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DESCRIPTION

[0001] The present invention concerns an offshore facility comprising a cable assembly holding apparatus for holding a cable
assembly. The invention further concerns a method of suspending a cable assembly from an upper level of an offshore facility.

[0002] Sea cables are used for providing an electrical connection between offshore facilities such as an array of wind turbines in
a wind park or several oil rigs or between off- and onshore facilities. A sea cable connecting two offshore facilities is usually
guided vertically from an upper level of a first offshore facility along a pillar of its foundation structure towards the seabed, it is
then lead to a course on the sea bed or below the sea bed and it is lastly guided vertically to an upper level of a second offshore
facility. In the transition area between an upper level of an offshore facility and the seabed, sea cables are commonly held by
means of a support arrangement. It protects the fragile electric leads inside a sea cable against mechanical stress.

[0003] A holding apparatus particularly designed for holding a sea cable suspended at an offshore facility is disclosed in EP 1
616 377 B1, which discloses the preamble of claim 1 . An embodiment of this holding apparatus comprises a set of tubes holding
a sea cable accommodated within the tubes over a distance between an upper level of an offshore facility and the seabed.

[0004] EP 2 158 654 B1 discloses a tubing arrangement for holding a sea cable suspending from an offshore facility towards the
seabed by means of a single tube. This tube comprises a J-shaped curved section at its lower end for supporting the sea cable in
a transition from a vertical to a horizontal direction.

[0005] Both solutions deliver reliable support and protection of a sea cable suspended at an upper level of the offshore facility
and being guided to the seabed. The installation of a sea cable within a tubing arrangement according to these disclosures is
however difficult. Usually, a sea cable is introduced into a supporting tube from a lower opening of the tube after the tube has
been arranged at an offshore facility. As the lower opening of the tube is then positioned below the water surface, the installation
requires the use of divers and/or of remotely operating vehicles. This makes the installation process cumbersome and
dangerous.

[0006] It is thus an object of the invention to provide a holding apparatus for cable assemblies which allows a simple and secure
installation process of a cable assembly at an offshore facility.

[0007] This object is met by the offshore facility according to claims 1 to 11, and the method according to claims 12 to 14.

[0008] In this context the expression "cable assembly holding apparatus” is used for any holding apparatus installed firmly at an
offshore facility for holding a cable assembly but also for pieces of a holding apparatus, which are not yet completely assembled.

[0009] The term "sea cable" is understood as a heavily armoured electric cable. In differentiation from that term, the following
description uses the expression "cable assembly” for denoting either a cable protected by a surrounding hose or just a hose
without a cable inserted into it. The cable as possible part of a cable assembly is realised for transmitting any kind of signal or
energy or fluid. It may for example (and preferably) be a power transmission cable arranged between a generator of an offshore
wind turbine and an onshore transformer station or between an onshore power plant and an offshore oil rig.

[0010] An "offshore facility" can comprise a wind turbine or an oil rig or any type of subsidiary structure positioned in the sea or
in a lake.

[0011] Accordingly, the cable assembly holding apparatus is realised to hold a power transmission cable assembly between an
upper level of an offshore facility and a lower level. It differs from the state-of-the-art by comprising a set of (which means at least
one and, preferably, a plurality) open tubes, wherein an open tube comprises a longitudinal slit along at least part of its length
through which a cable assembly can be introduced into the open tube in an assembled state. The term "assembled state"
expresses a final assembly of an open tube as part of a holding apparatus which is preferably mounted at an offshore facility
including the cable assembly. The open tubes being part of the holding apparatus display a longish shape which is preferably
rectilinear but can as well comprise a curvature. Apart from that, the long sides of the longitudinal slit preferably extend essentially
parallel to the long sides of the holding apparatus and/or of the open tubes. Regarding the form of their diameter, said open
tubes as part of the holding apparatus can for example be realised as cylindrical, square or polygonal pipes. Further, the holding
apparatus and preferably the open tubes comprise interfaces for being mounted to a foundation structure of an offshore facility.
The longitudinal slit for inserting a cable assembly sideways into a cavity of an open tube of the cable assembly holding
apparatus proves advantageous as it provides a simple mechanism to introduce a cable assembly into a cable assembly holding
apparatus and to remove it again. As the longitudinal slit is located at a side wall of an open tube, a cable assembly can be
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introduced into a cavity of the open tube above the water surface even if a lower section of the tube is positioned below the water
surface. This simplifies the installation process of a cable assembly which can be carried out from a floating facility positioned
nearby an offshore facility. Preferably, each open tube of the said set of open tubes comprises such type of longitudinal slit. Apart
from that, the holding apparatus can comprise a combination of closed and open tubes, e. g. a set of open tubes together with a
closed tube.

[0012] Preferably, the invention allows an arrangement of a cable assembly within a holding apparatus at an offshore facility
without requiring the use of divers.

[0013] With reference to the cable assembly holding apparatus just described, the invention also concerns an offshore facility
comprising such holding apparatus for securing a cable assembly between an upper level of the offshore facility and the seabed.
The above-mentioned open tube set of the holding apparatus is preferably mounted to a foundation structure of the offshore
facility, which can for example be a monopile or a pillar or any other base structure of a wind turbine, of an oil rig, etc.

