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Crane, vessel comprising such a crane, and a method for up-ending a longitudinal structure

The invention relates to a crane comprising:

- a base structure;

- a slew bearing;

- a crane housing mounted to the base structure via the slew bearing to be rotatable about a vertical slewing axis;
- a boom moveably mounted to the crane housing to be pivotable about a horizontal first pivot axis;

- three main hoisting systems; and

- a luffing system,

wherein the boom comprises an A-frame with two boom legs that are connected at one end to the crane housing
and at the opposite end to each other via a hammerhead structure, wherein each main hoisting system comprises:
- a hoisting cable;

- a sheave block with one or more sheaves that are rotatable about a sheave rotation axis, which sheave block is
arranged on the hammerhead structure of the boom;

- a hoisting block suspended from the sheave block by the hoisting cable; and

- a hoisting winch to lift and lower the hoisting block by hauling in or paying out the hoisting cable,

wherein the sheave block of each main hoisting system is pivotable about a horizontal second pivot axis that is
perpendicular to the sheave rotation axis,

wherein the sheave blocks of the three main hoisting systems are arranged side-by-side, wherein the luffing
system comprises:

- two luffing winches on the crane housing;
- two luffing cables extending between the respective two luffing winches on the crane housing and the boom,
and wherein the luffing cables are connected to respective outriggers of the hammerhead structure.

®®

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.



10

15

20

25

30

35

P32888NLO0/MVE

Title: Crane, vessel comprising such a crane, and a method for up-ending a longitudinal

structure

The invention relates to a crane, a vessel comprising such a crane, and a method for up-

ending a longitudinal structure.

The invention in particular relates to the field of offshore wind turbine installation and/or
maintenance. Current offshore wind turbines require a foundation, e.g. in the form of a
monopile. The wind turbine is then installed on the monopile, either in one piece or in

several pieces.

In order to make efficient use of wind energy, the trend is to increase the diameter of the
rotor of the wind turbine. Wind turbine blades of 60 - 90m in length or even larger may be
very common in the near future. However, this will also increase the size and weight of all
other components including the foundation. It is envisaged that long and large diameter
monopiles, e.g. weighing over 2000mt need to be installed. Practical monopiles have been

proposed with lengths of about 100 metres.

Regardless of whether the wind turbine is installed on land or offshore, transporting the
monopile to the installation site will mostly be done with the monopile in a substantially
horizontal orientation. In order to drive the monopile into the earth, the monopile needs to be

up-ended by a crane to be brought in the desired vertical orientation.

Many offshore wind turbine installation vessels are of the jack-up type, with extendible legs
and with a crane for installation of the wind turbine. In a known design, the crane is an

around-the-leg crane.

Prior art solutions for up-ending the monopile comprise methods in which a crane only lifts
the upper end of the monopile and the lower end remains supported by the ground or on a
deck of the vessel, e.g. by a tilting support frame. A drawback of this method is that control
of the lower end is quite challenging, especially when the lower end needs to move relative
to the ground or deck, e.g. for overboarding the monopile. Further, up-ending can usually
only be done at a limited number of locations where there is enough space for up-ending the

monopile with the crane.
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Other prior art solutions for up-ending a monopile suggest to use two cranes, one for the
upper end and the other one for the lower end of the monopile. However, this requires
synchronized operation of the two cranes, where over time, the crane lifting the upper end
needs to support more of the weight of the monopile than the crane lifting the lower end.
Most wind turbine installation vessels lack two cranes capable of performing this operation

and lack space to mount another crane on the vessel for this operation.

In a non-published patent application of the applicant, a solution is suggested in which a
single crane using two separate main hoisting systems is used to respectively lift the upper
end and lower end of the monopile for up-ending. However, a drawback thereof is that as
up-ending progresses, the loads carried by the two main hoisting systems start to differ more
and more (so-called asymmetric loading of the crane), which is likely to result in undesired

torsion loads on the boom of the crane.

It is therefore an object of the invention to provide an improved method for up-ending
longitudinal structures and to provide a crane and/or vessel suitable to carry out this

improved method.

According to a first aspect of the invention, the object is achieved by a crane comprising:

- a base structure;

- aslew bearing;

- acrane housing moveably mounted to the base structure via the slew bearing to
allow the crane housing to rotate relative to the base structure about a substantially
vertical slewing axis;

- a boom moveably mounted to the crane housing to allow the boom to pivot relative to
the crane housing about a substantially horizontal first pivot axis;

- three main hoisting systems; and

- aluffing system to set an angular orientation of the boom relative to the crane
housing,

wherein the boom comprises an A-frame with two boom legs that are connected at one end
to the crane housing and at the opposite end to each other via a hammerhead structure,
wherein each main hoisting system comprises:
o a hoisting cable;
o a sheave block with one or more sheaves that are rotatable about a sheave
rotation axis, which sheave block is arranged on the hammerhead structure of
the boom;

o a hoisting block suspended from the sheave block by the hoisting cable; and
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o a hoisting winch to lift and lower the hoisting block by hauling in or paying out
the hoisting cable,
wherein the sheave block of each main hoisting system is pivotable about a substantially
horizontal second pivot axis that is perpendicular to the sheave rotation axis of the one or
more sheaves of the sheave block,
wherein the sheave blocks of the three main hoisting systems are arranged side-by-side,
wherein the luffing system comprises:
o two luffing winches on the crane housing;
o two luffing cables extending between the respective two luffing winches on
the crane housing and the boom,
and wherein the luffing cables are connected to respective outriggers of the hammerhead

structure that extend beyond the boom legs of the A-frame seen in plan view.

