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(57) Abstract: The invention relates to a crane [ 10] comprising: « - a base structure [11]; « - a slew bearing [ 12]; * - a crane housing [13]
mounted to the base structure [11] via the slew bearing [ 12] to be rotatable about a vertical slewing axis [14]; « - a boom [15] moveably
mounted to the crane housing [13] to be pivotable about a horizontal first pivot axis [16]; ¢ - three main hoisting systems; and * - a
Iuffing system, wherein the boom [15] comprises an A-frame with two boom legs [ 15A; 15B] that are connected at one end to the crane
housing [13] and at the opposite end to each other via a hammerhead structure [17], wherein each main hoisting system comprises: © -
o0 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; ¢ 0 a hoisting block suspended from the sheave block by the hoisting cable; and * 0 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
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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 lufting system comprises: * o two luffing winches [20;
21] on the crane housing [ 13]; * o two luffing cables [22; 23] extending between the respective two luffing winches [20; 21] on the crane
housing [13] and the boom [15], and wherein the luffing cables are connected to respective outriggers of the hammerhead structure [17].
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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 known in the practice of 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, such as on the
“‘Rambiz’-boat, one for the upper end and the ather 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, PCT/NL2017/050393, a solution is
suggested in which a single crane using two separate main haoisting systems is used to

respectively lift the upper end and lower end of the monopile for up-ending.

US2014/166604 A1 and W02009/131442 A1 both disclose a crane with two main hoisting
systems, comprising an A-frame boom, of which the legs are connected at one end to the
crane housing and at the opposite end to each other. The sheave blocks of the main

hoisting systems are arranged side by side at the latter end.

However, a drawback of these systems 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 therefare 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.

US2013/168345 Al and CN104649155 A disclose a system having three (or more) sheave

arrangements. US4280 628A discloses an alternative sheave arrangement.

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

comprising:

a base structure;

- a slew bearing;

- a crane 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;
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- 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

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
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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 baom 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.

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 an 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
- aleg driving 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.
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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.

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;

¢) 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,
€.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.
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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;

- 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;

- aboom 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;
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¢) 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;

- 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;

- aboom 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
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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.

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;
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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.



10

15

20

25

30

35

WO 2018/052291 -9- PCT/NL2017/050602

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.

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 1is 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 1is 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.
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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
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
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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
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.
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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
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 a, 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
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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
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-
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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.

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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CLAIMS

. A crane comprising:

- a base structure;

- a slew bearing;

- a crane 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

- a luffing 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
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.
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2. A crane according to claim 1, wherein the second pivot axis is parallel to the first

pivot axis.

. A crane according to claim 1 or 2, wherein the boom legs are trusses or truss

structures, wherein preferably the boom legs are further connected to each other

in between the two ends of the boom legs.

. A crane according to any of the preceding claims, wherein the boom comprises a jib

extending from the hammerhead structure, wherein preferably the crane
comprises one or more auxiliary hoisting systems having a hoisting cable, sheave
block, hoisting block and hoisting winch, and wherein preferably the sheave block

of the one or more auxiliary hoisting systems is arranged on the jib.

. A crane according to any of the preceding claims, wherein a centre plane of the A-

frame is defined as the plane spanned by the first pivot axis and a longitudinal
axis of the A-frame, wherein a 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.

. A vessel comprising a crane according to any of the preceding claims.

7. A vessel according to claim 6, wherein 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;

- a leg per opening in the hull; and

- a leg driving 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.

. A vessel according to claim 7, wherein 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.

. A method for up-ending a longitudinal structure, wherein use is made of a crane

according to any of the claims 1-5, said method comprising 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 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.
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10. A method according to claim 9, wherein step ¢) comprises the following steps:
¢1) 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.
11. A method according to claim 9 or 10, wherein 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.



PCT/NL2017/050602

1/10

16
13
12

17

22,23

Fig. 1

WO 2018/052291

e —— = I

v

14N,
|

10
20,21
35.1,35.2,35.3




WO 2018/052291 PCT/NL2017/050602

2110

Fig. 2

15A
e

i
1%

- - ="
—_——————e e —— 41

13
12

e—11

3A ] | 3D




WO 2018/052291 PCT/NL2017/050602

3/10
O
LN
—
o
\ o~
& jff‘ ;
H Wg \ /
L] W /
[ | |
\ /
om
N~ N | /
N
| &
m
QS
2 \
N L
— |
|
o\\
LN N7
— —
] =5
N\
|
i
hovo
© o
<A (Q —
m
—