[0014] Further, the invention concerns a method of suspending a cable assembly from an upper level of an offshore facility,
which method comprises the following steps that can be carried out in any desired sequence:

Designed for protecting and supporting the cable assembly, an open tube set of the described cable assembly holding apparatus
is mounted essentially vertically to the offshore facility via suitable interfaces. "Essentially" vertically means that the main
orientation of the open tube set is vertical and that a construction, according to which the open tube set does not run straight-line
from an upper region of the offshare facility to the seabed, but in a meandering way or any other way, is also included in the
invention. Preferably, the open tube set is mounted along a foundation structure of an offshore facility. Related to this preferred
scenario, an essentially vertical orientation comprises an orientation essentially parallel to a pillar or a set of pillars or any kind of
base structure of the offshore facility, which pillar or set of pillars or base structure stands upright on the seabed, which position
can be angular relative to the seabed. In this case, the pillar serves as a supporting structure of the open tube set.

[0015] The open tube set fulfils the function of supporting a cable assembly from an area where the cable assembly exits an
interior part of the offshore facility, which area can for example be located at the transition piece of a wind turbine, to an area at
the seabed, from where the cable assembly is guided to a second offshore or an onshore facility. Alike to the step of mounting an
open tube set to an offshore facility, the later step of introducing a cable assembly into an open tube of the holding apparatus
may usually be performed from a floating facility. A vessel can be positioned in the vicinity of an offshore facility, which vessel
carries a drum, from which the cable assembly can be unrolled.

[0016] Particularly advantageous embodiments and features of the invention are given by the dependent claims, as revealed in
the following description. Thereby, features revealed in the context of one of the methods may also be realized in the context of
the respective other method and/or in the context of any one of the embodiments of the cable assembly holding apparatus and/or
offshore facility and/or method of suspending a cable assembly according to the invention unless the contrary is explicitly stated
and vice versa.

[0017] According to a preferred embodiment of the invention, the above-mentioned open tube set of the holding apparatus
comprises a variable length, which is variable from an initial length to an extended final length. The extended final length of the
open tube set comprises preferably a length of at least 10 meters, more preferably of at least 15 meters, and most preferably of
at least 20 meters. An open tube set comprising a variable length is advantageous because the cable assembly holding
apparatus can thus easily be adapted to different depths of water when being mounted to an offshore facility. As offshore facilities
are used to be installed in areas with a considerable range of water depths, an adaptation of the open tube set of a holding
apparatus is often necessary. This is especially the case considering the frequent development of scour holes around foundation
structures and pillars of offshore facilities, which is caused by underwater currents. Varying ground levels due to emerging scour
holes make a variable adaptation of the length of an open tube set particularly advantageous. The open tube set thus provides
an adaptive support and protection arrangement of a cable assembly suspended at an offshore facility, hanging downwards to
the seabed and being accommodated within the open tube set. Due to its variable length the open tube set does not need to be
specifically measured according to its assigned location, but can be adapted to a wide range of water depths. Thus, it is easy to
be manufactured and its transport requires less space compared to open tube sets displaying a non-variable length. Besides, the
open tube set is easy to be arranged at its assigned location and the employment of divers can be substantially reduced.

[0018] A variable length of an open tube set can be particularly easy realised by a telescopic mechanism. Therefore, according
to a preferred embodiment of the invention, the open tube set of the holding apparatus comprises at least two nested tube
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segments (in the following also named shortly "segments"), wherein an outer nested segment is realised to at least partially
enclose an inner nested segment. This is preferably reached by means of a cavity extending along a length of an outer nested
segment, wherein the diameter of the cavity is larger than a diameter of an outer wall of an inner nested segment. Any further
nested segment being part of a telescopic open tube set would have to comprise a larger or smaller diameter than the cavities of
the respective outer or inner nested segment. A variable length of the telescopic mechanism can be reached by a smooth
adjustment of the single open tubes relative to each other. Apart from that, it can also be accomplished by a discrete adjustment
of the open tubes in a manner that they are moved relative to each other in predefined steps. This kind of telescopic mechanism
is a solution to provide a variable length to a set of open tubes, which is easy to be realised. For preventing the nested segments
from falling apart during an installation process and/or in a final stage of assembly, the nested segments are preferably equipped
with interlocking flanges which limit the length of extension of each open tube. As described before, the holding apparatus can
comprise a combination of closed and open tubes. For instance, an outermost nested segment of the holding apparatus may be
of a closed type, whereby the inner nested segments are open tubes or vice versa. If a combination of closed and open tubes is
established, a closed tube may preferably be positioned at the top of the holding apparatus in a final state of assembly.

[0019] As mentioned above, an open tube comprises a longitudinal slit extending along at least part of its length. The
longitudinal slit can for example be interrupted by bridges or beams. An embodiment may comprise an open tube not displaying a
slit in an upper region of the tube being situated above the water surface in an assembled state of the holding apparatus.
According to a preferred embodiment of the invention, said holding apparatus comprises a longitudinal slit extending over an
entire length of an open tube. This provides the possibility of introducing a cable assembly into a cavity of an open tube at many
different positions. Preferably each single tube of the open tube set comprises a longitudinal slit extending over its entire length.
This is particularly advantageous when the said open tubes are attached to each other in a manner that the longitudinal slits are
interconnected one after another and form a single longitudinal slit. According to this preferable embodiment of the invention the
longitudinal slit can as well serve as a guiding rail for moving means along a length of the said large longitudinal slit by interfacing
with the inner and/or outer surfaces of the open tubes. More than that, the longitudinal slits of each nested segment of a
telescopic tube mechanism are preferably congruent when the nested segments are moved into each other such that the length
and width of the longitudinal slits in each open tube are identical. Thus, a cable assembly can be introduced into a cavity of the
open tube set of the cable assembly holding apparatus when the nested segments are telescoped.

