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(57) Abstract: The present invention concerns a cable assembly holding apparatus (31) realised to hold a cable assembly (1)
between an upper level of an otfshore facility (50) and a lower level, comprising a set of open tubes (36), wherein an open tube (36)
comprises a longitudinal slit (41) along its length, through which the cable assembly (1) is introduced into the open tube (36). The
invention further concerns an offshore facility (50) comprising the cable assembly holding apparatus (31) and a method of suspend-
ing the cable assembly (1) from an upper level of an offshore facility (50).
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Description

Cable assembly holding apparatus

The present invention concerns a cable assembly holding appa-
ratus for holding a cable assembly. The invention further
concerns an offshore facility comprising a cable assembly
holding apparatus and a method of suspending a cable assembly

from an upper level of an offshore facility.

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 on-
shore facilities. A sea cable connecting two offshore facili-
ties 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 ver-
tically to an upper level of a second offshore facility. In
the transition area between an upper level of an offshore fa-
cility 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.

A holding apparatus particularly designed for holding a sea
cable suspended at an offshore facility is disclosed in EP 1
6l6 377 Bl. 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.

EP 2 158 654 Bl 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 direc-

tion.
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Both solutions deliver reliable support and protection of a
sea cable suspended at an upper level of the offshore facil-
ity and being guided to the seabed. The installation of a sea
cable within a tubing arrangement according to these disclo-
sures is however difficult. Usually, a sea cable is intro-

duced 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 instal-

lation process cumbersome and dangerous.

It is thus an object of the invention to provide a holding
apparatus for cable assemblies which allows a simple and se-
cure installation process of a cable assembly at an offshore

facility.

This object is met by the cable assembly holding apparatus
according to claims 1 to 11, the offshore facility according

to claim 12 and the method according to claims 13 to 15.

In this context the expression “cable assembly holding appa-
ratus” 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 com-

pletely assembled.

The term “sea cable” is understood as a heavily armoured
electric cable. In differentiation from that term, the fol-
lowing 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 transmit-
ting any kind of signal or energy or fluid. It may for exam-
ple (and preferably) be a power transmission cable arranged

between a generator of an offshore wind turbine and an on-
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shore transformer station or between an onshore power plant

and an offshore o0il rig.

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.

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, where-
in an open tube comprises a longitudinal slit along at least
part of its length through which a cable assembly can be in-
troduced into the open tube in an assembled state. The term
“Yassembled 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 com-
prise 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, sgquare or polygonal pipes. Further, the hold-
ing apparatus and preferably the open tubes comprise inter-
faces for being mounted to a foundation structure of an off-
shore 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 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
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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.

Preferably, the invention allows an arrangement of a cable
assembly within a holding apparatus at an offshore facility

without requiring the use of divers.

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 assem-
bly between an upper level of the offshore facility and the
seabed. The above-mentioned open tube set of the holding ap-
paratus 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.

Further, the invention concerns a method of suspending a ca-
ble assembly from an upper level of an offshore facility,
which method comprises the following steps that can be car-

ried out in any desired sequence:

Designed for protecting and supporting the cable assembly, an
open tube set of the described cable assembly holding appara-
tus is mounted essentially vertically to the offshore facil-
ity 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 off-
shore 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
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offshore facility. Related to this preferred scenario, an es-
sentially vertical orientation comprises an orientation es-
sentially 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.

The open tube set fulfils the function of supporting a cable
assembly from an area where the cable assembly exits an inte-
rior part of the offshore facility, which area can for exam-
ple be located at the transition piece of a wind turbine, to
an area at the seabed, from where the cable assembly is guid-
ed 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 wvessel carries a drum, from

which the cable assembly can be unrolled.

Particularly advantageous embodiments and features of the in-
vention are given by the dependent claims, as revealed in the
following description. Thereby, features revealed in the con-
text of one of the methods may also be realized in the con-
text of the respective other method and/or in the context of
any one of the embodiments of the cable assembly holding ap-
paratus and/or offshore facility and/or method of suspending
a cable assembly according to the invention unless the con-

trary is explicitly stated and vice versa.

