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tower.

An assembly of a tower and a monopile.

An assembly of a tower for supporting a wind turbine and a tubular monopile to be driven into a seabed.
The monopile is provided with a monopile flange that extends radially from a circumferential wall of the
monopile. It has a monopile flange surface for supporting the tower. The monopile comprises an impact
portion for receiving strikes of an anvil. The impact portion extends at a side of the monopile flange
surface in radial direction thereof. The tower and the monopile are shaped such that at the impact portion
a distance is present between the tower and the monopile in longitudinal direction of the monopile as well
as in radial direction thereof at the side of the monopile flange surface when the monopile supports the

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de techniek en

schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende stukken.
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An assembly of a tower and a monopile

The present invention pertains to an assembly of a
tower for supporting a wind turbine and a tubular monopile to be
driven into a seabed, the monopile being provided with a
monopile flange extending radially from a circumferential wall
of the monopile and having a monopile flange surface for
supporting the tower, wherein the monopile comprises an impact
portion for receiving strikes of an anvil, which impact portion
extends at a side of the monopile flange surface in radial
direction thereof.

The operating costs for offshore heavy lift equipment
to install the monopile and the tower are relatively high.
Therefore, it is desired to mount the tower onto the monopile as
soon as possible after the monopile has been driven into the
seabed. The idle time of the 1lift equipment is reduced when the
monopile is already provided with a flanged structure before
driving it into the seabed. However, large accelerations in the
monopile during driving the monopile by a hydraulic hammer may
lead to deformations of the monopile and decrease of the fatigue
life of the monopile, even if the anvil strikes onto the impact
portion and not directly onto the monopile flange surface
itself.

EP 1 770 276 is related to a method for installing a
wind turbine, wherein a monopile including a flanged portion is
driven into the soil and a wind turbine tower is mounted
directly on the monopile. The tower is supported by the flanged
portion of the monopile. The prior art document describes
several methods to minimize damage to the flanged portion by the
impacting driving load, such as locating the flanged portion
away from the top end of the monopile, removing a top portion
from the flanged portion after driving the monopile into the
soil, impacting onto a secondary flange and applying a
disposable shim on the flanged surface.

It is an object of the present invention to provide a
simple assembly of a tower and a monopile which allows a rapid

assembling process.
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This is achieved by the assembly according to the
invention, which is characterized in that the tower and the
monopile are shaped such that at the impact portion a distance
is present between the tower and the monopile in longitudinal
direction of the monopile as well as in radial direction thereof
at the side of the monopile flange surface when the monopile
supports the tower.

This means that the impact portion is allowed to deform
during driving the monopile into the seabed, whereas the tower
can be mounted onto the monopile by placing it onto the monopile
flange surface thereof without being hindered by deformations of
the impact portion at the side of the monopile flange surface or
at the top thereof. This provides the opportunity to mount the
tower onto the monopile soon after driving the monopile into the
seabed, eliminating additional work steps.

In practice, the impact portion may be located above
the tubular portion of the monopile in order to effectively
transfer the impact load to the lower portion of the monopile.

The tower and the monopile may be shaped such that
there is also a distance between the tower and the monopile in
radial direction of the monopile at a side of the impact portion
opposite to the monopile flange surface when the monopile
supports the tower. This means that in assembled condition the
tower i1s free from the monopile at opposite sides of the impact
portion in radial direction of the monopile.

Preferably, the monopile is provided with a sealing
portion for supporting the tower together with the monopile
flange surface, which sealing portion extends at a side of the
impact portion opposite to the flange surface. In assembled
condition of this embodiment the tower rests on the monopile
flange surface as well as on the sealing portion. As a
consequence, a space between the tower and the monopile at the
impact portion is substantially sealed with respect to the
environment. This minimizes the risk of corrosion of the tower
and/or the monopile.

A space created by the distance between the tower and
the monopile at the impact portion may be filled with a

corrosion-resistant substance. This prevents at least the impact
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portion from corrosion after damaging and/or deforming the
impact portion during driving the monopile into the seabed.

