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DESCRIPTION

Description

[0001] The present disclosure relates to an apparatus for inserting an elongate object into a
trench in a floor of a body of water and relates to particularly, but not exclusively, to an
apparatus for inserting a cable into a trench in the seabed.

[0002] Apparatus are known for burying cables in the seabed, and consist of a plough having a
plough share which forms a trench in the seabed into which the cable is inserted by the plough.
However, such ploughs involve loading the cable into the plough by means of a crane
manipulator having a cable grab, and a tipping cable trough for manipulating the cable into the
plough. Such arrangements suffer from the drawback that in the case of delicate cables, such
as lead-lined cables, there is a risk of damage to the cable.

[0003] EP4047141 published after the present application filing date, describes an underwater
plough able to pivot the top section if its body.

[0004] WO2021/094193 describes an underwater plough comprising a drawbar with a two-
stage pivot arrangement.

[0005] EP4112821 discloses a subsea plough with a pivotable guide member.

[0006] Preferred embodiments of the present disclosure seek to overcome one or more of the
above disadvantages.

[0007] The invention is a claimed in the claims.

[0008] According to an aspect of the present disclosure, there is provided an apparatus for
inserting an elongate object into a trench in a floor in a body of water, the apparatus
comprising:-

trench-forming means for forming a trench in a floor of a body of water;

attachment means for enabling attachment of at least one tensile member to the apparatus,
wherein the attachment means is moveable relative to the trench-forming means between a
first position, in which the apparatus is adapted to be towed by at least one said tensile
member to move the trench-forming means relative to the floor of the body of water to form a
trench therein, and a second position, in which the apparatus is adapted to be supported by at
least one said tensile member to enable the apparatus to be deployed to the floor of the body
of water; and
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receiving means for receiving at least part of an elongate object to be inserted into the trench;

wherein the attachment means is moveable relative to the trench-forming means between the
second position and a third position, to enable at least part of the elongate object to be
received in the receiving means from a side of the apparatus remote from the trench-forming
means.

[0009] By providing attachment means moveable relative to the trench-forming means
between the second position and a third position, to enable at least part of the elongate object
to be received in the receiving means from a side of the apparatus remote from the trench-
forming means, this provides the advantage of reducing the risk of damage to the elongate
object, by avoiding the need to manipulate the elongate object with cable grabs, and reducing
the time taken to load the elongate object into the apparatus, since the elongate object can be
loaded into the apparatus from above.

[0010] The attachment means may be adapted to be attached to each of a plurality of tensile
members at a respective location, and the position of at least one said location may be
adjustable relative to the trench-forming means.

[0011] This provides the advantage of enabling an effective hitch point of the apparatus to be
adjusted, as a result of which the apparatus can be steered by means of a single cable
attached to a plurality of said tensile members.

[0012] The attachment means may be pivotable between the first and second positions. This
provides the advantage of enabling easy movement of the attachment means between the first
and second positions by means of actuators.

[0013] The attachment means may be pivotable between the second and third positions.

[0014] The apparatus may further comprise urging means for urging the elongate object into
the trench formed by the trench-forming means.

[0015] The urging means may be moveable between a fourth position in which the urging
means is adapted to urge the elongate object into the trench formed by the trench-forming
means, and a fifth position to enable at least part of the elongate object to be received in the

receiving means from a side of the apparatus remote from the trench-forming means.

[0016] Movement of the attachments means from the second position to the third position may
cause movement of the urging means from the fourth position to the fifth position.

[0017] This provides the advantage of simplifying the construction of the apparatus.

[0018] The apparatus may further comprise guide means for guiding the elongate object into
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the receiving means.
[0019] This provides the advantage of reducing the risk of damage to the elongate object.

[0020] The trench-forming means may further comprise a plurality of nozzles for emitting water
jets.

[0021] A plurality of said nozzles may be selectively operable.
[0022] This provides the advantage of improving efficiency of operation of jetting.

[0023] The apparatus may further comprise floor engaging means for engaging the floor of the
body of water.

[0024] The floor engaging means may comprise a plurality of first floor engaging members for
engaging the floor of the body of water forwards of the trench-forming means.

[0025] The floor-engaging means may further comprise second floor engaging members for
engaging the floor of the body of water rearwardly of the first floor engaging means.

