WO 2009/102220PCT/N0O2009/000054 FORCE ELEMENT ARRANGEMENT_ AND METHOD The
present invention relates to a force element arrangement in relation to a_riser JOI.n'[ and method for
reducing bending moment in a riser at the connection point to a subsea mstallatl‘on, and more
specifically t0'% 2@‘5’%%&%9 a flexible joint. 5During subsea hydrocarbon EXFaRMAFIBes is ut_lllzed to
establish a conduit between a floating vessel and a subsea wellhead. Due to the fac_t that the riser at
one end is fixed to the structure on the seabed and at the other end to a vessel that is under the
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telescopic joint Fsigﬁ%%ﬁ‘?ﬁ%swﬁa g@qaﬁés}ﬁb?ﬂ PeRdHgep oA, fielforacerrlienmising fithension system
28 in the normai'FRaRRALT fAEERER RBYIIPEE is attached to the top of the riser and held in tension

using the heave cggp}gensgtor not shown). The vessel has a cellar deck 32 and a drill floor 34. All

operations are 358Kt QG SN Eh&Y i Hgbiell will normally not damage the wellhead since the

connector and the wellhead is designed to withstand these forces. However, the

bending may be cyclic, due to vessel movements, and these cycles may result in
20 fatigue problems at the wellhead.

In Fig. 1 there is shown a prior art riser system for use in well corﬁpletions and
workover operations. A well 10 has been drilled from the seabed 12 into the earth
and completed in the normal manner, capped with a welthead and subsea Christmas
tree 14. A BOP or lower riser package (LRP) 16 is locked onto the Christmas tree
25 14."An emergency disconnect (EDP) 18 is locked to the LRP. Above the EDP there
is normally arranged a stress joint 20 that will handle bending moments in the riser.
The stress joint 20 may be in the form of a bending restrictor. At the lower end of
the riser there is also a safety joint or weak link 22. The riser 24 itself consists of a
~ number of pipes that are screwed or otherwise locked together to form a pipe string
30 as is well known in the art. At the top of the riser there is a telescopic joint 26. In
the drawing the telescopic joint is shown in its collapsed position. The riser 24 ig
held in tension using a tension system 28 in the normal manner. A surface flow tree
is attached to the top of the riser and held in tension using the heave compensator

(not shown). The vessel has a cellar deck 32 and a drill floor 34. All operations are
35 conducted on the drill floor.

According to the invention the above mentioned problems are reduced and or

eliminated by equipping the riser with a joint, a riser with such a joint and a method
as defined in the attached claims.



According to the invention the above mentioned problems are reduced and or eliminated by equipping
the riser with a joint, a riser with such a joint and a method as defined in the attached claims. 2
According to the first aspect of the invention, there is provided a joint for use in connection with a riser,
comprising flexible means allowing a first end of the joint to be lateral displaced relative a second end
of the joint, characterised in that the riser joint furthercomprises force means connected to both first
and second end which.force means are configured to add a force to the one end when it is moved out
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and thereby on the parts of the riser and at least initially try to increase the angle the end or the part of
the riser has formed with the neutral position. In a neutral position the longitudinal axes of the two
parts of the riser or the axes of the ends of the joint may be parallel. With an axis of an end is should
be understood to be an axis substantially normal to the surface connectable to another element, or
with a passage through the joint the axis of the passage at the end of the passage. It is also possible
to envisage a neutral position where the part of the riser which is kept stationary in relation to the
seabed, has a longitudinal axis which Thous an angle with a vertical axis, and the longitudinal axis of
the other riser part in a neutral position is mainly vertical. In such a situation the two different axes of

- the two parts of the riser, may in a neutral position with the joint connected to the two riser parts, form
an anale hetween them Accordino to embodimente of the invvention the force meance noccihiv



4 since the subsea installation may not move. In such a condition a joint according to embodiments of
the invention in the riser may be moved from a neutral position, due to the horizontal movement of the
floating installation. The force means of the joint according to embodiments of the invention may then
try to bend the joint further in the direction of the movement of the floating installation. This further
bending of the joint may cancel out some of the bending moment induced by the horizontal movement
of the floating installation in the riser, below the joint according to embodiments of the invention, and
then possibly in the subsea installation thereby extending the life of the subsea installation. Then when
the floating insdadiatio arreeiesbask, thi$ontiginal pasitye tisnaaemnmenihniy foierdieneid according
to embodiments afdhainyentianhask-{o.ita aemitaldasiiaRJheiflaatingvesselanfdhsqpriser part
extending, EAMEER HHL.I9] 81’1 @&S%rg't"@f‘ifr%%}bﬂﬁ!w&‘éé Abs iyanign 9&%&9 éS’ﬁ-H‘QﬁaXesse' may

