wo 2017/050841 A1 | ]IV 0000 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/050841 A1

30 March 2017 (30.03.2017) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
B63B 21/10 (2006.01) B63B 21/20 (2006.01) kind of national protection available): AE, AG, AL, AM,
(21) International Application Number: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
’ BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/EP2016/072456 DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
21 September 2016 (21.09.2016) KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
. MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(25) Filing Language: English OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(26) Publication Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(30) Priority Data: ZW.
15186874.2 25 September 2015 (25.09.2015) EP
(84) Designated States (uniess otherwise indicated, for every
(71) Applicant: SINGLE BUOY MOORINGS INC. kind of regional protection available): ARIPO (BW, GH,
[CH/CH]; Route de Fribourg 5, CH-1723 Marly (CH). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(72) Tnventors: JEAN, Phillipe; 24 Avenue de Fontvieille, Bt. TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
Aigue Marine, 98000 Monaco (MC). BENOIT, Jean TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
Pierre; 24 A\,/enue de Fontvicille, Bat. Aigue Marine DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, I8, IT, LT, LU,
France, 98000 Monaco (MC) g g LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,
g : SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ,
(74) Agent: NEDERLANDSCH OCTROOIBUREAU; P.O. GW, KM, ML, MR, NE, SN, TD, TG).

Box 29720, 2502 LS The Hague (NL).

[Continued on next page]

(54) Title: CONNECTOR ARRANGEMENT FOR CONNECTING A MOORING LINE TO A FLOATING STRUCTURE AND
FLOATING STRUCTURE COMPRISING SUCH A CONNECTOR ARRANGEMENT

(57) Abstract: A connector arrangement for connecting a mooring line to a

floating structure, includes a mechanical interface attached to a hull of the
floating structure, and connectable to the mooring line; a connector element
for connecting the mooring line to the mechanical intertace;and a foundation
that is arranged between the mechanical interface and the connector element
for transtferring a load from the connector element to the mechanical inter-
face. The foundation comprises an elastic body in contact with the mechanic-
al interface.



WO 2017/050841 A1 AT 000000 O O

Published:
—  with international search report (Art. 21(3))



10

15

20

25

30

WO 2017/050841

1
Connector arrangement for connecting a mooring line to a floating structure

and Floating Structure comprising such a connector arrangement.

Field of the invention

The present invention relates to a connector arrangement for connecting a
mooring line to a floating structure. Additionally, the invention relates to a floating
structure comprising such a connector arrangement. Moreover, the present

invention relates to a method for manufacturing such a connector arrangement.

Background

In offshore technologies, use is made of floating structures for storage
and/or production of hydro-carbon fluids, from undersea gas or oil fields. Such
floating structures comprise floating storage and offloading (FSO) and floating
production, storage and offloading (FPSO) vessels. Other types of floating
structures include floating energy storage or energy production structures (based
on either electrical or chemical principle of operations).

Such a floating structure may be secured at its position, by a structure of a
number of mooring lines (or mooring legs), which connect to anchoring facilities at
or in the seabed, geographically distributed i.e., spread around the position.

During use, a mooring leg, made-up completely or partially of chain links,
between the floating structure and the anchoring facility, is exposed to forces
caused by motions of the floating structure as exposed to sea and weather. Such

forces give rise to some fatigue phenomena which could cause a chain link to fail:

e Tension-Tension
e OPB (Out of Plane Bending)
e IPB (In Plane Bending).

OPB and IPB fatigue occurs on the links of a mooring chain, near the
connection to the floating structure, where due to the relatively high tension, the
chain links do not rotate with respect to each other because of interlink friction.
Rather than rotating, the links start to bend in order to follow the continuously

changing floating structure motions (roll, pitch yaw, etc).

PCT/EP2016/072456
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The chain is connected to the floating structure by means of a chain
connector. The main issue with OPB and IPB are the motions (behaviour) of the
floating structure with respect to the chain connector and the mooring leg.
It is on object of the present invention to provide a connector arrangement

that reduces or removes the adverse effects of OPB and IPB.

Summary of the invention

The above object is achieved by a connector arrangement for connecting a
mooring line to a floating structure, comprising:

a mechanical interface attached to a hull of the floating structure, and connectable
to the mooring line;

a connector element for connecting the mooring line to the mechanical interface;
and a foundation that is arranged between the mechanical interface and the
connector element for transferring a load from the connector element to the
mechanical interface,

wherein the foundation comprises an elastic body in contact with the mechanical
interface.

The invention provides that by means of the elastic foundation the overall
bending stiffness of the connection between the top of the mooring line and the
floating structure which is anchored to the chain, is reduced. Thanks to this
lowered connection stiffness (typically < 20kNm/dg), the bending stresses induced
in the mooring line by the motions of the floating structure are reduced and the
fatigue life of the mooring line is increased.

