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Wind turbine installation method and wind turbine assembly suitable for use in said method.

A method of installing an offshore wind turbine comprising a column supported on a foundation provides
an upper assembly including a generator supported on the column and having a drive axis and a hub
attached to said drive axis. At least three rotor blades are connected to the hub for driving the axis in
rotation when driven by wind. On shore, the generator is connected to a column upper part and one rotor
blade is fixed to the hub in an operational position. Two rotor blades are on shore connected to the hub
via a hinge connection and are placed in a transport position so that they extend substantially in the same
direction as the fixed rotor blade. The hinging rotor blades can optionally be locked in their transport
position to the column upper part. The upper assembly is sailed on a barge to a foundation at an offshore
installation site and is lifted onto the foundation. The hinging blades can, in case they are locked, be
unlocked and by rotation of the hub the flanges of the rotor blades are aligned with the flanges of the hub
and are interconnected while the hinging rotor blades each time extend in a vertically downward direction.

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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Wind turbine installation method and wind turbine assembly suitable for use in

said method

Field of the invention

The invention relates to a wind turbine installation method for installing an offshore
wind turbine comprising a column supported on a foundation, a generator supported on
the column having a drive axis and a hub attached to said drive axis, and at least three
rotor blades connected to the hub for driving the axis in rotation. The present invention

also relates to a wind turbine assembly suitable for use in said method.

Background

From W02009/068038 a wind turbine installation method is known in which at an on-
shore construction site, two wind turbine rotor blades are connected to the hub of a
nacelle in a so-called “bunny ears” configuration and one blade is temporarily fixed in
a vertical orientation to the upper tower section. Several upper tower sections, each
carrying a vertical rotor blade, are placed vertically on a barge and are, together with
the corresponding nacelles, transported to the offshore installation site. There the upper
tower sections are lifted by means of a jack-up installation and are secured to a pre-
installed foundation. Next, the nacelle with the two rotor blades in bunny ear
configuration is lifted from the barge and is secured on top of upper tower part. Finally,
the vertical blade is moved vertically upwards along the tower, for instance along a rail
system, to be aligned with a flange on the hub of the nacelle and is fixed to this flange,

where after the temporary connection of the third rotor blade to the tower is released.

The known system provides increased installation speed and avoids the need for
attaching the rotor blades to the nacelle at the installation site, which may be subject to
the disturbing effects of waves and wind. Transporting and handling of the nacelle with
the two rotor blades attached in bunny ear configuration is relatively elaborate, as the
blades require a large available deck space and care should be taken during installation
to avoid impact of the blades with other blades or with the tower sections on the barge

or the pre-installed foundation. Furthermore, the alignment and connection step of the
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2
third blade to the hub requires precise positioning and corresponding calm weather

conditions.

It is an object of the present invention to provide a wind turbine installation method and
assembly for use in said method with which rapid an accurate installation can be
achieved. It is a further object of the present invention to provide a wind turbine

installation method with a reduced sensitivity for weather conditions.

Summary of the invention

Hereto the method according to the invention is characterised by the steps of:

- on shore attaching the generator to a column upper part, fixing one rotor blade
to the hub in an operational position and connecting two rotor blades to the hub
via a hinge connection in a transport position so that they extend substantially in
the same direction as the fixed rotor blade,

- lifting the assembly of column upper part, generator and rotor blades onto a
vessel via a lifting device attached at the top of the assembly,

- sailing the vessel to a foundation at an offshore installation site,

- lifting the assembly, and attaching the column upper part to the foundation,

- hinging a first hinging rotor blade into a substantially vertical state by rotation
of the hub, and fixing the first rotor blade in its operational position to the hub
in the vertical state, and

- hinging the second hinging rotor blade into a substantially vertical state by
rotation of the hub, and fixing the second rotor blade in its operational position

to the hub in the vertical state.

By attaching the three rotor blades to the hub at the on-shore construction site, and
hinging two rotor blades into a transport position, an accurate alignment and attaching
under controlled conditions is possible. By placing the three rotor blades to extend
substantially in the same direction along the column upper part, a compact assembly is
achieved which allows efficient storage and transport to the installation site on a barge,
and which allows accurate and safe lifting and connection to a wind turbine foundation

at the offshore installation site. After attaching the generator, or nacelle, to the
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foundation, the two hinging rotor blades may be hinged into their operational state. By
rotating the hub such that the two hinging rotor blades are placed in succession in a
vertically downward orientation, the hinging connections of these rotor blades to the

hub can in that operational position be easily locked, even at higher sea states.