According to a preferred embodiment of the invention, the
above-mentioned open tube set of the holding apparatus com-
prises a variable length, which is wvariable from an initial
length to an extended final length. The extended final length

of the open tube set comprises preferably a length of at
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least 10 meters, more preferably of at least 15 meters, and
most preferably of at least 20 meters. An open tube set com-
prising a variable length is advantageous because the cable
assembly holding apparatus can thus easily be adapted to dif-
ferent depths of water when being mounted to an offshore fa-
cility. As offshore facilities are used to be installed in
areas with a considerable range of water depths, an adapta-
tion of the open tube set of a holding apparatus is often
necessary. This is especially the case considering the fre-
quent development of scour holes around foundation structures
and pillars of offshore facilities, which is caused by under-
water 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 wa-
ter depths. Thus, it is easy to be manufactured and its
transport requires less space compared to open tube sets dis-
playing a non-variable length. Besides, the open tube set is
easy to be arranged at its assigned location and the employ-

ment of divers can be substantially reduced.

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
segments (in the following also named shortly “segments”),
wherein an outer nested segment is realised to at least par-
tially 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 tele-
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scopic 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 seg-
ments 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 com-
bination 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.

As mentioned above, an open tube comprises a longitudinal
slit extending along at least part of its length. The longi-
tudinal 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 appa-
ratus. According to a preferred embodiment of the invention,
said holding apparatus comprises a longitudinal slit extend-
ing 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 intercon-
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nected 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 pref-
erably 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.

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 ad-
vantageous because it can prevent the cable assembly accommo-
dated 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. Ac-
cording to this embodiment of the invention the cable assem-
bly is moved through the longitudinal slit by exerting an
amount of compressive or attractive force to the cable assem-
bly by which for example a protective sheath and/or outer
hose of the cable assembly is compressed and thus its diame-
ter is temporarily diminished so that it can slip into a cav-
ity 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.
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Accordingly, the holding apparatus comprises a shield real-
ised 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 cur-
tain 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 1id, 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 accommo-

dated in an open tube.

According to a further advantageous embodiment of the inven-
tion, an edge of the longitudinal slit of an open tube, which
open tube is part of a holding apparatus, comprises a deform-
able 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 ca-
ble assembly comprises a diameter being larger than the width
of the longitudinal slit in an initial state comprising un-
deformed edges. The deformable edge is preferably elastic
such that it returns to the initial state after being de-
formed. For providing an elastic quality, the deformable edge
can comprise foam and/or a rubber material. Moreover, the de-
formable 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 compris-
ing 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 longitudi-
nal slit. The deformable edge preferably is deformed by ex-
erting a predefined amount of pressure to the cable assembly

from an exterior and/or interior part of the open tube. If a
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surface of the cable assembly is positioned in touch with a
surface of the deformable edge, the pressure exerted to the
cable assembly is transferred to a surface of the deformable
edge which is then deformed. The deformable edge can be de-
formed 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 spread-
ing the deformable edge in a respective area, where the cable
assembly 1s to be introduced into and/or removed from a cav-

ity of an open tube at a certain time.

Referring to the described deformable edge, which character-
izes the longitudinal slit of an open tube as part of a hold-
ing 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 re-
moval of a cable assembly from a cavity of an open tube
through a longitudinal slit more difficult compared to a de-
formable 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 inven-
tion more pressure and/or pulling force is necessary to de-
form 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 advan-
tageous because it provides for a secure handling of the
holding apparatus by preventing the cable assembly from slip-
ping 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.
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The curvature of these curved, inward-facing and deformable
edges of a longitudinal slit is preferably convex. This pro-
vides an even higher protection against an unwanted slipping
out of a cable assembly accommodated in a cavity of an open
tube.

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 rela-
tive to each other. Gravity can lead to an uncontrolled ex-
tending of the nested segments if the open tube set is ar-
ranged in a vertical position at an offshore facility. An ex-
tending 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 es-
tablished between the extending arrangement and a nested seg-
ment positioned in between an innermost and an outermost
nested. This would enable a controlled extension of an indi-

vidual nested segment as part of the open tube set.

