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DEVI CE FOR COUPLI NG TWD VESSELS

The present invention relates to a device for
docki ng together two vessels at sea and referred to
herein as a "coupling device". This docking device
serves to keep the two vessels spaced apart laterally
fromeach other at a controlled distance, typically about
thirty meters, while conserving their side-by-side
| ongi tudi nal position, in particular in order to perform
transshi pnment between the two vessels.

The term "vessel " is used herein to designate both a
transport ship and also a floating support noored with
the sea bed, such as a floating production storage and
of fl oading (FPSO) unit, a floating liquefied natural gas
(FLNG wunit for producing, storing, and offl oading
i quefied natural gas, or a floating storage and
regassification unit (FSRU)

This type of device is particularly adapted to
enable a first ship or floating support of the type
conprising a floating installation for |iquefying or
regassi fying natural gas (FLNG to be offloaded to a
second ship such as a nmethane tanker or "LNG carrier” via
flexible or rigid pipes.

The difficulty encountered is the Iimt of
environnents that are acceptable during the of fl oading,
in particular swell, w nd, and/or sea current conditions
that often make such transshi pnent operations difficult
bet ween two vessels at sea wi thout running the risk of
collision between the ships.

The object of the present invention is thus to
i ncrease the safety of offloadi ng operati ons between two
vessels by controlling and stabilizing the spacing
between the two vessels; in particular to nake of fl oadi ng
operations between a floating installation of the FLNG or
the FSRU type and a ship of the LNG carrier type nore
safe, specifically in order:

- to prevent stopping production in floating
installations of the FLNG type when they are subjected to
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rough weat her conditions but still need to offload their
production in order to continue working; and

- to enable floating installations of the FLNG type
to be devel oped in zones where weat her conditions do not
make this possible using standard systens because of the
i mpossi bility of offl oading.

Traditional systens for docking or nooring are known
t hat make use of cylinders/fenders that do not nake it
possi ble to control the spacing between the two vessels
dynami cally and that cannot handl e potential |arge
differences in vertical novements between the two
vessels, requiring the two ships to be positioned one
agai nst that other, which is not acceptable at sea in the
event of bad swell conditions.

Conversely, systens that are safe and fast are known
for docking or nooring a ship against a quay, in
particul ar systens using air suction cups or magnetic
suction cups as devel oped by the supplier Cavotec and as
described in particular in WD 2009/ 041833 and
WO 2009/ 054739. However, those systens do not handle the
probl em of forces between the vessels that can becone
very large in bad weather if the vessels are in contact
wi th each other, and they do not enable a controlled
m ni mum spacing to be set up between the two ships.

Finally, WD 2014/073973 di scl oses a systemthat
enabl es spacing to be mai ntai ned between two vessels, the
system conpri sing a coupling device conprising (Figure 3)
a ballasted caisson 2 that is novable froma first
floating support (1) to which it is noored by nooring
lines 24 so as to be pressed against and under a second
ship (3). The positioning of the caisson 2 against the
second ship 3 is perforned by tensioning the nooring
lines 24 that are anchored to the sea bottom and driven
using a winch 23. That systemtakes a long tinme to put
into place and presents a lack of flexibility that nakes
it necessary to maintain a | arge amount of spacing, at
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| east 100 neters (n), between the vessels when the
vessels are 100 mto 300 m | ong.

More precisely, the object of the present invention
is to provide a nechanical device that is sinpler and
qui cker to deploy and that nakes it possible to conserve
the parallel |ongitudinal position of the two vessels
side by side while keeping them spaced apart laterally at
a controlled variable distance of a few tens of neters,
and in particular lying in the range 25 mto 50 m

To do this, the present invention provides a device
for renotely coupling together two vessels, in particular
a first vessel consisting in a first ship or floating
support and a second vessel consisting in a second ship,
t he devi ce conpri sing:

- at least one floating and docking structure
conprising at |east one float suitable for being
bal | asted and de-ballasted in order to enable said
fl oati ng and docking structure to be imersed in
controll ed manner, and at | east one docking el enent
fastened to or suitable for being releasably fastened to
the hull of a second vessel; and

- at least two actuators, preferably at |east three
actuators, spaced in succession fromone another in the
| ongi tudinal direction of the first vessel, one end of
t he actuator cylinder of each said actuator being
fastened to said first vessel, preferably to the side of
the hull of said first vessel, using a first fastener and
pi vot hi nge device, and the end of the rod of each
actuator being fastened to or being suitable for being
fastened, preferably in rel easable manner, to a said
floati ng and docking structure via a second fastener and
pi vot hi nge devi ce.

The device of the invention is an accessory or an
auxiliary device of the first vessel that becones
fastened tenporarily to the second vessel and that does
not require auxiliary nmeans for assisting in docking such
as tugs, hoist neans, or hawsers.
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The device is suitable for being put into place nore
particularly on the side of an FLNG and it can be
controlled hydraulically in order to be fastened to the
hul | of another vessel, typically a nethane tanker (LNG
carrier), or in non-limting manner to two vessel s that
need to performa transshi pnent.

