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(54) Reduced moment connection foundation

(57) A turret mooring system (1) is arranged on a
vessel for receiving a mooring buoy (6). The turret moor-
ing system includes a turret mooring structure (3) with a
receptacle for the reception of the buoy, and at least one
structural connector (10). The at least one structural con-
nector secures the turret to the mooring buoy which is

provided with at least one buoy locking system (7) for
locking the mooring buoy (6). The buoy locking system
is arranged with a base mount that connects the structural
connector to the vessel. The base mount is arranged as
an adjustable element for adjustment of the connection
between the at least one structural connector and the
vessel.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a turret mooring
system, a vessel comprising the turret mooring system
and a method of mooring the vessel using the turret moor-
ing system.

BACKGROUND OF THE INVENTION

[0002] Turret mooring systems are known from the pri-
or art, for instance from W02007/077126.
[0003] Turret mooring systems comprise a mooring
buoy and a turret mooring structure. The mooring buoy
is anchored to the seabed with anchoring legs. The turret
mooring structure, provided on a vessel, has a receptacle
for receiving the buoy member and one or more buoy
locking devices for locking the buoy member in the re-
ceptacle.
[0004] The turret mooring structure may be an internal
turret mooring structure or an external turret mooring
structure. An internal turret mooring structure is provided
inside the hull of the vessel, in a so-called moonpool of
the vessel. The receptacle is formed as an opening at or
near the bottom of the vessel, facing downwards. An ex-
ternal turret mooring structure is provided outside the hull
of the vessel. The external turret is fixed with suitable
connection members to the bow or stem of the vessel.
[0005] The mooring buoy may be moved up and down,
i.e. from a storage position at a safe distance below the
water surface (e.g. 30 - 200 metres) to a mooring position
close to or at the surface of the water where it can be
received by the receptacle.
[0006] The turret mooring structure itself is connected
to the vessel, but is rotatable with respect to the vessel,
allowing the vessel to weathervane under influence of
wind, waves, currents and drifting ice. The turret mooring
system may be disconnected and reconnected when
needed, thereby providing a disconnectable turret moor-
ing system.
[0007] The turret mooring system comprises a fluid
transfer system to allow transportation of fluids, for in-
stance by establishing a flow path between the vessel
and a subsea well via the turret mooring system and the
mooring buoy.
[0008] The turret mooring structure may comprise a
first part of the fluid transfer system and the mooring buoy
may comprise a second part of the fluid transfer system.
The turret mooring structure may comprise a turret man-
ifold and the mooring buoy may  comprise a buoy man-
ifold, both manifolds each comprising at least one con-
duit. The turret and buoy manifold are matching such that
conduits of the turret manifold can be connected to cor-
responding conduits of the buoy manifold of the fluid
transfer system to establish a flow path.
[0009] During the connection of the mooring buoy to
the turret mooring structure, usually mooring loads be-