[0026] This provides the advantage of enabling sinking of the trench-forming means into a soft
floor of the body of water to be controlled, and stability in deployment and recovery of the
apparatus from the floor of a body of water to be improved.

[0027] The position of the floor engaging means relative to the trench-forming means may be
adjustable.

[0028] The apparatus may further comprise bend limiting means for limiting bending of the
elongate object at an inlet to the receiving means.

[0029] This provides the advantage of further reducing the risk of damage to the elongate
object by preventing bending of the elongate object around a bend radius less than a
predetermined value.

[0030] The height of an inlet to the bend limiting means may be adjustable relative to the
trench-forming means.

[0031] This provides the advantage of enabling greater trench depths, because the entry
height of the elongate object to the bend limiting means can be minimised during shallow
trenching or when transitioning to and from full depth.

[0032] The apparatus may further comprise retaining means mounted to the body forwards of
the trench forming means and having a released condition, enabling insertion of an elongate
object into the retaining means from a side of the body remote from the trench forming means,
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and a retaining condition, for retaining an elongate object in the retaining means.

[0033] The retaining means may be adapted to prevent the attachment means from coming
into contact with an elongate object retained in said retaining means in a retaining condition
thereof.

[0034] The retaining means may comprise at least one retaining member mounted to the body
and moveable between released and retaining conditions thereof.

[0035] At least one said retaining member may be pivotably moveable between released and
retaining conditions thereof.

[0036] According to another aspect of the present disclosure, there is provided an apparatus
for inserting an elongate object into a trench in a floor in a body of water, the apparatus
comprising:-

a body;
trench-forming means mounted to the body for forming a trench in a floor of a body of water;

receiving means for receiving at least part of an elongate object to be inserted into the trench
from a side of the body remote from the trench-forming means; and

retaining means mounted to the body forwards of the trench forming means and having a
released condition, enabling insertion of an elongate object into the retaining means from a
side of the body remote from the trench forming means, and a retaining condition, for retaining
an elongate object in the retaining means.

[0037] By providing retaining means mounted to the body forwards of the trench forming
means and having a released condition, enabling insertion of an elongate object into the
retaining means from a side of the body remote from the trench forming means, and a
retaining condition, for retaining an elongate object in the retaining means, this provides the
advantage of minimising the risk of damage to the elongate object, for example when moving
an attachment means relative to the trench-forming means between its second position and its
third position.

[0038] The retaining means may comprise at least one retaining member mounted to the body
and moveable between released and retaining conditions thereof.

[0039] At least one said retaining member may be pivotably moveable between released and
retaining conditions thereof.

[0040] The apparatus may further comprise attachment means for enabling attachment of at
least one tensile member to the apparatus, wherein the attachment means is moveable
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relative to the trench-forming means between a first position, in which the apparatus is adapted
to be towed by at least one said tensile member to move the trench-forming means relative to
the floor of the body of water to form a trench therein, and a second position, in which the
apparatus is adapted to be supported by at least one said tensile member to enable the
apparatus to be deployed to the floor of the body of water; and

receiving means for receiving at least part of an elongate object to be inserted into the trench;

wherein the attachment means is moveable relative to the trench-forming means between the
second position and a third position, to enable at least part of the elongate object to be
received in the receiving means from a side of the apparatus remote from the trench-forming
means.

[0041] The retaining means may be adapted to prevent the attachment means from coming
into contact with an elongate object retained in said retaining means in a retaining condition
thereof.

[0042] The attachment means may be adapted to be attached to each of a plurality of tensile
members at a respective location, and the position of at least one said location is adjustable
relative to the trench-forming means.

[0043] The attachment means may be pivotable between the first and second positions.

[0044] The attachment means may be pivotable between the second and third positions.

[0045] The apparatus may further comprise urging means for urging the elongate object into
the trench formed by the trench-forming means.

[0046] The urging means may be moveable between a fourth position in which the urging
means is adapted to urge the elongate object into the trench formed by the trench-forming
means, and a fifth position to enable at least part of the elongate object to be received in the
receiving means from a side of the apparatus remote from the trench-forming means.

[0047] Movement of the attachments means from the second position to the third position may
cause movement of the urging means from the fourth position to the fifth position.

[0048] The apparatus may further comprise guide means for guiding the elongate object into
the receiving means.