[0020] Referring to the described longitudinal slit of an open tube of the holding apparatus, the width of the said slit is in an
initial, unstressed state less than a diameter of the cable assembly in an initial, unstressed state such that the cable assembly is
retained in the open tube. This solution is advantageous because it can prevent the cable assembly accommodated in a cavity of
an open tube from slipping out of it. A slipping out of the cable assembly can for example be induced by the forces of gravity, of
buoyancy and of water currents of waves to which the holding apparatus is exposed when mounted to an offshore facility
positioned in the sea. According to this embodiment of the invention the cable assembly is moved through the longitudinal slit by
exerting an amount of compressive or attractive force to the cable assembly by which for example a protective sheath and/or
outer hose of the cable assembly is compressed and thus its diameter is temporarily diminished so that it can slip into a cavity of
an open tube. In this case, however, the force exerted to the cable assembly is to be chosen such that it is less than a force which
could damage electrical leads of the cable assembly.

[0021] Accordingly, the holding apparatus comprises a shield realised to at least partially cover the longitudinal slit of an open
tube of the holding apparatus in order to retain a cable assembly in the open tube. Such a shield can comprise a curtain which
can be unrolled along a length of the longitudinal slit from a drum positioned at an upper or a lower level of the open tube after
inserting the cable assembly into the open tube. Alternatively, it could be thought of a shield in form of a hinged lid, mounted at an
edge of the longitudinal slit. Apart from retaining the cable assembly in the open tube, a shield offers the advantage of protecting
the cable assembly against mechanical stress and soiling when accommodated in an open tube.

[0022] According to a further advantageous embodiment of the invention, an edge of the longitudinal slit of an open tube, which
open tube is part of a holding apparatus, comprises a deformable edge. The benefit of a deformable edge can be identified in an
easy alteration of a width of the longitudinal slit. This proves advantageous for introducing and/or removing a cable assembly
into/from a cavity of an open tube, which cable assembly comprises a diameter being larger than the width of the longitudinal slit
in an initial state comprising undeformed edges. The deformable edge is preferably elastic such that it returns to the initial state
after being deformed. For providing an elastic quality, the deformable edge can comprise foam and/or a rubber material.
Moreover, the deformable edge is preferably manufactured such that it cannot be deformed by mere forces of gravity, of
buoyancy, of water currents or waves which can occur when an open tube comprising a longitudinal slit with a deformable edge is
positioned below the water surface in the sea or in a lake. Such quality of a deformable edge can prevent the cable assembly
from slipping out of a cavity of an open tube through a longitudinal slit. The deformable edge preferably is deformed by exerting a
predefined amount of pressure to the cable assembly from an exterior and/or interior part of the open tube. If a surface of the
cable assembly is positioned in touch with a surface of the deformable edge, the pressure exerted to the cable assembly is
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transferred to a surface of the deformable edge which is then deformed. The deformable edge can be deformed such that the
width of the longitudinal slit is at least as great as the diameter of the cable assembly so that the cable assembly can be moved
through the slit into the cavity of the open tube and/or removed from it. Additionally, a spreading device can widen the longitudinal
slit by spreading the deformable edge in a respective area, where the cable assembly is to be introduced into and/or removed
from a cavity of an open tube at a certain time.

[0023] Referring to the described deformable edge, which characterizes the longitudinal slit of an open tube as part of a holding
apparatus, it is particularly advantageous to realise the deformable edge such that it faces inwardly into a cavity of the open tube.
An inward-facing deformable edge makes the removal of a cable assembly from a cavity of an open tube through a longitudinal
slit more difficult compared to a deformable edge not facing inwardly. Given a cable assembly comprising, in an initial state, a
diameter larger than the width of the said longitudinal slit in an initial state, which cable assembly is accommodated in a cavity of
an open tube, the resulting specific areas of force application are located such that according to this embodiment of the invention
more pressure and/or pulling force is necessary to deform the deformable edge so that the cable assembly slips through the slit
out of the tube than what is necessary for making the cable assembly slip into the tube. This is advantageous because it provides
for a secure handling of the holding apparatus by preventing the cable assembly from slipping out of a cavity of an open tube
after introducing it through the longitudinal slit. Preferably, a longitudinal slit of an open tube comprises inward-facing deformable
edges on two long sides of the slit. Additionally, it is preferred that an inward-facing deformable edge comprises curved edges.
The curvature of these curved, inward-facing and deformable edges of a longitudinal slit is preferably convex. This provides an
even higher protection against an unwanted slipping out of a cable assembly accommodated in a cavity of an open tube.

[0024] A further advantageous quality of the holding apparatus is offered by an extending arrangement for extending the length
of the open tube set. This extending arrangement controls the movement of nested segments as part of an open tube set relative
to each other. Gravity can lead to an uncontrolled extending of the nested segments if the open tube set is arranged in a vertical
position at an offshore facility. An extending arrangement can overcome the effect of gravity by limiting the extension of the open
tube set as a whole and/or of single open tubes. The extending arrangement preferably comprises interfaces for connecting to an
innermost and an outermost nested segment of the open tube set. This allows for determining the entire length of the open tube
set. In addition to this solution, a further interface could be established between the extending arrangement and a nested
segment positioned in between an innermost and an outermost nested. This would enable a controlled extension of an individual
nested segment as part of the open tube set.

