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Description

Field of the Invention

[0001] The presentinvention relates to a topside lifting
device, atopside lifting arrangement, a vessel comprising
the topside lifting arrangement, and a method of lifting or
lowering a topside.

Background of the Invention

[0002] In order to transport a heavy load on a floating
vessel, the load must be lifted and then lowered onto the
floating vessel. Lifting can occur in the case of the de-
commissioning of end-of-life topsides, for example from
old oil rigs.

[0003] An increasing number of topsides in operation
around the world are of relatively small size, due to the
increasing number of wind energy farms at sea which
tend to have smaller topsides than e.g. oil rigs. Therefore
the (de)commissioning of small topsides with an expen-
sive lifting apparatus that is suitable for large topsides is
not commercially or operationally desirable.

[0004] Known technologies for lifting/lowering top-
sides of various sizes are identified in the following. It is
known to lift the topside from above, e.g. with a floating
crane (i.e. a vessel provided with one or more cranes);
anexampleisdisclosed in US 20090028647 A1. ltis also
known to lift the topside essentially vertically from under-
neath by hydraulic jacks provided at the deck of a floating
vessel; an example is disclosed in GB 2306407 A1. Fi-
nally, it is also known to lift the topside from below by
deballasting a transporting vessel; an example is dis-
closed in US 2013045056 A1.

Summary of the Invention

[0005] Itis an object of the invention to make it possible
to lift topsides of various sizes in a highly effective way,
e.g. with increased flexibility in accommodating any one
or more of: the topside’s dimensions; the topside’s sup-
port points positions, the decommissioning vessel’s
movements; and follow-up processes like lowering
and/or lifting of the topsides, while providing excellent
possibilities for heave compensation (reduction in the in-
fluence of waves or the tide on the floating equipment).
A side aspect of the object is to allow a simplified con-
struction.

[0006] The object is achieved by the respective sub-
ject-matter of claims 1, 9, 10 and 12. Advantageous fur-
ther developments are subject-matter of the dependent
claims.

[0007] A topside lifting device according to the inven-
tion includes: a lifting actuator as a linear actuator having
a first end and a second end, wherein the second end is
engageable with a support portion of a topside, and the
second end is configured to rotate about the first end
around at least one axis, including an axis other than the
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lifting actuator’s actuating axis.

[0008] In this way a topside of various sizes can be
lifted with a simple and light-weight device. Because the
rotation of the lifting actuator is possible about at least
one axis, including an axis other than the lifting actuator’s
actuating axis, the position of the second end in at least
two dimensions can be easily set and/or controlled. "Ac-
tuating axis" is understood to mean an axis along the
direction of actuation of a particular actuator.

[0009] Preferably the support portion may be on or at-
tached to the topside. Thus supporting of the topside by
the topside lifting device is facilitated.

[0010] Preferably an axis of rotation of the second end
about the first end may be a tilt axis. A tilt axis is under-
stood to be a rotation axis wherein the movement of the
actuator is within a plane. In other words the lifting actu-
ator canftiltin at least one direction. In this way the move-
ment of the lifting actuator, especially in a plane, is sim-
plified; the positioning of the second end in at least two
dimensions can be further facilitated.

[0011] Preferably the second end may be configured
torotate aboutthe firstend around atleast two (preferably
orthogonal) axes, including axes other than the lifting ac-
tuator’s actuating axis. Because the rotation of the lifting
actuator is possible about at least two (preferably orthog-
onal) axes, including axes other than the lifting actuator’s
actuating axis, the second end in three dimensions can
be easily positioned.

[0012] Preferably at least two axes of rotation of the
second end about the first end may be tilt axes. In other
words the lifting actuator can tilt in at least two directions.
The movement of the lifting actuator, especiallyin aplane
or a series of planes, is simplified; the positioning of the
second end in three dimensions can be further facilitated.
[0013] Preferably the rotation of the lifting actuator
about the first end around the at least one axis may be
provided by a single joint at the firstend. Thus a simplified
mechanism is achieved, especially when rotation about
at least two axes is possible.

