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DESCRIPTION

[0001] The invention relates to an extendable lattice type boom for a crane. In many fields of
construction and maintenance there is a demand for ever larger cranes capable of hoisting
loads at increasing heights. This requires the use of a longer boom, or an extension attached
to a boom, such as a jib. Increasing the length of the boom will inevitably introduce a hindrance
for transportation of the crane.

[0002] Cranes with a telescopic boom have been developed to achieve relatively large lifting
heights while being able to quickly retract the boom to transportable dimensions. Such
telescopic booms usually have two or more sections with decreasing dimensions, the larger
section enclosing the inserted part of the smaller section. The loads on the boom, such as the
weight of the boom and the hook load, will result in a bending or overturning moment in the
boom and therefore between the sections, which will result in large forces being transferred
through the guides between the telescoping sections, requiring significant material strength at
the guides.

[0003] In general, a longer boom requires a heavier construction to be able to withstand not
only the increased forces and bending moment induced by a hook load at a larger outreach of
the crane, but also to support its own increased weight. WWhen increasing the length of a
conventional tubular type telescopic boom, such tubular boom may become too heavy for
certain applications such as off-shore applications when taking into account the required
material strength at the guides.

[0004] Application of a lattice type boom can reduce the weight of the boom significantly in
view of the tubular type boom. A telescoping boom with lattice type sections has been
disclosed, but connecting and/or locking the telescopic boom sections remains problematic.
Also, load transfer to the telescopic boom sections may remain difficult.

[0005] In the field of wind turbine installation, it is expected that the required lifting height for
installing the turbine on top of the tower will increase to 140-160m, or beyond, in the near
future. For onshore installation of wind turbines, for which usually conventional mobile cranes
with telescopic boom are used, this lifting height would require the largest available
conventional mobile telescopic cranes with additional lattice jib and luffing systems.

[0006] For offshore installation of wind turbines, jack-up platforms carrying lattice boom type
cranes with boom hoist wires are generally used. The expected lifting heights for future
installations exceed the current capabilities of the available cranes on existing installation jack-
up platforms. If a lattice boom of such a lattice boom type crane were extended with an
additional section, the longer boom would then protrude from its original boom rest in a transit
position and the crane block would not fit its original support. This could result in increased
bending moment in the boom during transit. Also, the protruding boom may not fit within the
footprint of the jack-up platform any more and may extend outwardly thereof, which may cause
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stability problems during transit of the platform and/or may result in an increased bending
moment in the boom. Additionally, the protruding boom can also cause logistic problems on the
platform itself, such as the boom blocking the helicopter platform.

[0007] Publication JP 63-119590 discloses a lattice type crane mounted onto road vehicle, the
crane having a base boom section and one telescopic boom section, wherein the telescopic
boom section is fixated to the base boom section by means of pins insertable in holes through
the telescopic boom section and the base boom section.

[0008] It is an objective to provide for an extendable lattice boom which obviates at least one
of the above mentioned drawbacks.

[0009] There is disclosed an extendable lattice type boom for a crane comprising a base boom
section and at least one telescopic boom section including the features of claim 1. The
extendable lattice type crane boom comprises a lattice type base boom section and at least
one lattice type telescopic boom section. A lattice type boom section generally comprises a
plurality of longitudinal chords interconnected with trusses. The chords generally form the
corners of the boom's cross-section, which may have a triangular, rectangular, or square
shape, or any other desired, usually polygonal, cross-sectional shape. The at least one
telescopic boom section is adjustable with respect to the base boom section between a
retracted position, in which the telescopic boom section is substantially inside of the base boom
section, and an extended position, in which the telescopic boom section is at least partly
outside of the base boom section. The extended position can be a maximally extended
position, in which there is only a minimal overlap between the base boom section and the
telescopic boom section, or can also be any other intermediate extended position, in which a
larger part of the telescopic boom section is still inside the base boom section. The extendable
crane boom further comprises a locking system configured to lock the at least one telescopic
boom section with respect to the base boom section in at least the extended position. Said
locking system includes a plurality of pins, each pin being configured to extend, in at least the
extended position of the boom, at least partly through a corresponding pin receiving aperture
provided in one of the base boom section and the at least one telescopic boom section. A size
of at least one of said pin receiving apertures is substantially larger than a cross-sectional
dimension of a corresponding one of said plurality of pins to be received in the pin receiving
aperture.

[0010] Any other variant of a hole in which in at least one radial direction, the dimension of the
hole is substantially larger than a cross-section of the corresponding pin as to provide sufficient
play in the connection, is not part of the invention, but remains part of the disclosure.

In particular, in at least one radial direction of the pin receiving aperture the dimension of the
pin receiving aperture is substantially larger than a cross-section of the pin. In an example not
forming part of the invention, the pin receiving aperture can be a slotted hole, that in at least
one direction, i.e. in longitudinal direction of the hole, is substantially larger than a cross-
section of the pin. Substantially larger is understood to be larger than normal tolerances
available to allow a pin to be received in a hole. For example, the additional dimension, i.e, the
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size of the pin receiving aperture that is larger than the cross-section of the pin, resulting in
additional play, in the at least one direction can be about 10 mm to about 40 mm,
Advantageously, the additional dimension, or the difference in size between the length of the
pin receiving aperture and the cross-section of the pin in a certain direction, is provided at both
sides of the pin at a position where the pin is inserted in the aperture to allow for easy
insertion. For example the additional dimension can be between about 10 mm to about 40 mm
at each side. More preferably, the additional dimension can be between about 15 mm to about
35 mm. The additional dimension is advantageously independent of the size and/or cross-
sectional shape of the pin, but allows for easy insertion independent of the size and/or cross-
sectional shape, e.g. circular or square, of the pin. The additional dimension can be provided in
one direction, e.g. resulting in a slotted hole or an oval hole or an egg-shaped hole, or can be
provided in more than one radial direction with respect to the cross-section of the pin, or can
be provided in all radial directions of the hole, resulting in an enlarged hole with respect to the
cross-sectional dimension of the pin.

[0011] In this way, an extendable crane boom can be obtained, which can be solidly locked in
an extended position in a relatively quick and easy way, while still remaining transportable as it
is a retractable and relatively lightweight structure. Also, the locking and/or unlocking of the
telescopic boom section from the base boom section can be done relatively simple and fast,
reducing time between subsequent working operations. In particular when the crane with the
extendable crane boom is installed on a jack-up platform that is working on subsequent
installation sites offshore, such as for example in a wind-mill park, a relatively short retracting
and/or extending of the telescopic boom section is advantageous reducing the turnaround time
between subsequent installation sites.

[0012] According to the invention, at least one primary pin is provided that is adapted to be
received in a corresponding primary pin receiving aperture and an at least one secondary pin
is provided that is adapted to be received in a corresponding secondary pin receiving aperture.
Preferably, the primary pins are inserted first into the corresponding apertures. The
corresponding primary pin receiving apertures are egg-shaped, or droplet shaped such that
the pin can be received at the larger part of the egg-shaped aperture and then, upon further
locking of the connection, the pin moves to the smaller part of the egg-shaped opening as to
align and lock the pin in the aperture. To provide for the movement and alignment, the egg-
shaped hole has oblique sides with respect to a longitudinal direction of the hole,
approximately with an angle between about 2 deg to about 10 deg with respect to the
longitudinal direction of the aperture. The primary pin and the corresponding primary pin
receiving aperture can be provided at an upper chord of the base boom section and the
telescopic section and/or at a lower chord of the base boom section and the telescopic section.
The pin can thus be firmly received in the smaller part of the egg-shaped or droplet-shaped
aperture such that load, e.g. axial and/or transverse, can be transferred. These primary pins
may be provided in an upper chord, when boom hoist wires are connected to the telescopic
section. To optimize load transfer, the shape of the smaller part of the egg-shaped opening
mainly corresponds to the cross-sectional shape of the pin to be received in the aperture. In an
embodiment, there may be primary pins provided in a lower chord as well, when boom hoist
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wires are connected to the telescopic section. Such primary pins may be subject to axial
loading only. These primary pins may have for example a rectangular shape and the
corresponding pin receiving aperture may have a rectangular shape as well that has a size that
is substantially larger than the cross-sectional dimension of the pin, e.g. the pin receiving
aperture may be in two perpendicular dimensions, i.e. transverse to the sides of the rectangle,
at both sides of the rectangle, larger than the cross-section of the pin with an additional
dimension of between about 10 mm to about 40 mm to allow easy insertion. In use, a side of
the pin abuts against a side of the aperture to allow load transfer.

