RISER BENDING RELIEF JOINT Field of the Invention The present invention relates to a connector
with a gimbal joint operable as a bending relief joint, to relieve the bending stress applied at high
bending locations in a subsea riser, in the event that the applied bending moments exceed a
predetermined bending limit. Background of the Invention Offshore oil and gas production installations
typically have a wellhead on the sealpag =R pNDIMERECIRGCINTS on a subsea tree. For production
completion or workover purposes, a riser pipe string may be connected between the subsea tree and a
surface veggebisHEREiggMi-submersible or drill-ship responsible for carrying out the desired well
intervention. The surface vessel may be maintained in position above the well by means of anchors or
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counteract drift. In operating conditions, some angular displacement of the surface vessel away from
the verticSISHoVBAREYHANI 75 g&%'&&%wg%gﬁemm'mﬁt'ea&@gaw dRsholbsthie I6¥aN e idiths,
includingaitisdbehdiegthemémia gihusedituatdatthmiopdnatlimitrange within which a surface vessel may
safely drift will depend on various factors, including the tensile and bending limits of the riser. In
unexpecteacrs@xia e awasiances, for example if an anchor slips or GPS fails or in a sudden
storm, the surface vessel may drift to the extent that emergency action may be required to avoid

damage tortkieFissil ﬁh@@a‘é’%ﬂb@@&iﬁ%ﬁ‘dﬁﬂtiw@%@%é{)@ AISRY |I§HH&9dﬁ‘%¥é%@'&S&j€aﬁéf§Wd98ﬂbn a
'‘weak link' desi(gned to fails:%tension below the limits of an ordina{%ériserﬁi e. To protect the wellhead,
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joint or ﬂ%ﬁiB'F‘eQB&’i‘ﬁSF@’fér%Y@iHE%ﬂ%%’éﬁ%%&?%%&? degree of continuing flexure in a tubular
riser string, for example as described in US-A-3 433 504, US-A-3 977 707, US-A-3 523 578 and US-3

695 633. t lv: i i ide .
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environmspdaltiifemiiramsusbras siigngihiisblidemancedanthcef tbesviadagtitom well wéigichn shallower

water, a JUIfacs Wirse ROSHEERAD LY M RE LB UHR RIS IS SXREY including tides
and weather. In a given situation the operatimgeawithin which a surface vessel may safely drift
will depend on various factors, including the ténsind bending limits of the riser. In unexpeated
extreme circumstances, for example if an anchps @ GPS fails or in a sudden storm, the surface
vessel may drift to the extent that emergency aatiay be required to avoid damage to the riser or

the wellhead.

For such purposes, the riser string may includefetysjoint — a ‘weak link’ designed to fail in t&on
below the limits of an ordinary riser pipe. To fact the wellhead, an emergency disconnect package
(EDP) utilising a quick disconnect connector (swh described in WO 2009/019515) may be

provided at the base of the riser string.

In the past, various types of ball joint or flexdldonnectors have been proposed to allow someealegre
of continuing flexure in a tubular riser stringy fexample as described in US-A-3 433 504, US-A-3
977 707, US-A-3 523 578 and US-3 695 633.

However, these systems are not themselves designbd triggered by, or to provide protection
against, excessive bending moments which may bgedpt or by the riser, in cases of extreme
angular displacement from the vertical. Furtheffialilties may also arise owing to local
environmental differences such as strength of tigled depth of the water at the well site. In

shallower water, a surface vessel is necessarilye imited in absolute terms in the extent of



allowable drift, and the shorter length of riser behaves more rigidly than longer lengths in deep water.
Different stresses arise and safety systems need to be adapted correspondingly. The present
invention is directed at providing means for relieving bending stress in a subsea riser, which means
may be adjustable to selected limits and to address variations in relevant operating parameters in
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there is %yeigéar% gg!%c,)snng%trosref% 8 \évtithsa e“@?%%é&ﬁ{g{”%&'é%tﬂr%% tohe i%opnector comprising a body
with a first connec mgsfeélce havmg aat%rgué -passageway and ada\ppe(:i1 ?or%nnection to a first,
external conduit element and a gimbal joint within the bod ,tRe %im al joint having a .
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adapted ngg%g@gtjgraﬁ%peﬁpﬁgggo%temal conduit element, the connector further comprising at least
one detent mechanism adapted to engage a corresponding locating feature on the gimbal joint,
Wherebygm%mgqgl%?fﬁg GWRYs are maintained in alignment and the gimbal joint prevented from
moving relative to the body until a predetermined bending moment is applied to the gimbal joint across