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 ex-
tending and/or contracting the length of an open tube set
and/or for moving a connected subsidiary means along a longi-
tudinal 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 verti-

cal to a horizontal direction.
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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 pi-
lot 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.

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 main-
taining a minimum bending radius. The criteria “bending ra-
dius” together with “bending angle” define a “curvature” of a

cable assembly arranged within a curvature limiter. The term
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“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 exiting a last sec-
tion of a curvature limiter, which extreme direction is de-

termined by a minimum “bending radius” of a cable assembly.

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 - de-
pending 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 mini-
mum 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 prefera-
bly, the curvature limiter can be moved along a length of an
open tube so that an interface connecting the curvature lim-
iter and the pilot guide is moved through the longitudinal
slit of the open tube.

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



10

15

20

25

30

35

WO 2013/113407 PCT/EP2012/064157

14

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 ca-
bles 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 move-
ment is performed either by self-adaptation of the curvature
limiter through gravity pulling it to the ground or by a con-
trolled 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.

The mentioned methods of suspending a cable assembly from an
offshore facility by means of a cable assembly holding appa-
ratus and of using a pilot guide for extending an open tube

set of a holding apparatus may comprise further steps.

A cable assembly curvature limiter has been mentioned as an
advantageous embodiment of the invention of a holding appara-
tus. Establishing a connection between the curvature limiter
and the pilot guide suspended in a cavity of an open tube en-
ables 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
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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 desig-
nated 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 espe-
cially the case, i1f the telescopic mechanism is extended to a
maximum length. As a consegquence, 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 off-
shore 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 fa-

cility.

According to a further step of the described method, a cable
may be introduced into a flexible outer hose of the cable as-
sembly, 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 com-
parable to a conventional armor is provided by the flexible

outer hose.

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
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and pulling a cable into the flexible outer hose, this step
can be applied after the steps of arranging the flexible out-
er hose of the cable assembly in the holding apparatus, of
flushing the flexible outer hose into the seabed and of ar-
ranging it in a holding apparatus of a second offshore facil-
ity. 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 “push”-

device known from prior art.

Other objects and features of the present invention will be-
come apparent from the following detailed descriptions con-
sidered 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 defini-

tion of the limits of the invention.

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 arrange-
ment according to the state-of-the-art being arranged at an

offshore facility;

Fig. 2 shows a view of a cable assembly curvature limiter ac-

cording to a first embodiment of the invention;

Fig. 3 shows a view of a cable assembly curvature limiter ac-

cording 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;
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Fig. 5 shows a view of a part of a cable assembly holding ap-

paratus 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 com-—
prising a first embodiment of a curvature limiter at an off-

shore facility according to the invention;

Fig. 7 shows a view of an advanced step in the process of in-

stalling 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 com-—
prising a second embodiment of a curvature limiter at an off-

shore facility according to the invention;

Fig. 9 shows a view of an advanced step in the process of in-
stalling a cable assembly in a cable assembly support ar-
rangement comprising a second embodiment of a curvature lim-

iter at an offshore facility according to the invention.

Fig. 1 shows a view of a cable assembly support arrangement
43* according to the state-of-the-art. A cable assembly hold-
ing 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 ca-
ble 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 posi-
tioned on the surface 62 of the seabed 60 and comprises an
opening where the cable assembly 1 exits the curvature lim-
iter 3* and proceeds to a level below the surface 62 of the
seabed 60.
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Fig. 2 shows a view of a first possible embodiment of a cur-
vature limiter 3 for guiding a cable assembly 1, which curva-
ture 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 con-
nected to each other by three axes 11 mounted to three corner
regions of the two triangular shaped frame parts 9. Each rig-
id 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 roll-
ers 13 and as rotation axes B of the hinged segments 7 when
the hinged segments 7 are twisted against each other. The ro-
tation 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 in-
ner surfaces 15 of the triangular shaped frame parts 9, one
surface 17 of each roller 13, which surface 17 in a given po-
sition 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 se-
ries of connected rigid segments 5 and hinged segments 7 de-
termines the curvature of the curvature limiter 3 and thus a
bending of a cable assembly 1 inserted in the curvature lim-
iter 3. If the curvature limiter 3 comprises two rigid seg-
ments 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 vy of