According to an aspect, the invention provides a connector arrangement as
described above, wherein the elastic body has a spherical or hemispherical outer
surface, that is arranged to contact the mechanical interface, and an internal surface
that is arranged to receive the connector element.

Advantageously, the shape of the elastic body allows rotating
displacements of the connector element due to both in-plane and out-of-plane
directions of movement of the connected mooring line.

According to an aspect, the invention provides a connector arrangement as

described above, wherein the elastic body is configured for elastic deformation to
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allow a displacement of the connector element due to a rotation of the mooring line
with respect to the floating structure.

According to an aspect, the invention provides a connector arrangement as
described above, wherein the elastic body comprises a stack of a plurality of elastic
layers; in which stack, elastic layers are separated by an intermediate metal plate.

Such a stack allows an improved elastic deformation of the elastic body in
comparison with the deformation of a monolithic elastic body under same
conditions.

According to an aspect, the invention provides a connector arrangement as
described above, wherein the connector element extends through the elastic body,
the elastic body forming a collar around the connector element.

According to an aspect, the invention provides a connector arrangement as
described above, wherein the connector element is a rod, the rod connecting on one
end to the mooring line and on the other end to the mechanical interface.

According to an aspect, the invention provides a connector arrangement as
described above, wherein the connector element is an intermediate chain, the
intermediate chain connecting on one end to the mooring line and on the other end
to the mechanical interface.

According to an aspect, the invention provides a connector arrangement as
described above, wherein the foundation further comprises an in-use submerged
antifriction ball or roller bearing in contact with the mechanical interface.

In an embodiment, the antifriction ball or roller bearing is self-lubricated
with sea water during use.

Advantageously, the elastic body is complemented by a low friction bearing
that is operated underwater without maintenance and without lubrication (except
sea water). An example of such a bearing is a Polycrystalline Diamond type (PCD)
bearing. In a preferred embodiment the low friction bearing is a spherical ball or
roller bearing based on PCD technology in order to achieve a very low friction
coefficient (<0.05) at low speeds (<10mn/s) for a large range of contact pressures
corresponding to the mooring line pretensions and operating tension (typically
between 100 tons to 500 tons). Another advantage of PCD bearing is the ability to
handle the very large contact pressures associated with extreme design events such

as 10000 year return period storms. The low friction of the bearing will reduce the
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OPB and IPB moments imposed on the top chain and therefore will increase the
fatigue life of the chain.

According to an aspect, the invention provides a connector arrangement as
described above, wherein the mechanical interface comprises secondary rotating
means for rotating the mechanical interface with respect to the hull.

According to an aspect, the invention provides a connector arrangement as
described above, wherein the secondary rotating means are embodied as bushings
located between the one end of the rod and the mooring line.

According to an aspect, the invention provides a connector arrangement as
described above, wherein the secondary rotating means are embodied as bushings
located at the connection of the mechanical interface with the hull.

Also, the present invention relates to a floating structure comprising a
connector arrangement for connecting a mooring line to said floating structure as
described above.

According to an aspect, the invention provides a floating structure as
described above, wherein the floating structure is an offshore production and/or
storage vessel, floating at sea, with one or more mooring lines attached to the
seabed; the one or more mooring lines each being connected to the floating
structure by a respective one of said connector arrangement.

Typically, the floating structure is an offshore production and/or storage
vessel for oil, gas, electricity, compressed gas or other energy source medium.

Also, the invention relates to a method for manufacturing a connector
arrangement as described above, of for manufacturing a floating structure
comprising such a connector arrangement.

Advantageous embodiments are further defined by the dependent claims.

Brief description of drawings

The invention will be explained in more detail below with reference to
drawings in which illustrative embodiments thereof are schematically shown. They
are intended exclusively for illustrative purposes and not to restrict the inventive
concept, which is defined by the appended claims.

Figure 1 shows a schematic perspective view of a connector arrangement in

accordance with an embodiment of the invention,;

PCT/EP2016/072456
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Figure 2 shows a schematic view of a connector arrangement in accordance with
an embodiment of the invention,;
Figure 3 shows a schematic view of a connector arrangement according to an
embodiment of the invention;
Figure 4 shows a schematic view of an elastic body in accordance with an
embodiment of the invention, and
Figure 5 shows schematically a floating structure moored to a seabed by means of

mooring lines.

Detailed description of embodiments

Figure 1 shows a schematic perspective view of a connector arrangement in
accordance with an embodiment of the invention.

According to this embodiment, the connector arrangement relates to a
mooring line latching system 10. The latching system 10 comprises a receiving
connector part 12, that is mechanically connected to a hull 2 of a floating structure
4, such as an FPSO or FSO structure or vessel.