[0025] Preferably, the mentioned extending arrangement comprises a pilot guide and an actuating means for actuating the pilot
guide. The pilot guide is preferably realised for serving at least one of two different functions: It can be used for extending and/or
contracting the length of an open tube set and/or for moving a connected subsidiary means along a longitudinal slit of an open
tube which open tube then serves as a guiding rail. The subsidiary means may for example comprise a curvature limiter for
guiding a cable assembly from a vertical to a horizontal direction.

[0026] Using a pilot guide controlled by an actuating means proves to be a secure implementation of an extending arrangement,
which is easy to be realised. Alternatively, an adjustment by means of a rack and pinion gearing can be established, but the
method using the pilot guide is less mechanically complex and less prone to be disabled by corrosion and/or soiling. The pilot
guide preferably displays a shape and size which enables it to be moved in a cavity of an open tube along a length of the cavity.
More preferably, the pilot guide is movable in each nested segment of the open tube set being part of the cable assembly holding
apparatus. The pilot guide preferably comprises interfaces for connecting it e. g. to an actuating means and/or to an open tube
and/or to a subsidiary means, for example a curvature limiter. The actuating means is preferably realised as a wire being
connectable to the pilot guide. The wire is preferably controlled by a winch that can be mounted at an upper level of an offshore
facility. If a pilot guide is fixed within an open tube being part of the holding apparatus and if a wire is attached to the pilot guide,
an unrolling of the wire from a winch positioned at an upper level of an offshore facility may lead to a lowering of the pilot guide
towards the seabed and thus to an extension of the length of the open tube set. A rolling up of the wire on the winch however
leads to a reversion of the described process and thus to a contraction of the length of the open tube set. According to an
embodiment of the invention, a method of suspending a cable assembly from an upper level of an offshore facility comprises the
use of the described pilot guide.

[0027] As a further advantageous embodiment, the holding apparatus comprises a cable assembly curvature limiter for effecting
a transition of a cable assembly from an essentially vertical direction to an essentially horizontal direction, while maintaining a
minimum bending radius. The criteria "bending radius" together with "bending angle" define a "curvature" of a cable assembly
arranged within a curvature limiter. The term "bending angle" in this context defines an angle between a main direction of a first
section of a curvature limiter and a main direction of a last section of a curvature limiter. The term "maximum bending angle"
defines an angle between a main direction of a first section of a curvature limiter and an extreme direction of a cable assembly
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exiting a last section of a curvature limiter, which extreme direction is determined by a minimum "bending radius" of a cable
assembly.

[0028] As already mentioned, the holding apparatus is designed to support a cable assembly suspended at an upper level of an
offshore facility and being guided to the seabed. On arriving at the seabed, the cable assembly changes its course - depending
on the topography of the seabed - about an angle of approximately 90° and proceeds in a horizontal direction on or below the
seabed. A curvature limiter supporting the cable assembly in this transition area ensures to maintain a minimum bending radius of
a specific cable assembly held by the curvature limiter so that the cable assembly is not damaged by excessive bending.
Featuring this quality, the curvature limiter contributes to a secure power transmission between offshore and/or onshore facilities.
The curvature limiter preferably is realized to accommodate a cable assembly. It can preferably be fixed to the holding apparatus
such that in an area of exiting a cavity of an open tube of the holding apparatus the cable assembly enters a duct of the curvature
limiter. The curvature limiter can be realized comprising a fixed or a variable curvature. Preferably, it comprises an interface for
being connected to a pilot guide. More preferably, the curvature limiter can be moved along a length of an open tube so that an
interface connecting the curvature limiter and the pilot guide is moved through the longitudinal slit of the open tube.

[0029] Referring to the method of suspending a cable assembly from an upper level of an offshore facility by means of a cable
assembly holding apparatus, it is advantageous to extend the length of the open tube set as part of the holding apparatus to the
seabed after mounting it to the offshore facility. Preferably the open tube set is extended such that an end section of an open
tube is flushed into the sea bed. This proves to be advantageous because negative effects of scour holes can easily be
compensated. Scour holes can lead to changes in the geometry of cable support arrangements and thus to a possibly damaging
bending radius of electrical cables suspended at offshore facilities. A protective mechanism is established by using the open tube
set being part of the holding apparatus as a guiding rail and moving the curvature limiter connected to the holding apparatus
down a lower open tube during the emerging of a scour hole. This downward movement is performed either by self-adaptation of
the curvature limiter through gravity pulling it to the ground or by a controlled movement steered by an actuating means.
Moreover, the negative effects of emerging scour holes are also minimized by the curvature limiter itself whose curvature adapts -
within a limited range, i. e. up to a predefined minimum bending radius determined by the cable assembly inserted within it -
continuously to a variable ground level by the force of gravity and thus prevents the cable assembly from excessive bending.

[0030] The mentioned methods of suspending a cable assembly from an offshore facility by means of a cable assembly holding
apparatus and of using a pilot guide for extending an open tube set of a holding apparatus may comprise further steps.