a cable assembly 1 of 95° can be reached.
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A rigid 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 connec-
tive interface 23 comprises an arrangement for rotating the
rigid segment 5 forming an end segment of the curvature lim-
iter 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
maximum rotation angle of the connective interface 23 of the
curvature limiter 3 against the pilot guide connective inter-
face 23’ (not displayed in fig. 2) about a rotation axis A is

preferably less than 90° and more preferably less than 20°.

Fig. 3 shows a view of a second possible embodiment of a cur-
vature limiter 3’ for guiding a cable assembly 1, which cur-
vature 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 9’7, 9’7 are interconnected by a number of axes 11. The
curved rigid segment 25 and the hinged end segment 27 com-
prise rollers 13 mounted to the axes 11 connecting the two
pairs of frame parts 9', 9’’. These axes 11 thus serve as ro-
tation axes of the rollers 13. Together with two inner sur-
faces 15’ of the frame parts 9’, 9’’, a surface of each roll-
er 13, which surface in a given position of the roller 13
points 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. A bending angle vy’ is defined by a main di-
rection of a cable assembly 1 entering the curved rigid seg-
ment 25 relative to a main direction of the cable assembly 1

exiting a connected hinged end segment 27 of the curvature
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limiter 3’7, wherein the hinged end segment 27 is twisted up-
wards with a maximum rotation angle of preferably 20°. If the
cable assembly 1 leaves a main direction and instead is bend-
ed upwards when exiting 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 vy of the cable assem-
bly 1 inserted in the curvature limiter 3’ is reached. In
this position, the rotation angle y'’ of the hinged end seg-
ment 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 v, Yy’ determine the bending
of a cable assembly 1 inserted in the curvature limiter 37.
The maximum bending angle vy is equivalent to the rotation an-
gle vy’ 4+ 90°. The width of the mouth of the hinged end seg-
ment 27 corresponds to the difference between a bending angle
v’ and a maximum bending angle vy of a cable assembly 1 in-
serted 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.

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). A cable 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 cur-
vature limiter 3. The cable assembly 1 is thus supported on a
course from a vertical direction Y to a horizontal direction
X. An open tube 36 as part of a telescopic arrangement 37
comprises a longitudinal slit 41 whose edges 41’ are deform-
able 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 as-
sembly 1 from slipping out of the cavity 39 of the open tube
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36 respectively out of the cable assembly duct 19’. A rigid
segment 5 of the curvature limiter 3 is connected to a pilot

guide (hidden in the cavity 39 of the open tube 36).

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 com-
prises 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 cav-
ities 39 of each open tube 35, 36 constituting the telescopic
arrangement 37. A wire 58 can be attached to a tip of the py-
ramidal 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 lim-
iter 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 appa-
ratus 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 con-
nected 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.

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 off-

shore facility 50 and is then extended to a level below the
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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
4. A floating 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 as-
sembly 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 point 54 while a second end segment of the cable as-
sembly 1 is deposed on board of the floating facility 70. Be-
fore fixing a cable assembly 1 at the fixing point 54, a seg-
ment 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).

Fig. 7 shows a view of an advanced step in the process of in-
stalling 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.

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 seg-
ment 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
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insertion has been performed above a level defined by the wa-
ter surface 64, and the curvature limiter 3’ 1is 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 cur-
vature 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.

Fig. 9 shows a view of a final step in a different process of
installing a cable assembly 1 to a cable assembly support ar-
rangement 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 as-
sembly 1 inserted into a cavity of the set of closed tubes
enters the cable assembly duct 19’ of the curvature limiter
37 without being bended. The curvature limiter 3’ is dis-
played 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
37 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 mech-
anism or alternatively to a set of open tubes firmly con-

nected to each other at their open endings.