[0049] The trench-forming means may further comprise a plurality of nozzles for emitting water
jets.

[0050] A plurality of said nozzles may be selectively operable.
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[0051] The apparatus may further comprise floor engaging means for engaging the floor of the
body of water.

[0052] The floor engaging means may comprise a plurality of first floor engaging members for
engaging the floor of the body of water forwards of the trench-forming means.

[0053] The floor-engaging means may further comprise second floor engaging members for
engaging the floor of the body of water rearwardly of the first floor engaging means.

[0054] The position of the floor engaging means relative to the trench-forming means may be
adjustable.

[0055] The apparatus may further comprise bend limiting means for limiting bending of the
elongate object at an inlet to the receiving means.

[0056] A height of an inlet to the bend limiting means may be adjustable relative to the trench-
forming means.

[0057] Preferred embodiments of the disclosure will now be described, by way of example only
and not in any limitative sense, with reference to the accompanying drawings, in which:-

Figures 1Ato 1C show respectively a front, top and side view of a plough of a first embodiment
in a lifting mode;

Figures 2A to 2C show respectively a front, top and side view of the plough of Figure 1 in a
loading mode with a cable being loaded into the plough;

Figures 3A to 3C show respectively a front, top and side view of the plough of Figure 1 in a
ploughing mode with the cable loaded into the plough;

Figures 4A to 4C show the plough of Figure 3 in its full depth ploughing condition;

Figures 5A to 5C show respectively a front, top and side view of a plough of a second
embodiment in a lifting mode;

Figures 6A to 6C show respectively a front, top and side view of the plough of Figure 5 in a
loading mode with a cable being loaded into the plough;

Figures 7A to 7C show respectively a front, top and side view of the plough of Figure 5 in a
ploughing mode with the cable loaded into the plough;

Figures 8A and 8B show the plough of Figure 7 in its full depth ploughing condition;

Figures 9A to 9C show respectively a front, top and side view of a plough of a third
embodiment in a lifting mode;

Figures 10A to 10C show respectively a front, top and side view of the plough of Figure 9 in a
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loading mode with a cable being loaded into the plough;

Figures 11A to 11C show respectively a front, top and side view of the plough of Figure 9 in a
ploughing mode with the cable loaded into the plough;

Figures 12A to 12C show respectively a front, top and side view of the plough of Figure 9 in its
full depth ploughing condition;

Figures 13A to 13C show respectively a front, top and side view of a plough of a fourth
embodiment in a lifting mode;

Figures 14A to 14C show respectively a front, top and side view of the plough of Figure 13 in a
loading mode with a cable being loaded into the plough;

Figures 15A to 15C show respectively a front, top and side view of the plough of Figure 13 in a
ploughing mode with the cable loaded into the plough; and

Figures 16A and 16B show the plough of Figure 13 in its full depth ploughing condition.

[0058] Referring to Figures 1A to 1C, an apparatus in the form a plough 2 for inserting an
elongate object in the form of a cable 4 (Figures 2 to 4) into a trench 6 (Figure 4) in the seabed
8 has a body 10 which supports trench-forming means in the form a plough share 12 for
forming the trench 6 in the seabed 8. The plough 2 has attachment means in the form of a
drawbar 14 having an attachment part 16, including a pair of attachment locations 18 for
respective tensile members 20 forming part of a towing cable 22 for towing the plough 2
(Figures 3 and 4), and a support member 24 pivotably attached to the attachment part 16 at
one end and to the body 10 at the other end. The attachment locations 18 are pivotable
relative to the support member 24, as a result of which the effective hitch point of the towing
cable 22 is adjustable by pivoting one or both of the attachment locations 18 about their
respective pivot axes.

[0059] Receiving means in the form of a cable path 26 is provided in an upper part of the body
10 on an opposite side of the body 10 to the plough share 12, and guide means in the form of
curved cable guides 28 is provided at the inlet to the cable path 26, to assist in guiding the
cable 4 into the cable path 26 and to minimise the risk of damage to the cable 4. Bend limiting
means in the form of a bellmouth 30 is provided at an inlet to the cable path 26, to prevent
bending of the cable 4 around a bend radius smaller than a predetermined value.

