TENSIONER CYLINDER CONNECTIONS WITH MULTI-AXIAL DEGREES OF FREEDOM The
application claims the benefit of and priority to U.S. Provisional Patent Application No. 61/557,231,
filed November 8, 2011, entitled "Tensioner Cylinder Connections with Multiaxial Degrees of Freedom"
to Aksel, et al., which application is hereby incorporated by reference in its entirety. BACKGROUND
OF THE INVENTION 1. Field of the Invention [0001] The present invention relates in general to marine
riser tensioners and, in particular, to a push up tensioner that accommodates riser tilt with tensioner

cylinder connections with multiaxial degrees of freedom. Brief Description of Related Ar
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The application claims the benefit of and priority U.S. Provisional Patent
Application No. 61/557,231, filed November 8, 20&htitled “Tensioner Cylinder Connections
with Multiaxial Degrees of Freedom” to Aksel, et,alhich application is hereby incorporated
by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates in general to matiger tensioners and, in particular, to a
push up tensioner that accommodates riser tilt wéhsioner cylinder connections with
multiaxial degrees of freedom.

Brief Description of Related Art

[0002] Offshore production platforms must support prodarctiisers from oil or gas wells that

extend to the platform from subsea wells. Forfptats that are fixed to the ocean floor this is
readily accomplished and is well known in the artowever, for subsea completions in deep
water that require the use of floating platformsstsas tension leg platforms (TLPs) or semi-
submersible platforms, supporting risers presegmifsitant problems. These platforms move
under the influence of waves, wind, and current aredsubjected to various forces. Thus, the

riser tensioning mechanism must permit the platftommove relative to the riser.

[0003] The riser tensioning mechanism must also maintanriser in tension so that the entire
weight of the riser is not transferred to the wedli and so that the riser does not collapse under
its own weight. The tensioning mechanism mustetfoee exert a continuous tensional force on

the riser. Also, this force must be maintainechmita narrow tolerance.

[0004] Push up tensioners have several advantages inasalpgdications, one being that the

tensioner accommodates higher loads in a smalssespver other types of tensioners. This is in

part because push up tensioners use a more effigision end and do not require a tension

pulling device at the end connection. In addititwe pressure in push up tensioners does not act
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[0002] Offshore production platforms must support production risers from oil or gas wells that extend to
the platform from subsea wells. For platforms that are fixed to the ocean floor this is readily
accomplished and is well known in the art. However, for subsea completions in deep water that require
the use of floating platforms, such as tension leg platforms (TLPs) or semi-submersible platforms,
supporting risers present significant problems. These platforms move under the influence of waves,
wind, and current and are subjected to various forces. Thus, the riser tensioning mechanism must
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[0005] TLPs provide stable drilling platforms in deeperteva. In TLPs, tension legs extend
from the platform down to an anchor located atg4ba floor. The tension legs are relatively
inelastic meaning that much of the vertical motidrthe platform is eliminated. TLPs allow for
location of the wellhead assembly on the surfatkerathan on the sea floor. A riser will
typically extend from the wellhead assembly downthlie sea floor. This setup allows for
simpler well completion and better control of protlon. However, in TLPs the riser may tilt
from the vertical relative to the TLP. The amoohtiser tilt from the vertical is not static and

varies with time during operation.

[0006] While use of both TLPs and RAM type push up tensis is desired, because of the
varying riser tilt, RAM style push-up tensionersistructed to date are not currently suitable for
use with TLPs. In previous RAM systems, the cydirdremain in line with the riser, which
allows for small spacing of the risers. Thereftinere is a need for a push up riser tensioner that
can tilt with the riser for use in a TLP.

SUMMARY OF THE INVENTION

[0007] These and other problems are generally solvedanmivented, and technical advantages
are generally achieved, by preferred embodimentseopresent invention that provide a push up
tensioner that accommodates riser tilt with tensioaylinder connections with multi-axial

degrees of freedom.

[0008] In accordance with an embodiment of the preserdnten, a tensioner for maintaining a
tensile force in a riser having an axis and extegdiom a subsea wellhead assembly through an
opening in a floating platform deck is disclosékhe tensioner includes a tensioner ring coupled
to the riser, and a plurality of hydro-pneumatidirmjers, each having at least one flexible

coupler on an end for coupling the cylinders betwde deck and the tensioner ring. Each



on the rod side of the cylinder. Where seas are rough, and the floating platform experiences great
range of vertical motion, push up tensioners are better able to accommodate that vertical motion. In
addition, use of a push-up tensioner can minimize the corrosive effects of the saltwater environment in
which they must operate because the high pressure seals of the tensioner are not located adjacent to
the atmosphere and are isolated from caustic fluids and debris. [0005] TLPs provide stable drilling
platforms in deeper waters. In TLPs, tension legs extend from the platform down to an anchor located

at the sea flgar. The tensjon legs are relatively inelastic meaning that much of the vertical motign of the
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riser, whiteENe@a e Menatiespacing of the risers. Therefore, there is a need for a push up riser
tensioner that can tilt with the riser for use in a TLP. SUMMARY OF THE INVENTION [0007] These
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in a iser naving e axis andexiending flom, & sueseaGliead assembly (iaan.an sheping o &
oating platform deckis discfosed. Thetensioner inclu a tensioner ring coupled to the riser,"and a
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the Cy'i”?@ﬁ%i@ﬁé‘?’ﬁﬁﬂ.”@a%ﬂ%%lﬂé'&%ﬁ%ﬁlﬁj%%%ﬂﬁg'ctb:rﬂﬁfbrs to the tensioner ring includes a post
extending along an axis of the cylinder and anrinégliate sleeve disposed around the post to
form a post annulus. The flexible coupler alsdudes a tensioner ring sleeve secured to the
tensioner ring and defining a cavity into which test and intermediate sleeve are inserted so
that an annulus is formed between the sleeve andetisioner ring sleeve. The tensioner ring
sleeve is coupled to the intermediate sleeve sb tdresioner ring sleeve may pivot on the
coupling between the tensioner ring sleeve and itliermediate sleeve relative to the
intermediate sleeve. The intermediate sleeve igpled to the post so that the intermediate
sleeve may pivot on the coupling between the in¢eliate sleeve and the post relative to the

post.