[0014] Preferably the first end may be connectable to
an attachment portion. The attachment portion may pref-
erably be on the hull of a vessel. Thus the topside lifting
device can be easily positioned by positioning the attach-
ment portion on pre-determined positions on the hull.
[0015] The lifting actuator may preferably comprise a
barrel and a piston slidably inserted therein. Therefore
telescopic extension and contraction of the lifting actuator
is effectable by means of a simple construction.

[0016] The piston may preferably be provided at one
of the first end and the second end, and the barrel may
be provided at the other of the first end and the second
end. Further preferably the piston may be provided at the
first end, and the barrel may be provided at the second
end. Lateral forces in the region of the second end can
be supported by the barrel having a larger diameter (and
so being more flexurally rigid) than the piston.

[0017] The topside lifting device may preferably com-
prise a guide means for guiding the linear actuation of
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the lifting actuator. In this way lateral loads on the parts
of the lifting actuator (e.g. any piston or barrel) can be
supported by the guide means. More particularly the lat-
eral loads on the seals of any piston or barrel can be
reduced to an absolute minimum. Lateral loads can be
supported even more effectively when the guide means
is configured to provide no active contribution to the linear
actuation, i.e. when the guide means is configured for
providing only a guiding function. Preferably the guide
means may be provided at a fixed distance to the firstend.
[0018] Preferably the guide means may comprise a
guide tube; therefore guidance is achieved with a simple
construction. Further preferably the guide tube may be
provided on the outside of the lifting actuator.

[0019] Preferably the lifting actuator may comprise the
guide means.

[0020] When thelifting actuator comprises abarrel and
a piston inserted in the barrel, wherein the piston and the
barrel are relatively slidable as described earlier, the
guide means may preferably surround at least portions
of the piston and/or of the barrel, preferably all of the
piston and a portion of the barrel, such as in the case of
aretracted position thereof. Therefore support of the pis-
ton and/or barrel from all sides is enabled.

[0021] Preferably the topside lifting device may com-
prise at least one positioning actuator wherein the rota-
tion of the lifting actuator about its first end axis is guid-
able, preferably controllable, further preferably effect-
able, by the atleast one positioning actuator. The position
of the second end is thus easily set and/or controlled.
Various lateral loads on the lifting actuator are easily
transferable to and supportable by the positioning actu-
ator.

[0022] In a preferable embodiment, the topside lifting
device may comprise at least two positioning actuators
(further preferably two positioning actuators), and the ro-
tation of the lifting actuator about its first end may be
guidable, preferably controllable, further preferably ef-
fectable, by at the least two positioning actuators; pref-
erably each positioning actuator may be provided as a
linear actuator connected at its one end to the lifting ac-
tuator. Said features have, for example, the following ef-
fect: since the at least two positioning actuators are pro-
vided as linear actuators configured to effect the rotation
of the lifting actuator, the position of the second end may
be more easily setand/or controlled. Various lateral loads
on the lifting actuator are easily transferable to and sup-
portable by the positioning actuators which can particu-
larly efficiently support loads essentially along the posi-
tioning actuators’ axes of actuation. When the second
end is configured to rotate about the first end around at
least two axes, including axes other than the lifting actu-
ator’s actuating axis as described above, and the at least
two positioning actuators are provided, the positioning of
the second end in at least two directions can be more
easily effected.

[0023] Preferably the other end of the at least one po-
sitioning actuator is connectable to an attachment por-
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tion. Mountability of the topside lifting device and the lift-
ing of large loads with a simple construction are facilitat-
ed. Further preferably the first end of the lifting actuator
may be connectable to a further attachment portion; even
further preferably the attachment portions may be sepa-
rate and optionally they may be relatively fixed (e.g. fixed
in position and/or orientation, relative to each other).
[0024] Further preferably the positioning actuators
may be provided on either side of the lifting actuator. The
movement of the lifting actuator is thus more easily con-
trolled.