[0060] Urging means in the form of a depressor 32 is provided rearwardly of and above the
cable path 26 and is pivotably mounted to a lower part of the support member 24 so that the
depressor 32 is pivotable relative to the body 10 to urge the cable 4 into a trench 6 formed in
the seabed 8 by the plough share 12. The depressor 32 is also pivotable between a fourth
position, in which it is located above and rearwardly of the cable path 28 to urge the cable 4
into the trench 6, and a fifth position, in which it is moved out of the way of the cable path 28 to
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enable the cable 4 to be located in the cable path 28 from above the plough 2.

[0061] Floor engaging means in the form of front skids 34 and rear skids 36 is pivotably
mounted to the body 10 at a forward part of the body 10. The height of the plough share 12
can be adjusted by pivoting the front skids 34 relative to the body 10, and the rear skids 36
provide stability while deploying the plough 2 to and recovering the plough 2 from the seabed
8.

[0062] A row of jetting nozzles 38 is provided at a forward edge of the plough share 12, for
emitting water jets to assist in breaking soil when the trench 6 is formed by the plough share
12. Water can be selectively jetted from some or all of the nozzles 38, therefore increasing the
efficiency of operation of the jetting nozzles 38.

[0063] The drawbar 14 is pivotable relative to the body 10 about a first axis between a first
position, in which the plough 2 is in its ploughing mode (Figures 3 and 4) and in which the
plough 2 can be towed by the towing cable 22 to cause the plough share 12 to form a trench 6
in the seabed 8 into which the cable 4 is inserted by means of the depressor 32, and a second
position (Figure 1) in which the plough 2 is in its lifing mode and can be deployed to or
recovered from the seabed 8 by means of the towing cable 22. This enables a single towing
cable 22 to be used for deploying and recovery of the plough 2 to the seabed 8 and for towing
the plough 2 to enable a cable 4 to be buried in the seabed 8.

[0064] The drawbar 14 is also pivotable relative to the body 10 about a second axis, generally
perpendicular to the first axis, between the second position and a third position (Figure 2), in
which the cable 4 to be buried can be inserted into the cable path 26 from above the plough 2.

[0065] The operation of the plough 2 of Figures 1 to 4 will now be described.

[0066] Referring to Figure 1, the plough 2 is initially deployed from a surface vessel (not
shown) to the seabed 8 by means of the towing cable 22 supporting the plough 2, the plough 2
being in its lifting mode in which the drawbar 14 is located in its second position. The plough 2
is located on the seabed 8, and the front 34 and rear 36 skids support the plough 2 so that the
plough share 12 does not sink into the seabed 8.

[0067] The drawbar 14 is then pivoted from the second position to the third position ( Figure
2), and because the depressor 32 is mounted to the drawbar 14, pivoting of the drawbar 14
from the second position to the third position causes pivoting of the depressor 32 from the
fourth position to the fifth position to enable access the rear part of the cable path 26. The
cable 4 is then introduced into the cable path 26 from above (Figure 3), and the cable guides
28 assist in guiding the cable 4 into the cable path 26. Once the cable 4 is located in the cable
path 26, the drawbar 14 is pivoted from the third position back to the second position which in
turn causes the depressor 32 to be pivoted from the fifth position back to the fourth position, so
that the drawbar 14 and depressor 32 are located above the cable path 26. The drawbar 14 is
then pivoted relative to the body 10 into its first position, and the depth of ploughing by the
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plough share 12 is then selected by means of suitable selection of the orientation of the rear
36 and front 34 skids relative to the body 10.

[0068] The plough 2 is then towed by means of the towing cable 22, to cause the plough share
12 to form a trench 6 in the seabed 8, and the cable 4 passes from the cable path 26 into the
trench 6 and is urged into the trench 6 by the depressor 32. Formation of the trench 6 is
assisted by water jets from jetting nozzles 38 on the forward edge of the plough share 12, and
the efficiency of jetting can be improved by suitable selection of predetermined jetting nozzles
38.

[0069] Referring to Figures 5 to 8, a plough 102 of a second embodiment is shown, in which
parts common to the embodiment of Figures 1 to 4 are denoted by like reference numerals but
increased by 100. In the plough 102 of Figures 5 to 8, the attachment part 116 of the drawbar
114 is pivotable relative to the support member 124 between the second position (Figure 5)
and the third position (Figure 6) to provide access to the cable path 126 from above to enable
the cable 4 to loaded into the cable path 126.