The main advantage of the crane according to the invention is that the crane is very suitable
for asymmetric loads, such as for instance encountered during up-ending of a longitudinal
structure. As will be explained later in more detail, two of the three main hoisting systems
may be combined to increase the hoisting capacity required for the upper end of a
longitudinal structure, e.g. a monopile, while the remaining hoisting system may be used to
hold and lift the lower end. Further, the additional degree of freedom as provided to the
sheave blocks allow the respective hoisting blocks to be moved sideways in order to be
connected to a respective end of the longitudinal structure while keeping the one or more
sheaves of the sheave block aligned with the respective hoisting cable and the one or more
sheaves of the hoisting blocks. Last but not least, the A-frame construction of the boom
provides torsional stiffness against an asymmetric load while at the same time the luffing
cables are connected to the boom at a larger distance from the centre of the boom which
aids in counteracting the asymmetric load on the boom. As a result thereof, this specific
construction of the crane makes the crane very suitable for up-ending heavy longitudinal

structures such as monopiles.
In an embodiment, the second pivot axis is parallel to the first pivot axis.
In an embodiment, the boom legs are truss structures. Preferably, the boom legs are further

connected to each other in between the two ends of the boom legs, more preferably using

truss structures.
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In an embodiment, the hammerhead structure comprises a box structure, e.g. a box welded
of steel plates forming the outside of the box with possible internal reinforcement members

to strengthen the box structure.

In an embodiment, the boom comprises a jib extending from the hammerhead structure.
Possibly, the jib is fixed, so non-moveable, to the hammerhead structure, e.g. as a rigid

extension of the crane boom.

Preferably, the crane comprises one or more auxiliary hoisting systems having a hoisting
cable, sheave block, hoisting block and hoisting winch similar to the main hoisting system,
wherein the sheave block is mounted on the jib, e.g. a single such sheave block is arranged

on the jib on the longitudinal axis of the boom.

In an embodiment, a centre plane of the A-frame of the boom is defined as the plane
spanned by the first pivot axis and the longitudinal axis of the A-frame, wherein the middle
sheave block of the three main hoisting systems is mounted at a larger distance from the

centre plane than the two outer sheave blocks of the three main hoisting systems.

The invention according to the first aspect also relates to a vessel comprising a crane
according to the invention. Such a vessel can be used for offshore wind turbine installation

and maintenance, where the crane can be used to up-end a monopile on site.

In an embodiment, the vessel is a jack-up vessel comprising:
- a hull with at least three openings in the hull, said openings extending vertically
through the hull to receive a respective leg;
- aleg per opening in the hull; and
- alegdriving device per leg allowing to move the corresponding leg relative to the hull

in a vertical direction to allow the hull to be lifted out of a water body.

As a result, the vessel can be stabilized relative to the sea bottom during crane operations,

enabling to handle heavy loads, also overboard.

In an embodiment, the base structure and the crane housing of the crane are arranged
around an opening in the hull, so that the respective leg can extend through the base
structure and crane housing. Such around-the-leg cranes make efficient use of the available
deck space on the vessel, while at the same time the weight of the crane including load is

efficiently transferred to the respective leg via the hull of the vessel.
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The invention according to the first aspect further relates to a method for up-ending a
longitudinal structure, e.g. a monopile for a wind turbine, wherein use is made of a crane
according to the invention, said method comprising the following steps:

a) providing a longitudinal structure with an upper end and a lower end in a substantially
horizontal orientation, e.g. on a deck of a vessel equipped with the crane;

b) connecting the middle hoisting block of the three main hoisting systems and one of
the outer hoisting blocks of the three main hoisting systems to the upper end or end
portion of the longitudinal structure;

c) connecting the other outer hoisting block of the three main hoisting systems to the
lower end or end portion of the longitudinal structure; and

d) operating the respective winches of the three main hoisting systems until the
longitudinal structure is in a substantially vertical orientation with the upper end

above the lower end.

In an embodiment, connecting the other outer hoisting block of the three main hoisting
systems to the lower end of the longitudinal structure comprises the following steps:

c1) providing a gripping element;

c2) providing the gripping element around the lower end or end portion of the longitudinal
structure; and

c3) connecting the other outer hoisting block of the three main hoisting systems to the

gripping element.

In an embodiment, after connecting the three main hoisting systems, the longitudinal
structure is lifted first while remaining in the substantially horizontal orientation, and
preferably moved to the installation site, e.g. involving slewing of the crane, before moving
the longitudinal structure to the vertical orientation. For example, the longitudinal structure,
e.g. monopile, is first moved beyond the hull of the vessel, so overboard, e.g. involving

slewing of the crane, and only then moved into its vertical orientation.

In an embodiment, the longitudinal structure is provided such that in plan view a straight line
between a centre of gravity of the longitudinal structure and the slewing axis of the crane is

perpendicular to a longitudinal axis of the longitudinal structure.