In a practical embodiment the monopile has a circular
cross—-section and the impact portion is located concentrically
with respect to the circumferential wall of the monopile. In
case 0of the presence of a sealing portion as described
hereinbefore, the sealing portion may also be located
concentrically with respect to the circumferential wall of the
monopile.

In a preferred embodiment the monopile flange extends
inwardly from the circumferential wall of the monopile since
this minimizes protruding parts at the outside of the assembled
tower and monopile. The flange may extend along the inner
circumference of the monopile. Furthermore, in case of the
presence of a sealing portion as described hereinbefore, the
sealing portion may extend up to an outer surface of the
circumferential wall of the monopile. This provides the
opportunity to create a smooth transition of the outer surfaces
of the monopile and the tower in assembled condition.

The tower may also be tubular and provided with a tower
flange that fits to the monopile flange. The flanges can be
fixed to each other by means of bolts, for example.

In case of the presence of a sealing portion as
described hereinbefore, the impact portion may comprise an
elevation between the monopile flange surface and the sealing
portion, wherein the tower comprises a recess for accommodating
the elevation. The monopile flange surface and the sealing
portion may extend in a substantially flat plane that extends
perpendicularly to a centre line of the monopile, whereas the
impact portion may project from the plane. It is noted that in a
practical embodiment the monopile flange surface may be slightly
inclined with respect to the flat plane away from the upper end
of the monopile as seen from the circumferential wall thereof,
for example at an angle of 1°.

The distance between the monopile flange surface and
the impact portion in longitudinal direction of the monopile may
be smaller than the thickness of the monopile flange, and
preferably smaller than half of the thickness thereof. The

distance may even be smaller than 15% of the thickness of the
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monopile flange. An advantage of the limited distance is that a
flange portion can be manufactured relatively easy by machining
a ring-shaped element and cutting the sealing portion and the
monopile flange surface such that the impact portion remains as
a concentrical elevation above and between the sealing portion
and the monopile flange surface, after which the resulting
flange portion can be welded to an end of a tubular monopile
portion.

The invention will hereafter be elucidated with
reference to drawings illustrating an embodiment of the
invention very schematically.

Fig. 1 is a side view of an offshore wind turbine
system comprising an embodiment of an assembly of a tower and a
monopile according to the invention.

Fig. 2 is an enlarged cross-sectional view of a part of
the embodiment of Fig. 1 as indicated by II therein.

Fig. 3 is a similar view as Fig. 2, illustrating an
upper portion of the monopile separately.

Fig. 1 shows an offshore wind turbine system 1, which
is supported in the sea bed B and rises above the sea level S.
The wind turbine system 1 comprises an assembly of a tower 2 for
supporting a wind turbine and a tubular monopile 3 to be driven
into the seabed B. In the assembled condition as shown in Fig. 1
the monopile 3 forms a foundation or substructure for the tower
2. The monopile 3 generally comprises a cylindrical steel pipe
which is driven by a hydraulic hammer (not shown) into the
seabed B to a predetermined depth. After the monopile 3 has been
driven into the seabed B an upper end portion of the monopile 3
projects above the sea level S and subsequently the tower 2 is
mounted thereon. A part of the transition between the monopile 3
and the tower 2 in assembled condition is illustrated in Fig. 2,
whereas a part of the upper end portion of the monopile 3 is
shown in Fig. 3.

The monopile 3 is provided with a monopile flange 4
which extends radially inwardly from a circumferential wall of
the monopile 3. In the embodiment as shown in Figs. 2 and 3 the
monopile flange 4 is part of a flange portion 5 which is welded
to an upper end of a tubular monopile portion at a weld seam 6.

The monopile flange 4 has a monopile flange surface 7 for
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supporting the tower 2. The monopile flange surface 7 extends
substantially perpendicularly to the centre line of the monopile
3 and is directed away from the monopile 3. In the embodiment as
shown in Fig. 2 the tower 2 1is also tubular and provided with a
tower flange 8. The tower flange 8 may be welded to a lower end
of a tubular tower portion. The monopile flange 4 and the tower
flange 8 fit to each other such that the monopile flange surface
7 supports the tower flange 8 in assembled condition. The tower
2 may be attached to the monopile 3 by means of fixing the tower
flange 8 and the monopile flange 4 to each other, for example
through bolts which pass through holes in the flanges 4, 8.