have a lar e mass an % move the omﬁ%ﬁgggdl 1(()1 erH o lgne {the invention back
to its ned? o%?t?gﬁcaan egams orcé Induces %y HSFce'h eglnso He joi t The riser
may noiﬁ;léw%ﬂsra bfévscmﬂ‘éf‘éf@a% ERL ARy Sresrdngre ﬁ‘bﬁﬁﬁ’@‘i’h‘%‘t%ﬂfaﬁb‘w

installatidpregaycsasaffowmtienp praedrifa W%@Wwﬁﬂ?%&mﬁﬁ@qﬁt@m %fﬁsc‘@f the
inventionthen fopnd ides latiom Y@ el dorvre atiombBehween the two riser parts, comprises a force means
or a force element arrangement as described that induces bending forces to the connection between
the two riser parts or between two ends of the joint, in such a manner that with an angle from the
neutral position in the connection or between the two ends of joint the force means or element
arrangement may try to increase this angle. This may render the riser system wherein the joint is used
in such a way that the resulting bending stresses at the connection to the subsea installation are
reduced. According to one embodiment of the invention, the force means or force element
arrangement may comprise a system with at least one elastic element, as for instance at least one
helical spring. The spring would in one embodiment be arranged in tension between the connecting
means of the force element arrangement. In another embodiment the spring may be arranged in
compression. There may be one spring arranged extending around the joint or at least three separate
springs arranged around the circumference of the joint. There may alternatively be at least one elliptic
shaped spring joint between two riser parts, in such an embodiment also forming the flexible means.
The elastic elements or springs may be configured as linear or non-linear force inducing elements.
According to another embodiment, the force means may comprise a system with at least three fluid
operated cylinders arranged around the circumference of the riser. According to this embodiment,
there may be a control system regulating the fluid in the fluid operated cylinder in response to the
relative position of the two riser parts or it may be configured as a passive system with an accumulator
in the system. The hydraulic cylinders may be hinged to connection means attached to the ends of the
5 joint and arranged with their axis of movement parallel to a fluid passage through the joint,
perpendicular to the fluid passage through the joint or in an arrangement forming a mainly conical
shape around the flexible means of the joint. According to yet another embodiment, the force means
may comprise a system with magnets arranged around the riser parts. In one embodiment these
magnets may be electromagnets and there may be a source of electricity which is regulated in a
control system in response to the relative position of the two riser parts, in another embodiment there
may be petinanent magnets or a combination. According to an embodiment of the invention, the force
means or force element arrangement may be formed as an integral part of the joint or as separate part
removable attached to a riser joint. This gives the possibility of providing existing riser joint with force
means to form a joint according to embodiments of the invention. One may have combinations of the
features as mentioned above, another possibility is to foilli the joint with at least one permanently
bended pipe segment between two swivels, where the swivels form connection means to the riser at
the two ends of the joint. By having movements between the swivels and the bended pipe segments
one allows and can regulate the angular relationships between the different parts of the joint and
thereby the bending moments that occur in the joint, and thereby be adding a bending force to the joint
as a consequence of angular deviation in the riser. The bended pipe segments and swivels, forms in
this embodiment the flexible means of the joint according to embodiments of the invention. The swivels
may be controlled by motors with crown wheels to control the movement of the bended pipe segment
in relation to the rest of the riser, these elements are then forming the force means and these are
connected to the ends of the joint through the swivels. According to another embodiment, the force
means comprising force inducing elements, as springs, cylinders, magnets etc may be arranged with a
direction folming an angle with the passage through the joint, thereby arranged in a cone like manner
around the joint. By having such a positioning of the force inducing elements one achieves a geared
system. There is also the possibility of providing a joint with force means which are a combination of
the different embodiments as described above.