According to a second aspect of the invention, there is provided a method for up-ending a
longitudinal structure, e.g. a monopile, e.g. as a foundation of an offshore wind turbine,
wherein use is made of a crane comprising:

- a base structure;
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- aslew bearing;

- acrane housing moveably mounted to the base structure via the slew bearing to
allow the crane housing to rotate relative to the base structure about a substantially
vertical slewing axis;

- a boom moveably mounted to the crane housing to allow the boom to pivot relative to
the crane housing about a substantially horizontal first pivot axis; and

- three main hoisting systems,

wherein the boom preferably comprises an A-frame with two boom legs that are connected
at one end to the crane housing and at the opposite end to each other via a connection
element,

wherein each main hoisting system comprises:

o a hoisting cable;

o a sheave block with one or more sheaves that are rotatable about a sheave
rotation axis, which sheave block is arranged on the connection element of
the boom;

o a hoisting block suspended from the sheave block by the hoisting cable; and

o a hoisting winch to lift and lower the hoisting block by hauling in or paying out
the hoisting cable,

wherein the sheave block of each main hoisting system is pivotable about a substantially
horizontal second pivot axis that is perpendicular to the sheave rotation axis of the one or
more sheaves of the sheave block,

wherein the sheave blocks of the three main hoisting systems are arranged side-by-side,
and wherein the method comprises the following steps:

a) providing a longitudinal structure with an upper end and a lower end in a substantially
horizontal orientation;

b) connecting the middle hoisting block of the three main hoisting systems and one of
the outer hoisting blocks of the three main hoisting systems to the upper end of the
longitudinal structure;

c) connecting the other outer hoisting block of the three main hoisting systems to the
lower end of the longitudinal structure; and

d) operating the respective winches of the three main hoisting systems until the
longitudinal structure is in a substantially vertical orientation with the upper end

above the lower end.

The invention according to the second aspect of the invention further relates to a crane
comprising:

- a base structure;
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- aslew bearing;

- acrane housing moveably mounted to the base structure via the slew bearing to
allow the crane housing to rotate relative to the base structure about a substantially
vertical slewing axis;

- a boom moveably mounted to the crane housing to allow the boom to pivot relative to
the crane housing about a substantially horizontal first pivot axis; and

- three main hoisting systems,

wherein the boom preferably comprises an A-frame with two boom legs that are connected
at one end to the crane housing and at the opposite end to each other via a connection
element,

wherein each main hoisting system comprises:

o a hoisting cable;

o a sheave block with one or more sheaves that are rotatable about a sheave
rotation axis, which sheave block is arranged on the connection element of
the boom;

o a hoisting block suspended from the sheave block by the hoisting cable; and

o a hoisting winch to lift and lower the hoisting block by hauling in or paying out
the hoisting cable,

wherein the sheave block of each main hoisting system is pivotable about a substantially

horizontal second pivot axis that is perpendicular to the sheave rotation axis of the one or
more sheaves of the sheave block,

and wherein the sheave blocks of the three main hoisting systems are arranged side-by-

side.

The crane and method according to the second aspect of the invention may be combined
with features from the first aspect of the invention where appropriate. For example, the
boom is provided with outriggers laterally from both sides of the boom (seen in plan view),
each outrigger connected to a luffing cable, e.g. supporting a luffing cable sheave assembly
in case of a multiple fall luffing cable arrangement. The boom may be embodied as an A-

frame, but other embodiments are envisaged in this second aspect of the invention as well.

It will be appreciated that the crane according to the second aspect may be mounted on a
vessel, e.g. as discussed with reference to the first aspect of the invention. The second
aspect also relates to such a vessel and also to the use thereof for installation of a wind

turbine an/or a wind turbine foundation, e.g. a monopile.
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The invention will now be described in more detail in a non-limiting way by reference to the

accompanying drawings in which like parts are indicated by like reference symbols, and in

which:

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

1
2
3
4
5
6A+6B
7A+7B
8A+8B
9

10

11

12

13

14

15

16

17A

17B

depicts a side view of a vessel according to an embodiment of the invention;
depicts a rear view of the vessel of Fig. 1;

depicts a top view of the vessel of Fig. 1;

depicts in more detail an end of the boom of the crane on the vessel of Fig. 1;
depicts in more detail the hammerhead structure on the boom of the crane of
the vessel of Fig.1;

depict respectively a side view and a front view of a first configuration of the
three main hoisting systems of the crane of the vessel of Fig. 1;

depict respectively a side view and a front view of a second configuration of
the three main hoisting systems of the crane of the vessel of Fig. 1;

depict respectively a side view and a front view of a third configuration of the
three main hoisting systems of the crane of the vessel of Fig. 1;

depicts the rear side of the vessel of Fig. 1 in plan view;

depicts a rear view of the vessel of Fig. 1;

depicts a step in the method for up-ending a monopile;

depicts a further step in the method for up-ending a monopile;

depicts yet a further step in the method for up-ending a monopile;

depicts a preparatory step for driving a monopile into a sea bottom with the
vessel of Fig. 1;

depicts the vessel of Fig. 1 during installation of a tower on a monopile
foundation;

depicts the vessel of Fig. 1 during installation of a nacelle on the tower of Fig.
15 after installation of said tower;

depicts the vessel of Fig. 1 during installation of a platform on another type of
foundation; and

depicts an example of connecting the three main hoisting systems.

Figs. 1 to 3 depict a vessel 1 according to an embodiment of the invention. Fig. 1 is a side

view of the vessel 1, Fig. 2 is a rear view of the vessel 1, and Fig. 3 is a top view of the

vessel 1.

The vessel 1 comprises a hull 2 with four openings 2A, 2B, 2C, 2D in the hull 2, wherein the

openings extend vertically through the hull 2 to receive a respective leg 3A, 3B, 3C, 3D.
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Each leg 3A, 3B, 3C, 3D is provided with a leg driving device 4A, 4B, 4C, 4D allowing to
move the corresponding leg 3A, 3B, 3C, 3D up and down relative to the hull 2 in a vertical
direction to allow the hull 2 to be lifted out of a water body 5 as shown in Figs. 1 and 2.
Hence, the vessel 1 is a jack-up vessel. The height of the legs 3A, 3B, 3C, 3D relative to the
hull 2 when the legs are retracted for sailing with the vessel is indicated by dashed lines

above the respective legs.