The device of the present invention nmakes it
possible to control and stabilize the spacing between the
two vessels at a nean distance while also making it

possi bl e:
- to take up a portion of the nean forces of the
swell, the wind, and the current as transmtted between

the two vessels, and al so

- to allowthe two vessels to nove in independent
manner dependi ng on environnental stresses and to
conserve in part their six degrees of freedom of novenent

(sway - surge - heave - roll - pitching - yaw) like a
si npl e noori ng system
Once the device is attached to the second vessel, it

i s capabl e of keeping the spacing between the two vessels
at a constant nean distance either passively or by
appropriate hydraulic control of the actuators under sea
conditions that may typically extend to significant
anounts of swell up to 4 m the swell comng mainly from
the front at 0° or froma quarter at 45°, w thout seeking
to prevent the roll, pitching, or yaw novenents of the
vessel s.

Said float is suitable a) for providing said
floati ng and docking structure wi th buoyancy and keepi ng
said actuators out of the water prior to attaching the
second vessel, and b) for allowing said float to be
i mrersed nore deeply by ballasting when attaching said
attachnment el enents of said floating and docking
structure to the second vessel

Because of the sliding stroke of the actuators, and
because of their pivot hinge connections with the two
vessels, it is possible for the two vessels to interact
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dynami cally with each other relatively little because the
forces taken up by the device are forces that are
averaged and not inpact forces. Thus, it is possible to
keep the two vessels together at a spacing that is
limted but variable, e.g. over the range 25 mto 50 m
even when the swell becones strong, with a swell of about
4 mtypically being acceptable.

More particularly, said actuators in the retracted
position and fastened to said floating and docking
structure via said second fastener and hinge devices are
suitable for being positioned together, preferably
vertically or in a position close to the vertical,
agai nst the hull of the first vessel, and out of the
wat er when said floating and docking structure i s not
fastened to a said second vessel and said docking fl oat
i s de-ball ast ed.

The device of the invention can thus be stowed
safely in this way, in particular during a storm or
bet ween two transshi pnments, with the actuators in the
retraced position and fastened to said floating and
docking structure, the assenbly being suitable for being
positioned against the hull of the first vessel while
simul taneously retracting the actuators and de-ballasting
said float, given the rotary pivoting nade possible by
said first and second fastener and pivot hinge devices.

The actuators when retracted and fastened to said
floati ng and docking structure with said docking fl oat
de-bal l asted can be held stationary against the hull of
the first vessel using a conventional system for hol ding
the assenbly stationary, e.g. by tightening straps.

More particularly, said first and second fastener
and pivot hinge devices at the end of each actuator each
make possible at least a first pivoting novenent of said
actuat or about a horizontal first axis perpendicular to
t he |l ongi tudi nal axis of said actuator, and a second
pi voti ng novenment of said actuator about a second axis
per pendi cular to the longitudinal axis of said actuator
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and situated in a vertical plane containing the
| ongi tudi nal axis of said actuator.

Thus, overall, the two fastener and hinge devices at
the two ends of each actuator in conbination make it
possi bl e for each actuator to have two degrees of freedom
to nmove in pivoting, conprising:

a) a first pivoting novenent of said actuator about
a horizontal first pivot axis that allows relative
novenents between the two vessels in the vertica
direction and that also allows the actuators to be stowed
by bei ng pivoted agai nst and/ or above the side of the
first vessel while remaining fastened to said floating
and docking structure; and

b) a second pivoting novenent of said actuator about
a second pivot axis in a vertical plane allowi ng relative
novenent s between the two vessels in the |ongitudinal
direction of one of the two vessels.

In addition, the differential |ongitudinal sliding
of the various actuators enables the two vessels to nove
angularly relative to each other.

Preferably said first and second fastener and pivot
hi nge devices at the ends of each actuator al so make
possible a third pivoting novenent about the |ongitudinal
direction of the actuator.

Still nmore particularly, when the rod of each said
actuator is fastened to a said floating and docki ng
structure, said actuator is arranged above the surface of
the sea horizontally or with the actuator rod sl oping
relative to a horizontal plane at an angle of |ess than
15 degrees while remai ning out of the water, the
cylinders of said actuators preferably being fastened to
the side of the hull of said first vessel at the same
hei ght .

Positioning the actuators out of the water makes it
possible to limt the inpacts of swell and current on the
actuators and thereby avoid interfering forces on the
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actuators due to the sea, and finally to avoid the
effects of corrosion.

Still nmore particularly, when said actuators are
fastened to a said floating and docking structure, they
are arranged parallel to one another and/or sloping at an
angl e of less than 30°, preferably |l ess than 15°,
relative to a vertical plane perpendicular to the
vertical plane that is tangential to the side of the
first vessel

Positioning the various actuators horizontally at
t he sane height also nakes it possible to avoid
interfering forces on the actuators.

Still nmore particularly, said actuators are doubl e-
acting hydraulic actuators having rods that are set to an
initial coupling extension position, preferably at half-
stroke, and having a hydraulic circuit that is adjusted
and/ or automatically controlled in such a manner that any
departure fromsaid initial coupling extension position
is corrected in order to reestablish the desired spacing
between the two vessels, and in particular to reestablish
the initial extension of the actuator rods.