5a According to the second aspect of the invention, there is provided a riser extending between a
floating installation and an installation fixed relative the seabed, comprising a joint according to
embodiments of the invention as described above. According to the third aspect of the invention, there
is provided a method for reducing bending moments in a riser at a connection between the riser and a
subsea installation, connecting the riser to a tension system at a floating vessel, ¢ h ar acterized in
providing a riser joint between two elements forming parts of the riser between the subsea installation
and the vessel, which riser joint in a neutral position provides mainly equal forces around the
circumfereircenofctbacd sditanbivhick withrmoevatapirdtiva pewitak positievhehwveen theéstwd parts of

the riser wilk ReMce R EAreRRWINeBVR Raie afdha disalavhichstersawilbastagainstibenetyim of the
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embodimér joinhecirnrdntioie, Fidpoiis cntdralihrg shawirgmathirddentbiodibeentof the tweemton, Fig. 8 is
a drawingslioning pafeustitieniedimantmtdhediseantionh that to move the two ends or parts

back to the neutral position this force must be overcome, i.e. it acts as a negative stiffness

for the joint or the arrangement, in relation to movements from the neutral position. When

the joint forms a part of a riser, when one part of the riser moves out of the neutral position,

or has an angled position in relation to the neutral position, the force means may act on the

two ends of the joint and thereby on the parts of the riser and at least initially try to increase

the angle the end or the part of the riser has formed with the neutral position.

In a neutral position the longitudinal axes of the two parts of the riser or the axes of the ends
of the joint may be paraliel. With an axis of an end is should be understood to be an axis
substantially normal to the surface connectable to another element, or with a passage
through the joint the axis of the passage at the end of the passage. It is also possible to
envisage a neutral position where the part of the riser which is kept stationary in relation to
the seabed, has a longitudinal axis which forms an angle with a vertical axis, and the
fongitudinal axis of the other riser part in a neutral position is mainly vertical. In such a
situation the two different axes of the two parts of the riser, may in a neutral position with
the joint connected to the two riser parts, form an angle between them. According to
embodiments of the invention, the force means, possibly comprising several force elements
arranged around the flexible means of the joint, may in this neutral position, when this is
given, provide a force on the two parts of the riser, of the ends of the joint that is mainly
equal around the circumference of the joint or riser and thereby keep the two riser parts or
two ends of joint in this neutral position. It is when the relative position between the two
riser parts or ends comes out of this neutral position that the force means provides a force
trying to further move the two riser parts or ends out from the neutral position, thereby
providing a negative stiffness to the connection between the two riser parts in the form of
the joint according to embodiments of the invention.

The additional force provided by the force means when the two riser parts are not in the
neutral position must be overcome to move the riser parts or ends back to a neutral position.
A riser extending between a subsea installation, fixed in relation to the seabed and a floating
installation, moving with the changing conditions of waves, wind, may experience that the
floating installation has movements in a horizontal direction. This may lead to an angled
positioning of a part of a riser,



Fig. 9 is a drawing showing a fifth embodiment of the invention 10Fig. 10 is a drawing showing a sixth
embodiment of the invention, Fig. 11 is a drawing showing a seventh embodiment of the invention, Fig.
12 is a drawing showing an eight embodiment of the invention, and Fig. 13 is a diagram showing
bending moment variations on the wellhead with three different configurations of a riser. 15In Fig. 2 is
shown a simplified sketch of a part of the riser systenyas depicted in Fig. I. A flex joint 20 is mounted
between the riser 24 and wellhead 14. The flex joint is typically located at a height H from the wellhead
14 datum to the flex joint axis, The riser can also be sajd to comprise two parts joined at the flex joint.
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As will behoridensibothvwinent ihicthis8oasine itisal ieholizo ftat corvpomdithisigaiabutrdg ghie angle
increases:thiecharizental dampaneoh wilaisenncreasend ke: hiorz dinthkcampodantidil teshilt in a
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the subsea installation thereby extending the life of the subsea installation. Then when the
floating installation moves back to its original position this movement may force the joint
according to embodiments of the invention back to its neutral position. The floating vessel
and the riser part extending between the joint according to embodiments of the invention
and the floating vessel may have a large mass and therefore easily move the joint according
to embodiments of the invention back to its neutral position and then act against the force
induces by the force means of the joint. The riser may normally also be connected to a
tension system on the floating installation. The floating installation may be a floating
platform, a ship, vessel or similar.

According to embodiments of the invention the joint in relation to the connection between
the two riser parts, comprises a force means or a force element arrangement as described that
induces bending forces to the connection between the two riser parts or between two ends of
the joint, in such a manner that with an angle from the neutral position in the connection or
between the two ends of joint the force means or element arrangement may try to increase
this angle. This may render the riser system wherein the joint is used in such a way that the
resulting bending stresses at the connection to the subsea installation are reduced.