Provided on the vessel 1 is a crane 10. The crane 10 comprises a base structure 11
mounted to the hull 2, a slew bearing 12 and a crane housing 13 moveably mounted to the
base structure 11 via the slew bearing 12 to allow the crane housing 13 to slew relative to

the base structure 11 about a substantially vertical slewing axis 14.

The crane 10 further comprises a boom 15. The boom 15 is moveably mounted to the crane
housing 13 to allow the boom 15 to pivot relative to the crane housing 13 about a
substantially horizontal first pivot axis 16. In Fig. 1, the boom is depicted at two distinct
angular orientations, a lower orientation in which the boom 15 is supported by the vessel at
a distance from the horizontal first pivot axis 16, and an upright orientation in which the

boom 15 is almost vertical.

The boom 15 comprises an A-frame with two boom legs 15A, 15B that are connected at one
end to the crane housing, thereby defining the first pivot axis 16, and are connected at the
opposite end to each other via a hammerhead structure 17. In between the two ends, the
boom legs are connected by intermediate connection members 15D to increase the stiffness

of the A-frame.

The boom legs in this embodiment are truss structures as are the intermediate members
15D. The hammerhead structure 17 may have a box structure. The box structure of the
hammerhead structure may make it easier to mount components thereto while at the same
time a torsion stiff structure is formed. The truss structures of the boom legs have the

advantage that they provided a good stiffness to weight ratio.

The crane further comprises a luffing system to set an angular orientation of the boom 15
relative to the crane housing 13. The luffing system comprises two luffing winches 20, 21 on
the crane housing 13, and two respective luffing cables 22, 23 extending between the two
luffing winches 20,21 on the crane housing 13 and the boom 15. One combination of luffing

winch 20 and luffing cable 22 is arranged on one side of the crane 10, while the other
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combination of luffing winch 21 and luffing cable 23 is arranged on the opposite side of the

crane 10 thereby passing the leg 3C on both sides.

In this embodiment, the distance between the boom legs 15A, 15B of the A-frame at the
legs 3B and 3C is not large enough to position the A-frame over the legs for storage or
transport reasons. Hence, therefore the boom is supported from the hull 2 in between the
two legs 3B, 3C as shown in Figs. 1 and 3. However, it is also possible to position the boom
on the opposite side of leg 3C as shown partially in Fig. 3, which has the advantage that

more deck space is available for storage of other components.

The hammerhead structure 17 at the end of the A-frame and nearby components of the

boom 15 are depicted in more detail in Figs. 4 and 5.

In Fig. 4, the boom legs 15A, 15B of the A-frame are depicted and it can be clearly seen that
the boom legs are connected to each other via the hammerhead structure 17. The
hammerhead structure 17 comprises outriggers 17A, 17B extending beyond the boom legs
15A, 15B of the A-frame seen in plan view. Each outrigger 17A, 17B comprises a respective
sheave block 24, 25 to which the respective luffing cables 22 and 23 are connected, thereby
allowing to set the angular orientation of the boom relative to the crane housing by paying
out or hauling in the luffing cables 22, 23 with the luffing winches 20,21. The sheave blocks
24, 25 are also schematically depicted in Fig. 5.

The crane 10 further comprises three main hoisting systems. Components of the three main
hoisting systems will be indicated using a similar reference numeral followed by a .X, where

X will be 1, 2 or 3 to indicate one of the three main hoisting systems.

Each main hoisting system comprises a hoisting cable 30.1, 30.2, 30.3, a sheave block 31.1,
31.2, 31.3, and a hoisting block 32.1, 32.2, 32.3. Each sheave block 31.1, 31.2, 31.3
comprises in this embodiment a plurality of sheaves that are rotatable about a respective
sheave rotation axis 33.1, 33.2, 33.3. The sheave blocks 31.1, 31.2, 31.3 are arranged on
the hammerhead structure, in this embodiment within the contour of the A-frame, i.e. not
arranged on the outriggers 17A, 17B, in a side-by-side configuration, in this case in a row

seen in plan view.

The rotation axes 33.1, 33.2, 33.3 of the sheaves of the sheave blocks provide one degree
of freedom for the hoisting cable, which degree of freedom is normally used in combination

with gravity to keep the hoisting block below the corresponding sheave block independent of
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the angular orientation of the boom relative to the crane housing. In this embodiment, this
degree of freedom is used to allow a sideways movement of the hoisting blocks as is for
instance shown in Fig. 5 for the outer hoisting blocks. In Fig. 5, the outer hoisting blocks are

moved sideways by an angle a, which can be easily be 40 degrees.

In order to keep the hoisting blocks 32.1, 32.2, 32.3 below the sheave blocks 31.1, 31.2,
31.3 independent of the angular orientation of the boom 15, each sheave block 31.1, 31.2,
31.3 is pivotable about a substantially horizontal second pivot axis 34.1, 34.2, 34.3
perpendicular to the sheave rotation axis 33.1, 33.2, 33.3 of the corresponding sheaves of
the sheave block 31.1, 31.2, 31.3.

The three main hoisting systems each further comprise a hoisting winch 35.1, 35.2, 35.3
(see Fig. 1) to lift and lower the hoisting block 32.1, 32.2, 32.3 by hauling in or paying out
the hoisting cable 30.1, 30.2, 30.3.