[0010] In accordance with still another embodiment of fresent invention, a tensioner for

maintaining a tensile force in a riser having amsand extending from a subsea wellhead
assembly through an opening in a floating platfoleck is disclosed. The tensioner includes a
tensioner ring coupled to the riser, and a plwyradithydro-pneumatic cylinders, each having at
least one flexible coupler on an end for couplihg tylinders between the deck and the
tensioner ring. Each flexible coupler includes yinder adapter coupled to an end of the
cylinder and having two posts extending from thincier adapter opposite the cylinder, an inner
pivot positioned between the posts of the cylinadapter, the first pin passing through upper

ends of the post and an upper end of the inneit,paral an adapter latch assembly having two



flexible coupler includes a lower member coupled to the cylinder, an intermediate member pivotally
coupled to the lower member by a first pin, and an upper member pivotally coupled to the intermediate
member by a second pin. The first pin and the second pin are spaced apart and perpendicular to each
other so that the upper member may pivot on the second pin relative to the intermediate member and
the lower member may pivot on the first pin relative to the intermediate member. [0009] In accordance
with another embodiment of the present invention, a tensioner for maintaining a tensile force in a riser
having an axis and extending from a subsea wellhead assembly throygh an opening in a floati
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tensionePiNAY sleeve is coupled to the intermediate sleeve so that tensioner ring sleeve may pivot on
the coupling between the tensioner ring sleeve and the intermediate sleeve relative to the intermediate

sleeve. Thelmtennedisi@aplesvets aaumed sénthwinashsothaé tpriermen aecoigsiée RN \alon the
coupling between the intermedjate sleeve and the post relative to the post. [0010].In accordance with
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pivot and the adapter latch assembly may pivot on the second pin relative to the inner pivot. [0011] In
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secured to the cylinder having a post extending along an axis of the cylinder plate opposite the
cylinder E1dnimieatsdrnessaéive Wit pueiberemebatieneosted tbesmatpiveatinnlug. methesliter also
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relative to the intermediate sleeve. The intermediate sleeve is cougalﬁd to the post so that the
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the post.post to an end of the cylinder and positions avslearound the post so that the post and the
sleeve are coaxial about an axis of the post. Miéod couples the sleeve to the post so that the
sleeve pivots on a first axis relative to the poshe method positions a tensioner ring sleeve
around the sleeve so that the sleeve is dispostthva cavity of the coupler and couples the
tensioner ring sleeve to the sleeve and post dahbkaensioner ring sleeve pivots on a second

axis relative to the post. The method mounts aiteer ring to a boss of the coupler opposite



[0012] In accordance with yet another embodiment of the present invention, a method for applying
tension to a riser extending through a deck of a floating offshore platform is disclosed. The method
mounts a tensioner assembly having a plurality of hydro-pneumatic cylinders between the deck and
the riser, and provides an articulated coupling between an end of each cylinder and a tensioner ring
mounted to the riser. The articulated coupling includes mounting a post to an end of the cylinder and
positions a sleeve around the post so that the post and the sleeve are coaxial about an axis of the
post. The method Coti les the sleeve tq the post so that the sleeveé&ggts on a first axis relative to the

post. Th¥néifh RS RO h 7 AN TRRURN PR HRE" FOLDESo I GHESHANRE I Siui &y

within a péityrof, e coetbled androtheleylihddeonitnefambsslesve dadbe sleeve and post so that the
tensioner ring sleeve pivots on a second axis relative to the post. The method mounts a tensioner ring
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to the tensioner ring and aplatform, the method pivots the cylinder on the first and second axes.
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degrees of freedom at the coupling of the cylinder with the tensioner ring. In addition, the disclosed
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apparent, are attained, and can be understood in more detail, more particular description of the

invention briefly summarized apeye 3y 88 Rasy ESrense @ﬁﬁwm@gdiments thereof which are

illustrated in the appended drawings that form a part of this specitication. It is to be noted, however,
that the drawin%?qillustrate only a preferred embodiment of the invention and are therefore not to be
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[0015] Figsisttiets avhistiioiabéewns apisecienaienansasdnehly be agetsdacoe inithere epiidimerat of

the pres%%trtlfg\ﬂ e{]rtlggs'cription of the invention briefly somarized above may be had by reference to the
embodiments thereof which are illustrated in thpesggled drawings that form a part of this
specification. It is to be noted, however, thae trawings illustrate only a preferred
embodiment of the invention and are therefore adid considered limiting of its scope as the

invention may admit to other equally effective eminoents.

[0015] Figure 1 is a sectional view of a riser tensionssembly in accordance with an

embodiment of the present invention.

[0016] Figure 2 is a cutaway view of a cylinder conneatbithe riser tensioner assembly of

Figure 1.

[0017] Figure 3A is an unarticulated sectional view of dyinder connector of Figure 2 taken

along line 3—3.
[0018] Figure 3B is an articulated sectional view of tiggntler connector of Figure 3.

[0019] Figure 4A is an unarticulated sectional view of dyinder connector of Figure 2 taken

along line 4—4.