In one embodiment, the hinging rotor blades may be locked in their transport position
to the column upper part, prior to lifting of the assembly. Locking of the rotor blades
keeps these blades securely fixed in a transport position in which they can be supported
on the column upper part and prevents uncontrolled hinge movements of the hinging
rotor blades during transport and attachment of the column upper part to the foundation
at the offshore installation site. After attachment of the column upper part, the hinging
rotor blades may be unlocked in succession, prior to hinging them into their operational

position.

A number of assemblies consisting of column upper parts, generators and rotor blades
may be transported on a barge in a horizontal orientation. In a preferred embodiment
however, the column upper part is longer than the length of the blades, such that the
pre-assembled upper column parts can be placed on a transport barge in a vertical
orientation whereby that at the installation site, these column upper parts can be easily
lifted and placed on the foundation. The length of the rotor blades may be 30 m or
more, the height of the column upper part being for instance 31 m or higher, the total

height of the wind turbine above water level being for instance 50 m or more.

Each hinging rotor blade may comprise a flange, the hub comprising a corresponding
flange, attached to the rotor blade flange via a hinge, each flange comprising a number
of holes for receiving bolts, which holes can be superimposed by hinging the flanges

onto one another along the hinge.

Preferably the turbine upper assembly comprising the tower upper section, the
generator attached to the upper section, and the at least three rotor blades being
connected to the hub is provided with a lifting member at sides or at the top of the
generator or at the upper column section, by which the assembly at the installation site

can be lifted by means of a crane vessel. The lifting member may comprise an external
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lifting tool based on friction, a flange lifting tool with jaws gripping underneath a
flange on the assembly or any other suitable connector such as an eye for engaging with
a complementary connector, for instance a hook of the crane vessel or a connection

tube.

Brief description of the drawings

An embodiment of a method in accordance with the invention will by way of non-
limiting example be described in detail with reference to the accompanying drawings.

In the drawings:

Fig. 1 shows a wind turbine upper assembly according to the invention having an upper
column part, a nacelle and three rotor blades in a vertical transport configuration,

Fig. 2 shows lifting of the assembly of fig 1 at an offshore installation site using a crane
vessel,

Fig. 3 shows the assembly attached to the wind turbine foundation prior to placing the
two rotor blades in their operational position, and

Figs. 4 and 5 show the steps of deploying the rotor blades into their operational state.

Detailed description of the invention

Fig. 1 shows a wind turbine upper assembly 1 according to the invention having a
column upper part 2 and a generator or nacelle 3 attached to a top end of the column
upper part 2. The column part 2 comprises at its lower end a flange 4 for connection to
a pre-installed offshore wind turbine foundation. Instead of using a flange 4, it is
possible that the column part 2 is connected to the foundation via other types of

connection, such as via a grouted connection.

A drive axis 5 of the nacelle 3 extends perpendicular to the plane of the drawing, for
driving the generator and is at its end provided with a hub 7. Three rotor blades 8,9,10
are connected to the hub 7. The rotor blade 10 is fixedly attached to the hub 7 via
flanges 11. A releasable transport locking device 12 secures the rotor blade 10 to the

column part 2 during transport. The rotor blades 8 and 9 each comprise flanges 12, 14
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that are attached to respective corresponding flanges 12°, 14’ on the hub 7 via hinges
13, 15. The rotor blades 8,9 are fixed in the transport position by releasable locking
members 17, 18 engaging with the column part 2 and maintaining the rotor blades in a

defined transport position.

At the top of the assembly 1, for instance at the top of the nacelle 3, a connector 21 for
attaching to a lifting device of a crane is provided. The assembly 1 can be lifted via the
connector 21 and can be placed on a barge in a vertical orientation, resting on the
flange 4 while being transported to an installation site. At the installation site, a crane
31 of crane vessel 22 (see fig. 2) lifts the assembly 1 off the barge, the connector 21
being attached to a lifting cable 24. The crane vessel 22 can be a separate vessel or can
be the same vessel transporting the assemblies to the installation site. The crane places
the flange 4 onto a foundation 23. After fixing the flange 4 to the foundation 23, the
locking members 16, 17 and 18 of the rotor blades 8,9 and 10 may be released and the
lifting cable 24 is released from the connector 21, such as shown in fig. 3. Then the hub
7 is rotated around the drive axis 5 in a clockwise direction, such that the blade 9
depends from the hub 5 in a vertically downward orientation, as shown in fig. 4. In this
position, the flanges 14,14’ are superimposed and aligned and bolts can be placed

though the aligned holes in the flanges.

Rotation of the hub 7 can be effected by means of a temporary generator that powers
the nacelle which temporary generator can be placed in the column upper section and is

removed from the wind turbine after installation.