The boom 15 of the crane 10 further comprises a jib 15C extending from the A-frame, i.e.
extending from the hammerhead structure 17 carrying, in this embodiment, two auxiliary
hoisting systems, which are similar to a main hoisting system except that the loading
capacity is usually smaller and that the additional degree of freedom for the sheave blocks is
not provided. In Fig. 4, a sheave block 36 associated with a first auxiliary hoisting system

and a sheave block 37 associated with a second auxiliary hoisting system are depicted.

An advantage of the crane 10 according to the invention is that the three main hoisting
systems can be used in various ways depending on the hoisting demand. A first example is
depicted in Figs. 6A and 6B, in which Fig. 6A is a side view of Fig. 6B. In this example, only
the outer hoisting blocks 32.1, 32.3 are used. The outer hoisting blocks are pivoted
sideways about respective axes 33.1, 33.3 allowing to be connected to a longitudinal
structure with a relatively large distance between the hoisting block. This hoisting
configuration is especially suitable in case the hoisting blocks are lifted and lowered
simultaneously and thus carry a load in the same order of magnitude. The two outer hoisting

systems allow to control movement of the hoisted objects in two degrees of freedom.

A second example is depicted in Figs. 7A and 7B, in which Fig. 7A is a side view of Fig. 7B.
In this example, all hoisting blocks are used. The outer hoisting blocks 32.1, 32.3 are spread
similar to the example of Figs. 6A and 6B, but the hoisting blocks are also pivoted about
respective second pivot axes 34.1 and 34.2. The middle hoisting block 32.3 is kept straight

seen in the view of Fig. 7B, but is also pivoted about second pivot axis 34.2, albeit in an
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opposite direction as the outer hoisting blocks 32.1 and 32.3. As a result thereof, the three
main hoisting systems can be connected to three distinct locations of an object, which three
locations form a triangle seen in plan view. This hoisting configuration is especially suitable
in case the hoisting blocks are lifted and lowered simultaneously and thus carry a load in the
same order of magnitude. The configuration further allows to control movement of the

hoisted object in three degrees of freedom.

A third example is depicted in Figs. 8A and 8B, in which Fig. 8A is a side view of Fig. 8B. In
this example, all hoisting blocks are used, but one of the outer hoisting blocks, in this case
outer hoisting block 32.1 is combined with the middle hoisting block 32.2 to hoist one end of
an object and the other outer hoisting block, in this case outer hoisting block 32.3, is used to
hoist another end of an object. This configuration is especially suitable for situations in which
during hoisting the load is or becomes asymmetrical, e.g. during up-ending of longitudinal

structures.

It is noted with respect to the example of Figs. 8A and 8B that the sheave block 31.2
associated with the middle hoisting block 32.2 is arranged somewhat lower than the other
sheave blocks 31.1 and 31.3. In other words, a centre plane 15F of the A-frame can be
defined as the plane spanned by the first pivot axis 16 and the longitudinal axis 15G of the
A-frame, wherein the middle sheave block 31.2 is mounted at a larger distance from the
centre plane 15F than the other two outer sheave blocks 31.1 and 31.3. The advantage of
this arrangement is that for large angles q, in this embodiment an angle of 40 degrees, the
hoisting cables 30.1 and 30.2 are not too close to each other (do not touch or interfere with

each other) and in this case are parallel to each other.

With reference to Figs. 9-13, a method according to the invention will be described in which
a monopile is up-ended by the crane 10 on the vessel 1 of Fig. 1. Figs. 9 and 10 depict the
rear side of the vessel 1 with the hull 2 and legs 3A and 3D and crane 10 arranged around

leg 3D.

On a deck 2E of the hull 2 of the vessel, a stack of monopiles 50 are provided in a
substantially horizontal orientation. As shown in Fig. 9, the monopiles 50 may even extend
beyond the rear side of the hull 2. Alternatively, the monopiles may be provided using a

separate vessel, e.g. a barge.

In Fig. 9, the boom 15 of the crane 10 is positioned for hoisting the nearest monopile 50, i.e.

the monopile 50 nearest to leg 3D, and in Fig. 10, the boom 15 of the crane 10 is positioned
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for hoisting the monopile 50 nearest to leg 3A. Both monopiles 50 have been positioned
relative to the crane 10, such that in plan view (see Fig. 9) a straight line between a centre of
gravity 50C of the longitudinal structure and the slewing axis 14 of the crane 10 is

perpendicular to a longitudinal axis 50D of the longitudinal structure 50.

Fig. 11 depicts a monopile 50 that is suspended by the three main hoisting systems of the
crane 10 (which is further omitted for clarity reasons) using the configuration of Figs. 8A and
8B. Hence, the middle hoisting block 32.2 of the three main hoisting systems and one of the
outer hoisting blocks 32.1 are connected to an upper end 50A of the monopile 50 via

connection element 51.

The other outer hoisting block 32.3 is connected to a lower end 50B of the monopile 50

using a gripping element 52 that is provided around the lower end 50B of the monopile 50.

By synchronized hauling in of the hoisting cables 30.1, 30.2, possibly in combination with the
paying out of hoisting cable 30.3, the monopile 50 is up-ended. Fig. 12 depicts the monopile
50 in an oblique orientation halfway the up-ending process, and Fig. 13 depicts the monopile
50 after up-ending. In Fig. 13 it can be clearly seen that when the hoisting blocks 32.1, 32.2
are connected to a centre of the monopile and the hoisting block 32.3 is connected to the
gripping element on the side of the monopile, the hoisting cables 30.1, 30.2, 30.3 are nearly

parallel to each other.