[0016] Figure 2 is a cutaway view of a cylinder connector of the riser tensioner assembly of Figure 1.
[0017] Figure 3A is an unarticulated sectional view of the cylinder connector of Figure 2 taken along
line 3-3. [0018] Figure 3B is an articulated sectional view of the cylinder connector of Figure 3. [0019]
Figure 4A is an unarticulated sectional view of the cylinder connector of Figure 2 taken along line 4-4.
[0020] Figure 4B is an articulated sectional view of the cylinder connector of Figure 4A. [0021] Figure 5
is an alternative cylinder connector of the riser tensioner assembly of Figure 1. DETAILED

DESCRIPTI F THE PREFERRED EMBODIMENT : .
OOZ%PF%ure 4B E‘, an arnwEueg sec?onal view of tlygnzler connector of Figure 4A.

[0021] Figure 5 is an alternative cylinder connector & tiser tensioner assembly of Figure 1.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0022] The present invention will now be described motey faereinafter with reference to the
accompanying drawings which illustrate embodimesftshe invention. This invention may,
however, be embodied in many different forms anolukh not be construed as limited to the
illustrated embodiments set forth herein. Rathieese embodiments are provided so that this
disclosure will be thorough and complete, and Willy convey the scope of the invention to
those skilled in the art. Like numbers refer t@lelements throughout, and the prime notation,

if used, indicates similar elements in alternaBwebodiments.

[0023] In the following discussion, numerous specific dstare set forth to provide a thorough
understanding of the present invention. Howewewili be obvious to those skilled in the art
that the present invention may be practiced wittsuah specific details. Additionally, for the
most part, details concerning well drilling, rungiaperations, and the like have been omitted in
as much as such details are not considered negdssabtain a complete understanding of the
present invention, and are considered to be witrerskills of persons skilled in the relevant art.

[0024] Referring to Figure 1, a riser tensioner assemhlprbvides tension to a riser 13 that has
its lower end secured to subsea equipment suchsabhsea wellhead assembly (not shown).
Riser tensioner assembly 11 has a nominal tengjopasition, shown in Figure 1. Riser 13

extends upward through an opening 15 in a deckf B/vessel (not shown). Although moored,

typically deck 17, i.e. the vessel, will move relatto riser 13 in response to current and wave
motion. A plurality of cylinders 19 are suppliedtivhydraulic fluid and gas under pressure to
provide an upward force to riser 13 to maintaiméarm tension in riser 13 as deck 17 moves
relative to riser 13. In an exemplary embodimsixcylinders 19 may be equidistantly disposed
around riser 13. A person skilled in the art willderstand that more or fewer cylinders 19 may
be used.

[0025] A lower end 35 of each cylinder 19 couples to deckand an upper end 33 couples to a
tensioner ring 21. Tensioner ring 21 is an anndlsac like object that may clamp to riser 13

-6-



[0022] The present invention will now be described more fully hereinafter with reference to the
accompanying drawings which illustrate embodiments of the invention. This invention may, however,
be embodied in many different forms and should not be construed as limited to the illustrated
embodiments set forth herein. Rather, these embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the invention to those skilled in the art. Like
numbers refer to like elements throughout, and the prime notation, if used, indicates similar elements

in alternative embodiments. [0023] In the following discussion, numerous specific details are set forth
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[0024] Rgg%wiqéglgég%r@%h%{g% Fg@i@ﬁ&ﬁg@%ﬂ provides tension to a riser 13 that has its
suc

lower end secured to subsea equipment as a subsea wellhead assembly (not shown). Riser
tensioner assembly 11 has a nominal tensioning position, shown in Figure 1. Riser 13 extends upward
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cylinders 19 arﬁasqulieﬂd with hydraulic fluid and%&as under pressure to provide an upward force to
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will understand that more or fewer cylinders 19 may _be used. [0025] A lower end 35 of each cylinder
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inline Wit ComBIieBen R AMRS, HEFRE RIS eReBRPE T MY Include an anti-shift assembly
or guide assembly 23 employed to guide or cengalser 13 in opening 15. Guide assembly 23
is mounted around riser 13 while in the tensiorpogition for engagement with riser 13, or a

component mounted to riser 13.

[0027] Guide assembly 23 may be any suitable assemblytediap maintain the position of
riser 13 centrally within opening 15. In an exeamplembodiment, guide assembly 23 includes
a conductor sleeve 25 extending axially downwanclpe to axis 39 and secured to tensioner
ring 21. In the illustrated embodiment, condudieeve 25 does not contact the exterior surface
of riser 13. Conductor sleeve 25 defines an amragace between the exterior surface of riser
13 and the interior surface of conductor sleeve Rths may be formed on the exterior surface
of conductor sleeve 25 and extend the length oflgctor sleeve 25 parallel to axis 39. As
shown, an outer diameter of conductor sleeve 23acts1 an inner diameter of opening 25.
Conductor sleeve 25 has sufficient material stiengtresist permanent deformation or failure
when experiencing a radial react force exerted jppgnng 15 as riser 13 tilts. An optional
support ring 27 may be coupled to riser 13 witlhe annulus between conductor sleeve 25 and
riser 13 proximate to opening 15 to provide addaiolateral support to conductor sleeve 25.