With the rotor blades 9 and 10 in the operational position, the hub 5 is then rotated
counter clockwise (see fig. 5) such that the rotor blade 8 extends vertically downward
and the flanges 12,12’are superimposed. After connecting the flanges 12, 12°, the rotor
blade 8 is in its operational state and the installation of the wind turbine 30 is

completed.
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Conclusies

1. Werkwijze voor het installeren van een offshore windturbine (30) omvattende
een kolom die wordt ondersteund door een fundering (23), een generator (3) die op de
kolom wordt ondersteund met een aandrijfas (5) en een naaf (7) die aan de aandrijfas is
bevestigd, en ten minste drie rotorbladen (8,9,10) verbonden met de naaf (7) voor het in
rotatie aandrijven van de as, gekenmerkt door de stappen:

- het aan wal bevestigen van de generator (3) aan een kolombovendeel (2) en
bevestiging van een rotorblad (10) aan de naaf (7) in een operationele positie en
bevestiging van twee rotorbladen (8,9) aan de naaf (7) via een scharnierbare
verbinding (13,15) in een transportpositie zo dat zij zich in hoofdzaak in de
zelfde richting uitstrekken als het bevestigde rotorblad (10),

- heffen van het samenstel (1) van het kolombovendeel (2), de generator (3) en de
rotorbladen (8,9,10) op een vaartuig via een hefinrichting die is bevestigd aan
de bovenzijde van het samenstel (1),

- varen van het vaartuig naar een fundering (23) op de offshore installatieplaats,

- heffen van het samenstel (1) en bevestiging van het kolombovendeel (2) op de
fundering (23),

- scharnieren van een eerste scharnierend rotorblad (9) naar een in hoofdzaak
verticale stand door rotatie van de naaf (7) en bevestiging van het rotorblad (9)
aan de naaf (7) in zijn operationele positie in de verticale stand, en

- scharnieren van het tweede rotorblad (8) naar een in hoofdzaak verticale stand
door rotatie van de naaf (7) en bevestiging van het rotorblad (8) aan de naaf (7)

in zijn operationele positie in de verticale stand.

2. Werkwijze volgens conclusie 1, omvattende de stap van vergrendeling van de
scharnierbare rotorbladen (8,9) aan het kolombovendeel (2) in hun transportpositie,
voorafgaand aan het heffen van het samenstel (1) en het vrijgeven van de rotorbladen

(8,9) voordat zij in hun operationele positie worden gescharnierd.

3. Werkwijze volgens conclusie 1 of 2, waarbij het kolombovendeel (2) langer is
dan de lengte van de rotorbladen (8,9,10), waarbij het kolombovendeel (2) in een

verticale stand op het vaartuig wordt getransporteerd.
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4. Werkwijze volgens conclusie 1,2, of 3, waarbij de naaf (7) bij bevestiging van
het eerste scharnierbare rotorblad (9) in zijn operationele positie in een eerste richting
wordt geroteerd, en bij bevestiging van het tweede scharnierbare rotorblad (8) in zijn
operationele positie, in een tweede richting die tegengesteld is aan de eerste richting

wordt geroteerd.

5. Werkwijze volgens een der voorgaande conclusies, waarbij ieder scharnierbaar
rotorblad (8,9) een flens (12,14) omvat, waarbij de naaf (7) overeenstemmende flenzen
(12°, 14’) omvat die zijn bevestigd aan een respectieve rotorbladflens (12,14) via een
scharnier (13,15), warbij iedere flens (12,13, 14, 14’) een aantal gaten heeft voor het
ontvangen van bouten, welke gaten boven elkaar kunnen worden geplaatst door de
flenzen (12,12’;14,14’) boven op elkaar te scharnieren langs de overeenstemmende

scharnieren (13,15).

6. Bovenste samenstel (1) van een windturbine omvattende een kolombovendeel
(2), een generator (3) die is bevestigd aan het bovendeel (2), waarbij de generator een
as (5) heeft en een naaf (7) die is verbonden met de as, ten minste drie rotorbladen
(8,9,10) die zijn verbonden met de naaf (7), waarbij een rotorblad (10) zich langs het
kolombovendeel (2) uitstrekt en twee rotorbladen (8,9) scharnierbaar zijn verbonden

met de naaf (7) om zich in hoofdzaak naast het eerster rotorblad (10) uit te strekken.