After up-ending, the gripping element 52 and thereby the outer hoisting block 32.3 are
disengaged for driving the monopile into a sea bottom 55. While lowering the monopile 50
towards the sea bottom 55, the monopile 50 may be guided by a guide 60 extending from
the hull 2 as shown in Fig. 14. The weight of the monopile itself will cause the monopile to
be partially driven into the sea bottom. The monopile can then be disconnected from the
hoisting systems and a separate device for driving the monopile further into the sea bottom

may be provided.

Fig. 15 depicts the use of the crane 10 to install a tower 70 on top of the previously installed
monopile 50. The tower may have a lower weight than the monopile, so that in case of up-
ending the tower, if applicable, the crane may use the hoist configuration of Figs. 6A and

6B. In case the tower is too heavy, the hoist configuration of Figs. 8A and 8B can be used.
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Fig. 16 depicts the use of the crane 10 to install a nacelle 80 on top of the previously
installed tower 70. In this embodiment, the nacelle is such a light weight component that the

nacelle can be hoisted by the first auxiliary hoisting system.

Fig. 17A depicts the use of the crane 10 to install a platform 100 on top of a previously
installed other foundation 90 in the form of a truss construction. In this embodiment, platform

100 has a weight requiring all three hoisting systems to use the combined hoisting capacity.

However, when connecting all three hoisting blocks 32.1, 32.2, 32.3 directly to the platform
or indirectly via single connection element whereto the three hoisting blocks are directly

connected to, it is not possible to use the full potentially available hoisting capacity.

Hence, for these cases, two of the hoisting blocks, in this embodiment hoisting blocks 32.1
and 32.3 are connected to a first intermediate member 110, see Fig. 17B. The first
intermediate member 110 and the other remaining hoisting block 32.3 are connected to a
second intermediate member 120. Connected to the second intermediate member 120 is a
load connector 130 to be connected to the platform 100. The connections between the
hoisting blocks and intermediate members and the connection between the first and second
intermediate members are such that the load of the platform 100 is substantially evenly
distributed over the three hoisting systems, e.g. by providing sheave and cable connections

between the various components.

It is noted here that although the examples and embodiments described disclose the use of
a specific number of winches, cables and sheaves, it is apparent to the skilled person that
additional components may be provided. Hence, it is very common to use two winches for
one hoisting or luffing cable or to provide additional combinations of winch and cable. In
other words, any specific number provided in the description should be construed as
meaning at least that specific number. The same holds for the number of main hoisting
systems. Although three main hoisting systems have been described, a fourth and even a

fifth main hoisting system may be provided and falls within the scope of the invention.
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CONCLUSIES

1. Een kraan omvattende:

een basisconstructie;

een zwenklager;

een kraanhuis dat beweegbaar gemonteerd is op de basisconstructie via het
zwenklager om het kraanhuis te laten roteren ten opzichte van de
basisconstructie om een in hoofdzaak verticale zwenkas;

een kraanarm beweegbaar bevestigd aan het kraanhuis om de kraanarm te
laten draaien ten opzichte van het kraanhuis om een in hoofdzaak horizontale
eerste draaias;

drie hoofdhijssystemen; en

een luffing systeem om een hoekoriéntatie van de kraanarm in te stellen ten

opzichte van het kraanhuis,

waarbij de kraanarm een A-frame omvat met twee poten die aan een uiteinde

verbonden zijn met het kraanhuis en aan het andere uiteinde met elkaar

verbonden zijn via een hamerkopstructuur,

waarbij elk hoofdhijssysteem omvat:

o een hijskabel;

o een schijvenblok met een of meer schijven die geroteerd worden om
een schijfrotatieas, waarbij het schijvenblok is aangebracht op de
hamerkopstructuur van de kraanarm;

o een hijsblok gehangen aan het schijvenblok middels de hijskabel; en

o een hijslier om het hijsblok op te tillen en te laten zakken door het

binnen halen of vieren van de hijskabel,

waarbij het schijvenblok van elk hoofdhijssysteem draaibaar is om een in

hoofdzaak horizontale tweede draaias die loodrecht staat op de schijfrotatieas van

de een of meerdere schijven van het schijvenblok,

waarbij de schijvenblokken van de drie hoofdhijssystemen zij aan zij zijn geplaatst,

waarbij het luffing systeem omvat:

o twee luffing lieren op het kraanhuis;
o twee luffing kabels die zich uitstrekken tussen de twee respectieve

luffing lieren op het kraanhuis en de kraanarm,

en waarbij de luffing kabels zijn verbonden met respectieve uitsteeksels van de

hamerkopstructuur die zich voorbij de poten van het A-frame uitstrekken gezien in

bovenaanzicht.

EP
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Een kraan volgens conclusie 1, waarbij de tweede draaias parallel is aan de eerste

draaias.

Een kraan volgens conclusie 1 of 2, waarbij de poten vakwerken of

vakwerkconstructies zijn, waarbij bij voorkeur de poten eveneens verbonden zijn

met elkaar tussen de twee uiteinden van de poten in.

Een kraan volgens een van de voorgaande conclusies, waarbij de kraanarm een

giek omvat die zich uitstrekt vanaf de hamerkopstructuur, waarbij bij voorkeur de

kraan een of meerdere aanvullende hijssystemen omvat met een hijskabel,
schijvenblok, hijsblok en hijslier, waarbij bij voorkeur het schijvenblok van de een
of meerdere aanvullende hijssystemen is aangebracht op de giek.