tween the vessel and the buoy/turret are transmitted via
a three-race roller bearing or a multiple wheel bearing
system. Loads on the buoy from the mooring system,
risers and inertia are transferred from the buoy to the
turret. This load transfer results in loads at contact points
and in the connector.
[0010] US 5,515,804 discloses a turret has a lower end
anchored by a mooring line which applies a largely down-
ward force to the lower end of the turret. The lower mount
assembly includes a lower bearing that limits radial
movement of the turret with respect to the axis, and the
upper mount assembly includes an upper bearing that
limits both radial and downward movement of the turret
with respect to the axis, The upper mount assembly also
includes a rigid mount fixed to the vessel hull and a re-
siliently deflectable support structure which supports the
upper bearing on the upper mount. The resiliently de-
flectable support structure includes a number of spaced
elastomeric shear pads that each includes a number of
elastomeric sheets that are oriented so imaginary orthog-
onal lines extending through middles of the sheets of the
number of shear pads intersect at a common point lying
on the axis. This support structure is of relatively low cost
with relatively easy access for installation and replace-
ment.
[0011] In US 5,240,446 an improved detachable moor-
ing system comprises a winch disposed on a deck of the
vessel, a passage extending through the hydraulic con-
nector assembly and a buoyant mooring element includ-
ing a chain locker. The chain locker includes a restricted
passage at its top end. The chain locker includes a plug
dimensioned to move within the chain clocker from its
bottom to its top. A chain is connected to a centre point
of the plug and extends through the passage of the hy-
draulic connector assembly to the winch. When the moor-
ing element is being winched in via chain, the plug is
pulled to a top end of the chain locker with the chain being
pulled from the centre of the plug at the centre of the
mooring element. When the chain is released from the
winch the plug is free to fall to the bottom of the chain
locker with the chain for storage of the chain.
[0012] WO 2010106132 filed by the applicant disclos-
es a mooring system having a turret connected to the
hull of a vessel and which has a conical cavity near its
bottom as a receptacle for a buoy. The cavity has a side
wall and a top wall. The buoy carries a number of anchor
lines and risers connected to a subsea well. The buoy is
provided with a contact surface for contacting an abut-
ment inside of the cavity. The buoy is connected in a
releasable manner to the cavity through a lock. A fluid
transfer portion is provided in the cavity top and side walls
to transfer fluid when the buoy is pulled into the cavity.
[0013] US 5,380,229 discloses a mooring system in-
cluding a vessel having a hull with an annular mooring
recess in the bottom of the hull and a mooring element
having an upper part that is engageable with the mooring
recess in the bottom of the hull. A number of lines connect
the mooring element to the ocean floor, the mooring el-
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ement being normally maintained at a stored depth below
the bottom of the hull. The mooring element can be raised
from the stored depth to engagement with the mooring
recess in the bottom of the hull. The system further com-
prises a member for rapidly drawing seawater into the
hull through an intake opening located within the mooring
recess so as to reduce the downward hydrostatic pres-
sure acting on the upper part of the mooring element as
it comes into engagement with the mooring recess.
[0014] In most known turret mooring systems, the col-
let connectors and arrayed clamping connectors transmit
axial force in vertical direction but have no equalization
capability. Thus any external moments applied as axial
couples are transmitted through the connectors as axial
loads. Shear loads are transmitted to the outer structure
as close as possible to the shear load input in order to
limit the development of additional moments in the inter-
nal structure above the shear support. The known turret
mooring systems primarily transfer lateral force to the
turret skirt or moonpool, thereby limiting this force from
developing as further moments in the interior structure
above the lateral support. Load transfer in these systems
are sensitive to clearances and relative stiffnesses of the
internal and external structures and may induce large
loads in the connectors.
[0015] It is therefore an object of the present invention
to provide a turret mooring system that reduces the re-
quired moment capacity of the buoy locking system.

SUMMARY OF THE INVENTION

[0016] Hereto, a turret mooring system is provided
which is arranged on a vessel for receiving a mooring
buoy, the turret mooring system comprising a turret moor-
ing structure with a receptacle for the reception of the
buoy, and at least one structural connector which secures
the turret to the mooring buoy which is provided with at
least one buoy locking system for locking the mooring
buoy, the buoy locking system being arranged with a
base mount that connects the structural connector to the
vessel, the base mount being an adjustable element for
adjustment of the connection between the at least one
structural connector and the vessel.
[0017] Such embodiment turret mooring system en-
sures safe multiple disconnection/reconnection of the bu-
oy and turret mooring system and also minimizes the
loading on the structural (flexible) connector by reducing
the moment in the buoy locking system.
[0018] Also, the turret mooring system allows an ac-
curate setting of the concentricity of the turret and the
buoy. The buoy locking system allows proper centering
of the mooring buoy with respect to the turret, during the
positioning of the top ring of the buoy into the structural
connectors and connector support structure.
[0019] Additionally, there is provided a method of
mooring a vessel comprising a turret mooring system to
a mooring buoy, the turret mooring system being ar-
ranged to receive the mooring buoy and the turret moor-

ing system comprising a turret mooring structure being
rotatably suspended from the vessel; the method com-
prising: 

- receiving the mooring buoy into the turret mooring
system; - locking the mooring buoy so as to secure
the turret to the mooring buoy by at least one struc-
tural connector which is provided with at least one
buoy locking system for locking the mooring buoy;

- arranging the at least one buoy locking system with
a base mount that connects the structural connector
to the vessel, the base mount being an adjustable
element for adjustment of the connection between
the at least one structural connector and the vessel.