7. Bovenste samenstel (1) van een windturbine volgens conclusie 6, waarbij het
bovenste samenstel losneembare vergrendelmiddelen (17,18) omvat voor het
vergrendelen van de gescharnierde rotorbladen (8,9) in een transportpositie en voor het
vrijgeven van de gescharnierde rotorbladen om deze bladen ten opzichte van de naaf

(7) naar een operationele positie te scharnieren.

8. Bovenste samenstel (1) van een windturbine volgens conclusie 6 of 7,

omvattende een heforgaan (21) op de generator (3) of op het kolombovendeel (2).

9. Bovenste samenstel (1) van een windturbine volgens conclusie 6, 7 of 8, waarbij

ieder scharnierbaar rotorblad (8,9) is verbonden met de naaf (7) via een flens (12,14),
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waarbij de flenzen (12,14) van de scharnierbare rotorbladen zijn bevestigd aan een
overeenkomstige flens (12°,14) van de naaf (7) via een scharnier (13,15), waarbij
iedere flens (12,12°;14,14”) is voorzien van bevestiginggaten die boven elkaar kunnen

worden gelegd door de flenzen rond hun respectieve scharnier te scharnieren.

10.  Windturbine (30) met een fundering (23) en verbonden daarmee een bovenste

samenstel (1) van een windturbine volgens een der conclusies 6-9.
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Reference is made to the following documents:

D1 US 2007/243063 A1 (SCHELLSTEDE HERMAN J [US]) 18
oktober 2007

D2 RU 2 009 372 C1 (KARYAGIN NIKOLAJ VASILEVICH [RU]) 15
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2011

NOVELTY - INDEPENDENT APPARATUS CLAIM 6
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section and two rotor blades being hingingly attached to the hub so as to
extend substantially alongside the first rotor blade.

D2 discloses also (see e.g. abstract, figures 1, 2) a wind turbine upper
assembly comprising a column upper section (16), a generator (13)attached
to the upper section (16), the generator having an axis and a hub connected
to the axis, at least three rotor blades (14) being connected to the hub, one
rotor blade extending along the column upper section and two rotor blades
being hingingly attached to the hub so as to extend substantially alongside the
first rotor blade (see figures 1 and 2 during transport position inside the
container).

INVENTIVE STEP - INDEPENDENT CLAIM 1

The present application does not meet the criteria of patentability, because the
subject- matter of independent method claim 1 does not involve an inventive
step.
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31 D3 is regarded as being the prior art closest to the subject-matter of claim 1,
and discloses (see e.g. paragraphs [0003] - [0017], [0128]; figure 1)a method
of installing an offshore wind turbine comprising a column (2) supported on a
foundation (4), a generator supported on the column having a drive axis and a
hub attached to said drive axis, and at least three rotor blades (4a) connected
to the hub for driving the axis in rotation, whereby

- on shore attaching the nacelle with generator and rotor blades to a column
upper part

- lifting the assembly onto a vessel
- sailing the vessel to a foundation (4) at an offshore installation site,
- lifting the assembly and attaching the column upper part to the foundation.

3.2 The subject-matter of claim 1 therefore differs from this known method in that
only one rotor blade is fixed to the hub in an operational position and the other
two blades are connected to the hub via a hinged connection during transport.
After attaching the column upper part to the foundation the two hinged blades
are put into operational position. Claim 1 is therefore new.

3.3 The problem to be solved by the present invention may therefore be regarded
as providing a method with which rapid an accurate installation can be
achieved and which uses less space during transportation

34 The solution proposed in claim 1 of the present application cannot be
considered as involving an inventive step for the following reasons: D2 shows
a wind turbine with two hinged blades that are folded alongside the mast
during transport in order to be more compact during transport. After erection,
the blades are put into their operational position. The skilled person would
therefore regard it as a normal design option to include this feature in the
method described in D1 in order to solve the problem posed, thus arriving at a
method according to claim 1. Although D2 does not give any details to how the
hingeing into operational position is done, the way described in claim 1 is the
most obvious.

4 DEPENDENT CLAIMS

4.1 Dependent claims 6, 7 and 10 do not contain any features which, in
combination with the features of any claim to which they refer, meet the
requirements of novelty, see D1 (paragraphs [0018], [0020], [0032] - [0034];
figures 1, 2B, 8-10) and D2 (abstract, figure 1, 2)
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4.2 Dependent claims 2-5, 8 and 9 do not contain any features which, in
combination with the features of any claim to which they refer, meet the
requirements of inventive step:

The features of claims 2 and 3 are already disclosed by a combination of D2
and D3.

The features of claims 4, 5, 8 and 9 relate to slight changes of the installation
steps or the construction which come within the scope of the customary
practice followed by persons skilled in the art, especially as the advantages
thus achieved can readily be foreseen.
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