According to one embodiment of the invention, the force means or force element
arrangement may comprise a system with at least one elastic element, as for instance at least
one helical spring. The spring would in one embodiment be arranged in tension between the
connecting means of the force element arrangement. In another embodiment the spring may
be arranged in compression. There may be one spring arranged extending around the joint or
at Jeast three separate springs arranged around the circumference of the joint. There may
alternatively be at least one elliptic shaped spring joint between two riser parts, in such an
embodiment also forming the flexible means. The elastic elements or springs may be
configured as linear or non-linear force inducing elements.

According to another embodiment, the force means may comprise a system with at least
three fluid operated cylinders arranged around the circumference of the riser. According to
this embodiment, there may be a control system regulating the fluid in the fluid operated
cylinder in response to the relative position of the two riser parts or it may be configured as a
passive system with an accumulator in the system. The hydraulic cylinders may be hinged to
connection means attached to the ends of the



ko: Rotational flex joint stiffness WO 2009/102220 PCT/NO2009/000054 Fig. 3 is a diagram of one
solution to the above equation, showing the curve of the bending moments Mwry as a result of varying
the flex joint stiffness ko. This shows that even when the flex joint stiffness ko is zero, which is an
idealized joint with no friction or stiffness, there is still bending moment Mwh acting on the wellhead, as
5can bee seen as the graph crosses the Y-axis in a distance from the X-axis,. The bending moments
on the wellhead will as indicated with the graph also With an increasing flex joint stiffness have an
increasing value. The diagram also shows that the least moment on the wellhead is achieved if the
stiffnessjirirtherjdintranpedendwhpiarisiof dhendsemisnnegaliug. thhisfthrbiaticalcansigarations shows
that if it 19eeuid-penansaikietedenianAdlaxdembyithrseaatieinsiifinessecthemrasul il pe an
arrange%%mlglggﬁgcmgﬂgﬁémmqﬂg ft?é%ﬁﬁe%@&ﬁg%@ {Qg-}{)\{%lghead. There'is a range of hegative

stiffness valués for the flex joint stiffness ko, which gives this desired effect on the wellhead. One can
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wellheadyyiafalorPaeonlysaaum b IBialass ko Qnashauidhate Alan Aghe that with a

negative fignlint siiiess o uhieh as 8 Aiderneontive yalue. ete Wil gal oe. an ncreasing
@ﬁ& fe raiph. IS King

bending mo &nt at the wellhead. as Indicated |n the he challeng 0 thange coc
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dynamicBIfEiiie YehemPHidie8nt 200n the wellhead during subsea operations. This problem is solved

accordinghéto tge invention ﬁg roviding a device W%%h is creating a fqorce that acts on the two riser

parts cont&IEd By AR f THSRRICEE DYty RSB TREOHEDERIREN the two riser parts. In
fig. 4 thetBFRESRIh R dRTBThasHnEisE Barm e treeiifiBhabAs ScRaTRE BiSating element is attached
25betwesmavpblat Bidwd it apsiniabovéihaifies joinpossiithitythe pwordimgocttieting riser

jomt with force means to form a joint according to embodiments of the invention.

One may have combinations of the features as mentioned above, another possibility is to
form the joint with at least one permanently bended pipe segment between two

swivels, where the swivels form connection means to the riser at the two ends of the joint.
By having movements between the swivels and the bended pipe segments one allows and
can regulate the angular relationships between the different parts of the joint and thereby the
bending moments that occur in the joint, and thereby be adding a bending force to the joint
as a consequence of angular deviation in the riser. The bended pipe segments and swivels,
forms in this embodiment the flexible means of the joint according to embodiments of the
invention. The swivels may be controlled by motors with crown wheels to control the
movement of the bended pipe segment in relation to the rest of the riser, these elements are
then forming the force means and these are connected to the ends of the joint through the
swivels.

According to another embodiment, the force means comprising force inducing elements, as
springs, cylinders, magnets etc may be arranged with a direction forming an angle with the
passage through the joint, thereby arranged in a cone like manner around the joint. By
having such a positioning of the force inducing elements one achieves a geared system.
There is also the possibility of providing a joint with force means which are a combination
of the different embodiments as described above.