the axis %1: its throu%hiﬁassagem{ax. A corciin%to the Br&s nt.inventign Jrom anotrtler spect, tht%re is
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locating feature on the gimbal joint, whereby the through-passageways are maintained in alignment
and the fitRBEMNoifiSs BRI R MIVIRG HattRle B EKEY (PREZPIRDAGARIRR dDSTWIRG 2
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tubular elements or wellnead |>_<turejs such as a blowout preventer, and do not themselves form part of
the connBESHNGEILACEH BB AR AP AIEH afifR AUdfeOh HESERUADEIRRSAIRANVAY the advantage

that the through- passageways and riser are maintained in alignment within a safe working range of
bending Awsoigling to the present invention from anothereaspthere is provided a method of providing a

relief joint for a riser installation, the methodneprising: providing a connector comprising a body
with a first connecting face having a through-pgssay; providing a gimbal joint within the body,
the gimbal joint having a through-passageway whiglsubstantially aligned with the through-
passageway in the first face, and a second comgefetce on an opposite side of the connector to the
first connecting face; connecting the first conimegtface to a first, external conduit element; and
connecting the second connecting face to a secrtanal conduit element, the method further
comprising providing at least one detent mechanigiith engages a corresponding locating feature
on the gimbal joint, whereby the through-passagewag maintained in alignment and the gimbal
joint is prevented from moving relative to the badtil a predetermined bending moment is applied

to the gimbal joint across the axis of its throygtssageway.

It will be appreciated that the first and secondemal conduit elements referred to above may
include riser pipe or other tubular elements orllvezld fixtures such as a blowout preventer, and do

not themselves form part of the connector itself.

A connector and method according to the presergniion have the advantage that the through-
passageways and riser are maintained in alignmithinva safe working range of bending moment,

but when the predetermined limit is reached thedimen stress can be quickly and consistently



but when the predetermined limit is reached the bending stress can be quickly and consistently
relieved before damage occurs to connected riser or wellhead elements. Any tooling that is run
through the passageways is also protected and extra opportunity to retrieve such tooling is provided.
Preferably, a plurality of detent mechanisms are provided, spaced around the body to engage
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adjustingetvr@]@;gméatgr%mq,%oggg @m@uﬁ}?ﬂﬁ%ﬁlﬁgmﬁm if the latter includes spring

means; or the’or each adjustment means could comprisé hydraulic’' means. The or each detent

mechanism ¢ ' ' irecti - [ - a f ody.
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receives toguganakirjnéang\amerest Beslyipael jetaining the gimbal joint in place. The present
invention also combines a riser installation including a connector according to the invention.

The or each detent mechanism may comprise a datéed on by spring means, such as disk or coll

or composite springs.

The or each adjustment means could comprise meamsljusting the spring rate of the spring means
of the detent mechanism if the latter includesrgprmeans; or the or each adjustment means could

comprise hydraulic means.

The or each detent mechanism could be disposeddireation normal to the axis of the through-
passageway of the body. Alternatively, the or edgtient mechanism could be disposed in a direction

inclined relative to the axis of the through-passeay of the body.

The body could comprise an outer body part whideires the gimbal joint and an inner body part

retaining the gimbal joint in place.

The present invention also combines a riser irgdtall including a connector according to the

invention.

The utilisation of an adjustable detent mechanianto-operation with a locating feature on the
gimbal joint offers the advantage that the connectmy be mechanically reset simply by
repositioning of the respective external condwen@nts in alignment (for example by repositioning a
surface vessel in alignment above the wellhead-®cion-riser assembly so that the or each detent
mechanism re-engages with the relevant locatintufean the connector). Additionally, if the or
each detent mechanism trips and a disconnect ied@ayut at a connector lower in the stack, the or
each mechanism will reset under gravity allowinggdossible re-connection or a normal recovery to

the vessel.

In a further alternative arrangement, the or eagterd mechanism may comprise a shear member
which is designed to shear when the limiting begamoment is applied. Such an arrangement would
have the disadvantage, however, that it could eotdset without reinstalling a replacement shear

member.