The receiving connector part 12 comprises an internal volume 13 in which
a connector element 14 that can be coupled to a mooring line or mooring chain 16
can be received. The receiving connector part 12 thus has the function of a
mechanical interface between the hull of the floating structure and the mooring line
16.

In the internal volume 13 of the receiving connector part 14, a foundation
20 is arranged which provides a mechanical coupling between the receiving
connector part 12 and the connector element 14. By means of this mechanical
coupling a mechanical load can be transferred from the connector element 14 to the
receiving connector part 12. Typically , the connector element 14 is a rod that at
the end distal to the hull is connected to a latch and at the other end is connected to
the mooring line.

The foundation 20 comprises an elastic body 22 that is coupled on an outer
surface with the receiving connector part 12 and on an inner surface with the

connector element 14.

PCT/EP2016/072456
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In an embodiment, the elastic body 22 has a spherical or hemispherical
outer surface, that is arranged to contact the foundation at the receiving connector
part, and has an internal surface that is arranged to receive the connector element.

Due to the elastic body, a flexible coupling is achieved between the
receiving connector part 12 and the connector element 14 (rod). The flexible
coupling compensates rotation of the connector element 14 and of the mooring line
attached to the connector element (i.e., a rotation relative to the receiving
connector part 12 and in general relative to the hull) by an elastic deformation of
the elastic body which substantially removes or compensates the occurrence of
bending stress in the chain shackles of the top of the mooring line attached to the
connector element 14.

In a preferred further embodiment, the elastic body 22 comprises a stack of
clastic layers which are separated by intermediate metallic plates.

As the elastic body can only handle limited deformations and
correspondingly limited rotations, a first additional rotating coupling 24 may be
provided between the connector element 14 and the mooring line 16. The first
additional coupling is only activated when a rotation of the mooring line exceeds
the rotating elastic deformation of the elastic body 22.

In a further embodiment, the elastic body 22 can be complemented by a
submerged antifriction roller or ball bearing which will reduce the OPB and IPB
moment imposed on connector part 12 and mooring chain 16. This low friction
bearing is typically operated underwater without maintenance and without
lubrication (except sea water).

Figure 2 shows a schematic view of a connector arrangement 11 in
accordance with an embodiment of the invention.

In this embodiment, the connector arrangement 11 is largely identical to the
embodiment of the connector arrangement 10 as described with reference to Figure
1. In this embodiment, a second additional rotating coupling 26 is arranged
between the body of the receiving connector part 12 and the hull of the floating
structure. It is noted that the second additional rotating coupling 26 may replace
the first additional coupling 24 or may be arranged as a further coupling in addition

to the first additional coupling 24 (not shown in figure 2).

PCT/EP2016/072456
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Figure 3 shows a schematic view of a connector arrangement according to
an embodiment of the invention.

According to this embodiment, the connector arrangement relates to a chain
connector 40 . The chain connector 40 comprises a chain connector arm 42, that is
mechanically connected to a hull of a floating structure, such as an FPSO or FSO
structure or vessel.

The chain connector arm 42 comprises an internal volume 43 in which a
connector element 44 that can be coupled to a mooring line or mooring chain 16
can be received.

Typically, the connector element 44 is an intermediate chain that at the end
proximate to the hull is connected to a chain tensioning system (not shown) and at
the other end is connected to the mooring line or mooring chain.

In the internal volume 43 of the chain connector arm 42, a foundation 46 is
arranged which provides a mechanical coupling between the chain connector arm
42 and the intermediate chain 44.

In an embodiment, the intermediate chain is resting on a ratchet stopper
(schematically shown). The ratchet is resting on the elastomeric foundation.

By means of this mechanical coupling a mechanical load can be transferred
from the intermediate chain 44 to the chain connector arm 42.

The chain connector arm 42 thus has the function of a mechanical interface
between the hull of the floating structure and the mooring line 16.

The foundation 46 comprises an elastic body 48 that is coupled on an outer
surface with the chain connector arm 42 and on an inner surface with the
intermediate chain 14.

In an embodiment, the elastic body 48 has a spherical or hemispherical
outer surface, that is arranged to contact the foundation at the receiving connector
part, and has an internal surface that is arranged to receive the intermediate chain
44,

As the elastic body can only handle limited deformations and
correspondingly limited rotations, bushings 54 for the purpose of an additional
rotating coupling may be provided between the chain connector arm 42 and the
hull of the floating structure. The bushings 54 are only activated when a rotation of

the mooring line exceeds the rotating elastic deformation of the elastic body 22.

PCT/EP2016/072456
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Figure 4 shows a schematic view of an elastic body in accordance with an
embodiment of the invention.

In an embodiment, the elastic body 22, 48 has an hemispherical outer shape
50 and an internal surface 52, shaped to receive the connector element 14. Instead
of being hemispherical, the outer surface may be spherical.