When riser 13 attempts to shift radially in openirfigrelative to deck 17, guide assembly 23 will



[0026] Lower ends 35 of cylinders 19 are placed circumferentially around opening 15. In the illustrated
embodiment, lower end 35 of each cylinder 19 is coupled near an edge of opening 15, such that the
diameter of a circle having an edge passing through each lower end coupling location of each cylinder
19 will be larger than the diameter of tensioner ring 21. In this manner, riser tensioner assembly 11 will
not topple at the expected maximum tilt of riser 13. A person skilled in the art will understand that
lower end 35 of each cylinder 19 may couple to deck 17 at a greater distance from opening 15 as
needed such that Iow r ends 35 of cylinders 1 WI|| le to eck 7 d ectl ath tensioner
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deformation or failure when experiencing a radial react force exerted by opening 15 as riser 13 tilts. An
optional SKBRLH AhgtB? HSEIARMGAPWREH FBCOPRRNNK e ENTEI NS AR LS BBRER or sleeve 25
and riser 13 proximate to opening 15 to provide additional lateral support to conductor sleeve 25.
When rid€028] dttmimptgl itelehiftS ddially bameera'ng aﬂmdlaawe\mmgmylirwqw@etasmnﬂ)lpmadﬂ axert

a react fores AORIRSh SONEHCINP SR 6 256 SR e aleubsh b s ol iseian

manner, rise may € accommo ate owmg OI’ S I‘ISE‘I‘ N opening 1(2 that may

cause rissfindeap lrﬂpaewaedluahanafmg|ﬂgebfﬁﬁp@§bkq7omﬂn§érqf3e@mdwuy§ermwy 28dniaytielude
roller as’i%mél@n%&‘sbﬁﬁ%&wnh ?%’ﬂ&%%@é@%%@%&?@%@&é BNRLHR ;@Eﬁ%“@ﬁér By

interact with conductor sleeve 25 or a smaller sleeve to prevent contact of riser 13 and conductor

sleeve 28%Rh BBER CYliNdeneld eriSoaaehss Ciiedr e G ans BPEHRAL BT LRk REMB&TifLH
contact thgnifAelcdiAvel@yOé RARERY 18- oﬁdQ!BPQ&'%&%W@P@@fw%%%eE&@M gﬁlﬁ@f he fgund

in commaonly owned U.S. Patent Application No. 13/072,233, entitled "Marine Riser Tensioner", filed

on Marc9& 361 - WWEARSS 3p 4 qﬁ%WéB@?ﬂ&%W@‘ﬁ%?p@?&l%ol7b‘9"|t5f€PéW&%r rdrei i

entirety. §Xea%) | Eachrapbadaead bﬂmad@argehendpa\mcwd@umg)mmqwloderols?ﬁormpméetv\rann a
contracted osmon a_?gn e{tended position. In the extended posi

h d
19 moveSXt R D e s O A B A HoCelaT e oo Bl
upper ermymﬁjef eaalfoopllmler fEhshmvesritigsEr twitthepiespHCctine kmmrrmwmwérofcember@/‘hmiﬁrpl@r As

shown, ¢ Jdnde(?nsut%gc ntllg noml{/no aQ‘r)(])s@on nfalth%l dqedé/riigtractedl\n&rf% extenﬂeerd4 coul

37 secure IoWare coupl s eac cylln e cyllnder
pivotally ootmies padesk E@r\mmmmleylﬁwem IBmWembwmbmesmﬂmmeoumrp%as
about th n li axes
of each ?c()gugp 57?1%3 rli’%&e@ cyli nd(t:ier:i 1 couple nsflgrtl?tjér‘;[}9 r{m%yi wit g%ﬁggﬁgﬁgﬁggwnh

the Ioweﬁﬁdﬁﬁiﬁ@h'ﬁdﬂjp\@ﬁﬂ&t é@%t@%ﬁsr@ﬁaﬂ&%@@@@@boatt@dmeia—l Cylinder 19 may pivot
about coupler 41 in one or more planes. For example, cylinder 19 may pivot on two rotational axes of

each coypleof h 3R ArscEkieddnmeecadeiall bﬁmtﬁhtjﬁiﬁaﬂp@mm evtipaes|ddeay @bfﬁpﬁheﬁe of
more planes, and preferably in at Ieasttw lanes, as 17 move relative to ns [& ‘FZYJA
person skARSh e %ﬁ@e@t&nﬂqﬂ JBapRs's ? n%|888|°[ ir%ﬁoW@r‘?t BPERRTENHT and
operate ne:aoeum|tarcmap|eer4nltovwegjﬁydatommjpreotyha@metdasmiﬁmdmgm1eapetéstormaplm1dﬂz,to
be used to uple linder ns g s described below an toc C I|nder t
deck 17. aé‘tﬁ? uﬁ%eﬁf % C|3/erson géef GU% Cﬁwglf;rt%tvﬁlﬁe@m Eréc’?ﬂa%%rﬁ 0 her am odAP III(ereé ra.L?9
may uselnlltfmetnempedlmmmopwmowrdmoemnwewﬁfmape&oecmafersm exmnplmd:%ded lonaay

couple t ner i A
couplerccéfﬁ#(? 5? 1%!’ tForédg%(-i%c?1 n?r (gé %Sﬁng %HB(I? ig%Jﬁﬁ%%pg%gtﬁ@I@tﬁcgodgp W%%Efge r§tf(?;'.(;ic%%ple
cylinder 19 to deck 17 may be of the type described with respect to coupler 41, below, and coupler 41

used to couple cylinder 19 to tensioner ring 21 may8be a ball and socket joint.



[0030] Pivoting at couplers 37, 41 will occur as deck 17 and riser 13 move relative to one another.
Thus, as riser 13 tilts away from the vertical in relation to deck 17, tensioner ring 21 will move from the
position illustrated in Figure 1. Cylinders 19 will pivot at couplers 37, 41 to maintain connection to both
deck 17 and tensioner ring 21. Each cylinder 19 will extend, contract, and pivot as needed to remain
coupled with tensioner ring 21 and deck 17. Similarly, as riser 13 tilts, each cylinder 19 will contract,
expand, and pivot as necessary to exert a tensioning force on riser 13. [0031] Referring to Figure 2, a
sectional cutaway view of coupler 41 is showp. Coupler 41 may be in an unarticulated position,
lustratedSARATEA RS 210, rRUPI8/AS SHISH 0, BH AT BASEAmLAT IO R AR Telbeopse
Figures $randAliRrideyelyicomuptbp@Sitiosecote spopiisingth tidofoiseck 3elative be defckhd7type
shown in Figure 2, coupler 41 includes a base pprtion 43 that secures t per end 33.of cylinder 19.
i the i e 8- LR s L DA 75 RO, STl B A AT e
substantieltgieqaivaient tomhay batehaihareterookeyjvider 19 at upper end 33. Cylinder plate 45 may
have a plurality of boreholes formed therein for passage of bolts or other connectors to secure cylinder