It is possible to use the device of the invention in
a passive node or in a controlled node, in particular
under software control, and in either node, the hydraulic
circuits of the actuators act as springs for maintaining
as well as possible the spacing between the vessels and
for limting forces as a function of the stiffnesses of
the actuators, insofar as the initial extension position
of each actuator is maintained by a pressure difference
agai nst the two faces of their pistons.

The response of the actuators nay be linear, i.e. a
response that is independent of the extension position of
the rod, or the response may be non-linear, i.e. a

response in which the nore the vessel s nove apart or
towards each other the greater the force within an
act uat or becones.
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More particularly, for said first and second ship or
floati ng support having a length of 100 mto 300 m and
in order to maintain spacing between the first vessel and
the second vessel in the range 15 mto 50 m actuators
are used that have a length in the range 10 mto 30 m
with a stroke in the range 5 mto 20 m Still nore
particularly, for said first and second ship or floating
support having a length of 150 mto 300 m and in order
to mai ntain spaci ng between the first vessel and the
second vessel in the range 25 mto 40 m preferably
spacing in the range 30 mto 35 m actuators are used
having a length of 10 mto 24 mwith a stroke of 5 mto
10 m

The nunber of actuators depends on the force of the
actuators. Still nore particularly, the actuators
deliver a force in the range 150 netric tonnes (T) to
750 T, preferably in the range 250 T to 500 T. It is
t hus possible to use three or four actuators with force
in the range 250 T to 500 T, the rods of the actuators
bei ng suitable for noving over a stroke of 5 mto 10 m
in particular for nooring two vessels having a | ength of
150 mto 300 m

Still nmore particularly, said floating and docking
structure conprises at |east one attachnment el enent
suitable for attaching to the second vessel while said
float is ballasted at least in part and said attachnent
el enent is underwater, said attachnent el ement presenting
an arrangenent and/or shape making it suitable for being
positi oned under the bottom of the second vessel by
bal | asti ng said docking float and then for pressing
agai nst and/or facing the bottom of the second vessel by
partially de-ballasting said docking float.

Still nmore particularly, said attachnent el enent
suitable for being underwater is situated on said
fl oati ng and docking structure at a hei ght such that when
the float is de-ballasted and said actuators are safely
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positioned against the first vessel, said attachment
element is out of the water.

In addition and/or as an alternative to attachnent
inthis way to the second vessel, said attachnment el enent
may i ncl ude conventional nooring nmeans using hawsers and
fender cylinders for pressing against the side of the
second ship or nore preferably suction cups or nagnetic
or pneumatic suction cups for pressing against the side
and/ or the bottom of the second vessel.

More particularly, said attachnment elenent is
constituted or supported by a portion of the floating and
docking structure that fornms a fork suitable for
ext endi ng under the bottomof the hull of the second
vessel fromside to side and supporting magnetic or
pneumati ¢ suction cups suitable for bearing against the
bil ges of the hull of the second vessel.

The vertical force that presses this fork under the
vessel is obtained by de-ballasting a said float.
Fasteni ng actuation of the suction cups serves to ensure
t hat the second vessel does not slide relative to the
coupl i ng devi ce.

Still nmore particularly, the device of the invention
has a single said floating and docking structure
constituted by beans and/or tubes assenbled together in a
truss assenbly formng a tower, preferably a tubular
structure of rectangul ar parall el epi ped shape, having at
| east one said float underwater suitable for being
bal | asted, preferably in the formof a cylinder and/or a
rectangul ar caisson that is integrated in or supported by
sai d structure.

Thi s enbodi nent facilitates putting the docking
devi ce agai nst the second ship or floating support in
terms of the stability of the structure in the verti cal
position by ballasting the float and in ternms of its
orientation for perform ng said docking.

Still nmore particularly, said floating and docking
structure extends over a height fromunder the hull of
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sai d second vessel, preferably at | east 50 m under the

| evel of the sea or indeed at |east 50 munder the hull,
up to at | east above the deck of said second vessel,
preferably over a height (HL) of 60 mto 100 m

Still nmore particularly, said floating and docki ng
structure extends in the |ongitudinal direction of the
second vessel over a length of at |east one-fourth of the
| ength of said second vessel.

More particularly, said floating and docki ng
structure extends in the |ongitudinal direction of the
second vessel over a length (L1) in the range 40 mto
100 mfor a vessel having a length of 150 mto 300 m

The present invention also provides an assenbly of
two vessels coupl ed together renotely side by side using
a coupling device of the invention.

Still nmore particularly, the device of the invention
provi des coupling between a first vessel, which is a
floati ng support of the type including an installation
for liquefying or regassifying gas, and a second vessel
of the nmethane tanker type, with said floating and
docki ng structure supporting troughs for flexible pipes
extendi ng out of the water between said first and second
vessel s arranged si de by side.