The inner surface is arranged for receiving the connector element, e.g., the
connector rod 14 or the intermediate chain 44. The outer surface is arranged to be
positioned on a foundation in the receiving connector part or in the internal volume
of the chain connector arm.

Both hemispherical and spherical outer surface shapes allows a rotating
displacement of the connector element captured in the inner surface with respect to
the foundation.

Figure 5 shows schematically a floating structure 100 moored to a seabed
by means of mooring lines.

The connector arrangement of the present invention can be used on floating
structures 100, that float on sea 120 and that are moored by means of mooring lines
16 attached to the seabed 130. Such floating structures may be associated with
offshore production and/or storage vessels (FPSO or FSO).

The mooring lines 16 are coupled to the floating structure 100 by means of
the connector arrangement 10; 11; 40 in accordance with an embodiment of the
invention.

It is noted that in an alternative embodiment, the elastic body is modified
with an underwater antifriction ball or roller bearing, self-lubricated with sea water
in contact with the mechanical interface.

According to a further embodiment, the antifriction bearing has a spherical
or hemispherical outer surface, that is arranged to contact the mechanical interface,
and has an internal surface that is arranged to receive the connector element.

According to yet a further embodiment, the antifriction bearing is
configured to allow a displacement of the connector element due to a rotation of
the mooring line with respect to the floating structure.

According to an embodiment, the antifriction bearing comprises a

Polycrystalline Diamond roller or ball bearing.

PCT/EP2016/072456
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Other alternatives and equivalent embodiments of the present invention are
conceivable within the idea of the invention, as will be clear to the person skilled

in the art. The scope of the invention is limited only by the appended claims.
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Claims

1. Connector arrangement for connecting a mooring line to a floating
structure, comprising:
a mechanical interface attached to a hull of the floating structure, and
connectable to the mooring line;
a connector element for connecting the mooring line to the mechanical
interface;
and a foundation that is arranged between the mechanical interface and the
connector element for transferring a load from the connector element to the
mechanical interface,
wherein the foundation comprises an elastic body in contact with the

mechanical interface.

2. Connector arrangement according to claim 1, wherein
the elastic body has a spherical or hemispherical outer surface, that is
arranged to contact the mechanical interface, and has an internal surface

that is arranged to receive the connector element.

3. Connector arrangement according to claim 2, wherein the elastic body is
configured for elastic deformation to allow a displacement of the connector
element due to a rotation of the mooring line with respect to the floating

structure.

4. Connector arrangement according to claim 3, wherein the elastic body
comprises a stack of a plurality of elastic layers; in which stack, the elastic

layers are separated by an intermediate metal plate.

5. Connector arrangement according to any one of the preceding claims 2 — 4,
wherein the connector element extends through the elastic body,

the elastic body forming a collar around the connector element.

6. Connector arrangement according to claim 5, wherein

the connector element is a rod, the rod connecting on one end to the
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11

mooring line and on the other end to the mechanical interface.

Connector arrangement according to claim 5, wherein the connector
clement is an intermediate chain, the intermediate chain connecting on one

end to the mooring line and on the other end to the mechanical interface.

Connector arrangement according to any one of the preceding claims,
wherein the mechanical interface comprises secondary rotating means for

rotating the mechanical interface with respect to the hull.

Connector arrangement according to claim 8 as far as dependent on claim 6,
wherein the secondary rotating means are embodied as bushings located

between the one end of the rod and the mooring line.

Connector arrangement according to claim 8 as far as dependent on claim 6
or on claim 7, wherein the secondary rotating means are embodied as

bushings located at the connection of the mechanical interface with the hull.

Connector arrangement according to claim 1, wherein the foundation
further comprises an antifriction ball or roller bearing in contact with the
mechanical interface; said bearing being configured as a submerged bearing

during use.

Connector arrangement according to claim 11, wherein the antifriction
bearing has a spherical or hemispherical outer surface, that is arranged to
contact the mechanical interface, and has an internal surface that is

arranged to receive the connector element.

Connector arrangement according to claim 12, wherein the antifriction
bearing is configured to allow a displacement of the connector element due

to a rotation of the mooring line with respect to the floating structure.

PCT/EP2016/072456
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12
Floating structure comprising a connector arrangement for connecting a
mooring line to said floating structure according to any one of the

preceding claims 1 — 13.

Method for manufacturing a connector arrangement for connecting a
mooring line to a floating structure a mechanical interface attached to a hull
of the floating structure, and connectable to the mooring line;

a connector element for connecting the mooring line to the mechanical
interface;

and a foundation that is arranged between the mechanical interface and the
connector element for transferring a load from the connector element to the
mechanical interface,

wherein the foundation comprises an elastic body in contact with the
mechanical interface;

the method comprising:

-- attaching the mechanical interface to a hull of the floating structure;

-- mounting the connector element on the mechanical interface, such that

the connector element is mounted on the foundation.
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