[0031] A cable assembly curvature limiter has been mentioned as an advantageous embodiment of the invention of a holding
apparatus. Establishing a connection between the curvature limiter and the pilot guide suspended in a cavity of an open tube
enables the curvature limiter to be guided when moving it along a length of the open tube. This movement can be controlled by
an actuating means comprising a wire attached to the pilot guide and a winch for controlling the wire. This method proves
advantageous as it simplifies the step of arranging the cable assembly within the curvature limiter. The cable assembly can thus
be introduced into a duct of the curvature limiter before the curvature limiter is arranged at a designated position at or below the
surface of the seabed. As the longitudinal slit of an open tube can serve as a guiding rail for moving a curvature limiter connected
to a pilot guide along a length of the open tube, the curvature limiter can be positioned at any section of the open tube set. This is
especially the case, if the telescopic mechanism is extended to a maximum length. As a consequence, the cable assembly can be
introduced into the curvature limiter at an upper level of an upper nested segment of the open tube set mounted to an offshore
facility and thus on a level above the water surface. This method is particularly advantageous because it does not require the use
of divers and of remotely operating vehicles for performing an underwater introduction process which is dangerous and time-
consuming. The step of introducing a cable assembly into a curvature limiter is preferably performed from a floating facility
positioned nearby the offshore faclility.

[0032] According to a further step of the described method, a cable may be introduced into a flexible outer hose of the cable
assembly, whereby the cable preferably is a terrestrial cable. This step provides a benefit compared to using an armored sea
cable according to the state-of-the-art because terrestrial cables are easier to manufacture than sea cables. Apart from that, a
resistance against possibly damaging influences comparable to a conventional armor is provided by the flexible outer hose.

[0033] The step of introducing the cable into the flexible outer hose may be preferably carried through above the surface of the
sea bed and more preferably above the water surface. This method is advantageous because it does not require divers or
remotely operated vehicles. When using a method of pushing and pulling a cable into the flexible outer hose, this step can be
applied after the steps of arranging the flexible outer hose of the cable assembly in the holding apparatus, of flushing the flexible
outer hose into the seabed and of arranging it in a holding apparatus of a second offshore facility. The method of pushing and
pulling a cable comprises at least the steps of introducing a messenger wire into the flexible outer hose, of pulling the cable into
the flexible outer hose by means of the messenger wire and of pushing the cable into the flexible outer hose by means of a
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"push"-device known from prior art.

[0034] Other objects and features of the present invention will become apparent from the following detailed descriptions
considered in conjunction with the accompanying drawings. It is to be understood, however, that the drawings are designed solely
for the purposes of illustration and not as a definition of the limits of the invention.

[0035] In the drawings, like reference numbers refer to like objects throughout. Objects in the diagrams are not necessarily
drawn to scale.

Fig. 1 shows a side view of a cable assembly support arrangement according to the state-of-the-art being arranged at an offshore
facility;

Fig. 2 shows a view of a cable assembly curvature limiter according to a first embodiment of the invention;

Fig. 3 shows a view of a cable assembly curvature limiter according to a second embodiment of the invention;
Fig. 4 shows a view of a part of an assembled cable assembly support arrangement according to the invention;
Fig. 5 shows a view of a part of a cable assembly holding apparatus according to the invention;

Fig. 6 shows a view of a step in the process of installing a cable assembly in a cable assembly support arrangement comprising a
first embodiment of a curvature limiter at an offshore facility according to the invention;

Fig. 7 shows a view of an advanced step in the process of installing a cable assembly according to figure 6;

Fig. 8 shows a view of a step in the process of installing a cable assembly in a cable assembly support arrangement comprising a
second embodiment of a curvature limiter at an offshore facility according to the invention;

Fig. 9 shows a view of an advanced step in the process of installing a cable assembly in a cable assembly support arrangement
comprising a second embodiment of a curvature limiter at an offshore facility according to the invention.

[0036] Fig. 1 shows a view of a cable assembly support arrangement 43* according to the state-of-the-art. A cable assembly
holding apparatus 31* is mounted to a pillar 52 of an offshore facility 50. At its bottom opening the cable assembly holding
apparatus 31* comprises a curvature limiter 3* designed for bending a cable assembly 1 from a vertical direction Y to a horizontal
direction X The curvature limiter 3* comprises a fixed curvature and a fixed bending angle of an inserted cable assembly 1. Such
type of arrangement comprising a holding apparatus 31* and a curvature limiter 3* is known as a "J-tube". The bottom end of the
curvature limiter 3* is positioned on the surface 62 of the seabed 60 and comprises an opening where the cable assembly 1 exits
the curvature limiter 3* and proceeds to a level below the surface 62 of the seabed 60.