[0013] According to the invention, it is provided at least one secondary pin with a
corresponding at least one pin receiving aperture. Such a secondary pin may be provided in a
lower chord as well, when boom hoist wires are connected to the telescopic section. The
secondary pin may be subject to axial loading only. Also, such a secondary pin may
advantageously be of a rectangular cross-section with a corresponding rectangular shaped pin
receiving aperture. The secondary pin may provide for axial locking of the base boom section
with the telescopic boom section together with the primary pin in the, in this embodiment, lower
chord.

[0014] Various embodiments and combinations are possible. For example, the boom hoist
wires may be connected to the base boom section and to the telescopic section. In this
embodiment, the at least one secondary locking pin with corresponding pin receiving aperture
may be provided in lower chords of the base boom section and the telescopic section.
Additionally, an at least one primary pin and corresponding pin receiving aperture may be
provided in the lower chords, together providing for axial locking. While an at least one primary
pin and corresponding pin receiving aperture can be provided in the upper chords of the base
boom section and the telescopic section. In another embodiment, the boom hoist wires are
connected to the telescopic section only. In this embodiment, an at least one secondary pin
and corresponding pin receiving aperture may be provided in the lower chords, similar to the
previous embodiment. In another embodiment, the boom hoisting wires are connected to the
base boom section only. In this embodiment, an at least one secondary pin and corresponding
pin receiving aperture may be provided in the upper chords. Additionally, in the upper chords
an at least one primary pin and corresponding primary pin receiving aperture can be provided,
together providing for axial locking of the base boom section and the telescopic boom section.
An at least one primary pin with corresponding primary pin receiving aperture is then provided
in the lower chords.Said locking system can comprise a support structure from which the
plurality of pins extend. Said support structure is preferably provided at a distal end of the base
boom section. Alternatively, the support structure could also be provided at a proximal end of
the telescopic boom section. In the latter case, the pins extend outwardly to be received in
corresponding apertures in the base boom section. In the former case, the pins extend
inwardly to be received in corresponding apertures in the telescopic boom section. The support
structure can have a shape that is similar to a cross-section of the crane boom, for example a
rectangular shape or any other desired shape. The corners of said support structure can be in
line with the longitudinal chords of the boom. The support structure can for example be a solid
and reinforced structure, or alternatively an open structure including chords and trusses with
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local reinforcement elements, e.g. to transfer loads from the pins to the chords and/or trusses.
The support structure can provide a relatively solid locking system of the extendable boom. In
order to further reinforce the solidity of the locking system of the extendable boom, the
corresponding pin receiving aperture may advantageously be provided at a chord of the
telescopic boom section, preferably at a proximal end of the telescopic boom section, more
preferably at a proximal end of every chord of the telescopic boom section. As an example, in
case of an extendable boom with a substantially rectangular cross-section, the locking system
can comprise four main pins extending at least partly into four main pin receiving apertures, i.e.
one aperture in each of the four longitudinal chords of the telescopic boom section, each
receiving one of the four main pins. A size of at least one of said four apertures is larger than a
cross-section of the pin to be received, and preferably, a size of all four apertures is larger than
the cross-section of the pin to be received.

[0015] More advantageously, the locking system can comprise a secondary set of pins and
corresponding pin receiving apertures provided at a lower side of the base boom section and
of the telescopic boom section, wherein preferably at least one of the pin receiving apertures
has a size which is substantially larger than a cross-sectional dimension of the corresponding
pin to be received. The corresponding pin receiving apertures for the set of secondary pins
may be the same, or part of, the pin receiving apertures for the primary pins, or may be
separate pin receiving apertures. When the pin receiving aperture for the secondary pin and
the pin receiving aperture for the primary pin is the same, in fact a large aperture is provided in
which the primary pin and the secondary pin can be received. The primary pin and the
secondary pin preferably are each provided at opposite ends of the combined primary and
secondary pin receiving aperture to provide for axial or chordwise locking.

[0016] A lower side of the extendable boom is a side which is turned downwards when the
extendable boom is retracted and in a transport position. When the extendable boom, as part
of a crane, is brought into a working position, which is a substantially upright but still slightly
tilted position of the boom, said lower side is also the side on which loads can be hoisted. Said
secondary set of pins and corresponding apertures can firmly lock the telescopic boom section
to the base boom section substantially without play and can thus improve load transmission via
the pins to the chords of the base boom section.

[0017] The extendable lattice type crane boom can further comprise a guiding system
configured to guide a movement of the telescopic boom section along the base boom section.
Said guiding system may for example include guide rails and guide elements configured to be
guided along the guide rails, or any other guiding system. Said guiding system can
advantageously be provided on a chord of the base boom section and/or the telescopic boom
section under an angle with respect to an upper or a lower side of the boom, preferably the
angle is about 45°. Said angle allows an efficient guiding system which can be made relatively
compact. An example of a guiding system will be discussed in more detail in the figures.

[0018] The extendable lattice type crane boom may further comprise a measuring system
configured to detect a position of the telescopic boom section with respect to the base boom
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section. Such measuring system can for example include a camera for visual inspection, or a
closed circuit TV system, or any other suitable measuring system. The measuring system can
send feedback of its measurements to a control system, which may control the extension or
retraction of the extendable boom, in a partly or entirely automated way, or under control of a
human operator.

[0019] The extendable lattice crane boom can further comprise a telescopic system arranged
to adjust the at least one telescopic boom section between said retracted position and said
extended position, wherein said telescopic system comprises at least one reeving system. The
reeving system can comprise a wire rope tackle system with a winch. The wire rope can be
reeved between sheaves mounted inside the base boom section and sheaves mounted on a
telescopic boom section. Pulling the wire rope in with the winch can for example result in the
telescopic boom section being pulled out of the base boom section, thus extending the boom,
while moving along the guides. During retraction of a telescopic boom section, the winch can
be operated to release the wire rope allowing the telescopic boom section to move inside of
the base boom section, typically moving down as a result of gravity. In alternative
embodiments, the telescopic system may comprise a hydraulic cylinder or a rack & pinion
system, instead of a reeving system. The telescopic system can preferably comprise two
reeving systems, each provided on an opposite side of the base boom section, preferably on
lateral sides of the base boom section, which is advantageous for a balanced load distribution.
Preferably there is a single winch for the two reeving systems such that the two reeving
systems in fact form a single combined telescopic system provided at both sides of the base
boom section.

[0020] A locking system for an extendable lattice type crane boom, not forming part of the
invention, can provide a solid locking of an extendable boom in at least an extended position,
and is relatively easy and quick in operation. An extendable lattice type crane boom can also
comprise a plurality of telescopic boom sections, wherein each telescopic boom section is
lockable with a contiguous telescopic boom section via such a locking system. In this way, a still
larger and/or compacter extendable crane boom can be provided.

[0021] According to an aspect of the invention, a crane is disclosed according to the features
of claims 8-10.

[0022] The crane comprises an extendable lattice type crane boom as described above. Said
lattice type boom is movable between a transit position, in which said lattice type boom is in a
substantially retracted and substantially horizontal position, and a working position, in which the
lattice type boom is extended. The crane also comprises a crane base to which said
extendable lattice type boom is pivotably connected, such that the crane boom can be rotated
around a substantially horizontal axis between said transit position and said working position.
The crane base can optionally also be made rotatable around a substantially vertical axis. The
crane further comprises a boom hoisting system arranged to rotate the extendable boom
between said transit position and said working position, and a load hoisting system configured
to hoist a load. The boom hoisting system can preferably be connected to a distal end of the



DK/EP 3515851 T3

base boom section as well as to a distal end of the telescopic boom section, which can provide
a relatively stable, well-balanced and reliable crane. Alternatively, the boom hoisting system
may also be connected to one of a distal end of the base boom section and a distal end of the
telescopic boom section. The boom hoisting system may also be configured to be controlled by
a control unit during operation of the telescopic system to follow the telescopic system to
facilitate the movement of the telescopic boom section. As such, the telescopic system acts as
a master system, while the boom hoisting system acts as a slave system that follows the
operation of the master system to facilitate the movement of the telescopic system. Thus, the
crane operator may only need to operate the telescopic system while the boom hoisting
system follows automatically, controlled by a control unit, to facilitate movement of the
telescopic boom section. As such, an optimal angle of about 80° of the crane boom can be
kept during the telescopic operation. Also, providing the boom hoisting system as a slave
system to the master system, at least during telescopic operation, provides for a more easy
operation of the crane by the crane operator, as the operator then has to operate the
telescopic reeving system only. This may reduce the risk on failures and/or mistakes.