[0025] One or more of the linear actuators may be pro-
vided as one or more fluid (preferably hydraulic) cylin-
ders, wherein further preferably each cylinder may com-
prise the barrel and a piston. Therefore the supporting
of large loads is facilitated. If all the linear actuators are
provided as hydraulic cylinders, acommon hydraulic con-
trol system can be used, and so the control will be further
simplified.

[0026] When the lifting device comprises a guide tube
for guiding the linear actuation of the lifting actuator as
described above, then preferably at least one, further
preferably each, positioning actuator may be connected
to the guide tube. In this way a positioning actuator is
connected to the lifting actuator via the guide tube. Lateral
loads between the guide tube and the positioning actu-
ator are effectively supported, so guiding of the linear
actuation of the lifting actuator is facilitated.

[0027] Preferably the topside lifting device may com-
prise a guide collar rotatable (further preferably to a pre-
determined extent) about the axis of actuation of the lifting
actuator. Each of the at least one or the at least two po-
sitioning actuators may be connected to the guide collar
atthe positioning actuator’s one end, preferably by ajoint
such as a universal joint. Since the guide collar is rotat-
able about the axis of actuation of the lifting actuator, any
twisting forces from the positioning actuator/s need not
be transferred to the other elements of the lifting actuator
(e.g. any barrel or piston).

[0028] Preferably the lifting actuator may comprise the
guide collar.
[0029] Preferably, when the topside lifting device com-

prises the guide tube for guiding the linear actuation of
the lifting actuator, the guide collar may be (e.g. rotatably)
connected to the guide tube, and may further preferably
be provided at a fixed distance from the first end, in par-
ticular a fixed distance along the guide tube. This allows
for a simplified and stronger construction. Loads from the
guide collar are efficiently transferred to the guide tube.
[0030] Preferably the actuator/s may be connected at
each end by a respective joint (e.g. universal joint). A
universal joint will facilitate rotation, especially tilting.
[0031] Preferably the two ends of an actuator may rel-
atively rotate along the axis of actuation of the lifting ac-
tuator.

[0032] Preferably,the supportportion may berotatable
about the axis of actuation of the lifting actuator.

[0033] A topside lifting arrangement according to the
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invention comprises at least one topside lifting device,
such as at least three or at least four topside lifting de-
vices. With more than one device, the lifting of higher
loads is achievable. Manoeuvring of the topside is facil-
itated. Preferably more than three topside lifting devices
may be provided, each being rotatable around at least
two axes including axes other than the lifting actuator’'s
actuating axis as described above; so controlled move-
ment of a topside in up to six degrees of freedom is fa-
cilitated. Preferably the lifting devices may be positioned
so as to coincide with the vertices of a polygon. Alterna-
tively or in addition, the topside lifting devices may be
configured to move independently.

[0034] Preferably the topside lifting arrangement may
comprise attachment portions and a lifting device may
comprise atleast two positioning actuators each provided
as a linear actuator connected at its one end to the lifting
actuator as described above, wherein the other end of
each positioning actuator is connected to a respective
attachment portion, each first end is connected to a fur-
ther respective attachment portion; and the attachment
portions are separate. Various lateral loads on the lifting
actuator are easily transferable to, and supportable by,
the positioning actuators which support the loads essen-
tially along the positioning actuators’ axes of actuation,
in particular since the positioning actuators and the lifting
actuator are each connected to separate attachment por-
tions. The topside lifting arrangement as a whole can be
positioned via the attachment portions (e.g. by manoeu-
vring a vessel). The mountability of the topside lifting de-
vice and/or the topside lifting arrangement is simplified.
Preferably the attachment portions may be relatively
fixed (i.e. fixed relative to each other). By relatively fixing
the separate attachment portions for the at least one de-
vice, operational loads can be effectively supported by
these.

[0035] A vessel according to the invention comprises
the topside lifting arrangement. Preferably the vessel
may be configured so that part of a lifting actuator, further
preferably a part of each lifting actuator, is providable
below the water level during operation (e.g. during any
of a lifting operation, a transporting operation, and a low-
ering operation). In this way the vertical extent of the ves-
sel can be fully exploited and a lifting actuator can have
a long stroke, compared to a comparative example
wherein hydraulic jacks are mounted on or near the deck
of a vessel, above the water line.