[0037] Fig. 2 shows a view of a first possible embodiment of a curvature limiter 3 for guiding a cable assembly 1, which curvature
limiter 3 comprises a number of rigid segments 5 (in fig. 2 two rigid segments are displayed) and a number of hinged segments 7,
each of which hinged segments 7 can be twisted in a common plane, that is orthogonal to a rotation axis B. The rigid and hinged
segments 5, 7 each comprise two essentially triangular shaped frame parts 9 which are connected to each other by three axes 11
mounted to three corner regions of the two triangular shaped frame parts 9. Each rigid segment 5 and each hinged segment 7
further comprises three rollers 13 mounted on the axes 11 connecting the frame parts 9. These axes 11 serve as rotation axes B
of the rollers 13 and as rotation axes B of the hinged segments 7 when the hinged segments 7 are twisted against each other.
The rotation angle of the hinged segments 7 is limited by stoppers 14. The maximum rotation angle for a rotation of two adjacent
hinged segments 7 against each other is preferably lower than 30° and more preferably lower than 15°. Together with two inner
surfaces 15 of the triangular shaped frame parts 9, one surface 17 of each roller 13, which surface 17 in a given position of the
rollers 13 points to an inner side of the rigid segments 5 or hinged segments 7, form a cable assembly duct 19. In a cross-
sectional view the rollers 13 display an H-shaped or U-shaped form preferably adapted to the outer form of the cable assembly. A
"combined"” rotation angle y of a series of connected rigid segments 5 and hinged segments 7 determines the curvature of the
curvature limiter 3 and thus a bending of a cable assembly 1 inserted in the curvature limiter 3. If the curvature limiter 3 comprises
two rigid segments 5 and five hinged segments 7, which rigid segments 5 provide a bending angle of a cable assembly 1 of 20°
and which hinged segments 7 can each be twisted about an angle of 15°, in addition of these values a maximum bending angle y
of a cable assembly 1 of 95° can be reached.

[0038] Arigid segment 5 forming an end segment of the curvature limiter 3 comprises a connective interface 23 for mounting the
curvature limiter 3 to a properly constructed pilot guide connective interface 23' (displayed in fig. 5). The connective interface 23



DK/EP 2777110 T3

comprises an arrangement for rotating the rigid segment 5 forming an end segment of the curvature limiter 3 and thus the
curvature limiter 3 itself when the said rigid segment 5 is connected to a pilot guide. This rotation axis A lies preferably in a 90°
angle related to the rotation axis B of the hinged segments 7 of the curvature limiter 3. A maxmum rotation angle of the
connective interface 23 of the curvature limiter 3 against the pilot guide connective interface 23' (not displayed in fig. 2) about a
rotation axis A is preferably less than 90° and more preferably less than 20°.

[0039] Fig. 3 shows a view of a second possible embodiment of a curvature limiter 3' for guiding a cable assembly 1, which
curvature limiter 3' comprises a curved rigid segment 25 and a smaller hinged end segment 27. The hinged end segment 27 can
be twisted about a rotation axis B. The curved rigid segment 25 comprises a pair of frame parts 9', the hinged end segment 27
comprises a pair of frame parts 9". These pairs of frame parts 9', 9" are interconnected by a number of axes 11. The curved rigid
segment 25 and the hinged end segment 27 comprise rollers 13 mounted to the axes 11 connecting the two pairs of frame parts
9', 9". These axes 11 thus serve as rotation axes of the rollers 13. Together with two inner surfaces 15' of the frame parts 9', 9", a
surface of each roller 13, which surface in a given position of the roller 13 paints to an inner side of the curved rigid segment 25
or hinged end segment 27, forms a cable assembly duct 19. In a cross-sectional view the rollers 13 display an H-shaped form or
U-shaped form preferably adapted to the outer form of the cable assembly. Abending angle y' is defined by a main direction of a
cable assembly 1 entering the curved rigid segment 25 relative to a main direction of the cable assembly 1 exiting a connected
hinged end segment 27 of the curvature limiter 3', wherein the hinged end segment 27 is twisted upwards with a maximum rotation
angle of preferably 20°. If the cable assembly 1 leaves a main direction and instead is bended upwards when exting the hinged
end segment 27, wherein its bending is limited by an upper roller 13 of the hinged end segment 27, a maximum bending angle y
of the cable assembly 1 inserted in the curvature limiter 3' is reached. In this position, the rotation angle y" of the hinged end
segment 27 relative to the curved rigid segment 25, which is limited by stoppers 14, preferably amounts to a maximum angle of
about 20°. The bending angles vy, y' determine the bending of a cable assembly 1 inserted in the curvature limiter 3'. The
maximum bending angle y is equivalent to the rotation angle y* + 90°. The width of the mouth of the hinged end segment 27
corresponds to the difference between a bending angle y' and a maximum bending angle y of a cable assembly 1 inserted into a
cable duct 19. The curvature limiter 3' can be mounted to an end opening of an open tube (35, 36) or of a closed tube such that
a cable assembly 1 exiting the lower opening of the tube enters a cable assembly duct 19 of the curvature limiter 3' preferably
without being bended.

[0040] Fig. 4 shows a view of a middle part of an assembled cable assembly support arrangement 43 comprising a cable
assembly holding apparatus 31 and a curvature limiter 3 (according to the embodiment displayed in fig. 2). Acable assembly 1 is
inserted into a cable assembly duct 19, 19' of an open tube 36 of the cable assembly holding apparatus 31 and of the curvature
limiter 3. The cable assembly 1 is thus supported on a course from a vertical direction Y to a harizontal direction X An open tube
36 as part of a telescopic arrangement 37 comprises a longitudinal slit 41 whose edges 41' are deformable and preferably curved
inwards into a cavity 39 of the open tube 36. A shield 42 which can for example be realised as a kind of a curtain covers a section
of the longitudinal slit 41 of the open tube 36 and thus prevents the cable assembly 1 from slipping out of the cavity 39 of the
open tube 36 respectively out of the cable assembly duct 19'. Arigid segment § of the curvature limiter 3 is connected to a pilot
guide (hidden in the cavity 39 of the open tube 36).