[0023] Advantageously, a measurement system can be provided to determine the actual
position of the telescopic crane boom section with respect to the base boom section. The
measurement can provide feedback on the actual position to the crane operator who can
adapt the crane operations on that information. Also, the measurement system can be
configured to control a speed reduction of the telescopic system upon approaching a desired
extended position. This may assist the crane operator in approaching the desired extended
position and may reduce the risk on failures or damages.

[0024] The control unit for controlling the operation of the boom hoisting system in
dependency of the operation of the telescopic reeving system can be part of the measurement
system of may be provided as a separate control unit. In a preferred embodiment, a
measurement system is provided that is configured to control the operations of the crane and
provide output on measured parameters, such as telescopic boom speed to an output unit,
e.g. the user interface of the crane operator.

[0025] In a preferred embodiment of the crane, the crane base can be mountable around a leg
of a jack up platform. Such a crane can provide a relatively compact yet efficient crane, even in
a harsh off-shore environment. The crane base may also be mountable on a standard
pedestal with a slewing bearing arrangement. However, providing the crane base around a leg
of the jack-up platform provides for a space efficient solution for the use of the space on a deck
of the jack-up platform.

[0026] According to a further aspect of the invention, there is disclosed in claims 11-15 a
method for operating a crane including an extendable lattice type crane boom, providing one
or more of the above-mentioned advantages.

[0027] According to a further aspect of the invention, the features of claim 16 disclose a jack
up platform comprising a crane according to one of claims 8 to 10, providing one or more of
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the above-mentioned advantages.

[0028] According to an embodiment not forming part of the invention, an extendable or
telescopic boom with a base boom section and at least one telescopic boom section is
proposed. As previously described, the sections are of a lattice type construction with a square,
rectangular or possibly triangular cross section, with longitudinally extending chords in each
corner of the cross-section which are connected to each other with trusses. The telescopic
section has smaller cross-sectional dimensions in comparison with the base boom section,
which base boom section at least partly encloses the inserted part of the telescopic boom
section. The telescopic section can be moved relative to the base boom section in order to
extend or shorten the boom. The telescopic boom section is adjustable with respect to the
base boom section between a retracted position, in which the telescopic boom section is
substantially inside of the base boom section, and an extended position, in which the telescopic
boom section is substantially outside of the base boom section. The telescopic boom section is
preferably locked with respect to the base boom section in at least an extended position, but
may also be lockable in intermediate positions and/or in a retracted position.

[0029] Typically, the extendible boom is provided with hoisting elements to which a hoisting
system can be mounted that is connectable to a crane base, preferably to winches at the crane
base. In a mounted position, when the boom is mounted to a crane base, one or more chords
of the boom are upper chords at the side where the boom is provided with the hoisting
elements. The chords at an opposite side thereof are, in mounted condition, the lower chords.

[0030] The extendable boom may also comprise multiple telescopic boom sections with
decreasing dimensions, preferably with decreasing cross-sectional dimensions, and/or with
similar or decreasing longitudinal dimensions, each being movable relative to the other in order
to extend or retract the boom. Guides are provided for guiding the movement of the telescopic
boom section along the base boom section. Guide rails can be provided on the chords of the
telescopic boom section and corresponding guides can be positioned inside the base boom
section. Alternatively, the guides can be provided on the chords of the telescopic boom section
and the corresponding guide rails can be positioned inside the base boom section. In case the
extendable boom has multiple sections, the same guiding configuration is applied between
each successive sections. The guides may be used for moving each telescopic boom section
with respect to the base boom section, or preceding boom section.

[0031] The extendable boom is preferably equipped with a telescopic system arranged to
extend or retract each telescopic boom section out of and/or into a preceding telescopic boom
section or the base boom section. The telescopic system may comprise a reeving system, as
previously described.

[0032] In case the boom has multiple telescopic boom sections, each telescopic boom section
may be provided with an additional telescopic system between the telescopic boom sections,
or a single telescopic system may be configured to extend and/or retract multiple telescopic
boom sections. The telescoping system can be arranged to extend the telescopic boom
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sections simultaneously and/or sequentially.

[0033] The extendable boom is preferably provided with a locking system arranged for
connecting and/or locking the chords of the telescoping part to the base boom section, or a
preceding telescopic boom section, in order to provide for a firm connection between the
respective telescopic boom sections such that boom load can be transferred through the
chords. The locking system may comprise a support structure at a distal end of the base boom
section or the preceding telescopic boom section, which support structure is provided with
locking pins. The locking pins are positioned to align with apertures in the chords of the
telescopic boom section that is at least partly inserted in the base boom section. The telescopic
boom section is provided with apertures arranged in or integrated with the chords to receive
the locking pins. The locking pins can be engaged with hydraulic or electric actuating means.
The support structure can be provided at the distal end of the base boom section with the
locking pins connected thereto and extending therefrom towards a chord of the telescopic
boom section. Alternatively, the support structure can be provided at the proximal end of the
telescopic boom section with the locking pins connected thereto and extending therefrom
towards a chord of the base boom section, or preceding telescopic boom section. Alternatively,
the support structure can be provided at the distal end of the base boom section with the
locking pins connected to the telescopic boom section, e.g. at the chords of the telescopic
boom section, and extending therefrom towards the support structure.

[0034] The telescopic boom section can be locked with respect to the base boom section in at
least an extended position. However, locking in the retracted position and/or in intermediate
positions may also be possible. Alternative to locking of the telescopic boom section in the
retracted position, there may be a stop element provided against which the telescopic boom
section may abut as to position the telescopic boom section in the retracted position.

[0035] To enable locking at these positions, the telescopic boom section may be provided with
multiple apertures arranged for receiving a locking pin from the locking system. The apertures
of the telescopic boom section are preferably provided at predetermined positions on the
chords thereof, such that they can receive a locking pin in a required position of the telescopic
boom section.

[0036] The locking pins are engageable in the retracted and/or extended and/or intermediate
position of the telescopic boom section with respect to the base boom section. When at least
one locking pin is engaged, the guides can be retrieved from the guide rails to undo the
contact between the guides and the guide rails. As such, the boom load may be directly
transferred via the locking pins through the chords and no or minimal load transfer may go
through the guides of the guiding system. So, the guide rails may not support the load in the
extended position of the boom. This is advantageous for the mechanical structure of the boom
for which less or reduced reinforcement may be required, allowing the mechanical structure to
become lighter in view of prior art structures. When the locking pins are engaged, the
telescopic system need not be actuated anymore, so load transfer is mainly done via these
locking pins through the chords, instead of via the guides and/or via the telescopic system.
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Basically, the guides and/or the telescopic system may not be subject to boom loads in the
extended position.

[0037] In case the boom has multiple telescopic boom sections, a locking system is provided at
each transition between successive telescopic boom section, with the support structure and
locking pins at the top end of each telescopic boom section.

[0038] For example, the extendable crane may have boom hoist wires connected to the boom
tip. The upper chords, i.e. the chords of the boom sections at the side of the boom sections
provided with hoisting elements, may then be under compression. In an unclaimed
embodiment, the apertures in the upper chord for receiving the locking pins may be slotted
holes to allow easy insertion of the upper locking pins during extending. Alternatively, the boom
hoist wires can be connected to the base boom section. The telescopic part may now be
subject to an additional bending moment resulting in the lower chords, i.e. the chords of the
boom sections at a side opposite of the upper chords, being under compression. In this case,
which does not form part of the invention, the apertures in the lower chords for receiving the
lower locking pins may be slotted for easy insertion during extending.

[0039] It is noted that, in an embodiment not forming part of the invention, the apertures
arranged on the chords of a telescopic boom section which correspond with the retracted
position of the telescopic boom section may have the form of a slotted hole to provide for easy
insertion of the locking pins during extension, if locking in a retracted position is provided.

[0040] In order to enable insertion of a locking pin into a pin receiving aperture on the
telescopic boom section, the base boom section and the telescopic boom section are
preferably properly aligned. During extension and/or retraction of the telescopic boom section
with respect to the base boom section, the guides are in contact with the guide rails for guiding
the telescopic boom section during the telescopic movement. Due to the contact of the guides
and the guide rails, the bending moment of the boom is transferred via the guides to the
telescopic boom section during telescoping. By providing a locking system with locking pins,
the chords of successive sections can be connected and locked in order to transfer boom
loads via the pins through the chords. Upon locking of the locking pins, the contact between
the guides and the guide rails can be undone, so as to transfer the load via the locking pins
and such that the guides can become unloaded.