plate 45 faoaBPeiRAKSHPIRURIER! 39, APeRiIAdcRIRtAIeRHoigissien BlIaiRds rARGSHaSYHREer
19. In the exemplaa{| embodiment %post 47 is coaxial with an axis 46 of cgllnder plate 45. Post 47

defines [PHSEs, AHBsBSYivRlel BN Ao POtk bh e AiRNuord8eK AatHansIe8s 2488 Rbugh
283'[ 4d7 W"ﬂﬂ@d@‘ﬁi@fﬂt(ﬂ iéoﬁtt)b éﬁ(i}-ﬂmmfai&! ]3] ﬁ:gUf@q%h/ﬁﬁﬁ@lg Q%Wﬂ%iplﬂtatfh%@@%@ﬁn?_ﬁtbore

and post tensioner ring bore 51 are orthogonal fo each other and spaced axially so that cylinder
RN A N 8 b e e o 2
post 47 prendmeteaiodtensioner vwH2d (bigureih) o3l Asisioven imEigurard dedkteTmaiiatkudieeve
53 is dis Osﬁgear‘rqlénFIPOSt 47. In We illuitéatﬁ. embodiment, inter ediatte sleeve 53 has.an inner

diameter Targer than & ’OL(;ffaeCrhdiC ré?éerro posi 4905%%63%0 gﬁ‘%ﬁnﬁﬁ LRSS Brmed %%?We(te% exert a

intermediatsisidegd@8eand peat 43. Intermediate sleeve 53 also defines two bores, a sleeve cylinder
bore 55 and a sleeve tensioner ring bore 57. Sleeve cylinder bore 55 and sleeve tensioner ring bore

57 are C‘g@g@] \ifierHitigter BIgIRED AN dRABHRNSIPARAY DR RBER: 46 SBEHBRH - € SEPRIPIAT HA

sleeve 59 defines a coupler cavity 61 and is disposed around intermediate sleeve 53 and post 47.

Cavity 6PHH3 3R HIREHEHRARIaNNT tHHRUREE WeSHarh &ReF I8 Sterniéui afd 440k B dY¢HiR e
annulus p4sgiterasdHesiweatthespredirmgetes cbcaniiyae antcinatedtpo siasnaierres pueanaginte

sleeve 53, Tensioner ring sleeve 59 will_further couple to tensioner ring 21 (Fiqure 1) through boss 71
formed ot BSEEr L FELCEVE R SEek e rirty SR B, R GRHPIR LR Oes ADRSERRLGh 43
coupler cilindsichose 63 applen eoioic3d asfupjéintensimemiityisaesss emisodimtatcyamtepbaier6ads
substantially coaxial wjth sleeve, cylinder bore 55 and post cylinder bore 49 such that a cylinder pin 67
ol 0ol o st S e S T e R Bl
person sttidetktiartiod aytindiérek®ghizpibaepdsBaylidyénete 49, slegvwaegliadautadity 55 banehodepler

ind o . 1 4 . |
cyincer (o) BoLE B 8 b R AP SR CSABIR RcLe oy THaLT hEE S T nBreN]
sleeve te¥ioheyindebdrd SApREpdSt aviones fiigyrbeyemlatepdbsonridiled aylinieart Yill kedbgnize
that sleeyeeRsiRDIHIRHIAER O HaSIAOR! (BaRIANGAHNE8s P LyAFRIEP IR YehepRasseddhrreah

their respective bores, cylinder pin 67 and tensioner pin 69 will be’perpendicular to one another and

spaced dw@lRores, a post cylinder bore 49 and a post deesiring bore 51. Both bores pass through
post 47 perpendicular to post 47 and parallel saréace of post cylinder plate 45. Post cylinder
bore 49 and post tensioner ring bore 51 are ortmalgim each other and spaced axially so that
cylinder bore 49 is proximate to upper end 33 dincer 19, and post tensioner ring bore 51 is

near an end of post 47 proximate to tensioner2ih@-igure 1).

[0032] As shown in Figure 2, an intermediate sleeve 5d8isposed around post 47. In the
illustrated embodiment, intermediate sleeve 53 &asinner diameter larger than the outer

diameter of post 47 so that an annulus 48 is forbetaieen intermediate sleeve 53 and post 47.



[0033] In other embodiments, cylinder pin 67 may be one or more pins, for example two pins adapted
to insert into post cylinder bore 55 from opposing sides. The two cylinder pins 67 may abut near a
medial portion of post cylinder bore 49, allowing for some additional articulation of post 47 relative to
intermediate sleeve 53. [0034] Referring to Figures 4A, post cylinder bore 49 formed in post 47 has a
diameter near a center of post 47 that is ovoid in shape, having a width approximately equal to the
diameter of sleeve pin 67 and a height larger than the diameter of sleeve pin 67 so that sleeve pin 67
may move axially. within post cylinder bore 49 toward and away from a proximate surface of cylinder
plate 45 TRUURARRCH P PO SLLATRGFIRRS ASQuRPHrErRE SRR ROl B8 EREES HaRF
center ofripgsbdiré to7anSdekeestyliaderdigress 3 andlsediasiwier nhgdsireyfindee lowxidd with gyhedalty be
aligned with aﬁ'g 73(Passi thrOl#%h a cerbter of_cylinder 1n 87 Thus, post cylipder bg e 49f.will have a
bare . apd Post fensioner. i re resp?ﬁ IV tenS{o fing: sleeve % defines a
generally conical s ap% with a’larger diameter at the surface of pos and’a smaller diameter near a
center ofcpostel GagtygHdwanioh iSigisposad Slerve dylieche dbreVe533asral diantetér dppviyifiatelp equal
lo the digmelesafaleevpia Gha harylipdes Rt G uAARe YKayansiesvaaylidanigre 35 wih
little to no movement of cylinder pin 67 relative to sleeve cylinder bore 55. In an embodiment, sleeve
cylinder ressbhgtyesscihe tensiodiameigrudreaityrbintaptootiatd deeies oBingreadinieflesleda