Een kraan volgens een van de voorgaande conclusies, waarbij een middenvlak

van het A-frame is gedefinieerd als het vlak opgespannen door de eerste draaias

en een lengteas van het A-frame, waarbij een middelste schijvenblok van de drie
hoofdhijssystemen is gemonteerd op een grotere afstand van het middenvlak dan
de twee buitenste schijvenblokken van de drie hoofdhijssystemen.

Een vaartuig omvattende een kraan volgens een van de voorgaande conclusies.

Een vaartuig volgens conclusie 6, waarbij het vaartuig een jack-up vaartuig is,

omvattende:

- een romp met ten minste drie openingen in de romp, waarbij genoemde
openingen zich verticaal uitstrekken door de romp om een betreffende poot te
ontvangen;

- een poot per opening in de romp; en

- een poot aandrijfinrichting per poot om de overeenkomstige poot te kunnen
bewegen ten opzichte van de romp in een verticale richting om te romp uit het
water te kunnen tillen.

Een vaartuig volgens conclusie 7, waarbij de basisconstructie en het kraanhuis

van de kraan zijn aangebracht rond een opening in de romp zodat de respectieve

poot zich kan uitstrekken door de basisconstructie en het kraanhuis heen.

Een werkwijze voor het rechtop zetten van een lange structuur, waarbij gebruik

wordt gemaakt van een kraan volgens een van de conclusies 1 t/m 5, waarbij de

werkwijze de volgende stappen omvat:

a. het verschaffen van een lange structuur met een bovenste uiteinde en een
onderste uiteinde in een in hoofdzaak horizontale oriéntatie;

b. het verbinden van het middelste hijsblok van de drie hoofdhijssystemen en een
van de buitenste hijsblokken van de drie hoofdhijssystemen met het bovenste
uviteinde of einddeel van de lange structuur;

c. het verbinden van het andere buitenste hijsblok van de drie hoofdhijssystemen

met het onderste uiteinde of einddeel van de lange structuur; en
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d. het bedienen van de respectieve lieren van de drie hoofdhijssystemen totdat
de lange structuur een in hoofdzaak verticale oriéntatie heeft met het bovenste

uiteinde boven het onderste uiteinde.

10. Een werkwijze volgens conclusie 9, waarbij stap ¢ de volgende stappen omvat:

11.

c1) het verschaffen van een grijpelement;

c2) het verschaffen van een grijpelement rond het onderste uiteinde of einddeel
van de lange structuur; en

c3) het verbinden van het andere buitenste hijsblok van de drie
hoofdhijssystemen met het grijpelement.

Een werkwijze volgens conclusie 9 of 10, waarbij de lange structuur is verschaft
zodanig dat in bovenaanzicht een rechte lijn tussen een zwaartepunt van de lange
structuur en de zwenkas van de kraan loodrecht staat op een lengteas van de

lange structuur.
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ABSTRACT

The invention relates to a crane comprising:

- a base structure;

- aslew bearing;

- acrane housing mounted to the base structure via the slew bearing to be rotatable

about a vertical slewing axis;

- a boom moveably mounted to the crane housing to be pivotable about a horizontal

first pivot axis;

- three main hoisting systems; and

- aluffing system,

wherein the boom comprises an A-frame with two boom legs that are connected at one end

to the crane housing and at the opposite end to each other via a hammerhead structure,

wherein each main hoisting system comprises:

e}

e}

a hoisting cable;

a sheave block with one or more sheaves that are rotatable about a sheave
rotation axis, which sheave block is arranged on the hammerhead structure of
the boom;

a hoisting block suspended from the sheave block by the hoisting cable; and
a hoisting winch to lift and lower the hoisting block by hauling in or paying out

the hoisting cable,

wherein the sheave block of each main hoisting system is pivotable about a horizontal

second pivot axis that is perpendicular to the sheave rotation axis,

wherein the sheave blocks of the three main hoisting systems are arranged side-by-side,

wherein the luffing system comprises:

e}

e}

two luffing winches on the crane housing;
two luffing cables extending between the respective two luffing winches on

the crane housing and the boom,

and wherein the luffing cables are connected to respective outriggers of the hammerhead

structure.

Fig. 4
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Reltem V

Reasoned statement with regard to novelly, inventive step or industrial
applicability; citations and explanations supporting such statement

3

Refaerence is made to the following documents:
D1 US 2014/1868604 At (HEY JOHN E [US]); (2014-08-18)

D2 WO 2000/131442 A1 (ITREC BV [NL]; ROODENBURG JOOP [NL];
WETERINGS HENDRIKUS JACOBUS [NL]}); (2009-10-29)

D3 US 2013/168345 At (HEY JOHN [US]): (2013-07-04)

D4 N 104 648 155 A (SOUTH CHINA MARINE MACHINERY CO LTD);
{(2015-05-27)

D5 LIS 4 280 828 A (GOS8 JOHN B ET AL); (1981-07-28)

Concerning independent apparatus claim 1:

The document is regarded as being one of the prior art closest to the subject
matter of claim 1, and discloses:

Een kraan omvattende;

~ gen basisconstructie;

-aen awenkliager,;

- gen kragnhuis dat beweegbaar gamontesrd is op de basisconstructie via het
zwenklager om het kraanhuis te laten roteren ten ppzichie van de
basisconstructie om een in hoofdzaak verticale awenkas;

- ean kraanarm [100] beweegbaar bevestigd aan het kraanhuis omde
kraanarm te laten drazien ten opzighte van het kragnhuis om een in
hooldzaak horizontale serste draaias;