[0041] The extendable boom is advantageously provided with an alignment system arranged
to align the telescopic boom section with the base boom section as to enable proper locking of
the telescopic boom section with respect to the base boom section in the determined position.
The aligning system is arranged to push, or pull, the telescopic boom section in a direction
transverse to the longitudinal chord direction, at the proximal end of the telescopic boom
section such that a longitudinal center line of the telescopic boom section aligns with a
longitudinal center line of the base boom section. A stop may be provided at an opposite end
of the alignment system against which the telescopic boom section can abut during alignment,
preferably the stop is retrievable such that, after alignment, there is no contact with the
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telescopic boom section. The alignment system may comprise at least an actuator, such as a
hydraulic cylinder or electric actuator, mounted to the base boom section, or telescopic boom
section, preferably at the side where, in an extended position, there is contact between the
sections due to the bending moment of the base boom section and/or telescopic boom section.
The alignment system, for example the actuator is capable of pushing, or pulling, the proximal
end of the telescopic boom section away from the guides to undo the contact between the
guides and the guide rails. This way the guides can be unloaded and the centerline of the
telescopic boom section can be brought in alignment with the centerline of the base boom
section.

[0042] Due to the alignment of the telescopic boom section with respect to the base boom
section, the telescopic boom section may rotate around an axis transverse to its center line. In
an embodiment not forming part of the invention, at least one aperture is provided as a slotted
hole to allow the alignment rotation of the telescopic boom section when the locking pin is
already engaged. Once the alignment is completed, the opposite locking pin may be engaged
into a corresponding aperture. The opposite pin-and-aperture set may have mating
dimensions such that the pin closely fits in the aperture, but preferably, all apertures in the
chords of the telescopic boom section are not closely fitting apertures.

[0043] In the above, the telescopic boom section is explained as being extendible and/or
retractable with respect to the base boom section. It is to be understood, that in case the boom
has multiple telescopic boom sections, that a more distal telescopic boom section is extendible
and/or retractable with respect to its preceding telescopic boom section in the same or similar
manner.

[0044] In case the boom has multiple telescopic boom sections, an alignment system is
provided at each transition between successive telescopic boom sections, with the alignment
system mounted to the preceding telescopic boom section and arranged to align the distal
telescopic boom section with respect to its preceding telescopic boom section.

[0045] Methods not forming part of the invention for operating an extendable boom are also
proposed.

[0046] A first method not forming part of the invention comprises the sequence of operational
steps during extension of the boom, using a locking system involving a crane with boom hoist
wires attached to the boom tip and at least a telescopic boom section of which the upper
chords are provided with apertures for receiving the locking pins which may be in the form of
slotted holes, comprising the steps:

« extending the telescopic part with the telescopic system by pulling in the wire rope

» inserting the upper locking pins into the corresponding slotted holes arranged in the
upper chords of the telescopic boom section

+ lowering the telescoping system until the telescopic boom section rests on the upper
locking pins while the guides at the lower chords are supported by the guides inside the
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base boom section

« aligning the telescopic boom section with the base boom section, and thereby accurately
positioning the lower locking pins over the corresponding apertures arranged on the
lower chords of the telescoping section, by using the aligning system to push the
telescopic part away from the guides while the telescopic boom section rotates around
the upper locking pins

= inserting the lower locking pins into the corresponding apertures arranged on the lower
chords.

[0047] A second method not forming part of the invention comprises the sequence of
operational steps during extending the boom, using a locking system involving a crane with
boom hoist wires attached to the top of the base boom section and at least a telescopic boom
section of which at least the lower chords are provided with apertures for receiving the locking
pins which are in the form of slotted holes, comprising the steps :

« extending the telescopic part with the telescoping system by pulling in the wire rope of
the telescopic system

» inserting the lower locking pins into the corresponding slotted holes arranged in the
lower chords of the telescopic boom section

+ lowering the telescoping system until the telescopic boom section rests on the lower
locking pins while the guides at the upper chords are supported by the guides inside the
base boom section

¢ aligning the telescopic boom section with the base boom section, and thereby accurately
positioning the upper locking pins over the corresponding apertures arranged on the
upper chords of the telescopic boom section, by using the aligning system to push the
telescopic part away from the guides while the telescopic boom section rotates around
the lower locking pins

+ inserting the upper locking pins into the corresponding apertures arranged on the upper
chords of the telescopic boom section.

[0048] A third method not forming part of the invention comprises the sequence of operational
steps during retracting the boom comprising the steps of :

« retracting the locking pins at the side at which the pins were inserted last during
extension of the boom

» releasing the aligning system to re-establish the contact between the guides between
the telescopic boom section and the base boom section

» retracting the remaining locking pins

= lowering the telescoping system until the telescopic boom section reaches the retracted
position

» insert the locking pins into the apertures arranged in the chords of the telescopic boom
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section which correspond with the retracted position of the telescopic boom section, if
locking in a retracted position is provided. Advantageously, prior to retracting the locking
pins, the locking pin to be retracted is first unloaded as to be able to retract the pin. For
unloading the locking pin, the telescopic system can be operated to adjust the telescopic
boom as to unload the said locking pin. This can be done for each locking pin to be
retracted, or for a set of locking pins at the same time. Advantageously, the locking pins
are retracted in reverse order as they were inserted.

[0049] In case the boom has multiple telescopic boom sections, the method can be repeated
for each consecutive telescopic boom section.

The disclosure will further be elucidated on the basis of exemplary embodiments given by way
of non-limitative description and illustration. It is noted that the figures are only schematic
representations of embodiments of the disclosure that are given by way of non-limiting
example. Various modifications, variations, and alternatives are possible, as well as various
combinations of the features described. The specifications, drawings and examples are,
accordingly, to be regarded in an illustrative sense rather than in a restrictive sense.
Embodiments according to the disclosure will, by way of non-limiting example be described in
detail with reference to the accompanying drawings. In the drawings:

Figures 1a and 1b show a perspective view on a first embodiment of a crane including an
extendable crane boom according to the invention in a retracted and an extended position
respectively;

Figures 2a and 2b show a side view on the crane of Figures 1 in a retracted and an extended
position respectively;

Figures 3a shows a perspective view on an upper side of a telescopic boom section of the
extendable boom in the crane of Figures 1;

Figure 3b shows a cross-sectional view of a base boom section and the telescopic boom
section of the extendable boom in the crane of Figures 1;

Figure 4 shows a perspective view on part of the extendable boom in an extended position of
the crane of Figures 1;

Figures 5a - 5e show a side view on part of the extendable boom of Figures 1, illustrating a
method operating said extendable crane boom;

Figure 6a shows a side view of a second embodiment of a crane arrangement according to the
invention comprising an extendable boom with a telescopic boom section in a retracted
position;

Figure 6b shows the crane arrangement of fig.6a with the telescopic boom section in an
extended position;



DK/EP 3515851 T3

Figure 7 is a perspective view of a locking system of the crane arrangement of fig.6;

Figure 8 shows a side view of the crane arrangement of fig.6a with the guiding contacts during
extension or retraction

Figures 9 show a side view of a locking system illustrating the sequence of steps required to
lock the telescopic boom section of the crane arrangement of fig.6 in an extended position,
with:

Figure 9a showing step 1: Insertion of the upper pin;
Figure 9b showing Step 2: Alignment of the telescopic part;
Figure 9c¢ showing Step 3: Insertion of the lower pin;

Figure 10 shows a third embodiment of a crane arrangement comprising an extendable boom
with a telescopic part in extended position and the boom hoist wires connected to the pivoting
part of the extendable boom;

Figures 11 show a side view of a locking system illustrating the sequence of steps required to
lock the telescopic boom section of the crane arrangement of fig. 10 in an extended position,
with:

Figure 11a Step 1: Insertion of the lower pin
Figure 11b Step 2: Alignment of the telescopic part
Figure 11¢ Step 3: Insertion of the upper pin

Figure 12 shows a fourth embodiment of a crane arrangement with the main hoist at the top of
the pivoting part of the extendable boom integrated with the locking-pin box structure, and an
auxiliary hoist at the boom tip.