[0036] A method oflifting orlowering atopside, accord-
ing to the invention comprises actuating a lifting actuator
of the topside lifting arrangement. Preferably the topside
lifting arrangement may be provided on a vessel.

Description of Figures

[0037] A preferable exemplary embodiment of the in-
vention is explained in more detail in the following, with
the help of schematic drawings, wherein like numerals
are used to represent like elements and wherein:
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Fig. 1 shows arepresentation of a vessel comprising
a topside lifting arrangement of the invention.

Fig. 2 shows an enlarged view of the representation
of the vessel of Fig. 1.

Fig. 3 shows a schematic side view of a topside lifting
arrangement of the invention.

Detailed Description of Exemplary Embodiment

[0038] Fig. 1 shows a vessel 26 comprising a topside
lifting arrangement 40 ("lifting arrangement") according
to the invention. The vessel 26 has a U-shaped access
area at its bow and can be manoeuvred around an off-
shore structure comprising a topside 28 (shown in wire-
frame) and a tubular jacket 32 which supports the topside
28 during operational of the off-shore structure which can
be, e.g. an oil rig or a wind turbine.

[0039] The vessel 26 is configured to lift the topside 28
off the jacket 32 (e.g. during decommissioning), and/or
to lower a topside 28 onto the jacket 32 (e.g. during com-
missioning). In the following the lifting operation is de-
scribed, but it is understood that the lowering operation
comprises similar or corresponding procedures.

[0040] The lifting operation is performed by means of
the lifting arrangement 40 which comprises four identical
topside lifting devices 1 ("lifting devices") each configured
to contact the underside of the topside 28 to lift it away
from the jacket 32. The height of the contact point (sup-
port portion 36) with the topside can be adjusted essen-
tially by raising and lowering the lifting actuator 2. The
lifting devices 1 may preferably be arranged in a quadri-
lateral pattern around two adjacent sides of the U-shaped
access area of the vessel 26 so that each lifting device
1 faces and is inclined towards another one, and each
lifting device 1 contacts the topside 28 at a respective
support portion 36, the positions of the support portions
36 lying essentially in a pivotable plane.

[0041] A lifting device 1 is shown partially in Fig. 2,
which is an enlarged view of Fig. 1. Each lifting device 1
comprises a lifting actuator 2 and two positioning actua-
tors 10. The essentially longitudinal actuators 2, 10 op-
erate under fluid pressure, and so are provided as hy-
draulic cylinders.

[0042] As can be seen from Figs. 1 and 2, the first end
18 of the lifting actuator 2 is connected to an underwater
portion of the hull of the vessel 26 via a universal joint.
The second end 20 connects to a mount 16 via another
universal joint. The mount 16 in turn contacts the under-
side of the topside 28. The positioning actuators 10 are
connected to the deck of the vessel 26 via respective
universal joints so as to be attached to the vessel 26 at
different places. The other ends of the positioning actu-
ators 10 are connected to the lifting actuator 2. The po-
sition of the support portion 36 in an essentially horizontal
plane can be adjusted by actuating the positioning actu-
ators 10 and lifting actuator 2 in cooperation. For example
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by extending one positioning actuator 10 while contract-
ing the other positioning actuator, the lifting actuator 2
will swing about its first end along one axis. By extending
or contracting both positioning actuators 10 simultane-
ously, the lifting actuator 2 will swing about its first end
18 along another axis orthogonal to the one axis. There-
fore when three or more independent lifting devices 1 are
provided (four in the present embodiment), the topside
28 can be lifted off its jacket 32 and can be positioned
using six degrees of freedom, that is it can be moved in
three orthogonal dimensions and rotated about three or-
thogonal axes.

[0043] A schematic of a lifting device 1 is shown in Fig.
3, wherein only one of the positioning actuators 10 is
shown.