that is ShruRkifhoRG IR CEYRIGK SYIREEr BRSO T AR JiBeRr ARRIRSTRIBEGHANIRINR

diameter of sleeve pin'67 so that cylinder pin 67 may pass through coupler cylinder bore 63 with little
to no axifTMBJePRMt QUESTiISHEREM G7SRERIRL LB BIERRIEe BURa &3 [EDISERR RIS ATIElNgR 3A,

post tensigngreringipRie Hhhasa ﬂh@né@a@n%&r%anaﬂﬂymiwal@rﬂé&@ﬁsc&@m@@ueféﬁa?imrr PBrE9 so

that tensioner pin 69 may pass through post tensioner ring bore 51 with little to no axial movement of
tensioneP 7y EH‘P%@WﬁﬁM PRI NYBhelaRyg syHodar O RORIeYIRHE HBPES 4 haY D it éter
S:Jbstantigllmegu bﬂaleegt tﬂ@%&@ffﬁT@hﬁﬂ%@@ﬂfrp@lﬁ@ié@ﬁb@f? eesigneyma&ouvay ﬁsaﬁ?rpugh
sleeve tensioner rin e 57 with litt 0. axjal movement of tensioner ring.pin 69 withjn sleeve
temaione I B0 R0 Aoods eI RS AP At A0 e S Bak Pk o LB B it SIS e
diametercyficdeity & G5 anulardal € aytile de boien68 itmgligpuess Ghis aviatycdgyaeilyvatasise v
tensioney, ring bor n tensioner ring.bore 51, ler tensioner ring.r 65 has.a,conical
oo wilE R B e B e B Fe 3 O A e
describeteirsionee eyt 6D wagoppser tbOogly Jhdereretubien boterhedizdep sideasGnsy they borend
of inter iat imate t ' r (Fi it withi tensi (o
e e S N S R e e
sufficienteDeMRE HiRg AererhmesaieomdalpPphendas et dbritd 210eet\B3b oS 7¢is drispifbed

herein, cohplRindibfePIRPESNEING & FAPIMERSIG iBashBtheloftdradt ehdaRs 71 and post 47.

Referring to Figure 3A, in the unarticulated position tensioner ring pin 69 will éxperience load transfer
with post 4 t'lgou h post tensioner rin l@(ér 51, Tepsioner ring pin 69 will experience load transfer

with Il OB, DBt SRt Bor TP Lo PelErdi g 5 EGUAP NS HBer pin
67 will emmedmbmmqmmwmmemmaslmmmdgh. siEeyevayloytird@opinSS6 Cylader
pin 67 lelalbeu)t(pneerrl:lerné: (Fnlt(a) |gltf)%r}ﬁg%r Wltrglost cylinder borea®wing for some additional articulation of

post 47 relative to intermediate sleeve 53.

[0034] Referring to Figures 4A, post cylinder bore 49 fethin post 47 has a diameter near a
center of post 47 that is ovoid in shape, havivgdth approximately equal to the diameter of
sleeve pin 67 and a height larger than the dianwtsteeve pin 67 so that sleeve pin 67 may
move axially within post cylinder bore 49 towarddaaway from a proximate surface of cylinder
plate 45. The diameter of post cylinder bore 4B wcrease as post cylinder bore 49 extends
from a center of post 47 to an outer surface of g@s The diameter of post cylinder bore 49
will generally be aligned with axis 73 passing tigh a center of cylinder pin 67. Thus, post

cylinder bore 49 will have a generally conical shapth a larger diameter at the surface of post

-10-



coupler 59 through coupler cylinder bore 63. Thus, the compressive load applied to cylinders 19
(Figure 1) by riser 13 (Figure 1) may transfer from coupler 59 through coupler cylinder bore 63 to
cylinder pin 67 and from cylinder pin 67 through sleeve cylinder bore 55 to intermediate sleeve 53. The
compressive load may then be transferred from intermediate sleeve 53 to tensioner ring pin 69 through
sleeve tensioner ring bore 57 and from tensioner ring pin 69 to post 47 through post tensioner ring
bore 51. The load may then be transferred down post 47 and into cylinder 19. [0038] Referring to
Figures 3B ana 4B, two articulated positions of coupler 41 are shown. As shown in Figure%gB,
tensioneh FiR UBABAS SERLal S ases eS 8f BOTSIE BTG KO e e o PESABFon

75 may 155 deassaddipnmemsreappnd kibtatsliorquang 2hendiasphskete tpirobiissy HdatAaytinblesr pinabdws

for relative moment,between coupler.59 and int ediate sleeve 53, accommodating.rotation 75, As
Show IR O S U e e e e maver G ST AR Ly Pt o
pin 67, aw wgmreeoylioflartbnreeb@mtd slae iR diidintvileiyrdesd @8, Loadit gletrouplsidiewiiinge

similar . yatdpaeried AbRuE, 100 l6as A ouRlapa? Wil eOSIGhiYPHAR GYIAAST PERSRIS.