[0050] Figures 1a and 1b show a perspective view on a first embodiment of a crane 1
including an extendable crane boom 2 according to the invention in a retracted and an
extended position respectively. The crane 1 comprises a crane base 3 to which said
extendable lattice type boom 2 is rotatably connected. The crane base 3 may be mounted
around a leg 4 of a jack up platform, but may also be mounted differently, for example on a
standard pedestal with slewing bearing, on a jack up platform or on any other structure where
this type of crane is needed. The crane base 3 may be configured such as to be mounted
around a leg 4 of a jack up platform. The lattice type boom 2 is movable between a transit
position (not shown), in which said lattice type boom 2 is in a substantially retracted and
substantially horizontal position, and a working position, in which the lattice type boom is
extendable. To perform said movement of the crane boom, the crane 1 also includes a boom
hoisting system 5 arranged to move the extendable boom 2 between said transit position and
said working position. Said boom hoisting system includes at least one, preferably two, boom
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hoist winches 11 mounted on the crane base. The boom hoisting system 5 may include two
parallel wire rope and sheaves systems both connected to a distal end of the extendable
boom, and/or to a distal end of the base boom section 2a. The crane 1 is further equipped with
a load hoisting system 6 configured to hoist a load. Said load hoisting system 6 may include at
least one main hoist winch 10, a head assembly 7 mounted on a distal end of the extendable
crane boom 2, as well as an optional secondary hoisting system 8 including an auxiliary hoist
winch, which may be configured to hoist smaller loads, to a greater height and more quickly
than the main load hoisting system. The main hoisting system may for example be configured
to hoist loads of up to approximately 2500 tons to a height of approximately 115 m above
ground/deck, or a load of up to approximately 1250 tons to a height of approximately 156 m
above ground/deck. Such a configuration allows installation of off-shore wind turbines of up to
approximately 16 MW. It is understood that this is just an example, and that smaller or larger
configurations are possible. The extendable boom 2 comprises a lattice type base boom
section 2a and at least one lattice type telescopic boom section 2b. The lattice type base boom
section 2a, as well as the lattice type telescopic boom section 2b, each include longitudinal
chords 15, in particular four chords 15, at each corner of the boom section 2a, 2b, which are
interconnected with trusses 16. A diameter of the chords 15a of the base boom section 2a is
typically larger than a diameter of the chords 15b of the telescopic boom section 2b. The
telescopic boom section 2b is adjustable with respect to the base boom section 2a between a
retracted position (Figure 1a), in which the telescopic boom section 2b is substantially inside of
the base boom section 2a, and an extended position (Figure 1b), in which the telescopic boom
section 2b is at least partly outside of the base boom section 2a. In the above-mentioned
example of a hoisting system configured for hoisting loads up to 2500 tons, the total boom
length may for example be around 95 m in a retracted position, whereas the total boom length
in a most extended position may for example be as long as approximately 135 m, or longer or
shorter.

[0051] Figures 2a and 2b show a side view on the crane of Figures 1 in a retracted and an
extended position respectively. The boom hoisting system 5 is connected to a distal end of the
base boom section 2a as well as to a distal end of the telescopic boom section 2b, more in
particular, to the head assembly 7 on the telescopic boom section 2b and to a support
structure 9 on a distal end of the base boom section 2a. In a working position, as shown, when
the extendable boom 2 can be extended, the crane boom 2 makes an angle a with a
substantially horizontal transit position of the crane boom 2 in a range of approximately 75° -
85°, preferably an angle of approximately 80° with a tolerance of approximately 2°. Said
position allows to decrease as much as possible loads on a guiding system (see Figures 3) of
the extendable boom 2. The transit and working positions also allow to define an upper side 17
and a lower side 18 of the extendable boom 2, the lower side 18 being the side of the
extendable boom 2 turned downwards in a transit position, and the upper side 17 of the
extendable boom 2 being the opposite side of the lower side 18. The boom hoisting system 5
is at least partly mounted on the upper side 17 of the extendable boom 2, whereas loads are
hoisted along the lower side 18 of the extendable boom 2. The extendable crane boom 2 also
comprises a telescopic system 12 arranged to adjust the at least one telescopic boom section
2b between said retracted position and said extended position. Said telescopic system 12
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comprises at least one reeving system, preferably two reeving systems, each provided on an
opposite side of the base boom section 2a, preferably on lateral sides of the base boom
section 2a (see Figure 4). The telescopic system 12 can be configured to extend the
extendable boom 2 from a retracted position (Figure 2a) to an extended position (Figure 2b) in
relatively swiftly . The telescopic system 12 also includes at least one telescopic winch 13. The
reeving system may be configured such that pulling a wire rope 14 in with the winch 13 can for
example result in the telescopic boom section 2b being pulled out of the base boom section 2a,
thus extending the boom, while moving along a guiding system. During retraction of a
telescopic boom section 2b, the winch 13 can be operated to release the wire rope 14 allowing
the telescopic boom section to move inside of the base boom section, typically moving down as
a result of gravity.

[0052] Figures 3a shows a perspective view on an upper side of a telescopic boom section 2b
of the extendable boom 2 in the crane 1 of Figures 1, whereas Figure 3b shows a cross-
sectional view of a base boom section 2a and a telescopic boom section 2b of the extendable
boom 2 in the crane 1 of Figures 1. In order to improve a smooth extension and/or retraction of
the telescopic boom section 2b in and out the base boom section 2a, the extendable boom
comprises a guiding system including guide rails and guiding elements configured to be guided
along the guide rails. The telescopic boom section 2b can for example be provided with at least
one upper guide rail 19, which is preferably positioned on a chord 15b on an upper side 17 of
the telescopic boom section 2b, more preferably on each of the two chords 15b on the upper
side 17 of the telescopic boom section 2b. The upper guide rails 19 are preferably positioned
making an angle with the upper side 17 of the extendable boom 2 of approximately 45°. The
upper guiding element 20 configured to be guided on the upper guide rails 19 may for example
be a sliding pad mounted on the base boom section 2a, preferably on a distal end of the base
boom section 2a, for example on a support structure 9 on the distal end of the base boom
section 2a. The upper guiding element 20 may be configured to engage the guide rail 19 on an
upper surface of the guide rail 19, which upper surface is substantially in parallel with an upper
side 17 of the extendable boom 2. The upper guide rail 19 may be configured to be engaged
by a secondary upper guiding element (not shown) along a side of the upper surface of the
guide rail 19, which side is at a substantially right angle with said upper surface. The base
boom section 2a is further provided with at least one lower guide rail 21, preferably with two
lower guide rails 21, each provided on a chord 15a on the lower side 18 of the extendable
boom 2, preferably radially extending inwardly making an angle of 45° with said lower side 18.
Lower guiding elements 22 configured to be guided on the lower guide rails 21 may for
example be a sliding pad mounted on the telescopic boom section 2b, preferably radially
extending on a proximal end of the chords 15b on a lower side 18 of the telescopic boom
section 2b. The lower guiding elements 22 engage the lower guide rails 21 on an engagement
surface of the guide rail 21, which surface is tilted under an angle of approximately 45° with the
lower side of the extendable boom 2, providing a lower radial guiding engagement in contrast
to an upper angles guiding engagement. In summary, the base boom section 2a is provided
with lower guide rails 21 and upper guiding elements 20, whereas the telescopic boom section
2b is provided with upper guide rails 19 and lower guiding elements 22. It will be clear to the
person skilled in the art that an opposite installation of the guiding system, or a different
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guiding system, is possible as well. All guide rails 19, 21 can for example be made of steel,
preferably greased steel. The upper and lower guide rails 19, 21 can for example extend over
a length of approximately 45-50 m along the chords of the telescopic boom section 2b or the
base boom section 2a respectively, depending on a total length of the extendable boom and on
a length of the telescopic boom section.

[0053] Figure 4 shows a perspective view on part of the extendable boom in an extended
position of the crane of Figures 1. The extendable boom 2 further comprises a locking system
23 configured to lock the at least one telescopic boom section 2b with respect to the base
boom section 2a in at least an extended position. Said locking system 23 includes a plurality of
pins 24, each pin 24 being configured to extend, in at least the extended position of the boom,
at least partly through a corresponding pin receiving aperture 25 provided in one of the base
boom section 2a and the at least one telescopic boom section 2b. A size of at least one of said
pin receiving apertures 25 is substantially larger than a cross-sectional dimension of a
corresponding one of said plurality of pins 24 for engaging in the pin receiving aperture 25. In
the embodiment shown in Figure 4, the locking system 23 comprises a support structure 9
from which the plurality of pins 24 extend. Said support structure 9 is provided at a distal end of
the base boom section 2a. The corresponding pin receiving apertures 25 are provided at a
chord 15b of the telescopic boom section 2b, in particular at a proximal end of the telescopic
boom section 2b, more in particular of every chord 15b of the telescopic boom section 2b. The
locking system of the embodiment of Figure 4 includes four primary pins, each extending into a
corresponding aperture 25 in the telescopic boom section 2b. The locking system 23 also
comprises a secondary set of pins 26 and corresponding pin receiving apertures, which are
provided in the chords 15b on the lower side 18 of the extendable boom 2. Preferably at least
one of the pin receiving apertures has a size which is substantially larger than a cross-sectional
dimension of the corresponding pin to be received. The pins 24 are applied to obtain a direct
connection between the chords 15b of the telescopic boom section 2b and the chords 15a of
the base boom section 2a. The telescopic boom section 2b can include a locally forged or
welded structure 27 at the location of the pin receiving apertures 25.