3D
10 /

4D
21

Fig. 3



WO 2018/052291 PCT/NL2017/050602
4/10
g ) | 22
I 24
|
!
i 17A
158 ] ~—333
156 ~—T\_.___ 36
15A 330 it =,
: _
I oy
; - M <5C 37
i 33.1
|

342 312 1SF




WO 2018/052291 PCT/NL2017/050602

5/10

Fig. 6A Fig. 6B

331

321




WO 2018/052291

Fig. 9

2E —

6/10

fr———

50D

PCT/NL2017/050602

/‘2




WO 2018/052291 PCT/NL2017/050602

710

3D

2

15

50

|
N =" |

Fig. 10



WO 2018/052291 PCT/NL2017/050602

8/10

Fig. 12 Fig. 13

30.2
30.1 ~U [_

32.1*\&

—~32.2

ol
N\

30.3

323
52 |




WO 2018/052291 PCT/NL2017/050602

9/10

Fig. 14

10

L
_A
_F | —~50A
|
= |
.
60 | | 50
= 00O |§|i+
1 11
2
) ?
|
— — : =
] |
o |
] ] | T~ 50B
]




WO 2018/052291 PCT/NL2017/050602

10/10

S
24|

|
OO0

&N

K
w%xxxx:

A\

BT = e

r=—

)
X0

N

N
x%mww;

TR [T




INTERNATIONAL SEARCH REPORT

International application No

PCT/NL2017 /050602

A. CLASSIFICATION OF SUBJECT MATTER

INV. B66(C23/82 B66C23/52
ADD.

B66C23/84

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

B66C B63B E02B E21B FO3D

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

19 June 2014 (2014-06-19)
abstract

paragraph [0022]
claims 1, 14
figures 1-6

JACOBUS [NL];)

29 October 2009 (2009-10-29)
page 10, Tine 1 - line 37
claims 1, 10

figures 3, 7, 8

paragraph [0024] - paragraph [0027]

A US 2014/166604 Al (HEY JOHN E [US]) 1

A WO 2009/131442 Al (ITREC BV [NL]; 1,6
ROODENBURG JOOP [NL]; WETERINGS

HENDRIKUS

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

18 December 2017

Date of mailing of the international search report

03/01/2018

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Guthmuller, Jacques

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/NL2017 /050602

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 2013/168345 Al (HEY JOHN [US])

4 July 2013 (2013-07-04)

"Material Handling System";

paragraph [0033] - paragraph [0040]; claim
1

"Guide System";

paragraph [0041] - paragraph [0051]
figures 1-3, 5, 6, 17-24

CN 104 649 155 A (SOUTH CHINA MARINE
MACHINERY CO LTD) 27 May 2015 (2015-05-27)
figures

three winchs 3, three lines

US 4 280 628 A (GOSS JOHN B ET AL)

28 July 1981 (1981-07-28)

figures 2-5

claims 1, 5

US 4 951 924 A (CALKINS DENNIS E [US])
28 August 1990 (1990-08-28)

figures 1, 2, 4, 5, 10-13

claims 1, 2, 3

US 5 580 189 A (SANDERS RONALD E [US] ET
AL) 3 December 1996 (1996-12-03)
abstract

figures 1, 4

claims 1, 11

1

1,6,9

1,6,7

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/NL2017/050602
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2014166604 Al 19-06-2014  CN 104981424 A 14-10-2015
DK 2931648 T3 06-02-2017
EP 2931648 Al 21-10-2015
SG 11201504502U A 30-07-2015
US 2014166604 Al 19-06-2014
WO 2014093804 Al 19-06-2014

WO 2009131442 Al 29-10-2009 CN 102015513 A 13-04-2011
EP 2274225 Al 19-01-2011
US 2011114587 Al 19-05-2011
WO 2009131442 Al 29-10-2009

US 2013168345 Al 04-07-2013 DK 2797830 T3 17-05-2016
EP 2797830 Al 05-11-2014
EP 3034451 Al 22-06-2016
KR 20140116386 A 02-10-2014
SG 11201403593Y A 30-10-2014
US 2013168345 Al 04-07-2013
US 2016376132 Al 29-12-2016
WO 2013101899 Al 04-07-2013

CN 104649155 A 27-05-2015  NONE

US 4280628 A 28-07-1981  NONE

US 4951924 A 28-08-1990  NONE

US 5580189 A 03-12-1996 AU 1127597 A 17-07-1997
EP 0868575 A2 07-10-1998
NO 082857 A 18-08-1998
us 5580189 A 03-12-1996
WO 9723402 A2 03-07-1997

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report
	Page 32 - wo-search-report