two different riser parts in a distance from the joint. The element will create a situation giving that if the
bending angle is larger than zero the force element will try to increase the angle. The bending angle is
an angle between the two riser parts, when these riser parts are moved out from a neutral position.
This angular deviation 300f the one riser part in relation to the other riser part will be resisted by the
vessel due to the tension system connected to théziser at the vessel and the result is that in this

situation we have introduced a flex joint with a "negative" stiffness. This enables the flex joint to be

designed ridiay iiths serdepesesshsiavanEemtbeas e msoridedediizg sxéenfinehet éethe bending
moments Beaingsoitadiahen3sdandtgnl brigreltad phtis e dhatirahsgc hopeisings sholvn in the formula
below: Miebxding toemtgit{n)22sfo HReflndeiktibiicasidd)ibed ahvkxL 1- cos -8)

According to the third aspect of the nvention, there 1s provided a method for reducing
bending moments in a riser at a connection between the riser and a subsea installation,
connecting the riser to a tension system at a floating vessel, characterized in providing
a riser joint between two elements forming parts of the riser between the subsea installation
and the vessel, which riser joint in a neutral position provides mainly equal forces around the
circumference of the riser and which with a deviation from a neutral position between the
two parts of the riser will induce a force on the two parts of the riser which force will act
against the return of the two part of the riser to the neutral position.

The invention will now be described with reference to the accompanying drawings where;
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Fig. 4 is a sketch showing the principles of the invention,
5 Fig. 5 is a drawing showing a first embodiment of the invention,

Fig. 6 is a drawing showing a second embodiment of the invention,
Fig. 7 is a drawing showing a third embodiment of the invention,
Fig. 8 is a drawing showing a fourth embodiment of the invention,
Fig. 9 is a drawing showing a fifth embodiment of the invention

10 Fig. 10 is a drawing showing a sixth embodiment of the invention,
Fig. 11 is a drawing showing a seventh embodiment of the invention,
Fig. 12 is a drawing showing an eight embodiment of the invention, and

Fig. 13 is a diagram showing bending moment variations on the wellhead with three
different configurations of a riser.

15 In Fig. 2 is shown a simplified sketch of a part of the riser system as depicted in
- Fig. 1. A flex joint 20 is mounted between the riser 24 and wellhead 14, The flex

joint is typically located at a height H from the wellhead 14 datum to the flex joint
axis. The riser can also be said to comprise two parts joined at the flex joint. As can
be seen from Fig. 2, when tension is applied to the riser, an upward force Fg acts on

20 the wellhead. When the riser is at an angle 6 this force will split into a vertical and a
horizontal component. As will be understood, when the riser is vertical the
horizontal component is zero but as the angle increases the horizontal component
will also increase. The horizontal component will result in a bending moment
generated at the wellhead, as represented by the formula

25 MWHxFRJ,XH"i‘kHXQ
where

H: Height from welihead datum to flex Jjoint axis
8: Global flex joint angle
Fr: Riser tension at flex joint axis
30 Fra: Horizontal component of Fp
‘ ko: Rotational flex joint stiffness
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67 respectively.dithelose to a zero value for the bending moment at the wellhead, My, fora
15 negative value of the joint stiffness ke. One should here also notice that with a
negative flex joint stiffness ko which has a larger negative value, there will again be
an increasing bending moment at the wellhead, as indicated in the graph. The
challenge is to change cocking stiffness of a joint between two parts of a riser from
positive to negative. This will reduce the overall dynamical/static bending moment
20 on the wellhead during subsea operations.

This problem is solved according to the invention by providing a device which is
creating a force that acts on the two riser parts connected by the joint that induces a
negative stiffness in the joint between the two riser parts. In fig. 4 there is shown a
sketch of the principle behind the invention. A force creating element is attached

25 between a point below and a point above the flex joint or with other words to the
two different riser parts in a distance from the joint. The element will create a
situation giving that if the bending angle is larger than zero the force element will
try to increase the angle. The bending angle is an angle between the two riser parts,
when these riser parts are moved out from a neutral position. This angular deviation

30 of the one riser part in relation to the other riser part will be resisted by the vessel
due to the tension system connected to the riser at the vessel and the result 1s that in
this situation we have introduced a flex joint with a “negative” stiffness. This
enables the flex joint to be designed with negative cocking stiffness and this will
cancel out or reduce the influence of the bending moments as a result of the

35 deviation of the riser parts relative each other., as shown in the formula below:

My, =Fx§

8= g x sin(—g)