[0020] Advantageous embodiments are further de-
fined by the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Embodiments will now be described, by way of
example only, with reference to the accompanying sche-
matic drawings in which corresponding reference sym-
bols indicate corresponding parts, and in which:

- Figure 1 shows a schematic drawing of a turret moor-
ing system according to an embodiment of the
present invention, provided on a vessel;

- Figure 2 shows a detailed view of a portion of the
turret mooring system of Figure 1;

- Figure 3 shows a detailed cross-sectional view of
the buoy locking system of the turret mooring system
according to an embodiment;

- Figure 4 shows a schematic drawing of a turret moor-
ing system with a structural connector according to
an embodiment of the invention.

DETAILED DESCRIPTION

[0022] In the following figures, the same reference nu-
merals refer to similar or identical components in each
of the figures.
[0023] Figures 1, 2 and 3 show schematic drawings of
a turret mooring system 1 provided on a vessel 2 (partially
shown), which for example could be a floating production
unit (FPU) or floating production storage and offloading
(FPSO) unit or floating storage and offloading (FSO) unit.
The vessel 2 comprises a hull 16 having a moonpool 18
extending through the hull and terminating at bottom 17
of the hull. A lifting device 26 is placed on the turret moor-
ing structure 3 comprising a cable 19 that extends
through the center of the turret mooring system and is
connected to buoy 6 for reconnection of the buoy to the
turret. In an embodiment, the mooring buoy 6 comprises
a central shaft for leading the cable 19 through the buoy.
[0024] In addition, the turret mooring system 1 is rotat-
ably suspended from the hull 16 of the vessel 2. The
turret mooring system 1 comprises a turret mooring struc-
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ture 3 within the moonpool 18.
[0025] A turret bearing system 21 connects and aligns
the turret mooring structure 3 with respect to the vessel
2. The turret mooring system 1 is as a whole rotationally
suspended from the vessel 2. The turret mooring system
1 can rotate with respect to the vessel 2 to allow the
vessel 2 to weathervane after connection to the mooring
buoy 6 or  to orientate the turret mooring system 1 with
respect to the mooring buoy 6, without the need to repo-
sition the vessel 2.
[0026] In addition, the turret mooring system 1 may
comprise an intermediate connection member 4. Such
an intermediate connection member 4 is arranged to be
rotated together with the mooring buoy 6 with respect to
the turret mooring structure 3, i.e. after locking the moor-
ing buoy 6 inside a receptacle 5, so that the fluid piping
of the turret manifold piping and the buoy manifold piping
can be aligned. The intermediate connection member 4
is positioned in between the turret mooring structure 3
and the mooring buoy 6, if present. After disconnecting
the mooring buoy 6, the intermediate connection member
4 remains attached to the turret mooring structure 3.
[0027] The turret mooring structure 3 comprises the
receptacle 5 for receiving a mooring buoy 6. In an alter-
native embodiment (not shown), the receptacle 5 could
be attached directly to the intermediate connection mem-
ber 4, if present. The mooring buoy 6 carries an anchoring
system 27 which may comprise at least one anchoring
leg 22 that are connected to a seabed and carries risers
23. The mooring buoy 6 is receivable in the receptacle 5
for coupling with the turret mooring structure 3.
[0028] The turret mooring structure 3 comprises a buoy
locking system 7, comprising a number of structural con-
nectors (buoy locking devices) 10 for locking the mooring
buoy 6 inside the receptacle 5. The structural connectors
10 are mounted on the connector support structure 31
at a connection level 30 in the turret mooring structure.
[0029] Additionally, the structural connectors 10 each
are arranged on the connector support structure 31 with
a respective base mount 34 for downward loads and a
base mount 32 for upward loads which are arranged be-
tween the connector support structure 31 and the turret
mooring structure 3.
[0030] Each base mount 32 and 34 comprises an ad-
justable (i.e., flexible or deformable or self-aligning or re-
silient) element that allows some adjustment of the ori-
entation and/or position of the connection between the
connector support structure and the outer structure (of
the turret or vessel) during relative motion of the buoy 6
with respect to the vessel/turret. Additionally, the base
mounts render the link between the turret and the buoy
moveable for alignment. Due to these features, any
movement of the buoy relative to the turret produces com-
paratively very little moment in the buoy locking system
7 and little load in the structural connector 10. In this
manner a reduced moment  connection can be estab-
lished between the buoy 6 and the turret mooring system
1, thus reducing structural connector loads.