The utilisation of an adjustable detent mechanism in co-operation with a locating feature on the gimbal
joint offers the advantage that the connector may be mechanically reset simply by repositioning of the
respective external conduit elements in alignment (for example by repositioning a surface vessel in
alignment above the wellhead-connector-riser assembly so that the or each detent mechanism
re-engagefenite dbeptRie \Giiidaoatiigdeature in the connector). Additionally, if the or each detent
mechanism trips and a disconnect is carried out at a connector lower in the stack, the or each

mechanisng Willsrg sl sten 8 fasityor baw Bl foniRRS R IBlRTBcEaHIRBHAR PloaOpreab R GRG0 the
vessel. In a further alternative arrangement, the or each detent mechanism may comprise a shear
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arrangement would have the disadvantage, however, that it could not be reset without reinstalling a
replacem&ht HEXSHR-Mber. Brief Description of the Drawings Fig. 1 is a perspective view of one
embodiment of a connector according to the present invention; Fig. 2 is a perspective vertical section
across thidPlanis APLIBPEYEIGRIERACTIRBaFMARe WdleasRiEAl tﬁSs&ﬁ'@S‘E?tl@ﬁQﬂé%b@n@V&%‘cal
section agseRRMA’ of Fig. 1 also with the gimbal in the locked vertical position; Fig. 4 is a perspective
vertical section across the plane AA' of Fig. 1 with the gimbal displaced from the vertical and its

detents difgnoRIE PerdpediiVe QRIS YEHIGR RPSIQMAETRAS AMEIQf Figit (HathifsO PRl caRIBRed as
in Figure 4 Fi?qr..G iIS a&).ersdoectivedview of an alternative embodiment of a connector according to the
present iR flical and its detents disengaged;

Fig. 5 is a plane vertical section across AA’ af.Fi with the gimbal displaced as in Figure 4;

Fig. 6 is a perspective view of an alternative ediment of a connector according to the present

invention;

Fig. 7 is a perspective vertical section acrosspthee BB’ of Fig. 6 with the gimbal in the locked

vertical position;

Fig. 8 is a plane vertical section across BB’ of.F6 also with the gimbal in the locked vertical

position;

Fig. 9 is a perspective vertical section acrossgpthae BB’ of Fig. 6 with the gimbal displaced from

the vertical and its detents disengaged,;
Fig. 10 is a plane vertical section across BB’ igf B with the gimbal displaced as in Fig. 9;

Fig. 11 is a diagram illustrating how the safe afiag range for a surface vessel may be extended by

use of a connector according to the present ingenti
Detailed Description of Embodiments of the Inventio

Figs. 1 to 5 illustrate the construction and operabf one embodiment of a connector 10A according
to the present invention for operating as a rigrding relief joint. Connector 10A comprises outer
and inner body parts 11,12 which contain a joinhpdsing a gimbal joint 15. In this embodiment,

the gimbal joint 15 is inserted in the outer bodytd 1 from the lower side and retained in place by
the inner body part 12 which is threaded (or otleeviixed) into the outer body part 11. The inner
body part 12 has a through-passageway in the férambmre 14 and a lower face 13 which, in this
embodiment, is intended for connection to an emmergealisconnect package (EDP). The gimbal

joint 15 has a through-passageway in the form bbiee 17 which is axially aligned with bore 14



Fig. 7 is a perspective vertical section across the plane BB' of Fig. 6 with the gimbal in the locked
vertical position; Fig. 8 is a plane vertical section across BB' of Fig. 6 also with the gimbal in the locked
vertical position; Fig. 9 is a perspective vertical section across the plane BB' of Fig. 6 with the gimbal
displaced from the vertical and its detents disengaged; Fig. 10 is a plane vertical section across BB' of
Fig. 6 withHbe wién@iaiaaswa@eﬂeaadneﬁige&ioﬁigoobhwiagrags ilustamgTevuppe sriccoremting
range for a sourfacqut\i g Ogggnd%q br}/tgserg{ a connector according to the present invention.
Detailed %GSCI’I ion of E Ments of the Mvention E“&s 1 to 5 illustrate the constructlon and

ti f b di t of 1OA t f
riser bend SRR aﬁ'@iﬁﬁe&%&?@o&mgg TSR e By L e 5 2 GOt
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otherwise fixed) into the outer body part 11. The inner body part 12 has a through-passageway in the
form of a'%%ﬁ‘éeﬂ4'an%05§o%\9eﬂf§ké‘rf3%ﬁ&9‘i’ FVERIY e?ﬁB’c?dh’Héerﬁt q%%t@ﬁﬁe%ilfo? rHECiRSFeD i
emergeneygligeneneatipatiage$ENR)y Ehargisnbiattjoinkidchasisnibrcugh-asssdggwiaydretherfoisk of a
bore 17 \gg} 52§x|ally aligned with bore 14 when the gimbal is in the locked vertical position shown in
Figs. 2 an he upper face 16 of the gimbal joint 15 |s intended for connection to a riser string. The