F =P_[ka~—k*L*cos(—§)]=P—ka[i—cos[§D



40hydrostatic suspensions each consist of a ring-shape_d cyIir_mdricaI flexible element, for example
interior of this flexible element is filled with a WO
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I bending occurs. The upper part 52 may be connected to the riser pipe 24 attached to
a floating vessel and thereby following the movement of the vessel, while the lower
part 58 may be attached to the stress Jjoint 20 shown on Fig. 1, and thereby kept
re]ati\?ely still in relation to the seabed. However, any kind of flexible joint may be
used between the two parts of the riser that should be allowed to form an angular
20 deviation between them. By angular deviation one should understand that there is an
angular deviation between the longitudinal axes of the two riser parts, or the riser
part attached to the vessel and the part of the fluid conduit from the well and up to
the flex joint. This last part of the fluid conduit will also form a part of the riser
from the well to the vessel. A first shoulder or spring holder 60 is attached to the
25 first or upper part 52 of the riser and a second shoulder or spring holder 62 is
attached to the second or lower part 58. In the figure there is shown that the position
of the lower shoulder 62 can be adjusted relative the second part 58 by a nut
arrangement 64. It is possible to arrange also the first shoulder 60 adjustable
connected to the first part. It is also possible to arrange both shoulders 60, 62

30 adjustable connected 1o their respective parts 52,58 of the riser. This enables the
spring to be pretensioned according to the desired force on the specific flex joint to
easily adjust the force for the specific use. The shoulders 60, 62 are formed by |
annular shaped shoulders extending in a radial direction relative the riser parts.
There is in these shoulders 60, 62 also arranged a groove 61, 63. As shown in the

35 figure these grooves 61, 63 of the respective two shoulders 60, 62 are facing away
from each other and thereby also facing away from the other riser part compared
with the one they are attached to. It is also possible to envisage an opposite
configuration where the grooves are facing each other. In the spring holders or
shoulders there are arranged hydrostatic suspensions 66, 67. respectively. The

40 hydrostatic suspensions each consist of a ring-shaped cylindrical flexible element,

for example made by rubber. The interior of this flexible element is filled with a



25connected to a source of pressurized fluid 77 and the flow to the different chambers of the different
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arrangement on the riser parts, independent of the pressure within the internal bore 54. In Fig. 7 there
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out of alignment. A stop may be introduced to limit the bending angle,

In an alternative the spring may be replaced with a bi-stable rubber element having
I5 the same function.

Fig. 6 shows a second embodiment of the arrangement for providing forces to the
joint. Similar parts are given the same numbers as on Fig. 5. Between the two
shoulders 60,62 there are arrangéd a number of hydraulic cylinders 70, 71, 72
having pistons such that the piston 73 is connected to a rod 74 which is attached to

20 one shoulder, in this case shoulder 60. The cylinder is, in this case, attached to
shoulder 62. The piston 73 is reciprocally movable in cylinder 72 thus limiting the
‘cylinder into two chambers. Each chamber is connected to a fluid line 75 and 76 for
supplying fluid under pressure to one or the other chamber, for thereby regulating
the force from the cylinder arrangement on the flexible joint. The fluid lines are

25 connected to a source of pressurized fluid 77 and the flow to the different chambers
of the different cylinders in the cylinder arrangement is controlled by a control unit
78. The system also includes sensors for measuring the global riser angle @ as well
as pressure and temperature transmitters as is common in control systems. The
arrangement function such that the angle size and direction is measured and when

30 the riser starts bending the control unit will direct pressurized fluid into the chamber
above the piston to force an increase of the bending angle.

The piston and cylinders are preferably attached to the shoulders with flexible joints
to avoid excessive bending.

The system is shown having tree cylinders equally disposed around the riser but the
35 number may be any that will achieve the desired result. Also, it will be obvious to a
person skilled in the art that the piston and cylinder can be otherwise arranged, i.e.
that the piston may be attached to the lower shoulder 62 and the cylinder to the
upper shoulder 60. It should also be obvious that the pressurized fluid can be
directed and distributed to more than one cylinder so that the increase in angle can



10 82 and negative 84 magnets, each attached to, respectively, the upper and lower shoulder 60, 62.
A cable 86 extends from a power unit 80 to the electromagnets. When power is r?pp(;l_ietd to theb t
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52,58 of the joi BEE%&&WN’@%@%B@WE! configuration that when the riser
15

starts bending to one side, the magnet(s) on that side will seek to move closer
together and thereby try to increase to bending of the flexible joint. This will
increase the power of attraction and tend to increase the angle. It should also be
noted that by changing the polarity of the magneis it will be possible to lock the
joint in the stable (e.g. aligned) configuration. '

20 In fig. 8 there is shown a fourth embodiment of the invention. In this embodiment a
first riser segment 90 is connected to the joint according to the invention through a
first swivel means 93A, at the opposite side of this swivel means 93A there is

“connected a first bent pipe segment 94A, a first end of the first bent pipe segment
94A will not be aligned with a second end of the first bent pipe segment 94A since

25 this pipe segment is bent. Via a second swivel means 93B a second bent pipe
segment 94B is connected to the first bent pipe segment 94A. The second bent pipe
segment 94B is connected to a second riser segment 92 via a third swivel means
93C. The relative movement between the different bended pipe segments 944, 948
is controlled by motors 95 with crown wheels 96. Through the controlled movement

30 of the swivel means one achieves the induced bending force in the joint.