The upper surface of the monopile 3 that is directed to
the tower 2 also comprises an impact portion 9 for receiving
strikes of an anvil (not shown) during driving the monopile 3,
and a sealing portion 10 for supporting the tower 2 together
with the monopile flange surface 7. The impact portion 9
extends concentrically with respect to the monopile flange
surface 7 at an outer circumference thereof and the sealing
portion 10 also extends concentrically with respect to the
monopile flange surface 7 at a side of the impact portion 9
opposite to the monopile flange surface 9. In this case the
impact portion 9 forms an elevation between the monopile flange
surface 7 and the sealing portion 10. This allows to use an
anvil having a flat lower surface, since the elevated impact
portion 9 prevents the anvil from touching the monopile flange
surface 7 and the sealing portion 10 during striking onto the
monopile 3. The elevation may be such that the distance between
the monopile flange surface 7 and the impact portion 9 in
longitudinal direction of the monopile 3 is smaller than 20% of
the thickness of the monopile flange 4, for example 3-5 mm, but
a smaller or larger distance is conceivable.

Fig. 2 shows that a lower side of the tower 2 comprises
a recess 11 for accommodating the elevation at the impact
portion 9 in the assembled condition. The recess 11 is shaped
such that at the impact portion 9 there is a distance between
the tower 2 and the monopile 3 in longitudinal direction of the
monopile 3 as well as in radial direction thereof at opposite
sides of the impact portion 9. This avoids a situation that any

deformation at the impact portion 9 may form an obstruction for
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the fitting of the tower 2 on the monopile 3 at the monopile
flange surface 7 and the sealing surface 10.

The surfaces of the monopile 3 may be coated with a
protecting coating before driving the monopile 3 into the seabed
B, for example a metallic coating. This may be performed
onshore. After the monopile 3 has been installed the impact
portion 9 may be damaged and any protecting coating on the
impact portion 9, if present, may be removed. Therefore, the
space created between the impact portion 9 and the tower 2 at
the recess 11 is filled with a corrosion-resistant substance.

In the assembled condition as shown in Fig. 2 there is
a smooth transition between the tower 2 and the monopile 3 at
their outer surfaces. The sealing portion 10 extends up to the
outer surface of the circumferential wall of the monopile 3,
such that an appropriate seal is obtained in order to avoid
penetration of air and/or water between the tower 2 and the
monopile 3.

The invention is not limited to the embodiment as shown
in the drawings and described hereinbefore, which may be varied

in different manners within the scope of the claims.
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7

CONCLUSIES

1. Een samenstel van een toren (2) voor het dragen van een

windturbine en een in een zeebodem (B) te drijven
buisvormige monopile (3), waarbij de monopile (3) is
voorzien van een monopile-flens (4) die zich radiaal vanaf
een omtrekswand van de monopile (3) uitstrekt en een
monopile-flensoppervlak (7) heeft voor het dragen van de
toren (2), waarbij de monopile (3) een slaggedeelte (9)
voor het opnemen van slagen van een aambeeld omvat, welk
slaggedeelte (9) zich aan een zijde van het monopile-
flensoppervlak (7) in radiale richting daarvan uitstrekt,
met het kenmerk, dat de toren (2) en de monopile (3)
zodanig zijn gevormd dat ter plaatse van het slaggedeelte
(9) een afstand aanwezig is tussen de toren (2) en de
monopile (3) in langsrichting van de monopile (3) alsook in
radiale richting daarvan aan de zijde van het monopile-
flensoppervlak (7) wanneer de monopile (3) de toren (2)

draagt.

. Een samenstel volgens conclusie 1, waarbij de toren (2) en

de monopile (3) zodanig zijn gevormd, dat er ook een
afstand tussen de toren (2) en de monopile (3) in radiale
richting van de monopile (3) is aan een zijde van het
slaggedeelte (9) dat tegenover het monopile-flensoppervlak

(7) ligt wanneer de monopile (3) de toren (2) draagt.