[0041] Fig. 5 shows a view of a lower end part of a cable assembly holding apparatus 31 comprising a pilot guide 33 for moving a
curvature limiter 3, 3' along a length of the cable assembly holding apparatus 31. The pilot guide 33 displays a size adapted to an
innermost nested segment 35 of the set of open tubes 36 of the telescopic arrangement 37 being part of the cable assembly
holding apparatus 31. The pilot guide 33 comprises a pyramidal section 34 at a top and a bottom part of it so that it can be moved
easily up and down within the cavities 39 of each open tube 35, 36 constituting the telescopic arrangement 37. Awire 58 can be
attached to a tip of the pyramidal sections 34 for altering the position of the pilot guide 33 within the cavities 39. Moreover, the
pilot guide 33 comprises a pilot guide connective interface 23' for being connected to a connective interface 23 of the curvature
limiter 3. The pilot guide connective interface 23' displays a size adapted to the width of a longitudinal slit 41 of the telescopic
arrangement 37 of the cable assembly holding apparatus 31, which width is about 120 mm and hence large enough for inserting
a cable assembly 1. The pilot guide connective interface 23' comprises an arrangement for rotating a connected curvature limiter
3. Further, the cavities 39 of the open tubes 36 of the telescopic arrangement 37 form a cable assembly duct 19" which comprises
a longitudinal slit 41 on one side.

[0042] Fig. 6 shows a view of a step in the process of installing a cable assembly 1 to a cable assembly support arrangement 43
arranged at an offshore facility 50. This step is carried out before an end segment of a cable assembly 1 is installed on the
seabed 60. The set of open tubes 36 of the cable assembly holding apparatus 31 is mounted to a pillar 52 of the offshore facility
50 and is then extended to a level below the surface 62 of the seabed 60. After that, a curvature limiter 3 is arranged at a top end
of the set of open tubes 36, which position is at the same time a level above the water surface 64. Afloating facility 70 comprising
a cable assembly drum 72 is positioned near a pillar 52 of the offshore facility 50. The cable assembly 1 is being unrolled from the
cable assembly drum 72 in a direction F. A first end segment of the cable assembly 1 is fixed at the offshore facility 50 at a fixing
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point 54 while a second end segment of the cable assembly 1 is deposed on board of the floating facility 70. Before fixing a cable
assembly 1 at the fixing point 54, a segment of the cable assembly 1 is inserted into the curvature limiter 3. After that, the
curvature limiter 3 is being moved downwards to the seabed in a direction G by means of a wire 58 controlled by a winch 56 (as
displayed in fig. 8).

[0043] Fig. 7 shows a view of an advanced step in the process of installing the cable assembly 1 to the cable assembly support
arrangement 43 arranged at the offshore facility 50 according to fig. 6. This step is carried out before an end segment of the
cable assembly 1 is installed on the seabed 60. Here, the curvature limiter 3 has been positioned at a surface 62 of the seabed
60. The cable assembly 1 is further unrolled from a cable assembly drum 72 positioned at the floating facility 70 in a direction F.
At the same time, the floating facility 70 moves away from the offshore facility 50 in a direction H, deposing the cable assembly 1
on the seabed 60.

[0044] Fig. 8 shows a view of a step in the process of installing a cable assembly 1 to a cable assembly support arrangement 43
arranged at an offshore facility 50 using a curvature limiter 3' according to fig. 3. This step is carried out after a segment of the
cable assembly 1 has been installed on or below a level defined by the surface 62 of the seabed 60 and after an end segment of
the cable assembly 1 has been installed at a second offshore facility 50. Again, the curvature limiter 3' comprises an inserted
cable assembly 1, whereby the step of insertion has been performed above a level defined by the water surface 64, and the
curvature limiter 3' is transferred from a position above the water surface 64 towards the seabed 60 in a direction G. This
movement is executed by means of a winch 56 and a wire 58 attached to the winch 56, to the curvature limiter 3 and to a bottom
region of the pillar 52 of the offshore facility 50, similar to the process described above in connection with figures 6 and 7.

[0045] Fig. 9 shows a view of a final step in a different process of installing a cable assembly 1 to a cable assembly support
arrangement 43 arranged at an offshore facility 50. Here, the curvature limiter 3' is connected to a bottom end of a set of closed
tubes comprising a telescopic mechanism. A cable assembly 1 inserted into a cavity of the set of closed tubes enters the cable
assembly duct 19' of the curvature limiter 3' without being bended. The curvature limiter 3' is displayed being positioned on a level
below the surface 62 of the seabed 60. Consequently, a lower opening of the curvature limiter 3' is positioned below the surface
62 of the seabed 60 so that the cable assembly 1 exiting the curvature limiter 3' proceeds on a level below the surface 62 of the
seabed 60 as well. As displayed in fig. 8, the curvature limiter 3' may be connected to a single open tube without a telescopic
mechanism or alternatively to a set of open tubes firmly connected to each other at their open endings.

[0046] Although the present invention has been disclosed in the form of preferred embodiments and variations thereon, it will be
understood that numerous additional modifications and variations could be made thereto without departing from the scope of the
invention. For example, the curvature limiters 3, 3' described in the process according to figures 6 and 7 may also be used in a
process similar to figures 8 or 9 and vice versa. Also, individual parts of a specific curvature limiters 3, 3' (as described above), e.
g. the hinged end segment 27 comprising a mouth, a segment with a connective interface 23, etc. can be used in connection with
another curvature limiter in order to construct an amended type of curvature limiter. Further, a cable assembly 1 may also be
removed or exchanged easily if the procedure described in connection with the mentioned figures is reversed to an opposite
direction. Such reversed procedure can for example comprise the steps of moving the curvature limiter 3 upwards while at the
same time rolling the cable assembly 1 onto a drum 72 of a floating facility 70.