In fig. 9 there is shown a fifth embodiment of the invention. This embodiment is
similar to the embodiment in fig 6. A difference in this embodiment is that the
cylinders/piston rod 102 are arranged with an extension axis transverse to an axis of
the joint in a neutral position, and with hinged connection 104,103 connected

35 between a first arm 101 and a second, mainly L-shaped arm 100 with a distal end of
the L-shape arranged mainly radial outside the first arm 101. The arms 100,101
being connected to respective part 52,58 of the joint.



li A similar system is shown in the sixth embodiment as shown in fig. 10, but in this embodiment the
piston rod 102 is coniiected to a bearing arrangement 105 running on a spherical surface 106. In fig.
11 there is SG/%V% aﬂsée\z/zetz)nth embodiment of the invention. In this embodiment 5thgz flexible means of
the joint between e ends are form by a flexible pipe segment 110 inSe A8t al%oéfﬂ%int or
prebended pipe segments as shown in the other embodiments. The flexible pipe segment 110 is
connected frame elements, 111 and 112 one on each end of the joint. The force means 113,114 are in
this embodiment shoilan syspencidintienpisteheanrahgarhedimchitis hehwevempassiblebia fi0dnvisage the
flexible pipe segmbsdimkRwith gheosthed possidedocce eanbanapgametisas desetihagign relation
to embodiment yyith dhehadl iiptaselutign. In fig 12 there is shown a different aspect of the invention. In
this embodiment the force means, in the form of helical springs 50, are positioned to at one end of the
force means cldadip alckettei axim ahthedoinitihanbdd athe et of taet forcennmgarstbathisnill give a
gearing ofsthe fereqii this mysteadepssuentanthaiaterd displacementoliir a8 ¢figfirst part 52 of
the joint in relatian{n.an e0¢hofeae6eoRd PATRR Of R IRIRk SHERA RARUI0ING Ol i jarce means are
also possible Wﬁ&%@%%%%%ﬁ'fé?sfe{‘%éoﬁg% gans A dost 'Pf {ntelation fo IS ofer embodiments.
20In fig. 13 there IS shown a 8lag‘ram S owmglitllqe re%rlﬂ]lffs in the TOIM-6 rapﬁs ora cé:ﬁl:ﬁration of the

time variation of IHeBEAdME i 8heAfhahe! dhed A HE s otcs T881hiler IdAgHser a0 16,9817)
with different typESHMeRbIB G1R L dhstsy pdserasto traandsmes shBumbipMBIS tiageaMe tn where
there is N flex privisagettber@exivihppdstgmentphOwvitihtive: |athespessidtdoscintianding moments. The
second 25graphis:ngthenthegréticalide ah tedjaintoshaniaiesswien diadb moaants Basnwith no flex
joints. The third graph is a riser with a joint according to the inventions, described as negative flex joint,
since the joint Wil firy 13 there sshthenbeddisewhspetteofoing st bemidnABioamadisestttie bending
moments are ndbzemmdanshe i phittdesShate sbehiiagk Signiffegialijtioned to at one end of the

force means close to a centre axis of the joint than the other end of the force means,

15 this will give a gearing of the force in this system dependent on the lateral
displacement of the end of a first part 52 of the joint in relation to an end of a
second part 58 of the joint. Such a positioning of the force means are also possible
with the other different force means as described in relation to the other
embodiments.

20 In fig. 13 there is shown a diagram showing the results in the form of graphs of a
calculation of the time variation of the bending moment acting on a wellhead of a
150 meter long riser (RAO 16,9817) with different types of flexible riser joints.
There are three curves shown in this diagram, on where there is no flex joint in the
riser, which is the graph with the largest variations in bending moments. The second

25 graph is with a theoretical ideal flex joint, showing less bending moments than with
no flex joints. The third graph is a riser with a joint according to the inventions,
described as negative flex joint, since the joint will try to increase the bending when
the joint first bends. As one can see the bending moments are not zero but the
amplitudes are reduced significantly.