[0054] Figures 5a - 5e show a side view on part of the extendable boom 2 of Figures 1,
illustrating a method of operating said crane 1. The method comprises a first step (not shown)
of operating a boom hoisting system 5 to bring the extendable lattice type boom 2 from a
transit position to a working position, so from a substantially horizontal and retracted position to
a position in which the extendable crane boom 2 includes a crane boom angle of
approximately 80° with the substantially horizontal transit position. As a next step, illustrated in
Figure 5a, a telescopic system 12 is operated to adjust the telescopic boom section 2b with
respect to the base boom section 2a from a retracted position, in which the telescopic boom
section 2b is substantially inside of the base boom section 2a, to an extended position, in which
the telescopic boom section 2b is substantially outside of the base boom section 2a. During
operation of the telescopic system 12 to extend or retract the telescopic boom section 2b with
respect to the base boom section 2a, the boom hoist system 5 may be operated to facilitate
the movement of the telescopic boom section 2b. An separate alignment system is not needed
in this embodiment. During operation of the telescopic system 12, a measurement system 28
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can determine an actual position of the telescopic crane boom section 2b with respect to the
base boom section 2a. The measurement system can provide output of a determined actual
position to an output module, which can for example automatically control the telescopic
system. Upon approaching a desired extended position, i.e. a locking position in which the pins
24 are facing the corresponding pin receiving apertures 25, the measurement system 28 may
control a speed reduction of the telescopic system 12, for example a speed reduction to
approximately 10% of the previous speed, so for example to a speed of 5 mm per second from
0.5 m before said locking position. The telescopic system 12 may be configured to stop
automatically when the telescopic boom section 2b reaches the desired locking position. The
exact position of the telescopic boom section 2b can then be checked again, for example
visually by an operator using for example a closed circuit TV system. The operator can then
give a signal for pin insertion, which is the next step of the method, as illustrated in Figure 5b.
At least one, but preferably all four primary pins 24, are inserted through a corresponding pin
receiving aperture 25 to substantially determine a position of the telescopic boom section 2b
with respect to the base boom section 2a. The pins can for example be hydraulically actuated,
or actuated in any other known way. As can be seen in Figure 5b, the pin receiving apertures
25 are substantially larger than a cross-sectional dimension of a corresponding one of said
plurality of pins 24 for engaging in the pin receiving aperture 25, i.e. the space around the pins
24 during insertion into the apertures 25 is at least 10 mm, and preferably a lot more in a
longitudinal direction of the chords, so that insertion can be done freely and the pins 24 cannot
get stuck. The primary pins 24 to be inserted into a corresponding aperture in a chord 15b on
the upper side 17 of the extendable boom 2 are preferably pins having a substantially round
cross-section, whereas the pins to be inserted into a corresponding aperture in a chord 15b on
the lower side 18 of the extendable boom 2 are preferably pins having a substantially
rectangular cross-section. The pin receiving apertures 25 may for example also be droplet-
shaped. In a next step, illustrated in Figure 5c, an angular position of the telescopic boom
section 2b with respect to the base boom section 2a is adapted until a secondary pin receiving
aperture 25b corresponds with a secondary pin 26. The secondary pin receiving aperture 25b
may be separated from the primary pin receiving aperture 25, as illustrated here, but may also
be part of a larger single pin receiving aperture, of which an upper section is configured to
receive a primary pin 24 and a lower section is configured to receive a secondary pin 26. This
adapting of an angular position can be done by operating the telescopic system 12, lowering
the telescopic boom section 2b until the primary pins 24 on the upper side 17 of the boom 2
make contact with an edge of the corresponding pin receiving aperture 25. The guiding
system, in particular the upper guide rail 19, on the upper side 17 of the boom 2 is now free
and load is now transferred through said pins, while the guiding system, in particular the lower
guide rails 21, on the lower side 18 of the boom 2 still makes contact and is loaded. As
illustrated in Figure 5d, the telescopic boom section 2b is then lowered still further until the
primary pins 24 on the lower side 18 of the crane boom 2 make contact with an upper edge of
the corresponding pin receiving aperture 25. Now both the upper guide rails 19 as well as the
lower guide rails 21 are unloaded. The pins 24 on the upper side 17 take shear and axial load,
whereas the pins 24 on the lower side 18 of the crane boom 2 only take axial load. Finally, at
least one, and preferably two secondary pins 26 are inserted into corresponding pin receiving
apertures, preferably only on the lower side 18 of the crane boom 2. The secondary pins 26
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make contact with a lower edge of the corresponding pin receiving aperture 25b, such as to
stably lock the telescopic boom section 2b with respect to the base boom section 2a.

[0055] In Figures 6a and 6b a second embodiment of an extendable crane 1' with a base
boom section 2a, also known as the fixed boom part, and one telescopic boom section 2b is
presented in the retracted and the extended position respectively. The boom hoist wires or
luffing wires of the boom hoisting system 5 are connected to the top of the telescopic part.
Note that 'wire' can also mean 'wire rope’, ‘rope’ or 'cable'. The extendable boom is shown as
part of a pedestal crane, but this can be any type of crane with boom hoist wires.

[0056] The boom 2 is in retracted position when the distal telescopic boom sections 2b are
stored in the base boom section 2a. In the retracted position the boom 2 can be upended by
means of the boom hoist system 5. For normal lifting purposes, the crane 1' can be used in the
retracted position, as the crane is then stronger (more capacity) and/or more flexible and/or
easier to use than with an extended boom 2. In the upended or working position the boom 2
can be extended when large lifting height is required, for example when installing a wind
turbine on top of a tower.

[0057] Fig 7 shows a perspective view of the locking system 23'. The lattice structure has in
this embodiment a rectangular shape with four chords 15. The chords 15 at the side where
boom hoisting elements are provided, are denoted as “upper chords'. The chords at the
opposite side thereof, are denoted as “lower chords'. The telescopic boom section 2b may fit
into the base boom section 2a. For the telescopic system 12 a multi-falls reeving system is
provided that is mounted in between the telescopic boom section 2b and the base boom
section 2a. The hauling part is going to a winch located on the slewing platform.

[0058] Guide rails 19'are connected on the chords 15 of the telescopic boom section 2b. In the
base boom section 2a the lower and upper guides 20" are mounted. The guide system can be
arranged vice versa as well, for example with the guide rails 19' on the base boom section 2a
and the guides 20' on the telescopic boom section 2b.

[0059] The locking system 23' comprises a support structure 9' that is provided in the head of
the base boom section 2a. The support structure 9' is embodied here as a reinforced 'box-like'
structure, of which the sides are provided as plate structure to which the locking pins are
mounted. For reasons of simplicity, the side plates are not shown in Figure 7. The box
structure has additional reinforcements to transfer the load of the locking pins locally. The
support structure 9' is designed in such a way that the pin load, when the boom is in extended
and locked position, does not lead to additional moments in the chords of the fixed part. So the
chords of the fixed part are advantageously only loaded in compression (or tension).

[0060] In Figure 8 an extendable boom crane 1' with luffing wires (boom hoist wires) of the
boom hoist system 5 connected to the telescopic boom section 2b of the boom 2 is shown. The
locations where the telescopic guides have contact are indicated by arrows 30. This is the
situation when the boom 2 is fully extended and with no load in the hook. Because of the own
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weight of the boom and the position of the luffing wires the boom is subject to a bending
moment and slightly bends downwards. In Figure 8 the bending of the boom is exaggerated. In
practice there is only a relatively small play between the guiding of the base boom section 2a
and the telescopic boom section 2b. Basically the upper chords 15 are likely to remain under
compression. Thereto a slotted-hole connection can be applied for easy insertion of the locking
pin 24 in the upper chord 15, as shown in figure 9a. After alignment of the telescopic boom
section 2b with respect to the base boom section 2a, the locking pin 26 can also be inserted
into the aperture 25b of the lower chord, which preferably is a fitting aperture. Since the lower
chords can be loaded under tension, as well as under compression, with load in the hook, the
locking pin connection at the lower chord is preferably a fitting connection, contrary to the
slotted connection of the upper chord.