The present invention also provides a nmethod of
i npl enenting a coupling device according to the
i nvention, characterized in that the follow ng steps are
per f or med:

a) with said actuators being in a retracted position
and said floating and docking structure with at |east one
said de-ballasted float being fastened to said actuators
via said second fastener and hinge devices, and said
actuators being pressed at least in part out of the water
agai nst and/or above the hull of the first vessel, said
float(s) is/are ballasted in order to i merse said
floati ng and docking structure to the appropriate depth
for fastening it to the second vessel, and said actuators



10

15

20

25

30

35

11

are pivoted and depl oyed together in order to fasten said
floati ng and docki ng structure agai nst the second vessel;

b) with said actuators deployed in an initial
coupling position of nedium extension and with said
floati ng and docking structure fastened to said actuators
via said second fastener and hinge devices and bei ng
fastened to said second vessel via said attachnent
el enment(s), with a said float being ballasted, said
actuators are actuated in extension and/or said actuators
are controlled automatically so that said actuators and
the two vessels remain in their initial position or
return towards the initial position with a distance
bet ween the two vessels being controlled in the event
that they depart therefrom and

c) with said actuators being deployed in an initial
coupling position of nedium extension and said floating
and docking structure being fastened to said actuators
and to said second vessel, and with said float ball asted,
said floating and docking structure is separated from
sai d second vessel, and then said actuators are retracted
and said float is de-ballasted in order to cause the
actuators to pivot and be pressed at least in part out of
t he wat er agai nst and/or above the hull of the first
vessel

O her characteristics and advant ages of the present
i nvention appear better on reading the follow ng
description nmade in illustrative and non-limting manner,
with reference to the acconpanying draw ngs, in which:

- Figures 1A and 1B are views of a first preferred
enbodi nent of the device 1 of the invention in the
coupling position, fixed to and between the first vessel
of the FLNG type and the second vessel of the LNGC type
(Figure 1A), and also in the absence of the second vessel
(Figure 1B);

- Figures 2A and 2B are views of a second enbodi nent
of the device 1 of the invention in a stowed position
fi xed against the hull of a first vessel of the FLNG type
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(Figure 2A), and in the coupling position between two
vessel s (Figure 2B)

- Figures 3A to 3C show the floating and docki ng
structures 3 in the first, second, and third enbodi nents
(Figures 3A, 3B, and 3C) of the coupling device of the
i nvention; and

- Figure 4 is a detail view of an actuator 2, 21-24
with its two fastener and pivot hinge devices, 2cl for
connection to the first vessel 10 of the FLNG type, and
2c2 for connection to a tubular elenment 31 of the tower
of the floating and docking structure 3.

In Figures 1A-1B, 2A-2B, and 3A-3C, the floating and
docking structure 3 conprises an open structure formng a
tower made by assenbling together a plurality of verti cal
tubes 31 arranged so as to format |east the four edges
of said tower and so as to support a top platform 3c.

The tower is connected to the first vessel 10 by
actuators 21-24 as described below. Each vertical tube
31 is assenbled to each of the other two adjacent tubes
31 that are the closest, a) by first horizontal junction
beans or tubes 32a perpendicular to the axis of the
tower, and b) by second junction beans or tubes 32b
arranged to slope in chevrons or on diagonals, possibly
crossi ng one anot her between two of said vertical tubes
3. Onits top face, the tower supports a platform 3c
suitable for receiving a technical intervention crew that
may access it, by way of exanple, fromthe first vessel
10 via gangways 40 as shown in Figure 3C.

The tower is fitted with the nooring system 3b,
3b1-3b2 formng a said attachnment elenment for attaching
said floating and docking structure to the hull of the
second vessel 11. Said attachnment el enent or nooring
system may conprise a system of plates having suction
cups or magnetic fasteners 3b.

In the first preferred enbodi nent of Figure 3A, the
attachnment el enent conprises four of said plates 3b
fitted wth suction cups or magnetic fasteners arranged
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on the top faces of two pairs of cantil evered-out

hori zontal tubular elenents 33b constituting a fork 33

t hat extends horizontally forward outside the tower
towards the second vessel fromthe face of the tower
facing the vessel. These horizontal tubular elenments 33b
are supported by sloping | ower tubular elements 33a
formng a fork 33 extending in the horizontal direction
over a length L3 covering the width of the hull 11b of

t he second vessel and supporting four plates which may
nmerely be supports and/or which may be magnetic
fasteners, such as nmagnetic suction cups 3b. In

Figure 3A, these plates 3b slope so as to bear agai nst
the bilges 11c on either side of the hull (junction zone
bet ween the side 1la and the keel 11b), or two pairs of
pl ates 3b sloping systematically in opposite directions
on either side. In this exanple, the width L3 is about
50 m which is representative of the |argest nethane
tankers and nakes it possible to receive 30 mw de

nmet hane tankers. The of fset |ongitudinal end of said
fork is supported by floats 3a in the formof vertica
cylinders 3al suitable for being ballasted and/ or de-
ball asted. O her |ower tubular portions 3a2 of the tower
constitute floats in the formof cylinders suitable for
bei ng bal | asted and/ or de-bal |l ast ed.

The fl oating and docking structure 3 shown in
Figure 3A is an open structure constituted by tubul ar
el enents that are assenbl ed together in a truss assenbly
form ng a tower of rectangul ar parall el epi ped shape
having a height H1=89.5 m a length L1=60 min the
| ongi tudinal direction of the two vessels, and a width
L2=20 min the direction perpendicular to said
| ongi tudinal direction for nooring together tw vessels
that are 150 mto 300 m | ong.