. Een samenstel volgens conclusie 2, waarbij de monopile (3)

is voorzien van een afdichtgedeelte (10) voor het dragen
van de toren (2) tezamen met het monopile-flensoppervlak
(7), welk afdichtgedeelte (10) zich aan een zijde van het
slaggedeelte (9) uitstrekt dat tegenover het monopile-
flensoppervlak (7) ligt.

. Een samenstel volgens één van de voorgaande conclusies,

waarbij een door de afstand tussen de toren (2) en de
monopile (3) gecreéerde ruimte bij het slaggedeelte (9) is

gevuld met een corrosiebestendige stof.
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. Een samenstel volgens één van de voorgaande conclusies,

waarbij de monopile (3) een cirkelvormige dwarsdoorsnede
heeft en het slaggedeelte (9) concentrisch ten opzichte wvan

de omtrekswand van de monopile (3) is gelegen.

. Een samenstel volgens één van de voorgaande conclusies,

waarbij de monopile-flens (4) zich binnenwaarts vanaf de

omtrekswand van de monopile (3) uitstrekt.

. Een samenstel volgens conclusie 3 en 6, waarbij het

afdichtgedeelte (10) zich uitstrekt tot aan een

buitenoppervlak van de omtrekswand van de monopile (3).

. Een samenstel volgens één van de voorgaande conclusies,

waarbij de toren (3) buisvormig is en voorzien is van een

torenflens (8) die op de monopileflens (4) past.

. Een samenstel volgens één van de voorgaande conclusies,

waarbij de monopileflens (4) deel uitmaakt van een
flensgedeelte (5) dat aan een bovenuiteinde van een
buisvormig monopilegedeelte is gelast.

Een samenstel volgens één van de voorgaande conclusies
en conclusie 3, waarbij het slaggedeelte (9) een verhoging
omvat tussen het monopile-flensoppervlak (7) en het
afdichtgedeelte (10), waarbij de toren een uitsparing (11)
omvat voor het opnemen van de verhoging.

Een samenstel volgens één van de voorgaande conclusies,
waarbij de afstand tussen het monopile-flensoppervlak (7)
en het slaggedeelte (9) in langsrichting van de monopile
(3) kleiner is dan de dikte van de monopile-flens (4), en

bij voorkeur kleiner is dan de helft van de dikte daarvan.
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ItemV

The subject matter of claims 1-11 is new and inventive over the prior art.

1
Closest prior art document D1 (= EP 2500473 A1) discloses (Par. 0001-00014)

". Een samenstel van een toren (12) voor het dragen van een windturbine en een in
een zeebodem (B) te drijven buisvormige monaopile (1), waarbij

. de monopile (1m) is voorzien van een monopile-flens (8) die zich radiaal vanaf een
omtrekswand van de monopile (1) uitstrekt en een

. monopile-flensopperviak heeft voor het dragen van de toren, waarbij de monopile (1)
een slaggedeelte (8) voor het opnemen van slagen van een aambeeld omvat, welk
slaggedeelte zich aan een zijde van het monopile- flensopperviak in radiale richting
daarvan uitstrekt."

From this disclosure, the subject matter of claim 1 differs in that

"de toren (2) en de monopile (3) zodanig zijn gevormd dat ter plaatse van het
slaggedeelte (9) een afstand aanwezig is tussen de toren (2) en de monopile (3) in
langsrichting van de monopile (3) alsook in radiale richting daarvan aan de zijde van
het monopile- flensopperviak (7) wanneer de monopile (3) de toren (2) draagt”.

Therefore, the subject matter of claim 1 is new.

The distinguishing features allow for accepting deformation of the flange surface
without prejudice for the proper fit of the tower to be mounted thereon.

The solution of this problem is far beyond what the skilled man would foresee by
himself.

Since there is no guidance in the available prior art, the claim 1 is considered based
on an jnvention.

Form NL237-3 (separate sheet) (July 2006) (sheet 1)
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re dependent claims 2-11

These claims are per se new and inventive with respect to the prior art.

Form NL237-3 (separate sheet) (July 2006) (sheet 2)
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