[0070] In addition, the plough body 110 is pivotable relative to the plough share 112 about
pivot axis 140, which enables the height of the bellmouth 130 to be adjusted. This enables the
bellmouth entry height to be minimised during shallow trenching or in transitioning to and from
full depth, as a result of which the trench depth can be greater.

[0071] Referring to Figures 9 to 12, a plough 202 of a third embodiment is shown, in which
parts common to the embodiment of Figures 1 to 4 are denoted by like reference numerals but
increased by 200. The plough 202 of Figures 9 to 12 is provided with retaining means in the
form of an opening bellmouth assembly 242 mounted to the body 210 of the plough 202
forward of the plough share 212. The bellmouth assembly 242 includes a pair of retaining
members 244 mounted to the body 210 such that the retaining members 244 are pivotable
between a released condition, in which the cable 2 can be inserted into the bellmouth
assembly 242 from above the plough 202, and a retaining condition, in which the retaining
members 244 retain the cable 4 in the bellmouth assembly 242 to prevent the cable 4 from
being damaged by coming into contact with the drawbar 214 as the drawbar 214 is moved
from its second position to its first position. In the released condition, the retaining members
244 also assist in guiding the cable 4 into the cable path 226 of the plough 202.

[0072] Referring to Figures 13 to 16, a plough 302 of a fourth embodiment is shown, in which
parts common to the embodiment of Figures 5 to 8 are denoted by like reference numerals but
increased by 200. The plough 302 of Figures 13 to 16 is provided with retaining means in the
form of an opening bellmouth assembly 342, which operates in a similar manner to the
bellmouth assembly 242 of Figures 9 to 12.

[0073] It will be appreciated by persons skilled in the art that the above embodiments have
been described by way of example only and not in any limitative sense, and that various
alterations and modifications are possible without departure from the scope of the disclosure
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as defined by the appended claims.

REFERENCES CITED IN THE DESCRIPTION

Cited references

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.

Patent documents cited in the description

o EP4047141A4 [RG03]
o WOZ021084193A 108041
o EP41128214 [0008]




10

15

20

25

30

35

DK/EP 4112821 T3

Patentkrav

En anordning (2) til at indsaette en langstrakt genstand (4) i en greft (6) i en bund (8) i et
vandomrade, idet anordningen (2) omfatter:

et greftedannende middel (12) til at danne en graft (6) i bunden (8) af en vandmasse; et
fastgerelsesmiddel i form af en traekstang (14) og et stotteelement (24), hvor
traekstangen (14) har en fastgerelsesdel (16), der omfatter et par fastgerelsessteder
(18) for at muliggere fastgerelse af mindst et spaendingselement (22) til anordningen,
hvor treekstangen (14) er bevaegelig i forhold til grefteformningsmidlet (12) mellem en
farste position og en anden position, hvor anordningen (2) er indrettet til at blive trukket
af det mindst ene spaendingselement (22) for at beveege det grafteformende middel
(12) i forhold til bunden (8) af vandmassen for at danne en greft (6) deri, og en anden
position, hvor anordningen er indrettet til at blive understattet af mindst et
speendingselement (22) for at gere det muligt at anbringe anordningen (2) pa bunden
(8) af vandmassen, hvor traekstangen (14) kan drejes i forhold til kroppen (10) omkring
en fgrste akse ved beveegelse mellem den fgrste position og den anden position;og

en modtageanordning til at modtage mindst en del af en langstrakt genstand (4), der
skal indsaettes i greften (6);

hvor traekstangen (14) er bevaegelig i forhold til gragfteformningsmidlet (12) mellem den
anden position og en tredje position for at gere det muligt for mindst en del af den
aflange genstand (4) at blive modtaget i modtagelsesmidlet fra en side af enheden (2),
der er fiernt fra grefteformningsmidlet (12), hvor treekstangen (14) ogsa kan drejes i
forhold til kroppen omkring en anden akse, som generelt er vinkelret pa den ferste
akse; hvor stetteelementet (24) er drejeligt fastgjort til fastgerelsesdelen (16) af
traekstangen (14) i den ene ende og til kroppen (10) i den anden ende for at muliggare
drejning af stetteelementet (24) omkring den anden akse, som streekker sig i en

bugseringsretning.