intermediate sleeve relative surfaces of the contacting members will maihtain contact

that the €yfinsiersSivee | 63dBasplidectel plproximalieeatiidbie tiameielcst Sinay e s J0sB I Als
shown in-Cigies Bk Bv"g%ﬁg PIAS drdadRiaiRibRn &Nifdiaehb 2 WRASIARCIIIAG BN S dHiGaies by

arrow 79.Rotation 79 may be caused by movement of deck 17 relative to riser 13. Annulus 48 allows
for relati®n@eERIB A DETREEFOWR HfOARUSIRUGSE3 and post 47, accommodating rotation 79 about
axis 77 of tensioner ring pin 69. As shown, the conical shape of post cylinder bore 49 accommodates
motion of(a3st KRefetdtiye to Eihoeer M) posPasindibneay lingutera Eashanatiamd@sesnizestallyo
accommodate 2 Irﬁvx{er er}]daofei}rtlé?rg}edi%eosleevenS gwgaartlaoa%st rffe?r is.ﬁt aﬁrgum at\'j_,lt r&l;ﬂiveﬁo of
intermedTate Seeve 3 as Shown in Iﬁ%ur'e 18, P ing of cou'p or 4PV he it that Hes&ibed
above intteidoad iy tizorsfer ifranthirtilentad iate ssted via @&0 pb $¢dSiahes ughotemsiGBewrthon pio§9.
The relati - ntagtj | ntain.c ' ds
applied L le oo R e B e o
the two &eRe@rof tansioney fintad otitainansiegried wiaydeasnih oo} Reveriangi@NElgine Bokn
alternative; GaupiRfid fo B SARMNGOMRIER A IBsLIdeHGisHBYSTiARRIEEEL «&RSIBREF RiXPhER: 8pd an

adapter latch assembly 85. Cylinder adapter 81 may be a circular plate similar to cylinder plate 45 of
coupler 41, Cylinder adapter 81 mounts to an end of cylinder 19 and includes two.posts 87 extending
o a sUMREY LOIRL SR REr 89 B ! B L ATy PEO AR Hre Bha 3o
adapted 6Q refcetuplieitessiogeupieg @nstdndrhingordoes istbadlgnltames wehsiioevaitgnpiorgt ting
medial pprtion.af end 89. Each. post 87 also includes a lug.93 extending outwardly from end 89 on a
peripherfoR S8 BRI SR LHAooP g BB R S o SCrer e Br Ll S ke
outer surfaite af oytieddianieletet Bl thatasgesr pencicyisitn e ingrfisoe S Gbwidphmisigpamotisle.

Each | . ) 0 rece ‘o o it LR
from moda nags [PHHBE BRI SR BRI DT e ARVl ShoR RS PR A0,
having aenidithfsiiter tned intee Bl6ie e 3B MHyie beniersiqiast® 8 A iaHrsulicreay clitamthoe bevriesn
interior siurfagasphpRSIe &sarh exerarfaRpR @ HH}%/\WIVFE(,%HPZ,@"Mti_%ﬁb@,y?éﬁééﬁé?‘ﬂ\?%

relative to posts 87. Inner pivot 83 may have a length such that a portion of inner pivot 83 may align
with keyVReRs9 Parvilbhayiticnswiigiset sodnidnagl Ioetnemdpisstba res RN plviysrordinteskeyess
includes ggtensioner ring pin bore 95 aligned with the portion of inner pivot 83 that aligns with keyways
93, proximate to a top of inner pivot 83. Tensioner ring pin bore 95 may be a cylindrical bore passing

through ivot 83. An axis of .tensioner ring .pin bore 95.may align with an .axis pf keyways 93
when col BB e T GO p iR ec eV P 2 RS e o
equivalehbss téhsiodgrashg pin Rdfewitivatddrigioncd Aing pira At uredy g assitlmo tghsiensioney piny ¢on

bore 95. Ia thi | ) S ) ) 2 A
53 may ot SR A AP gD LAl SRR PP S S, PR
skilled inpineGetwill| etsiensad dast Bansieuribeln e rardisiravien§IiNOLghas GV Ensiaoeniing
inner suiiacesof IRAFIONRE IHERNBAR I3AMLIAL B RANIASHRARHEAET dRSL PRith! 9adReaiRR

interface. In the illustratedembodiment, inner pivot 83 includes to support members 97 extending from
oppositeSeriR S iHHOHBIVEIeY pardirdes BAradS of temsim & /ring| sofeetisnce ppas: Hra1piserd ity may
have ends configured to abut an interior surface of lug 93 and at least partially surround tensioner ring