In the second preferred enbodi nent of Figure 3B,
sai d docki ng el enent conprises a pair of cantilevered-out
hori zontal tubular elenments 33b formng a fork 33
extending horizontally forwards over a shorter |ength
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L3=15 m In the bottom portion of the tower of
Figure 3B, at about H2=20 mfromits bottomend, the
tower supports or incorporates floats 3a in the form of
cylinders 3a3 and 3a4 having a dianeter in the range 2 m
to 3 mand respectively of Iength L2=20 mfor 3a4 and
L1=60 m for 3a3, which cylinders are arranged hori zont al
form ng a rectangul ar belt connecting together the
vertical tubes 31 at the edges of the rectangul ar
par al | el epi ped having the sanme height HL of 89.5 m

In Figure 3C, in a third enbodinment, the floating
structure 3 conprises a tower supporting floats 3a
conpri sing four buoyancy caissons 3a'1-3a' 4 of
rect angul ar parall el epi ped shape, of which two 3a'3 and
3a"4 are in the bottom portion of the tower, and two 3a'1l
and 3a'2 are under the forward end of the fork 33. The
fork 33 supports three plates 3b arranged in a triangle,
with one plate being beside the tower and two pl ates
sloping in the opposite direction being beside the ends
of the two branches of the fork. The distribution of
t hrust between the cylindrical nmenbers 31, 32a-32b,
33a-33b of the tower and these four caissons 3a'1l-3a'4 is
2600 netric tonnes force for the cylindrical nenbers
conpared with 1700 netric tonnes force for the four
caissons 3a'l1-3a'4. In Figure 3C, the dinensions of the
floating structure 3 and of the fork 33 are L1=40 m
L2=20 m and L3=55 m

In Figures 2A-2B and 3B, the support plates or
magneti ¢ suction cups 3b conprise three vertical plates
3b2 on the outside face of the tower and two horizontal
pl ates 3bl on the top face at the end of the fork 33 that
beconme pressed agai nst the side 1la and the bottom 11b
respectively of the second vessel 11. More precisely, in
this enbodi ment, on a face that faces the second vessel,
t he tower supports:

- three magnetic or pneumatic suction cups or plates
in the top portion of the tower, arranged in a triangle
form ng vertical top plates 3b2 suitable for pressing



10

15

20

25

30

35

15

agai nst and fastening to the flank of the second vessel
at the top portion of the tower; and

- two magnetic or pneumatic suction cups or plates
form ng horizontal bottom plates 3bl supported by said
fork and suitable for bearing against and fastening to
t he underside of the hull of the second vessel.

In all three enbodi nents, the cantil evered-out
tubul ar el ements 33b are thensel ves supported by junction
tubul ar el ements 33a that serve to connect themwth the
tower, and said fork 33 may bear agai nst and be fastened
to the underside of the hull 11b-11c of the second vessel
11.

The coupling device 1 shown in Figures 1A-1B, 2A-2B,
and 3B has three actuators 21, 22, and 23, two actuators
21-22 in Figure 3A, and four actuators 21-24 in
Figure 3C. The actuators 21-24 are single-chanber or
tel escopi c actuators and they are doubl e-acting. The
vari ous actuators are spaced apart successively from one
another in the longitudinal direction of the first vessel
10 and of the tower 3. At one end, each actuator is
fastened to a high portion above the water of the tower
of the floating structure 3, and at its other end it is
fastened to or for fastening to a high portion above the
water of the hull 10a of the first vessel 10 so as to be
capabl e, in the deployed position, of extending over the
surface of the water 12.

More precisely, for each actuator, rear end plates
of the actuator cylinder 2a are fastened via a hinge
device 2cl to the hull 10a of the first vessel 10, and
the end of the actuator rod 2b is fastened via a hinge
device 2c2 at the top portion of a floating and docking
structure 3 that enables the device to float and that
enabl es the vertical position of the assenbly to be
adj ust ed.

The fastener and hi nge devices 2cl and 2c2 shown in
Figure 4 provide two degrees of freedomto nove in
pi voting about two perpendi cul ar pivot axes conprising a
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systemallowng a first pivoting of said actuator about a
hori zontal first pivot axis perpendicular to the

| ongi tudi nal axis of the actuator, namely X1X1' for 2cl
and X2X2' for 2c2, and second pivoting of said actuator
about a second pivot axis nanely Y1Y1l' for 2cl and Y2Y2
for 2c2, that is perpendicular to the longitudinal axis
of the actuator situated in a vertical plane containing

t he | ongi tudi nal axis of the actuator.

Each of the fastener and hinge devices 2cl and 2c2
conprises an internedi ate i ndependent connection part
2el, 2e2, each conprising:

- a first portion conprising two branches form ng a
first clevis 2e'1l, 2e'2 co-operating with a first
fastener plate 2dl1 secured to the end of the actuator
cylinder 2a for 2cl and to a second fastener plate 2d2
secured to the end of the actuator rod 2b for 2c2; and

- a second portion formng a third fastener plate
2e"1l, 2e"2 co-operating with two branches form ng a
second clevis 2f1 secured to the vessel 10 for 2cl and
respectively a third clevis 2f2 secured to a tube 31 of
the structure 3 for 2c2.