[0031] In an embodiment, the base mounts 32 and 34
comprise elastomeric pads that provide elastic deforma-
tion to reduce moment when applied shear forces are
present.
[0032] When there is no upward loading in the system,
only base mounts 34 are required.
[0033] In an alternative embodiment, the base mounts
32 and 34 comprise spring elements that can reduce mo-
ment. In yet another embodiment, the base mounts 32
or 34 comprise one or more hydraulic actuators that can
reduce or eliminate moment.
[0034] According to the present invention the base
mounts 32 and 34 are mounted on a connector support
structure 31 that connects to the outer structure of the
turret mooring system 1.
[0035] In an embodiment the connector support struc-
ture 31 is a spherical bearing.
[0036] The bearing structure can provide some angu-
lar rotation to the structural connectors to reduce the
magnitude of the moment acting on the connector as-
sembly and on the turret when movement of the buoy
occurs within the turret.
[0037] In Fig 2, a detailed view of one structural con-
nector 10 according to an embodiment is provided where
the structural connector that has a base mounts 32 and
34 comprising elastomeric pads mounted on the connec-
tor support structure 31.
[0038] The elastomeric pads 32 and 34 each have a
surface sloped inwardly with respect to the vertical cen-
tral axis 33 so that the axes normal to each pad 32 and
34 intersect at an imaginary center 36 of the created
spherical support. The angle of the axis normal to the
pads from the horizontal may be 40 to 70 degrees. The
angle is selected to optimize the loading within the sys-
tem.
[0039] In an embodiment, radial supports 37 (radial
contactors) are provided at one or two levels within the
receptacle 5 or turret 3 for contacting the outer surface
of the buoy 6. Such radial supports 37 may provide im-
proved stability of the buoy-turret connection.
[0040] The concept of deflecting pads 32 and 34 is thus
to reduce the loading on the connector support structure
31 and the connectors 10 and unless they are sloped as
described above, it will not be effective in reducing the
loading on the connector.
[0041] According to the invention, the radial supports
37 at turret bottom of the turret are utilized to reduce the
shear and moment loading on the connector by providing
primary  load transfer directly into the turret. The radial
supports may be discrete bearing pads or may be a con-
tinuous surfaces.
[0042] In an embodiment, the buoy 6 is also provided
with resilient pads 37 where the buoy contacts the lower
end of the turret The pads could be either in contact or
could have a small gap (< about 10mem).
[0043] It is noted that the structural connector 10 with
base mounts 32 and 34 according to the present inven-
tion could be utilized with a turret mooring structure com-
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prising as the turret bearing structure 21 either a standard
main roller bearing or a bogie wheel arrangement.
[0044] In a further embodiment, the turret mooring
structure 3 is provided with radial supports 37 at one or
two levels below the connection level. Such an arrange-
ment with one or two levels of radial supports where forc-
es can be transmitted from the buoy to the outer structure
through the supports may provide an enhanced load
transfer mechanism.
[0045] The turret mooring structure 3 comprises a tur-
ret manifold that can be connected to a corresponding
buoy manifold to establish a fluid flow path between the
turret mooring structure 3 and the mooring buoy 6.
[0046] When the mooring buoy 6 enters the receptacle
5, the mooring buoy 6 is pre-centered into the receptacle
5, due to the conical shape and fenders 11 on the inside
of the receptacle 5 or on the buoy 6, and due to the pulling
tension in the reconnection winch cable of the lifting de-
vice 26.
[0047] When approaching the locking devices, the top
ring of the buoy, lifted-up by a lifting device 26, comes
into contact vertically with the locking devices that can
achieve a final centering of the buoy. When the centering
is completed, the locking devices are closed and clamp
the top ring of the buoy in the turret mooring structure 3.
[0048] After alignment of the fluid piping manifolds and
the locking of the turret with regard to the connected buoy
6, a fluid transfer path can be established between the
turret and buoy manifold.
[0049] Figure 4 shows a schematic drawing of a turret
mooring system according to an embodiment of the in-
vention. In this embodiment, the connector support struc-
ture 31 has a base mount 32 comprising an hydraulic
structure 35 mounted on the turret structure 3.
[0050] The hydraulic structure 35 is fluid filled, and dis-
tributed around the central connection axis. The distribu-
tion is arranged circular round the vertical central axis 33
of the turret. The hydraulic structure 36 can be embodied
as a bladder (e.g. toroidal), a series of bladders or pads
or a series of hydraulic cylinders.
[0051] In an embodiment, the series options are ar-
ranged with free-flowing hydraulic interconnections 38
for hydraulic fluid between the bladders or cylinders to
maintain equal pressure in each of the bladders (pads)
or cylinders to react the vertical load from the buoy 6.
[0052] Below the structural connectors, load reacting
mechanism comprises two radial supports 37 to the outer
structure (e.g. turret cylinder or moonpool) arranged
along the circumference of the outer structure 4, to pro-
vide contact areas between the outer structure 4 and the
buoy 6. For this embodiment, the second radial support
37 is located near the upper end of the buoy. Such radial
supports 37 are capable of transmitting moments as force
couples to the outer structure.
[0053] The descriptions above are intended to be illus-
trative, not limiting. Thus, it will be apparent to one skilled
in the art that modifications may be made to the invention
as described without departing from the scope of the