Anordning (2) ifslge krav 1, som omfatter en eller flere af fslgende egenskaber:

0] hvor fastgarelsesmidlet er tilpasset til at fastgere til hver af en flerhed af
treekelementer (22) pa et respektive sted, og positionen af mindst et af de naevnte
steder kan justeres i forhold til grefteformningsmidlet (12);

(i) hvor fastgerelseselementet kan drejes mellem den ferste og den anden position;

(i)  hvor fastgerelseselementet kan drejes mellem den anden og tredje position; eller

(iv) som yderligere omfatter drivmidler til at drive den aflange genstand (4) ned i

greften (6), der er dannet af grefteformningsmidlerne (12).

Anordning (2) ifslge krav 2, hvor fremdrivningsmidlet er bevaegeligt mellem en fjerde
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position, hvor fremdrivningsmidlet er tilpasset til at fremdrive den aflange genstand (4)
ind i greften (6), der er dannet af grefteformningsmidlet (12), og en femte position for at
muliggere, at mindst en del af den aflange genstand (4) kan modtages i
modtagelsesmidlet fra en side af anordningen, der er fiernt fra grefteformningsmidlet
(12).

Anordning (2) ifslge krav 3, hvor beveegelse af fastgerelseselementet fra den anden
position til den tredje position forarsager beveegelse af drivmidlet fra den fjerde position

til den femte position.

En anordning (2) ifelge et hvilket som helst af de foregaende krav, som omfatter et eller

flere af felgende traek:

(i)  yderligere omfattende faringsmidler til at fare den aflange genstand ind i
modtagelsesmidlerne;

(i)  hvor det grefteformende middel (12) yderligere omfatter et antal dyser (38) til
udstedning af vandstraler; eller

(iii)  yderligere omfatter et bundindgrebsmiddel (34) til at komme i indgreb med

bunden (8) af vandmassen.

Anordning (2) ifslge krav 5, som omfatter et eller flere af falgende traek:

(@) hvor en flerhed af de naevnte dyser (38) kan betjenes selektivt;

(i) hvor bundindgrebsmidlet (34) omfatter en flerhed af farste
bundindgrebselementer (34) til indgreb i bunden (8) af vandmassen foran det
grefteformende middel; eller

(i)  hvor positionen af bundindgrebsmidlet i forhold til grefteformningsmidlet kan

justeres.

Anordning (2) ifslge krav 6, hvor bundindgrebsmidlet yderligere omfatter andet
bundindgrebselement (34) til indgreb i vandmassens bund (8) bag det ferste
bundindgrebsmiddel (34).

Anordning (2) ifelge et hvilket som helst af de foregaende krav, som omfatter et eller

flere af felgende traek:

(i)  yderligere omfattende et bgjningsbegraensende middel (30) til begreensning af
bajning af den aflange genstand ved et indlgb til modtagelsesmidlet; eller

(i)  yderligere omfatter et fastholdelsesmiddel, der er monteret pa kroppen foran det
grefteformende middel (12) og har en Igs tilstand, der muligger indsaettelse af en

aflang genstand i fastholdelsesmidlet fra en side af kroppen, der er fjernt fra det
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grefteformende middel (12), og en fastholdelsestilstand til fastholdelse af en

aflang genstand i fastholdelsesmidlet.

Anordning (2) ifelge krav 8, som omfatter et eller flere af falgende treek:

0] hvor en hejde pa et indlgb til bgjningsbegraensningsmidlet kan justeres i forhold
til det grefteformende middel;

(i) hvor fastholdelsesmidlet er indrettet til at forhindre, at fastgarelsesmidlet kommer
i kontakt med en langstrakt genstand, der er fastholdt i fastholdelsesmidlet i en
fastholdelsestilstand; eller

(i)  hvor fastholdelsesmidlet omfatter mindst et fastholdelsesmiddel, som er monteret
pa kroppen, og som er bevaegeligt mellem en frigjort tilstand og en

fastholdelsestilstand.

Anordning (2) ifelge krav 9, hvor mindst et af de neevnte fastholdelsesmidler er drejeligt

beveaegeligt mellem en frigivet tilstand og en fastholdelsestilstand.
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