[0061] The procedure for operating the extendable boom with boom hoist wires connected to
the boom top is shown in figures 9a-9c.

[0062] Step 1: With the winch of the telescopic system the telescopic boom section 2b can be
extended. The telescopic boom section 2b can be extended a little bit "too" far. The upper pin
24 can be easily inserted in the slotted hole 25. The own weight bending moment in the boom
can still be transferred by the guiding system. After the upper pin insertion the telescopic
system 12 can lower the telescopic boom section 2b a little bit until the upper pin 24 is in
contact with the corresponding slotted aperture 25 of the telescopic boom section 2b. The
telescopic system 12 does not need to be actuated anymore, and the actuator can be
decoupled and/or unloaded from the telescopic system, so the telescopic system does not
transfer load in the extended position. The slotted hole dimensions will be designed in such a
way that it can take over the compression load but it also allow alignment of the telescopic
boom section and can unload the upper guides, after alignment.

[0063] Step 2: With the hydraulic jacks 31 of the alignment system the telescopic boom section
2b can be rotated over a small angle with respect to the upper pin connection to undo the
contact of the lower guide 20' from its corresponding guide rail 19'. The telescopic boom
section 2b can now be accurately aligned with the base boom section 2a. When both the
telescopic boom section 2b and the base boom section 2a are in line, the locking pin 26 and
aperture 25b of the lower part will be in line as well and the lower pin 26 can be inserted.

[0064] Step 3: The final step can be to insert the lower locking pin 26 and to release the
hydraulic jacks 31 of the alignment system. All the guides 20' are retrieved now and not in load
transferring contact anymore with the respective guide rail. The boom loads can be transferred
through the locking pins. When the locking pins are engaged the winch of the telescopic
system may be unloaded to be sure that all the load transfer is via these locking pins.

[0065] In Figure 10 an extendable boom crane 1" with luffing wires (boom hoist wires) of a
boom hoist system 5 connected to the base boom section 2a is shown. The locations where
the telescopic guides have contact are again indicated by arrows 30. The loads act in the
opposite direction when compared to the situation shown in Figure 8. This is the situation when
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the crane is fully extended and with no load in the hook. Because of the own weight of the
boom and the position of the luffing wires the boom is subject to a bending moment and bends
upwards. In Figure 10 the bending of the boom is exaggerated. In practice there is only a
relatively small play between the guiding of the base boom section and the telescopic boom
section. The load moment in the telescopic boom section is in this case always in the same
direction. The upper chords are loaded under tension and the lower chords are loaded under
compression. So there is no change of load direction. Both upper and lower holes can
therefore be provided as slotted holes in an embodiment not forming part of the invention.

[0066] The locking procedure is less critical but the pin load is in this execution much higher
because of the additional load moment due to the overturning of the telescopic boom section.
A fitting pin and aperture connection is not required but can be applied in the upper chord.

[0067] The procedure for operating the extendable boom crane 1" with boom hoist wires
(luffing wires) connected to the top of the base boom section is shown in Figures 11a-11c.

[0068] Step 1: With the winch of the telescoping system the telescopic boom section 2b can be
extended. The telescopic boom section 2b will be extended a little bit "too" far. The lower pin
can 24 be easily inserted in the slotted hole 25. The own weight moment in the boom will still
be transferred by the guiding system. After the lower pin insertion the telescopic system 12
may lower the telescopic boom section 2b a little bit until the upper pin 24 is in contact with the
corresponding aperture 25 of the telescopic boom section 2b. The actuator of the telescopic
system can be unloaded, so to relieve the telescopic system from load transfer. The slotted
hole dimensions are preferably designed in such a way that it can take over the compression
load but it also may also allow alignment of the telescopic boom section.

[0069] Step 2: With the hydraulic jacks of the alignment system the telescopic boom section 2b
can be rotated over a small angle with respect to the lower pin connection to undo the load
transferring connection between the upper guide and the corresponding guide rail. The
telescopic boom section 2b can now be accurately aligned with the base boom section 2a.
When both the telescopic boom section 2b and the base boom section 2a are in line, the pin
26 and aperture 25b of the upper part may be in line as well and the upper pin 26 can be
inserted.

[0070] Step 3: The final step may be to insert the upper locking pin 26 and to release the
hydraulic jacks of the alignment system. All the guides are free from their corresponding guide
rail, so load transfer between the guide and the guide rail may be obviated. Preferably, the
guide and the guide rail are not in contact anymore. The boom loads may be transferred
through the locking pins. When the locking pins are engaged the actuator of the telescopic
system can be unloaded as well to ensure that all the load transfer is via these locking pins and
not via the telescopic system.

[0071] Fig.12 shows an alternative embodiment of a crane 1™ around a leg 4, such as
frequently utilized on offshore jack-up platforms, with extendable boom 2. The support
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structure 9 at the top of the base boom section 2a, in which the locking pins 24 are mounted,
now has an integrated main hoist 32. In normal operation, the telescoping section 2b will be
retracted and the main hoist 32 at the base boom section 2a will be used. When large lifting
height is required, such as when a wind turbine is installed on top of a tower, or blades are
attached to the wind turbine, the crane 1" will be extended and the auxiliary hoist 8 will be
used.

[0072] A crane 1 with extendable boom 2, comprising of lattice type sections, has several
advantages when utilized on offshore installation jack-up platforms. The crane boom 2 may be
retracted when in transit positions which means that the boom, capable of large lifting height as
required for installing wind turbines, may not protrude from the boom rest, which obviates the
problems that occur when utilizing a longer fixed boom.

[0073] It is to be noted that the figures are only schematic representations of embodiments of
the invention that are given by way of non-limiting examples. For the purpose of clarity and a
concise description, features are described herein as part of the same or separate
embodiments, however, it will be appreciated that the scope of the invention may include
embodiments having combinations of all or some of the features described as long as they fall
within the scope of the invention defined by the following claims. Furthermore, the words 'a’
and 'an' shall not be construed as limited to 'only one’, but instead are used to mean "at least
one', and do not exclude a plurality. The mere fact that certain features are recited does not
indicate that a combination of these features cannot be used to an advantage. Many variants
will be apparent to the person skilled in the art that can be comprised within the scope of the
invention as defined by the following claims.
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PATENTKRAV
1. Udskydelig kranudligger af gittertypen (2) til en kran, hvilken udligger omfatter en
baseudliggersektion af gittertypen (2a) og mindst én teleskopudliggersektion (2b) af gittertypen,
hvor den mindst ene teleskopudliggersektion (2b) kan justeres i forhold til baseudliggersektionen
(2a) mellem en tilbagetrukket position, hvori teleskopudliggersektionen i det vasentlige er inde
1 baseudliggersektionen, og en fremfort position, hvori teleskopudliggersektionen mindst delvist
er uden for baseudliggersektionen,

og som endvidere omfatter et lasesystem (23), der er konfigureret til at lase den mindst
ene teleskopudliggersektion (2b) i forhold til baseudliggersektionen (2a) i mindst den fremforte
position, hvor lasesystemet (23) indbefatter en flerhed af stifter (24, 26), hvor hver stift er
konfigureret til at strekke sig, i mindst udliggerens fremforte position, mindst delvist gennem
en tilsvarende (25, 25b) tilvejebragt 1 én af baseudliggersektionen og den mindst ene
teleskopudliggersektion, hvor flertheden af stifter omfatter mindst én hovedstift (24) tilpasset til
modtagelse 1 en tilsvarende hovedstifts modtagelsesabninger (25), og mindst én sekundzer stift
(26) tilpasset til modtagelse 1 en tilsvarende sekundar stiftmodtagelsesdbning
(25b), kendetegnet ved, at den mindst ene hovedstiftmodtagelsesdabning (25) er eggeformet
eller drabeformet, siledes at stiften kan modtages ved den storre del af abningen og derefter,
efter yderligere lasning af forbindelsen, bevages stiften til den mindre del af abningen for saledes
at justere og lase stiften i dabningen, saledes at en storrelse af den mindst ene
hovedstiftmodtagelsesdbning i det vesentlige er storre end en tvearsnitsdimension af en

tilsvarende hovedstift til indgreb 1 hovedstiftmodtagelsesabningen.

2, Udskydelig kranudligger af gittertypen ifolge krav 1, hvor lasesystemet (23) omfatter en
stottestruktur (9), hvorfra flerheden af stifter (24, 26) udgar, fortrinsvis hvor stettestrukturen (9)

er tilvejebragt ved en distal ende af baseudliggersektionen (2a).