gimbal joint 15 is rowde with Io tin fea ures 21 wh re. engaged b tents 20 gf.detent
mecham;[[rhs S TR Hgsnogy mgeff cﬁ gggls%no& hogv %ﬁi‘e efpr%\‘/a?(? gltr%em frerent aIIqubCund(%Hms
gimbal jobaniBcierpheste giorra'S betirasingianbapjafi w3tmadateser body part 11. The detents 20 are
inserted in ports 19 and are spaced evenly around the outer body part 11, and are forced into

engagem@titongh featiresr it bylispeingparé théhde tbeitsgsechddisens phacitl dy edie spring ST, digth
SPrings 23 hydraulically driven pistons to adjust the faapelied to the detents 20.

As shown in Figs. 4 and 5, when a sufficient begdimoment has been applied by a riser connected to
the upper face 16 of gimbal 15, the detents 20hdisge from the locating features 21 and the gimbal
joint 15 is free to rotate angularly away from ttegtical and thereby relieve bending stress apjidied
the attached riser through the connector to théheead, the bores 14 and 17 no longer being aligned.
A profile is cut in each of bores 14 and 17 to easw snagging and to facilitate the bores no longe

being aligned.

Figs. 6 to 10 illustrate the construction and openzof an alternative embodiment of a connectds 10
according to the present invention. In this embuwmit, the ports 19 and the detent mechanisms
20,22,23,24 around the upper part of body partréInat disposed horizontally relative to the axes o
the bores 14 and 17 (that is in directions normdhe axis of bore 14) but are inclined relativdtoe

14. It is anticipated that such an alternativgasstion of the ports 19 and components of therdete
mechanisms 20,22,23,24 may be preferable in siustivhere lateral access is more restricted for
some reason or where an alternative load pathmilig tool is desired. Components in Figs. 7 to 10
which correspond with components in Figs. 2-5 haeen identified by the same reference numerals

as in Figs. 2 to 5.

The diagram of Fig. 11 illustrates, schematicaliyvithe safe operating area for a surface vessel 32
may be increased by using a connector 10 accotdirtpe present invention positioned above a
wellhead 30 and connected to riser string 31. ddmnector 10 maintains the gimbal joint of the
connector and connected riser in rigid alignmewselto the wellhead 30 until the vessel 32 is
displaced from central location 1 vertically abakie wellhead to a location 2 on a circular perimete

P2, when a predetermined bending moment applidgetgimbal joint triggers release of the detents.



The springs are shown held in place by retaining mounts 24 of the detent mechanisms, which mounts
can incorporate spacers or other means to adjust the spring rates. Although not shown, it will be
apparent that the springs could be replaced by alternative means, such as hydraulically driven pistons
to adjust the force applied to the detents 20. As shown in Figs. 4 and 5, when a sufficient bending

moment ias beeacaneked byag tivaT eonesiRy @ WeappatHiace lid & giounal Jd&ritkectetenimhait
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construcliii%n| and operation of an alternative erFr)wbodiment of a connector 10B according to the present

invention{AXAR EhYGIR AR, FHEY HREME'ANIthe detent mechanisms 20,22,23,24 around the upper

part of body part 11 are not disposed horizonti%y relative to the axes of the bores 14 and 17 (that is in
i
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bepreferl%'s' | lateral access | re. [ for sq e
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componeffanactRysioas kRReanedhadesiripiptHerEif@eteRfiS8Ee numerals as in Figs. 2 to 5. The
diagram of Fig. 11 illustrates, schematically how the safe operating area for a surface vessel 32 may
be increased by using a connector 10 according to the present invention positioned above a wellhead
30 and connected to riser string 31. The connector 10 maintains the gimbal joint of the connector and
connected riser in rigid alignment close to the wellhead 30 until the vessel 32 is displaced from central
location 1 vertically above the wellhead to a location 2 on a circular perimeter P2, when a
predetermined bending moment applied to the gimbal joint triggers release of the detents. The surface
vessel may then move safely to a position 3 within a wider circular perimeter P3 without excessive
tensile or bending stress being applied to the riser string 31 and wellhead 30. The riser string may
incorporate a tensile weak link 33 and the wellhead may be provided with a quick-release emergency
disconnect package (EDP) 34 to operate and avoid damage should the surface vessel be likely to go
outside the safety perimeter P3. In the examples described, the body 11,12 of the connector is
connected to an EDP and the gimbal 15 is connected to a riser. It will be apparent that a connector
according to the present invention may also be adapted for connection in an inverted form if necessary
- i.e. with the gimbal joint for connection to an EDP and the body adapted for connection to a riser.
CLAIMS:



1. A connector for use with a subsea riser installation, the connector comprising a body with a first
connecting face having a through-passageway and adapted for connection to a first, external conduit
element and a gimbal joint within the body, the gimbal joint having a through-passageway which is
substantially aligned with the through-passageway in the first face, and a second connecting face on
an opposite/gis:of the connector to the first connecting face and adapted for connection to a second
external conduit element, the connector further comprising at least one detent mechanism adapted to
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3. A connector according to claim 2, wherein the detent mechanisms are evenly spaced around the
axis of th@tRrBiGh-pRRSSfefids B?TJP\%%WPW i %WSF%&%@%W%&WHBF@%W toa
wherein #deoficagtedeteodmaithslaisenindiedesadjustidend meanyiet chgsting thetdéarcadoHamism
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means fot\j]%clljuEtiré%the spring rate of the spring means of the detent mechanism. 7. A connector

according to it 2> e the or each adjustment means comprises hydraulic means. 8. A
connector accordin to%%ilé/r preceding claim, wherein the orﬁﬁach detent mechanijsm is disposed in a

direction fiormaftd® SRR IR da JEOGES DA AR Sy P e A TS RSP A6 rBIRY 6 Siny
of claimsspaoed, avbendithéhigody éaehgdeke nd mespoadisgnigsatispesan ihaglmbatimmninclined relative to
the axis of the through-passageway of the body.

3. A connector according to claim 2, wherein theedemechanisms are evenly spaced around

the axis of the through-passageway of the body.

4. A connector according to any preceding claimerem the or each detent mechanism
includes adjustment means for adjusting the fowdae applied to the corresponding locating feature

for determining the predetermined bending momemuired to trigger movement of the gimbal joint.

5. A connector according to any preceding claimerem the or each detent mechanism

comprises a detent acted on by spring means.

6. A connector according to claim 5 as dependentlaim 4, wherein the or each adjustment

means comprises means for adjusting the springfdte spring means of the detent mechanism.

7. A connector according to claim 4, wherein theach adjustment means comprises hydraulic
means.
8. A connector according to any preceding claimemen the or each detent mechanism is

disposed in a direction normal to the axis of tirewgh-passageway of the body.

9. A connector according to any of claims 1 to hewein the or each detent mechanism is

disposed in a direction inclined relative to thesaot the through-passageway of the body.

10. A connector according to any preceding clairhergin the body comprises an outer body

part which receives the gimbal joint and an innaghbpart retaining the gimbal joint in place.
11. A riser installation including a connector acling to any preceding claim.
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10. A connector according to any preceding claim, wherein the body comprises an outer body part
which receives the gimbal joint and an inner body part retaining the gimbal joint in place. 11. Ariser
installation including a connector according to any preceding claim. 12. A method of providing a relief
joint for a riser installation, the method comprising: providing a connector comprising a body with a first
connecting face Aawifigha mr@@gmﬁg%sw@wawp@@\ddi@@sﬁamlbalt}mhwﬁbmctbmm@dm the giimal
joint havm% a thrqulg assarggew%% (¥th'v?tl?1 is fsrsp%a}]ntla alllgglelzd wit A rtgl? h rogg assageway in the
first face, Zand A second eonn c%ng ce on an oppo e Side Of e connetlor to e tirst onnecﬁng
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mechanisgaced around the body to engage correspondlngrigcfaatures on the gimbal joint.

14. A method according to either of claims 12 aBdificluding the step of adjusting the force
applied by the or each detent mechanism to theesponding locating feature for determining the

predetermined bending moment required to triggavament of the gimbal joint.

15. A method according to any of claims 12 to 1herein the or each detent mechanism

comprises a detent acted on by spring means.

16. A method according to claim 15 as dependentlam 14, wherein the adjusting step

comprises adjusting the spring rate of the spriegms of the or each detent mechanism.