- grie ean dubbel hooldhijssystemen: (see the figure 4-6 and the paragraphs [0024}-
o7 en

- gen luffing systeem om een hoekoriéntatie van de kraanarm in te stelien ten
opzichte van het kraanhuis {obvious: see the figures ¥-4, the hwo fegs of the A-frame
are movable arcund an horizonial axis),

waarbij de kraanarm een A-frame omvat {see the figures 1-3) met twee poten

die aan een uiteinde verbonden ziin met het kraanhws an aan het andere
vitginde met elkaar verbonden zijn via-ses ' et
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waarbij sik hoofdhijasysteam omvat:

o een hijskabel {see for example the lines 684, 668),

o gen schijvenblok met een of meer schijven die geroteerd worden om sen
schijffrotatieas {see for exampie the sheaves 744, 748),

waarbij het schijvenblok is aangebracht ep-de-harmarkopstruciuue aan het
vitginde van de kraanarm (see the figures 1-3);

o een hijsbiok {see the load block 73 on the figures 1-3) gehangen aan het
schijvenblok middels de hijskabal; en |

o een hijslier {spools 634 & 648; see paragraph [0022]) om het hijsbiok op te tillen
en te laten zakken door het binnen halen of vieran van de Hijskabe! (664, 668},

waarbij de schijvenldokken van de grie het dubbele hooldhijssystemen zi} aan
zij zijne geplaatst,

waarbij het luffing systeem omvat (obvious; see the figures 1-4):

o twee luffing lieren op het kraanhuis;

o bwee luffing kabels die zich uitsirekken tussen de twee respectieve lulfing
lieren op het kraanhuis en de kraanam,

2.2 itis believed that document D2 (see the corregponding passages mentioned
in the search report) does roughly disclose the same technical features as
document D1,

2.3 The subject-matter of claim 1 therefore differs from this known crane in that:
a} de kraan omvat dile hoofdhijssystemer;

b} waarbij de twee poten {van de kraanarm van de kraan} aan hel andere
uiteinde met elkaar verbonden zijn via een hamerkopstructuuy,

o} waarbij etk schijvenblok is aangebracht op de hamerkopstructuyr van de
kragananm;

dy waarby het schijvenblok van elik hooldhijssysteem draaibaar is om een in
hoofdzaak horizontale twesds draaias die loodrecht staat op de schijffrotatieas
van de een of meerdere schijven van het schijvenblok,

g) waarbi] de schijvenblokken van de drie hoofdhijssystemen zif aan zif ziin
geplaatst,

fy en waarbij de luffing kabels zijn verbonden met respecliove vitsioaksels van
de hamerkgpstructuur die zich voorbij de poten van het A-frame uitstrekken
gezien in bovenaanzicht.

The subject-matter of claim 1 tharefore new.
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2.5

2.51

252

2538

2.6

The goal to be achieved by the proposed invention may be defined as:

Providing an alternative and improved crane, a vessel supporting said crane
and the corresponding method for manipulating, liffing, up-ending long and
cumbersome longitudinal structures, like wind turbine {(monopiles).

The soiution o this problem proposed in claim 1 of the present application is
considered as involving an inventive step for the following reasons:

This goal is especially achieved by a crane with the additional technical
features as defined in point 2.3, especially the sub-points @), ¢). d) & 8).

asymmetric loads, such s for instance sncountersd during up-ending of a
{very) long longitudinal structure,  Two of the three main hoisting systems
may be combined to increase the hoisting capacity required for the upper end
of such a longitudinal structure, e.g. & monopife, while the remaining hoisting
system may be used fo hold and lift the lower end,.  The additional degree of
freedom as provided to the sheave blocks allow the respective hoisting blocks
to be moved sideways in order 1o be conngcted o a respeclive end of said
longitudinal structure while keeping the one or more sheaves of the sheave
black aligned with the respective hoisting cable and the ong or more sheaves
of the hoisting blocks. The A-frame construciion of the boom provides
torsional gtitfness againgt an asymmetric foad while at the same fime the
lutfing cables are connected to the boom at a larger distance from the centre
of the boom (which aids in counteracting the asymmelric load on the boom).

Advantages of the proposed solution:  The crane js very sultable for

The documents D3 and D4 disclose a system having three {or more) sheaves
arrangements. But, said documents concern fall 1o disclose at lsast some
aspects mentioned under point 2.1 {D3 and D4 are about a different type of
crang) as well as at least sub-point d} of point 2.3.

D5 (see the figures 2-5) discloses an alternalive sheave arrangsment.

The skilled person trying 1o combine anyone or several of the documents
taken from D3 to D5 would not arrive the solution defined in independent
apparatus claim 1

Caonclusions:
The subject-matter of claim 1 does involve an inventive step.

Claims 2 to § all dependent on claim 1 and as such also meet the
requirements of novelty and inventive step.
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Claims 6 to 8 which are about the vessel supporting the claimed crane are
thus also new and inventive.

Claim 9 which describes the method for erecting long struciure by using the
grane defined in anyone of the claims 1 1o 6, and ifs depending claims 10 &
11 are also new and inventive:

Re ltemn Vil
Certain defects in the application

3 Documents reflscting the prior art described on the pages 1 & 2, but are not
identified in the description.

4 The retevant background art disclosed in the documents D1-D5 is not
mentioned in the description, nor are these documents identified therein.

5 The features of the claims are not provided with refergnce signs placed in
parentheges;

6 independent claim 1 is not drafied in the twoe-part farm, with those features

known in combination from the prior art (D1 or B2} being placed in the
preamble and the remaining features being included in the characterising
part.
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