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 varia-
tions 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 al-
so be used in a process similar to figures 8 or 9 and vice
versa. Also, individual parts of a specific curvature limit-
ers 3, 3’ (as described above), e. g. the hinged end segment

27 comprising a mouth, a segment with a connective interface
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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 direc-
tion. 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.

For the sake of clarity, it is to be understood that the use

W

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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Claims

1. A cable assembly holding apparatus (31) realised to hold a
cable assembly (1) between an upper level of an offshore fa-
cility (50) and a lower level, comprising a set of open tubes
(35, 36), wherein an open tube (35, 36) comprises a longitu-
dinal slit (41) along at least part of its length through
which slit (41) the cable assembly (1) is introduced into the

open tube (35, 36) in an assembled state.

2. A holding apparatus (31) according to claim 1, wherein a
length of the open tube set (35, 36) is variable from an ini-

tial length to an extended length.

3. A holding apparatus (31) according to claim 2, wherein the
open tube set is realised in a telescopic manner with at
least two nested segments (35, 36), wherein an outer nested
segment is realised to at least partially enclose an inner

nested segment (35).

4. A holding apparatus (31) according to any of the preceding
claims, wherein the longitudinal slit (41) extends over an

entire length of an open tube (35, 36).

5. A holding apparatus (31) according to any of the preceding
claims, wherein a width of the longitudinal slit (41) of an
open tube (35, 36) in an initial state of the open tube (35,
36) is less than a diameter of the cable assembly (1) in an
initial state of the cable assembly (1) such that the cable
assembly (1) is retained in the open tube (35, 36).

6. A holding apparatus (31) according to any of the preceding
claims, comprising a shield (42) realised to at least par-
tially cover the longitudinal slit (41) of an open tube (35,

36) in order to retain a cable assembly (1) in the tube.
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7. A holding apparatus (31) according to any of the preceding
claims, wherein an edge of a longitudinal slit (41) of an

open tube (35, 36) comprises a deformable edge.

8. A holding apparatus (31) according to any of the preceding
claims, wherein an edge of a longitudinal slit (41) is real-
ised to face inward into a cavity (39) of the open tube (36)
in order to retain a cable assembly (1) in the open tube
(36) .

9. A holding apparatus (31) according to any of the preceding
claims, comprising an extending arrangement for extending the

length of the open tube set (35, 36).

10. A holding apparatus (31) according to any of the preced-
ing claims, comprising a pilot guide (33) and an actuating

means (56, 58) for actuating the pilot guide (33).

11. A holding apparatus (31) according to any of the preced-
ing claims, comprising a cable assembly curvature limiter (3,
37) for effecting a transition of a cable assembly (1) from

an essentially vertical direction (Y) to an essentially hori-
zontal direction (X), while maintaining a minimum bending ra-

dius.

12. An offshore facility (50) comprising a cable assembly
holding apparatus (31) according to any of claims 1 to 11 for
securing a cable assembly (1) between an upper level of the
offshore facility (50) and the seabed (60), wherein the open
tube set (35, 36) of the holding apparatus (31) is mounted
essentially vertically to the offshore facility (50).

13. A method of suspending a cable assembly (1) from an upper
level of an offshore facility (50), which method comprises
the steps of:

- mounting an open tube set (35, 36) of a cable assembly

holding apparatus (31) essentially vertically to the off-
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shore facility (50), wherein an open tube (35, 36) com-
prises a longitudinal slit (41) along at least part of its
length;

- introducing a cable assembly (1) through the longitudinal
slit (41) into an open tube (35, 36) of the holding appara-
tus (31).

14. A method according to claim 13, comprising the step of
extending the length of the open tube set to extend to or in-
to the seabed, wherein this step of extending the length
preferably comprises the steps of:

- mounting an extending arrangement to the open tube set (35,
36), which extending arrangement comprises a pilot guide
(33) and an actuating means (56, 58), and

- actuating the pilot guide (33) such that the open tube set
(35, 36) is extended towards the seabed (60).

15. A method according to claims 13 or 14, comprising the

steps of:

- connecting a cable assembly curvature limiter (3, 3’) to
the pilot guide (33) and

- arranging the cable assembly (1) in the curvature limiter
(3, 37).
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