance by forming a loop. Bollards (20, 20') on monopile 2 are located
between the top end 23 of monopile 2 and its center of gravity 24, and more preferably
relatively close to the center of gravity 24. In this position, the two closure caps are then
removed which allows the monopile 2 to fill with water.

[0032] As shown in figures 3A and 3B, the tension cables 5 and 55 are then straightened by
winding up cables (35, 45, 35', 45") on winches (30, 40, 30', 40"), and cable 55 on winch 50.

[0033] As shown in the sequence of figures 4 and 5, the monopile 2 is then pulled in an
erected position (figure 5) along the edge 13 of work deck 12, in which it gradually fills up with
water. In this process, the rear cable 55 is gradually lengthened.
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[0034] In a last step of the method the monopile 2 is driven into the seabed under the action
of a hydraulic hammer 25, known per se in the art. If desired a hydraulic hammer 25 with
follower may be used. Once the monopile 2 is driven to target depth a transition piece is fitted
onto the monopile and the annulus between the monopole and transition piece is grouted
making an extremely strong connection. A tower of for instance a wind turbine may then be put
onto the transition piece, according to known methods.

[0035] The embodiment of the method and device described above was based on the use of
drum winches and pulleys. With reference to figure 7 another preferred embodiment of the
device according to the invention is shown. This embodiment will be described in relation to the
device only, the method using this embodiment being substantially similar as the method
described for the embodiment using drum winches and pulleys. In the embodiment of figure 7,
the fixation means and the further fixation means comprise linear winches (70, 80, 70', 80")
and 90. The components of a linear winch will be described by reference to linear winch 70
onloy but it is to be understood that linear winches 70', 80, 80' and 90 have similar
components. Linear winch 70 comprises a steel frame 71 designed to withstand a rated load
and attached firmly to work deck 12 by bollard 74 and cable 75. Linear winch 70 comprises two
cable grips 72 and 73, which are guided by runners on the frame 71 and may be moved along
the longitudinal direction of the frame by two hydraulic cylinders (not shown). The two cable
grips 72 and 73 catch the tension cable 5 intermittently thereby allowing to pull or pay out cable
5, as desired. A hydraulic power unit (not shown) is used to power the linear winch.

[0036] The method and device according to the invention allow the provision of a monopile
foundation in an efficient manner, obviating the need for large cranes on the platform, and
requiring less time than the known method. The method is less dependent on weather
conditions moreover.
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Patentkrav

1. Indretning (1) til oprejsning af et stort slankt legeme pa havet, sdsom en mo-
nopeel (2) til en vindturbine, hvilken indretning omfatter:

en selvigftende platform (10) der er tilvejebragt med ankerpeaele (11) til fastge-
relse i en bund (100) under vandet,

et arbejdsdaek (12) til hvilket der er forbundet fikseringsmidler (3, 4, 3, 4') til et
spaendkabel (5, 5'), og

faringsmidler (6, 7, 6', 7°) der er tilvejebragt ved en kant af arbejdsdeekket (12),
hvilke fikseringsmidler (3, 4, 3', 4") og faringsmidler (6, 7, 6', 7') er tilvejebragt pa
hojde med arbejdsdaekket,

hvorved spaendkabelet (5, 5') under drift er forbundet til fikseringsmidlerne (3, 4,
3', 4", er fort langs faringsmidlerne (6, 7, 6', 7') og er forbundet til det store slanke
legeme,

hvor der til arbejdsdeekket (12) er forbundet yderligere fikseringsmidler (50) til et
yderligere spaendkabel (55), og

yderligere faringsmidler (51, 52) der er tilvejebragt ved en kant (15) modsat kan-
ten (13) af fgringsmidlerne (6, 7, 6', 7'),

hvilke yderligere fikseringsmidler (50) og yderligere faringsmidler (51, 52) er til-
vejebragt pa hgjde med arbejdsdackket,

hvorved det yderligere spaendkabel (55) under drift er forbundet til det store
slanke legeme ved dets bageste ende (22),

hvilke yderligere fikseringsmidler (50) er indrettet til at forleenge eller forkorte det
yderligere spandkabel (55),

hvor forbindelsesmidler (20) for det store slanke legeme (2) er placeret mellem
dets overste ende og dets tyngdepunkt (24),

hvilke fikseringsmidler (3, 4, 3', 4’) er indrettet til at forkorte spaendkablet (5, 5')
og derved gradvist at bringe det slanke legeme (2) i en oprejst position langs
kanten af arbejdsdaekket (12).
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2. Indretningen ifalge krav 1, hvor fikseringsmidlet omfatter et forste og et andet
fikseringsmiddel, og hvor spaendkablet under drift er forbundet til det farste fikse-
ringsmiddel, er fart langs foringsmidlet og omkring forbindelsesmidler, der er til-
vejebragt pa det store slanke legeme, og fort tilbage langs faringsmidlet til det
andet fikseringsmiddel for at danne en slynge, hvilke fikseringsmidler er indrettet

til at forleenge eller forkorte slyngen.