For each fastener and hinge device 2cl, 2c2, the
first pivot axis X1X1' and X2X2' passes through orifices
in the two branches of the first clevis 2e'1, 2e'2 and an
orifice in said first or second fastener plate 2dl or 2d2
respectively arranged between the two branches of the
first clevis so that said first or second fastener plate
2d1, 2d2 is suitable for pivoting about the horizontal
first axis X1X1' or X2X2' relative to said internediate
i ndependent connection parts 2el, 2e2; and

- said second axis Y1Y1l', Y2Y2' passes through
orifices in the two branches of the second clevis 2f1 or
respectively the third clevis 2f2 and passes through an
orifice in said third fastener plate 2e"1, 2e"2 arranged
between the two branches of the second and third clevises
in such a manner that said third fastener plate is
suitable for pivoting about the second axis Y1Yl', Y2Y2
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relative to said internedi ate i ndependent connection part
2el, 2eZ2.

Preferably, the actuator rod 2a is also suitable for
turning about its own axis in the actuator cylinder 2b,
so that the actuator thus forns a sw vel connected to the
two devices 2cl and 2c2 and allowing a third pivoting
novenent about the |ongitudinal direction of the
act uat or.

Al ternatively, use is nmade of a pivot fastener and
hi nge device of the ball joint type. The ball joints
used for said first and second pivot fastener and hinge
devices are typically mechanical el enents having a bal
enbedded in a spherical housing, thus enabling the
actuators to work only axially in sliding.

The coupling device 1 is typically secured to the
first vessel 10 of the FLNG type using the actuators
while in the retracted position, each having one end 2cl
fastened to the flank or side 10a of the first vessel.

When the coupling device 1 is not in use, in
particular in a storm it is put into a safe or stowed
position: the actuators 2, 21-24 are retracted and
positioned so as to be fol ded upwards above their ends
2cl against the hull of the first vessel, with the
floati ng and docking structure 3 put in a high position
by at least partially de-ballasting said float(s) 3a so
as to be capable of follow ng the actuators and al |l owi ng
themto pivot until the maximally retracted actuators are
in a substantially vertical position with said floating
and docking structure 3 fastened to said actuators via
sai d second fastener and hi nge devices 2c2, the assenbly
of the actuators and the floating structure 3 being
pressed, while at least in part out of the water, against
the hull of the first vessel, as shown in Figures 1A-1B
and 2B. The floating and docking structure 3 is attached
to the second vessel, typically an LNGC (LNG carrier) by
perform ng the foll ow ng successive steps:
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- with the set of actuators 2, 21-24 and the
floating structure 3 pressed at least in part out of the
wat er against the hull of the first vessel, as shown in
Figures 1A-1B and 2B, said float(s) is/are ballasted in
order to imrerse said floating and docking structure 3 to
t he appropriate depth, and sinultaneously said actuators
are pivoted and depl oyed by hydraulic actuation to a
sl opi ng position above the surface of the water 12,
preferably sloping at an angle of less than 15° relative
of the horizontal;

- thereafter, the assenbly conprising the first
vessel and said coupling device that is fastened thereto
is noved towards the second vessel, or preferably given
that the first vessel is generally anchored, it is the
second vessel that is noved by tug into the proximty of
the first vessel and of said coupling device that is
fastened thereto; then

- once facing the second vessel, the floats 3al-3a4,
3a'"1-3a'4 are ballasted to | ower the plates 3b facing the
hull, in particular the bottom plates 3b, 3bl on the top
face of the fork 33 under the hull 11b, 11c of the second
vessel 11; then

- the floats 3al-3a4, 3a' 1-3a'4 are de-ballasted
again so that the bottom plates 3b, 3bl rise and cone to
press agai nst and/or face the bottomof the hull 1lla of
t he second vessel 11; and

- said plates are actuated to becone fastened
agai nst the hull of the second vessel, in particular by
usi ng the magnetic fastener suction cups they include
(3b, 3bl-3b2).

In Figures 3A and 3B, the coupling device 1 has
three actuators 21-23, conprising a central actuator 22
and two actuators 21 and 23 suitable for being arranged
symmetrically relative to the central actuator. Thus,
when the actuators are deployed and fastened to the
floating structure 3, the central actuator 22 lies in a
vertical plane perpendicular to the vertical plane that
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is tangential to the side 10 of the first vessel 10,
while the actuators 21 and 23 are arranged symetrically
in vertical planes that slope at an angle of |less than
30° relative to a vertical plane perpendicular to the
vertical plane that is tangential to the side of the
first vessel 10.

In Figure 3C, the four actuators 21-24 are arranged
as two pairs of actuators 21-22 and 23-24 each formng a
V-shape when they are depl oyed and fastened to the
floating structure 3. The distance between the tip 2c2
of the actuator 24 and the corresponding tip of the
actuator 21 on the coupling device is about 80 m The
di stance between the tip 2cl of the actuator 24 and the
corresponding tip of the actuator 21 on the side of the
first vessel is L0O=140 m The spacings L4=60 m of the
two actuators in each pair 24-23 and 22-21 are greater
beside their fastenings 2cl to the hull of the first
vessel than the spacings of their fastenings 2c2 on the
floating structure 3, which are close to one anot her.
The various actuators 21-24 are arranged in a vertical
pl ane sl oping at an angle of |ess than 30 degrees
relative to a vertical plane perpendicular to the
vertical plane that is tangential to the side of the
first vessel

In all of the enbodi nents, the actuators are al so
arranged to slope relative to a horizontal plane at an
angl e of I ess than 15 degrees.