3. Udskydelig kranudligger af gittertypen ifolge et hvilket som helst af de foregaende krav,
hvor den tilsvarende stiftmodtagelsesabning (25, 25b) er tilvejebragt ved en korde af
teleskopudliggersektionen (2b), fortrinsvis ved en proksimal ende af teleskopudliggersektionen,

mere fortrinsvis af hver korde af teleskopudliggersektionen.

4, Udskydelig kranudligger af gittertypen ifolge et hvilket som helst af de foregaende krav,
hvor et sekundeert seet af stifter (26) og tilsvarende stiftmodtagelsesdbninger (25b) i lasesystemet

(23) er tilvejebragt ved en nedre side af baseudliggersektionen og af teleskopudliggersektionen,
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hvor fortrinsvis mindst én af stiftmodtagelsesabningerne har en sterrelse, der i det vasentlige er

storre end en tvearsnitsdimension af den tilsvarende stift, der skal modtages.

s. Udskydelig kranudligger af gittertypen ifolge et hvilket som helst af de foregaende krav,
og som omfatter et foringssystem konfigureret til at fore en bevagelse af
teleskopudliggersektionen (2b) langs baseudliggersektionen (2a), fortrinsvis hvor
foringssystemet er tilvejebragt pa en korde af baseudliggersektionen (2a) og/eller
teleskopudliggersektionen (2b) i en vinkel pa i det vasentlige 45° i1 forhold til en ovre eller en

nedre side af udliggeren.

6. Udskydelig kranudligger af gittertypen ifolge et hvilket som helst af de foregaende krav,
og som endvidere omfatter et malesystem konfigureret til at detektere en position for

teleskopudliggersektionen (2b) i forhold til baseudliggersektionen (2a).

7. Udskydelig kranudligger af gittertypen ifolge et hvilket som helst af de foregaende krav
1-6, og som omfatter en flerhed af teleskopudliggersektioner, hvor hver teleskopudliggersektion
kan lases sammen med en tilstedende teleskopudliggersektion via et lasesystem, hvor
lasesystemet er indrettet til at ldse, mindst 1 en fremfort position for udliggeren, en
teleskopudliggersektion (2b) af den udskydelige udligger 1 forhold til en tilstedende
teleskopudliggersektion af den udskydeligeudligger, hvor lasesystemet indbefatter en flerhed af
stifter (24, 26), hvor hver stift er konfigureret til at straekke sig, i mindst udliggerens fremforte
position, mindst delvist gennem en tilsvarende stiftmodtagelsesabning (25, 25b) tilvejebragt i
den tilstedende teleskopudliggersektion, hvor flerheden af stifter omfatter mindst én hovedstift
(24) tilpasset til modtagelse i en tilsvarende hovedstifts modtagelsesabninger (25), og mindst én
sekundeer stift (26) tilpasset til at blive modtaget 1 en tilsvarende sekunder
stiftmodtagelsesabning (25b), kendetegnet ved, at den mindst ene hovedstiftmodtagelsesabning
(25) er xggeformet eller drabeformet, saledes at stiften kan modtages ved den storre del af
abningen og derefter, efter yderligere lasning af forbindelsen, bevages stiften til den mindre del
af abningen for saledes at justere og lase stiften 1 abningen, sédledes at et tvarsnit af mindst
hovedstiftmodtagelsesabningen (25) i det vaesentlige er storre end et tveersnit af den tilsvarende

hovedstift (24).

8. Kran, der omfatter
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- en udskydelig kranudligger af gittertypen ifolge et hvilket som helst af de foregaende
krav 1-7, hvor udliggeren af gittertypen kan bevaeges mellem en transitposition, hvori udliggeren
af gittertypen (2) i det vaesentlige er i en tilbagetrukket og i det vasentlige horisontal position,
og en arbejdsposition, hvori udliggeren af gittertypen kan udskydes;

- en kranbase (3), hvortil den udskydelige udligger af gittertypen er drejbart forbundet;

- et udliggerhejsesystem (5), der er indrettet til at bevaege den udskydelige udligger
mellem transitpositionen og arbejdspositionerne;

- et lasthejsesystem (6), der er konfigureret til at hejse en last.

9. Kran ifelge krav 8, hvor udliggerhejsesystemet (5) er forbundet med en distal ende af

baseudliggersektionen savel som med en distal ende af teleskopudliggersektionen.

10. Kran ifolge et hvilket som helst af de foregaende krav 8-9, hvor kranbasen (3) kan

monteres omkring et ben pa en selvleftende platform.

11.  Fremgangsmade til aktivering af en kran, der indbefatter en udskydelig kranudligger af
gittertypen, fortrinsvis en udligger ifolge et hvilket som helst af de foregaende krav 1-7, og
fortrinsvis en kran ifolge et hvilket som helst af de foregaende krav 9-10, hvor den udskydelige
udligger af gittertypen omfatter en baseudliggersektion af gittertypen og mindst én
teleskopudliggersektion af gittertypen, hvilken fremgangsmade omfatter folgende trin:

- aktivering af et udliggerhejsesystem (5) for at bringe den udskydelige udligger af
gittertypen (2) fra en transitposition til en arbejdsposition;

- aktivering af et teleskopsystem til at justere den mindst ene teleskopudliggersektion
(2b) 1 forhold til baseudliggersektionen (2a) fra en tilbagetrukket position, hvori
teleskopudliggersektionen (2b) i det veasentlige er inde i baseudliggersektionen (2a), til en
fremfort position, hvori teleskopudliggersektionen 1 det veasentlige er uden for
baseudliggersektionen;

- indsatning af mindst én hovedstift (24) mindst delvist gennem en tilsvarende
hovedstiftmodtagelsesdbning (25) for i det vasentlige at en bestemme en position for
teleskopudliggersektionen (2b) 1 forhold til baseudliggersektionen (2a), kendetegnet ved,
at hovedstiftmodtagelsesabningen (25) er opslidset eller &2ggeformet eller drabeformet, saledes
at stiften kan modtages ved den storre del af dbningen og derefter, efter yderligere lasning af
forbindelsen, bevages stiften til den mindre del af dbningen for saledes at justere og lase stiften

1 abningen;
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- tilpasning af en vinkelposition for teleskopudliggersektionen (2b) i forhold til
baseudliggersektionen (2a), indtil en sekunder stiftmodtagelsesabning (25b) svarer til en
sekunder stift (26);

- indsztning af mindst én sekunder stift (26) 1 en tilsvarende sekunder

stiftmodtagelsesabning (25b).

12.  Fremgangsmade ifolge krav 11, hvor under aktivering af teleskopsystemet til at fremfore
eller tilbagetrekke teleskopudliggersektionen (2b) 1 forhold til baseudliggersektionen (2a),
udliggerhejsesystemet (5) styres til at folge teleskopsystemet for at lette beveaegelse af

teleskopudliggersektionen.

13.  Fremgangsmade ifolge et hvilket som helst af de foregdende krav 11-12, hvor under

aktivering af teleskopsystemet (12) en kranudliggervinkel er omtrent 80 grader.

14.  Fremgangsmade ifolge et hvilket som helst af de foregdende krav 11-13, hvor under
aktivering af teleskopsystemet (12) et maélesystem bestemmer en aktuel position for
teleskopkranudliggersektionen i forhold til baseudliggersektionen, og/eller hvor malesystemet
tilvejebringer output af en bestemt aktuel position til et output-modul, og/eller hvor, efter at en
onsket fremfort position er naet, malesystemet styrer en hastighedsreduktion for

teleskopsystemet (12).

15.  Fremgangsmade ifolge et hvilket som helst af de foregaende krav 11-14, hvor, efter en
onsket fremfort position er naet, den mindst ene hovedstift indsettes 1 den mindst ene
hovedéabning efter en operators visuelle inspektion og/eller efter bestemmelse af en endelig

position for stiftmodtagelsesabningen ved hjzla af mélesystemet.

16. Selvloftende platform, der indbefatter en kran ifelge et hvilket som helst af de foregaende
krav 8-10.
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Fig. 1A Fig. 1B
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Fig. 2B

Fig. 2A
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Fig. 4

BTN

15a

C

2a






Fig. 5E

Fig. 5D




DK/EP 3515851 T3

Fig. 6A

LCATAVAYAYAY
2 IV,
A XA

T e




DK/EP 3515851 T3




DK/EP 3515851 T3

Fig. 8
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Fig. 12
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