3. Indretningen ifalge krav 2, hvilken indretning omfatter to par af et forste og et

andet fikseringsmiddel og to spaendkabler.

4. Indretning ifelge et hvilket som helst af de foregaende krav, hvor fikserings-
midlerne og/eller de yderligere fikseringsmidler omfatter spil, fortrinsvis linesere
spil.

5. Indretning ifelge et hvilket som helst af de foregadende krav, hvor fikserings-

midlerne og/eller de yderligere fikseringsmidler omfatter en bevaegelig trisse.

6. Indretning ifolge et hvilket som helst af de foregdende krav, hvor fikserings-
midlerne og/eller de yderligere fikseringsmidler omfatter en sammensat trisse,

dvs. en kombination af en fast og en bevaegelig trisse.

7. Indretningen ifglge krav 6, hvor den sammensatte trisse omfatter en blok og

talje.

8. Indretning ifglge et hvilket som helst af de foregaende krav, hvor fgringsmid-
lerne omfatter en hejsebgijle, som straekker sig over kanten af arbejdsdackket og

er forsynet med en remskive.

9. Indretning ifalge et hvilket som helst af de foregdende krav, hvor platformen
omfatter yderligere ankerpaele der er anbragt ved kanten af arbejdsdaekket pa

begge sider af faringsmidlet og i naerhed deraf.
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10. Fremgangsmade til oprejsning af et stort slankt legeme p& havet, sdsom en
monopeel til en vindturbine, hvilken fremgangsmade omfatter:
- at tilvejebringe en indretning ifalge et hvilket som helst af de foregaende
krav;
- at bringe det store, slanke legeme i en i det vaesentlige horisontal fly-
dende tilstand mindst delvist under platformens arbejdsdaek, mens plat-
form er i en oploftet position, séledes at en gverste ende af legemet er
under kanten af faringsmidlerne og en bageste ende af legemet er under
kanten af de yderligere foringsmidler;
- at forbinde spaendkablet til fikseringsmidlerne og til det slanke legeme,
hvilke forbindelsesmidler for det store slanke legeme er anbragt mellem
dets gverste ende og dets tyngdepunkt; og
at forbinde et yderligere speendkabel til det store slanke legeme ved dets
bageste ende deraf; og
- at treekke i spaendkablet ved hjeelp af fikseringsmidlerne derved;
- at bringe det slanke legeme gradvist i en oprejst position langs kanten
af arbejdsdaekket; og
- eventuelt at drive det slanke legeme ned i bunden under vandet.

11. Fremgangsmaden ifolge krav 10, hvor fikseringsmidlet omfatter et farste og
et andet fikseringsmiddel, og hvor spaendkablet forbindes til det forste fikserings-
middel, fgres langs faringsmidlet og omkring forbindelsesmidler der er tilveje-
bragt pa det store, slanke legeme, og fares tilbage langs faringsmidlet til det an-
det fikseringsmiddel for at danne en slynge.

12. Fremgangsmaden ifglge krav 11, hvor indretningen omfatter to par af det for-
ste og andet fikseringsmiddel, og to spaendkabler som hver forbindes til de fgrste
fikseringsmidler af et par, fgres langs foringsmidlet og omkring forbindelsesmidler
der er tilvejebragt pa det store slanke legeme, og fores tilbage langs faringsmid-
lerne til det andet fikseringsmiddel af et par for at danne en slynge.
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13. Fremgangsmade ifglge et hvilket som helst af kravene 10-12, hvor forbindel-
sesmidlerne af det store slanke legeme er placeret relativt taet pa dets tyngde-

punkt.

14. Fremgangsmade ifglge et hvilket som helst af kravene 10-13, hvor det slanke
legeme er en monopeel til en vindturbine og drives ind i substratet ved hjeelp af

en hydraulisk hammer.

15. Fremgangsmade til oprejsning af en i hgjden udstrakt masse, sdsom en vind-
turbine p4 en monopeal, hvilken fremgangsméade omfatter fremgangsmadetrin-
nene ifglge et hvilket som helst af kravene 10-14 og trinnet med at forbinde vind-

turbinen til den oprejste monopazel.
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