30 The invention has now been explained with several embodiments. A skilled person
will understand that there may be made alterations and modifications to these
embodiments that are within the scope of the invention as defined in the attached
claims. For example may it be desirable to have a locking function to lock the
system so that it will behave as a stiff rod, i.e. turning the flex joint into a stiff joint.

35 ki may also be desirable to use a type of flex joint that does not resist bending, such
as a ball joint.



30The invention has now been explained with several embodiments. A skilled person will understand
that there may be made alterations and modifications to these embodiments that are within the scope
of the invention as defined in the attached claims. For example may it be desirable to have a locking
function to lock the system so that it will behave ag- stiff rod, i.e. turning the flex joint into a stiff joint.
351t may also be desirable to use a type of flex joint that does not resist bending, such as a ball joint.
12 CLAIMS 1. %ﬁi tl.lﬂ%%use in connection with a riser, comprising flexible means allowing a first end of
the joint to be lateral displaced relative a second end of the joint, characterised in that the riser joint
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end of the joint away from the joint axis. 3. Riser joint according to claim 1 or 2, characterized in that it
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means are configured to apply a force between the anchoring points, to laterally deflect the
one end of the joint away from the joint axis.

3. Riser joint according to claim 1 or 2,
characterized in that it comprises a first shoulder connectable to the first end and a
second shoulder connectable to the second end and the force means are connected to the
two shoulders.

4, Riser joint according to claim 3,
characterized in that the force means are connected to at least one of the shoulders
with a hinged connection.

5. Riser joint according to one of the claims 1-4,
characterized in that the force means comprises a mechanical system, a hydraulic
system, a magnetic system and or an electric system for providing the force on the joint.

6. Riser joint according to claim 4 or 5, _
characterized in that the force means comprises at least one elastic element arranged
between the first and second shoulder, and the hinged connection comprises a hydrostatic
suspension system in the connections between the elastic element and the shoulders.

7. Riser joint according to one of the claims 3 to 6,

characterized in that at least one of the shoulder elements is adjustably connected to
the part.

8. Riser joint according to one of the claims 1 to 4,



characterized in that the force means comprises a mechanical system, a hydraulic system, a magnetic
system and or an electric system for providing the force on the joint. 6. Riser joint according to claim 4
or 5, characterized in that the force means comprises at least one elastic element arranged between
the first and second shoulder, and the hinged connection comprises a hydrostatic suspension system
in the connections between the elastic element and the shoulders. 7. Riser joint according to one of
the claims 3 to 6, characterized in that at least one ofithe shoulder elements is adjustably connected to
the part. 8. Riser joint according to one of the claims 1 to 4, 13 characterized in that the force means
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magnet element attac to one part and at least one magnet element attached to the other part. 10.
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cables between the magnet elements and a power control unit and a source of electric

energy.

11.  Riser extending between a floating installation and an installation fixed
relative the seabed, characterized in that it comprises a riser joint according to one
of the claims 1 -10 arranged to form a part of the riser.

12, Riser according to claim 11,
characterized in that it is connectable to a tension system arranged on the
floating installation.

13. Method for reducing bending moments in a riser at a connection between the

riser and a subsea installation, connecting the riser to a tension system at a floating

vessel, characterized in providing a riser joint between two elements forming

parts of the riser between the subsea installation and the vessel, which riser joint in

a neutral position provides mainly equal forces around the circumference of the riser and
which with a deviation from a neutral position between the two parts of the riser will induce
a force on the two parts of the riser which force will act against the return of the two part of
the riser to the neutral position.

14.  Method according to claim 13, characterized in that it comprises the steps of
providing the riser joint with a cylinder arrangement and regulating a supply of fluid to the
different chambers in the cylinder arrangement to regulate the force acting on the two parts
of the riser.



13. Method for reducing bending moments in a riser at a connection between the riser and a subsea
installation, connecting the riser to a tension system at a floating vessel, characterized in providing a
riser joint between two elements forming parts of the riser between the subsea installation and the
vessel, whichH{3&t%H14#3#a neutral position provides mainly equal forces acaumdathemiscsimference of
the riser and which with a deviation from a neutral position between the two parts of the riser will
induce a force on the two parts of the riser which force will act against the return of the two part of the
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electromagnetic elements and regulating a power supply to the different electromagnetic elements to
regulate the force acting on the two parts of the riser.
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