In its top portion, said floating and docki ng
structure 3 may advant ageously support troughs for
supporting flexible pipes extending out of the water
between said first and second vessels arranged side by
si de.

It is possible to use four actuators 21-24 each
having a rating of 250 netric tonnes (T), the actuator
rods being suitable for nmoving over a stroke of 5 mto
10 m in particular for docking together tw vessels that
are 150 mto 300 m | ong.



10

15

20

25

30

35

20

More particularly, an actuator stroke of 5 mwth
actuator lengths in the range 10 mto 15 m enables the
vessels to be spaced apart by 30 mto 34 m or indeed a
stroke of 10 mleads to actuator lengths in the range
22 mto 24 mfor spacing between the vessels of 40 mto
44 m

Once the coupling device 1 is attached to the second
vessel 11, it is capable of keeping the two vessels at a
constant mean di stance apart in spite of weather
environnments, either passively or else by appropriate
hydraul i c control.

Wth said actuators initially deployed in a nmedi um
ext ensi on position when coupling said floating and
docking structure that is fastened to said actuators with
sai d second vessel, and with a said float that is
bal | asted, as shown in Figure 2A, the extension of said
actuators is operated and/or automatically controlled so
that said actuators and the two vessels remain in their
initial position or return towards their initial position
with a distance between the two vessels that is
controlled in the event of them noving apart.

Because of the long stroke of the actuators, the two
vessels interact dynamcally with each other relatively
little. The forces taken up by the device are forces
that are averaged and not inpact forces. Because of this
feature, it is possible to keep the vessels together even
when the swell becones strong (swells of about 4 m can
typically be withstood).

In order to optim ze the position of the ships and
the forces in the device, the actuators may be controlled
in three ways:

- linear passive control: the actuators behave |ike
springs of linear response regardl ess of the position of
the rods within the cylinders;

- non-linear passive control: the actuators behave
like springs with stiffness that depends on the position
of each rod within the cylinder of the actuator; and
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- non-linear active control: the stiffness of the
actuators is adapted instantaneously under the control of
software anal yzing the relative position of the two
vessels. Wth said actuators 21, 22, 23 being initially
depl oyed in a nedi um extension position for coupling
purposes and with said floating and docking structure 3
fastened to said actuators and to said second vessel, and
with said float ballasted, said floating and docki ng
structure 3 is separated from said second ship, and then
said actuators are retraced and said float 3a is de-
bal |l asted so as to press the assenbly while at | east
partially out of the water against the hull of the first
vessel as described above.
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CLAI M5
1. A device (1) for renotely coupling together two
vessels, in particular a first vessel consisting of a
first ship or floating support (10) and a second vessel
consi sting of a second ship (11), the device conprising:

- at least one floating and docking structure (3)
conprising at |east one docking float (3a, 3al-3a4, 3a',
3a'1-3a'4) suitable for being ballasted and de-ball asted
in order to enable said floating and docking structure to
be i mrersed in controlled manner, and at | east one
docking el ement (3b) fastened to or suitable for being
rel easably fastened to the hull (1la, 11b) of a second
vessel (11); and

- at least two actuators (2, 21-24), preferably at
| east three actuators, spaced in succession from one
another in the longitudinal direction of the first vessel
(10), one end of the actuator cylinder (2a) of each said
actuator being fastened to said first vessel, preferably
to the side (10a) of the hull of said first vessel (10),
using a first fastener and pivot hinge device (2cl), and
the end of the rod (2b) of each actuator being fastened
to or being suitable for being fastened, preferably in
rel easabl e manner, to a said floating and docki ng
structure (3) via a second fastener and pivot hinge
device (2c2).

2. A device according to claim1, characterized in that
said actuators in the retracted position and fastened to
said floating and docking structure via said second

fast ener and hinge devices (2c2) are suitable for being
positioned together, vertically or in a position close to
the vertical, against the hull (10a) of the first vessel
(10), and out of the water when said floating and docki ng
structure (3) is not fastened to a said second vessel and
sai d docking float is de-ball asted.
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3. A device according to claim1 or claim 2,
characterized in that said first and second fastener and
pi vot hi nge devices (2cl, 2c2) at the end of each
actuator (2, 21-24) each nake possible at least a first
pi voti ng novenent of said actuator about a horizontal
first axis (X1X1', X2X2') perpendicular to the

| ongi tudi nal axis of said actuator, and a second pivoting
novenment of said actuator about a second axis (Y1Y1l',
Y2Y2') perpendicular to the |ongitudinal axis of said
actuator and situated in a vertical plane containing the
| ongi tudi nal axis of said actuator, and preferably said
first and second fastener and pivot hinge devices (2cl,
2c2) at the ends of each actuator (2, 21-24) al so nmade
possible a third pivoting novenent about the | ongitudinal
direction of the actuator.

4. A coupling device according to any one of clains 1 to
3, characterized in that when the rod (2b) of each said
actuator (2, 21-24) is fastened to a said floating and
docking structure (3), said actuator is arranged above
the surface of the sea (12) horizontally or with the
actuator rod sloping relative to a horizontal plane at an
angl e of less than 15 degrees while renai ning out of the
water, the cylinders of said actuators preferably being
fastened to the side (10a) of the hull of said first
vessel at the same height.