claims set out below.

LIST OF PARTS

[0054]

1. Turret mooring system
2. Vessel
3. Turret mooring structure
4. Lower turret structure
5. Receptacle
6. Mooring buoy
7. Buoy locking system
10. Structural connector (Locking device)
11. Fenders
12. Radial bearing
13. Upper axial bearing
16. Hull
17. Bottom of hull
18. Moon pool
19. Cable
21. Turret bearing system
22. Anchoring legs
23. Riser
26. Lifting device
27. Anchoring system
31. Connector support structure
32. upper base mount
33. vertical central axis
34. lower base mount
35. hydraulic structure
36. imaginary center of spherical support
37. radial support
38. hydraulic interconnection

Claims

1. Turret mooring system (1) arranged on a vessel for
receiving a mooring buoy (6), the turret mooring sys-
tem comprising a turret mooring structure (3) with a
receptacle for the reception of the buoy, and at least
one structural connector (10) which secures the tur-
ret to the mooring buoy which is provided with at
least one buoy locking system (7) for locking the
mooring buoy (6),
the buoy locking system being arranged with a base
mount that connects the structural connector to the
vessel, the base mount being an adjustable element
for adjustment of the connection between the at least
one structural connector and the vessel.

2. Turret mooring system according to claim 1, wherein
the base mount is a ring on which the at least one
structural connectors are mounted.

3. Turret mooring system according to claim 1 or 2,
wherein the base mount is a spherical bearing.
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4. Turret mooring system according to claim 1 or 2,
wherein the base mount comprises pads which are
arranged to form a spherical support.

5. Turret mooring system according to claim 1, wherein
the base mount is selected from a group connection
elements comprising springs, elastomeric pad, and
hydraulics.

6. Turret mooring system according to claim 1 or 5,
wherein the base mount comprises an hydraulic con-
nection element, wherein the hydraulic connection
element is selected from a group comprising a toroi-
dal bladder, a series of either bladders or pads and
a series of hydraulic cylinders.

7. Turret mooring system according to claim 6, wherein
either the bladders or the cylinders are arranged in
series by hydraulic interconnections for hydraulic flu-
id.

8. Turret mooring system according to claim 7, wherein
the hydraulic interconnections for hydraulic fluid are
arranged in a free-flowing mode to maintain a sub-
stantially equal pressure in each of either the blad-
ders or the cylinders.

9. Vessel comprising a hull (16) and a turret mooring
system (1), wherein the turret mooring system (1) is
rotatably suspended from the hull (16) of the vessel
(2), the turret mooring system being in accordance
with any one of the preceding claims.

10. Method of mooring a vessel comprising a turret
mooring system (1) to a mooring buoy (6), the turret
mooring system (1) being arranged to receive the
mooring buoy (6) and the turret mooring system (1)
comprising a turret mooring structure (3) being ro-
tatably suspended from the vessel (2); the method
comprising:

- receiving the mooring buoy (6) into the turret
mooring system (1),
- locking the mooring buoy (6) so as to secure
the turret to the mooring buoy by at least one
structural connector (10) which is provided with
at least one buoy locking system (7) for locking
the mooring buoy (6),
- arranging the at least one buoy locking system
with a base mount that connects the structural
connector to the vessel, the base mount being
an adjustable element for adjustment of the con-
nection between the at least one structural con-
nector and the vessel.
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