[0044] The lifting actuator 2 comprises a cylindrical
barrel 4 and a piston 6 configured to actuate under hy-
draulic pressure. The piston 6 (comprising a piston head
and a piston rod) is attached to the lower end (first end
18) of the lifting actuator 2. The barrel 4, which is open
at one of its ends, is slidably connected to the piston 6
so as to surround the piston 6 and to extend or retract
along the piston’s axis under hydraulic pressure. The
closed end of the barrel 4 forms the second end 20. Thus
the barrel 4 can slide along the piston 6 while the piston
6 does not translate, along the lifting actuator’s axis. The
mount 16 is configured to press on the underside of the
topside 28, urged by the barrel 4 of the lifting actuator 2.
The water level is represented by the dashed line 34.
[0045] Hydraulicfluid (such as oil or water) can be sup-
plied through a bore (not shown) provided in the piston
rod. A flexible hose (not shown) may fluidly connect the
bore with a hydraulic power unit (not shown), the con-
nection preferably being at the end of the piston 6 far
from the piston head.

[0046] To support the linear movement of the barrel 4
relative to the piston 6, a guide tube 8 (which is a guide
means) is provided, which surrounds the piston 6 and
part of the barrel 4. The guide tube 8 is attached at (fixed
to) the first end 18 of the lifting actuator 2 and extends
along the axis of actuation of the lifting actuator 2. The
barrel 4 protrudes from one end (upper end) of the guide
tube 8 as it extends. In this way loads acting along the
actuating axis of the lifting actuator 2 are supported main-
ly by the barrel 4 and the piston 6, while lateral loads (i.
e. loads acting orthogonally to the axis of the lifting ac-
tuator 2) are mainly supported by guide tube 8 and any
protruding portion of the barrel 4.

[0047] The lifting actuator 2 is supported at its lower
end 18 which is connected to an attachment portion on
the side of the vessel 26, via the universal joint. Thus the
lifting actuator 2 can rotate about its first end 18 about
two axes, that is around (mutually orthogonal) rotation
axes which pass through the first end 18 and include
axes other than the lifting actuator’s actuating axis. Fur-
thermore the lifting actuator of the present embodiment
can tilt about its first end in at least one direction (pref-
erably two different directions). This rotation is guided
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and controlled by the two positioning actuators 10 which
are described further below. The attachment portion is
below the water level and connected to the attachment
portion for an adjacent lifting device by a beam; to im-
prove rigidity. An attachment portion may be, for exam-
ple, a region on the surface of the vessel provided with
receiving or fixing means, e.g. bolt holes.

[0048] Each positioning actuator 10 comprises a barrel
12 open at one end, and a piston 14 (comprising a piston
head and a piston rod) slidably inserted in the open end
of the barrel 12. The piston 14 is configured to extend
and contract under hydraulic pressure. Each positioning
actuator 10 is connected to the guide tube 8 at its piston
end ("one end") 24 via a universal joint which is in turn
attached to a guide collar 30 (described further below)
provided on the guide tube 8, and is connected at its
barrel end ("other end") 22 to a respective attachment
portion on the vessel 26 via a respective universal joint.
The positioning actuators 10 are connected to the vessel
26 so that their corresponding attachment portions are a
predetermined distance apart, preferably separated by
a beam to improve rigidity. The beam and positioning
actuators 10 have a triangular formation with the connec-
tions with the lifting actuator provided at the tip of the
triangle. The actuation axes of the positioning actuators
10 may be inclined to each other, under operational ori-
entations of the lifting actuator 2. The lifting actuator 2
and the positioning actuators 10 are connected to the
vessel 26 at separate pre-determined positions. The re-
lation of the connection points in three dimensions may
be constant, independent of the position on the vessel.
[0049] The guide collar 30 is a substantially cylindrical
hollow member which may preferably rotate by a prede-
termined angular range around the outer periphery of the
guide tube 8 (i.e. around the lifting actuator’s axis of ac-
tuation). Its axial position along the guide tube 8 is fixed.
[0050] The position of the mount 16 in three dimen-
sions can thus be set by actuating the lifting actuator 2
and the positioning actuators 10, by means of a control-
ling means known in the art (e.g. computer-controlled
hydraulic circuit/s).