[0047] For the sake of clarity, it is to be understood that the use of "a" or "an" throughout this application does not exclude a
plurality, and "comprising" does not exclude other steps or elements.
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Patentkrav

1. Offshore-indretning (50), omfattende en kabelenhedsholdeindretning (31),
der er indrettet til at fastholde og sikre en kabelenhed (1) mellem et gvre ni-
veau af offshore-indretningen (50) og havbunden (60), kendetegnet ved, at
kabelenhedsholdeindretningen (31) omfatter et seet dbne ror (35, 36), hvor et
abent rar (35, 36) omfatter en langsgaende slids (41) langs mindst en del af
sin leengde, gennem hvilken slids (41) kabelenheden (1) kan indfares i det
abne ror (35, 36) i en samlet tilstand, hvor det dbne rgrsaet (35, 36) af holde-
indretningen (31) monteres i det veesentlige vertikalt til offshore-indretningen
(50).

2. Offshore-indretning (50) ifglge krav 1, hvor en laengde af det dbne rgrsaet

(35, 36) kan varieres fra en begyndelseslaengde til en udstrakt leengde.

3. Offshore-indretning (50) ifelge krav 2, hvor det abne rorseet er udfert tele-
skopisk med mindst to indlejrede segmenter (35, 36), hvor et udvendigt ind-
lejret segment er indrettet til i det mindste delvis at omgive et indvendigt ind-

lejret segment (35).

4. Offshore-indretning (50) ifglge et hvilket som helst af de foregaende krav,
hvor den langsgéende slids (41) streekker sig over en hel leengde af et dbent
rar (35, 36).

5. Offshore-indretning (50) ifelge et hvilket som helst af de foregaende krav,
hvor en bredde af den langsgaende slids (41) af et &bent ror (35, 36) i en
begyndelsestilstand af det abne rar (35, 36) er mindre end diameteren af ka-
belenheden (1) i en begyndelsestilstand af kabelenheden (1), séledes at ka-
belenheden (1) fastholdes i det abne ror (35, 36).

6. Offshore-indretning (50) ifalge et hvilket som helst af de foregaende krav,

omfattende en skaerm (42), der er indrettet til i det mindste delvis at daekke
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den langsgaende slids (41) af et dbent rgr (35, 36) for at fastholde en kabel-
enhed (1) i roret.

7. Offshore-indretning (50) ifelge et hvilket som helst af de foregéende krav,
hvor en kant af den langsgaende slids (41) af et abent ror (35, 36) omfatter
en deformerbar kant.

8. Offshore-indretning (50) ifelge et hvilket som helst af de foregaende krav,
hvor en kant af en langsgaende slids (41) er indrettet til at vende indad i et
hulrum (39) af det abne ror (36) for at fastholde en kabelenhed (1) i det dbne
ror (36).

9. Offshore-indretning (50) ifglge et hvilket som helst af de foregaende krav,
omfattende en udvidelsesindretning til at udvide lzengden af det dbne rorseet
(35, 36).

10. Offshore-indretning (50) ifelge et hvilket som helst af de foregaende krav,
omfattende en fgringsindretning (33) og et aktiveringsmiddel (56, 58) til akti-
vering af faringsindretningen (33).

11. Offshore-indretning (50) ifelge et hvilket som helst af de foregaende krav,
omfattende en kabelenhedskrumningsbegreenser (3, 3') til at udfgre en over-
gang af en kabelenhed (1) fra en i det vaesentlige vertikal retning (Y) til en i
det vaesentlige horisontal retning (X), og samtidig fastholde en minimums-

krumningsradius.

12. Fremgangsmade til opheengning af en kabelenhed (1) fra et gvre niveau
af en offshore-indretning (50), hvor fremgangsmaden omfatter falgende trin:

- montering af et abent rorseet (35, 36) af en kabelenhedsholdeindretning
(31) i det vaesentlige vertikalt ved offshore-indretningen (50), hvor et abent
rogr (35, 36) omfatter en langsgaende slids (41) langs i det mindste en del af

sin la&engde;
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- indfgring af en kabelenhed (1) gennem den langsgéende slids (41) i et
abent rgr (35, 36) af holdeindretningen (31).

13. Fremgangsmade ifolge krav 12, omfattende trinnet med at udvide laeng-
den af det abne rgrsaet til at straekke sig til eller i havbunden, hvor dette trin
med at udvide laengden fortrinsvis omfatter falgende trin:

- montering af en udvidelsesindretning til det dbne rgrseet (35, 36), hvor udvi-
delsesindretningen omfatter en faringsindretning (33) og et aktiveringsmiddel
(56, 58), og

- aktivering af faringsindretningen (33), saledes at det dbne rorsaet (35, 36)
straekker sig mod havbunden (60).

14. Fremgangsmade ifolge krav 12 eller 13, omfattende falgende trin:

- forbinde en kabelenhedskrumningsbegraenser (3, 3') med fgringsindretnin-
gen (33) og

- anbringe kabelenheden (1) i krumningsbegraenseren (3, 3').
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