5. A coupling device according to any one of clains 1 to
4, characterized in that when said actuators (2, 21-24)
are fastened to said floating and docking structure (3),
they are arranged parallel to one another and/or sl oping
at an angle of less than 30 degrees relative to a
vertical plane perpendicular to the vertical plane that
is tangential to the side of the first vessel.

6. A coupling device according to any one of clains 1 to
5, characterized in that said actuators are doubl e-acting
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hydraul i ¢ actuators having rods (2b) that are set to an
initial coupling extension position, preferably at half-
stroke, and having a hydraulic circuit that is adjusted
and/ or automatically controlled in such a manner that any
departure fromsaid initial coupling extension position
is corrected in order to reestablish the desired spacing
bet ween the two vessels, and in particular to reestablish
the initial extension of the actuator rods.

7. A coupling device according to any one of clains 1 to
6, characterized in that said floating and docki ng
structure conprises at |east one attachnment el enent (3bl)
suitable for attaching to the second vessel while said
float is ballasted at least in part and said attachnment

el enent is underwater, said attachnent el enment presenting
an arrangenent and/or shape making it suitable for being
positi oned under the bottom (11b) of the second vessel by
bal | asti ng said docking float and then for pressing

agai nst and/or facing the bottom (11b) of the second
vessel by partially de-ballasting said docking float.

8. A coupling device according to claim?7, characterized
in that said attachnment el enent suitable for being
underwater is situated on said floating and docki ng
structure at a height such that when the float is de-
bal | asted and said actuators are safely positioned

agai nst the first vessel, said attachnment el enent is out
of the water.

9. A coupling device according to any one of clains 7 to
8, characterized in that said attachnment el enent of the
floati ng and docking structure for attaching to said
second vessel includes nagnetic or pneumatic suction cups
(3b, 3bl, 3b2) suitable for pressing against the side
and/ or the bottom of the second vessel.
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10. A coupling device according to any one of clains 7 to
9, characterized in that said attachnent elenment (3b) is
constituted or supported by a portion of the floating and
docking structure (3) that fornms a fork (33) suitable for
extendi ng under the bottom (11b) of the hull of the
second vessel fromside to side and supporting nagnetic
or pneumatic suction cups suitable for bearing against
the bilges (11c) of the hull of the second vessel.

11. A coupling device according to any one of clains 1 to
10, characterized in that it has a single said floating
and docking structure (3) constituted by beans and/ or
tubes (31, 32a-32b, 33a-33b) assenbled together in a
truss assenbly formng a tower, preferably a tubular
structure of rectangul ar parallel epi ped shape, having at
| east one said float (3a) underwater suitable for being
bal | asted, preferably in the formof a cylinder and/or a
rectangul ar cai sson (3al-3a4, 3a'1l-3a'4) that is
integrated in or supported by said floating and docki ng
structure.

12. A coupling device according to any one of clains 1 to
11, characterized in that said floating and docki ng
structure extends:

a) heightwi se fromunder the hull of said second
vessel to at |east above the deck of said second vessel,
preferably over a height lying in the range 60 mto
100 m and

b) in the longitudinal direction of the second
vessel over a length (L1) that is at |east one-fourth of
the length of said second vessel.

13. An assenbly of two vessels renotely coupl ed together
usi ng a coupling device according to any one of clainms 1
to 12.
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14. An assenbly of two vessels according to claim 13,
characterized in that said coupling device (1) provides
coupling between a first vessel (10) which is a floating
support of the type including an installation for

i quefying or regassifying gas, and a second vessel (11)
of the nethane tanker type.

15. A nmethod of inplenmenting a coupling device according
to any one of clains 1 to 12, characterized in that the
foll ow ng steps are perforned:

a) wth said actuators (2, 21-24) being in a
retracted position and said floating and docki ng
structure (3) with at | east one said de-ballasted fl oat
(3a) being fastened to said actuators via said second
fast ener and hi nge devices (2c2), and said actuators
bei ng pressed at least in part out of the water against
and/ or above the hull of the first vessel, said float(s)
is/are ballasted in order to i Mmerse said floating and
docking structure to a depth for fastening it to the
second vessel, and said actuators are pivoted and
depl oyed together in order to fasten said floating and
docki ng structure agai nst the second vessel;

b) with said actuators deployed in an initial
coupling position and with said floating and docki ng
structure fastened to said actuators via said second
fast ener and hi nge devices (2c2) and being fastened to
sai d second vessel via said attachnent el enent(s) (3b),
with a said float being ballasted, said actuators are
actuated in extension and/or said actuators are
controlled automatically so that said actuators and the
two vessels remain in their initial position or return
towards the initial position with a distance between the
two vessels being controlled in the event that they
depart therefrom and

c) with said actuators being deployed in an initia
coupling position and said floating and docking structure
being fastened to said actuators and to said second
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vessel, and with said float ballasted, said floating and
docking structure is separated from said second vessel
and then said actuators are retracted and said float is
de-bal lasted in order to cause the actuators to pivot and
be pressed at least in part out of the water against
and/ or above the hull of the first vessel.