[0051] In conclusion, the vessel 26 comprises four lift-
ing devices 1 which are mounted to the hull of the vessel
26 at different positions. The position of each mount 16
in three dimensions is independently controllable. There-
fore the mounts 16 can support the topside 28 at four
predetermined locations (support portions 36) so as to
set the position and orientation of the topside 28 with six
degrees of freedom (corresponding to surge, sway,
heave, roll, pitch and yaw).

[0052] The example embodiment has the following ad-
vantages.

[0053] The topside 28 can be moved in six degrees of
freedom, at least because three or more lifting devices
1 of the present embodiment are provided. This manoeu-
vrability is particularly advantageous for small to medium
sized topsides (e.g. 500 to 3000 metric tons) since they
do not require a lifting arrangement comprising many (e.
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g. more than four) lifting devices. The arrangement can
have simple and lightweight construction and the ma-
noeuvrability of small to medium topsides can be exploit-
ed.

[0054] The design of the lifting arrangement 40 can be
easily adapted to suit heavy topsides by adjusting the
number of lifting devices 1. The number can depend on
the vessel size, the topside size, and/or the maximum
allowable forces per support portion 36. The control sys-
tem may be adapted depending on the number of lifting
devices 1.

[0055] Each lifting device 1 is individually controllable;
this leads to increased flexibility which in turn leads to
less preparation time per lifting project. Additionally the
support portions 36 on the underside of the topside 28
can be more freely selected. Alternatively the lifting ar-
rangement is very flexible in adapting to predetermined
support portions 36.

[0056] The stroke of the lifting actuator 2 of the present
embodiment allows for a greater heave compensation
compared to an example of a lifting actuator provided on
or near the deck of a vessel, above the water line. In the
comparative example the lifting actuator will have a re-
duced stroke. Improved heave compensation allows for
an enlarged weather window which is the time range with-
in which lifting or lowering is possible.

[0057] Inthe exemplary embodiment, the stroke of the
lifting device can cope with all sizes of topsides and can
also overcome the air gap between the bottom of the
topside and sea level in all cases. In a possible modifi-
cation to the exemplary embodiment, a shorter-stroke
lifting actuator may be provided, and an extension piece
having a predetermined length to overcome the air gap
between the topside and sea level may be attached to
one end the lifting actuator. In this way a reduced stroke
is possible (e.g. a stroke which corresponds to the dis-
tance for lifting the topside and compensating for heave).
This modification results in reduced manufacturing effort
and costs.

[0058] With a longer stroke the lifting device 1 can lift
over alarge air gap (being the distance between the water
level 34 and the underside of the topside 28). Extensive
(de)ballasting of a vessel is not required. Additionally the
lifting procedure can be much faster than deballasting,
e.g. it can be within one wave period of 10 seconds.
[0059] The guide tube 8 can guide the actuation of the
linear actuator 2. Lateral loads on the lifting actuator 1
are supported through the guide tube 8. Therefore a long
stroke of the lifting actuator 2 is possible. In acomparative
example in which lateral loads are not supported so ef-
fectively, the lifting actuator’'s stroke would have to be
reduced, and the piston and/or barrel would have to stiff-
ened (e.g. by increasing their radial dimensions). This is
particularly true for conventional arrangements wherein
the piston slides in a fixed barrel.

[0060] The present embodiment example can com-
pensate not just for heave, but for vessel movements in
six degrees of freedom (surge, sway, heave, roll, pitch
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and yaw).

[0061] After lifting a topside 28, the loaded vessel 26
typically manoeuvres away from the jacket 32 and then
sails away. Here it is advantageous at least for safety
reasons that the vessel/topside combination has a low
centre of gravity. The present embodiment allows the
topside 28 to be lowered after lifting it and/or after ma-
noeuvring the vessel 26 away from the jacket 32. This
keeps the centre of gravity low. Equally the topside 28
can be further raised above the vessel centreline even
after lifting. This is advantageous if the centre of gravity
is found to be different than expected during a lifting pro-
cedure.

[0062] Eachlifting device has low weight since it needs
to comprise essentially only one lifting actuator 2, and
any positioning actuators 10 can be smaller than the lift-
ing actuator 2.

The arrangement of all actuators is such that no heavy
(e.g. steel) structures are needed to cope with bending
forces. Without bending forces on parts of the lifting sys-
tem weight can be reduced.

[0063] The lifting arrangement 40 of the example em-
bodiment can be adapted to suit a particular topside by
repositioning the attachment portions (i.e. where the re-
spective actuators 2, 10 are connected to e.g. the vessel
26). Thus adaptation to different shapes and sizes of top-
side is achieved without the need to exchange the actu-
ators for ones having e.qg. different strokes. Repositioning
of the lifting arrangement can be performed with the ves-
sel 26 docked in a harbour using e.g. cranes, i.e. before
topside lifting.

[0064] The lifting arrangement allows for flexibility in
any choice of vessel 26. For example a "semisub" vessel
can be used, wherein the main buoyancy is provided by
submerged floaters. This arrangementis particularly suit-
ed to the lifting device 1 of the present embodiment
wherein the lifting actuator 2 is also partly submerged
and can be connected to a floater. The lifting actuator 2
may be connected to any lower portion of the vessel 26.
Alternatively or in addition the vessel may be a catamaran
type, allowing access to the jacket 32 from three of four
sides. Advantageously, the first end 18 is connected to
a wall of the vessel 26. In this way it is even simpler to
connect the lifting actuator 2 to alow portion of the vessel,
even below the water level. Furthermore when lifting ac-
tuators are inclined to the vertical, they can extend so as
to contact the topside 28, yet their first ends (lower ends)
are far enough apart from each other in the horizontal
direction so that they do not interfere with the jacket 32.
[0065] Various modifications tothe embodimentexam-
ple are shown in the following examples.

[0066] The lifting arrangement is not limited to four lift-
ing devices 1. Any number of lifting devices 1 may be
provided in the lifting arrangement 40. Three or more
lifting devices 1, each configured so that each respective
lifting actuator can rotate about at least two axes, pro-
vides motion control of the topside 28 in six degrees of
freedom. For example three lifting devices 1 may be ar-
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ranged to form three points of an imaginary triangle.
[0067] The lifting device 1 is not limited to two position-
ing actuators 10. Only one positioning actuator 10 may
be provided. An advantageously simple arrangement
provides two positioning actuators 10 as linear actuators.
As another example: a further (e.g. third) positioning ac-
tuator may be provided to effect rotation about the lifting
actuator axis, for example to move auxiliary units, such
as hydraulic hoses, in complex installations.

[0068] The positioning actuator can be arranged with
its barrel end connected to the lifting actuator, and its
piston end connected to an attachment portion.

[0069] The actuators 2, 10 are provided as hydraulic
cylinders but other actuator types, such as purely me-
chanical, electromechanical, and/or mechatronic, are
possible. Alternatively or in addition, instead of linear po-
sitioning actuators 10, one or more rotational actuators,
e.g. engaging with the first end 18 may be used.

[0070] Each actuator 2, 10 is connected at each end
to a universal joint. Alternatively a joint or joints, for ex-
ample ball joint, may be used, provided that the second
end 20 of the lifting actuator 2 can rotate about the first
end 18 around at least one axis, including an axis other
than the lifting actuator’s actuating axis. As an example
two axes of rotation may be orthogonal to the axis of
actuation of the lifting actuator 2. Further preferably ro-
tatability of the inclined lifting actuator about a vertical
axis through a single joint (e.g. turntable) may be included
or excluded, wherein inclusion will facilitate arc-like
movement of the second end 20 of the lifting actuator 2,
while exclusion can further facilitate the positioning of the
second end 20 along two linear dimensions in an essen-
tially horizontal plane (the positioning can be easily de-
termined and executed in a Cartesian coordinate sys-
tem), e.g. by tilting. The joints need not be provided at
the ends of the actuators. For example a joint may be
provided partway along the length of the rod of a piston,
or the rod may have flexibility. Optionally the axes of ro-
tation may be defined intrinsically or extrinsically, or by
a combination of these two.

[0071] The piston and the barrel may be allowed to
relatively rotate about the particular linear actuator’s axis
of actuation, optionally by means of a joint separate from
those provided at the ends end of the actuators. Alterna-
tively or in addition the mount 16 or the topside 28 may
have a rotational bearing (e.g. turntable).

[0072] The support portion 36 may be a portion of the
jacket 32 formed by cutting the jacket, i.e. the support
portion 36 may be attached to the topside.

[0073] Instead of a guide tube 8, any guide means may
be provided that can guide the linear actuation of the
linear actuator 2. Alternatively or in addition the guide
means may comprise other bodies such as any one or
more of: rollers, wheels, and sliding blocks.

[0074] The guide collar 30 need not be capable of ro-
tation around the axis of actuation of the lifting actuator.
For example the guide collar 30 may be fixed from rotat-
ing, e.g. may be integral with the guide tube 8, or no guide
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collar may be provided. The guide tube 8 to may option-
ally be allowed to rotate around the axis of actuation of
the lifting actuator 2. Alternatively a control system may
suitably control the positioning actuators 10 to remove
any significant twisting of the guide tube 8.

[0075] The attachment portions need not be relatively
fixed. For example the attachment portions of the at least
two positioning actuators may be fixed to a common bear-
ing-type apparatus (such as a turntable, optionally pro-
vided on the deck of the vessel), for increased flexibility
in movement. On the other hand, by providing relatively
fixed attachment portions, the construction is simpler and
mountability is facilitated.

[0076] Disclosed is a topside lifting device including a
lifting actuator; the lifting actuator includes a linear actu-
ator having a first end and a second end; the second end
can support a topside and is rotatable around at least
one axis other than the lifting actuator’s actuating axis,
wherein preferably the rotation can be achieved by one
or more positioning actuators connected to the lifting ac-
tuator, so that the rotation can be guided.

Claims
1. Topside lifting device including:

a lifting actuator (2) as a linear actuator having
a first end (18) and a second end (20), wherein
the second end (20) is engageable with a sup-
port portion (36) of a topside (28), characterized
in that

the second end (20) is configured to rotate about
the first end (18) around at least one axis, in-
cluding an axis other than the lifting actuator’s
actuating axis.

2. Topside lifting device according to claim 1, wherein
the second end (20) is configured to rotate about the
firstend (18) around atleasttwo axes, including axes
other than the lifting actuator’s actuating axis.

3. Topside lifting device according to one of the previ-
ous claims, wherein the lifting actuator (2) comprises
a barrel (4) and a piston (6) slidably inserted in the
barrel (4).

4. Topside lifting device according to claim 3, wherein
the piston (6) is provided at the first end (18) and the
barrel (4) is provided at the second end (20).

5. Topside lifting device according to one of the previ-
ous claims, wherein the topside lifting device (1)
comprises a guide means (8) for guiding the linear
actuation of the lifting actuator (2).

6. Topside lifting device according to one of the previ-
ous claims, comprising at least one positioning ac-
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tuator (10), wherein

rotation of the lifting actuator (2) about its first end
(18) is effectable by the at least one positioning ac-
tuator (10).

Topside lifting device according to claim 6, compris-
ing at least two positioning actuators (10), wherein
each positioning actuator (10) is provided as a linear
actuator connected at its one end (24) to the lifting
actuator (2).

Topside lifting device according to claim 6 or 7,
wherein

the lifting actuator (2) comprises a guide collar (30)
rotatable about the axis of actuation of the lifting ac-
tuator (2), and

each positioning actuator (10) is connected at its one
end (24) to the guide collar (30).

Topside lifting arrangement comprising at least one
topside lifting device (1), such as at least three or at
least four lifting devices (1), according to one of the
previous claims.

Vessel comprising a topside lifting arrangement (40)
according to claim 9.

Vessel according to claim 10, wherein at least part
of a lifting actuator (2) is configured to be below the
water level (34) in operation.

Method of lifting or lowering a topside, comprising
actuating a lifting actuator (2) of a topside lifting ar-
rangement (40) according to claim 9.
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