pin 91 opposite ends 89 of posts 87.
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[0042] Inner pivot 83 includes a cylinder pin bore 99. Cylinder pin bore 99 passes through the portion
of inner pivot 83 disposed between posts 87 and below tensioner ring bore 95, proximate to a bottom
of inner pivot 83. In the illustrated embodiment, cylinder pin bore 99 is positioned so that an axis of
cylinder pin bore 99 is perpendicular to the axis of tensioner ring bore 95. Cylinder pin bore 99 may be
a cylindrical bore passing through inner pivot 83. [0043] Adapter latch assembly 85 may be a yoke or
fork like member having two prongs 101 extending from a base member 103. A coupling protrusion
105 extends from base member 103 osite prongs_101 and is configured to couple to a tensioner
ring SimiERIB Tosd 9B RURIEF RIS, eI B £ A IO B G2, BRI LEH A PN BREe
adapted (Bigeeeil yaysiedes gFdoe. Thaapntasfof dotiderBasesondindeupler 8inder badial
portion of end.1Q7. Each prong 101 also includes ay,111 extending,outwardly from end 107 on
B ey STatG B & AR S BT e R e AR
101 and slnevgtebSurfabe afdmageessarableatotayatireke e ayabst iwovnfitprreddiate ceayanSentbof
cylinder pi j [ J]Qg from.movi y - [ ]
Cylinder%ﬁlsjl)%ﬁr%%g{iéﬁ/%gﬂéﬂ zg %?gn%\eter ségé%é%@ge%ﬁaﬁ%%ﬁ(‘? @y ér%iﬁ&?] qﬁ%@@ #gi%ocgﬁéger
pin 109 hayhsasghresigteasiangsisie bore 53. (AR athHeT b/ livnsiened Cowinpegupleaintértpivot
83 to pr d8L1gp that inner pivot 83 may pivot on the axis of cylinder pin 109 relative to prongs 101
and adapfter latch assembly 85. A person skilled in the art will understand that outer surfaces of
cylinder pin 109 may be in contact with inner surfaces of Ii?r:ﬂsier in hore 99 so that the contacting
curtaces (R PR o N e AR EhE A phHot eSO Boc o
support stembeis Flguexterdirgnbiomeoppapittesveabe s afdinet pincids Farafet piinaleayis @ Tdinder
bore 99..[0 él%@eln the illustrated embodiment, cqupler 41' includes anti-rotation keys 115. Anti-rotation
coys 118 TEGAE ORI e BRGNS B Ha v e T ey 7Bl fEg e
Anti-rotatmfilkeysiddi5hRill Avahudiesabgoatlows xoe el agguincone mhdetweg T aviop ferhe cird thndesotediate

surfaces 1 prange A00ANR ARSI STo AR FR NSNS HHAM AR AER SR POSTH A ANARIRNSS.

101 by any suitable means, suc with the illustrated screws. In’this manner, anti-rotation keys
may prevennigimesiats plas\E >30YwarisnIegiveyinder @i.1aanpeetendphdntarmedatetsteeyine@r

adapter Gafic ) AeiaieRasseabing% TESOBRIIRDIR RS AEERIBUINdBb Adap9r 1 (O

adapter latch assembly 85 allows couplér 41' to pivot on cylinder pin 109 for a first degree of rotation

and on t&RRSoHENMIE WHFo DRV HEHINFAdFeE DT HNRIIRIdPtdtetprstiae wiarRvaiss. The
transmittiagiRRads Frveey Hidfe LEoRtLaRENTRRIMPY SMIHERSRBAtAB COYRETHE! M IBohgs Esdfie

[0047] Accordingly, the disclosed embodiments provide numerous advantages over prior art riser
tensionelQ2e% AERUGHIR CAIPIRE AL SRV RTEITEHRIBREIRRAPBAYR: up riser tensioner that can

accommodate large loads on a tension leg platform (TLP) using a coupler with multiple rotational
degrees [@0B8edorarmwhercEiglnegi, thgiouingdmtesidd tise ctatsidare axisgl Trobtkhitameahsrgjqulo$ed

ook rath e T e g B O o™
tensionel.3Thé\dRididsetd erllboigirfantslatie enovieame i dre préstarrpesistensipgieh dhigndsigh47,
smaller AR EHIIRSRation 79 about axis 77 of tensicing pin 69. As shown, the conical shape
of post cylinder bore 49 accommodates motion ot gdsrelative to cylinder pin 67. Post 47
may include a notch near a base of post 47 to aooatate a lower end of intermediate sleeve
53 when post 47 is at maximum tilt relative to imediate sleeve 53 as shown in Figure 4B.
Loading of coupler 41 will be similar to that dabedd above in that load will transfer from
intermediate sleeve 53 to post 47 through tensioner pin 69. The relative surfaces of the
contacting members will maintain contact such thatcompressive loads applied to coupler 41
may be transferred as described above. In thimaragoupler 41 may rotate on the two axes

73, 77, allowing for two rotational degrees of fiem.
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[0048] It is understood that the present invention may take many forms and embodiments.
Accordingly, several variations may be made in the foregoing without departing from the spirit or scope
of the invention. Having thus described the present invention by reference to certain of its preferred
embodiments, it is noted that the embodiments disclosed are illustrative rather than limiting in nature
and that a wide range of variations, modifications, changes, and substitutions are contemplated in the
foregoing disclosure and, in some instances, some features of the present invention may be employed

without g cor onding use qof the other features. Many such variations and madifications may be
considert W AIMRRIS LG dBSTHAbIES o9 1R LRGN e RIFbASAT PG (IR ofthe R5HEEMa
descriptioglintipreddeier e 81 catintemss. phasto8dinghyd ius etpgriate¢halithe s p@ided ckuastdres 1
construed erDaedIa/ and fn a rg%nner.lconsist .

nt with,t cope of the i ntion. §LAIM 1. A tensioner
oD or TR SIS AR E005 SRt Bt ORI A AE R Gt S g RS

wellheadaassedndlyctiraleg HL AraoganahgdEssiviio pdstiatBgmpibiddnomdeckufiade the adisiened@ler 81
cyimder R B P T B AR e Tigaer
couplingtne einritder 25scaabliedr(2HLpeRR dRBRS dEORIOME) At hdechsigtbalriperien)oiverded? each
flexible ceyplen 3¢ AAISBMRIIRESs a lug 93 extending auliwérom end 89 on a periphery of end 89 so
that an outer surface of lug 93 is flush with ateowsurface of post 87 and an outer surface of
cylinder adapter 81 that is perpendicular to thé#ase from which posts 87 protrude. Each lug
93 is configured to receive an end of tensioneg pim 91 to prevent tensioner ring pin 91 from

moving away from ends 89 and posts 87.

[0041] Inner pivot 83 may be a generally cuboid body hgvanwidth such that inner pivot 83
may fit between posts 87 with sufficient clearametween interior surfaces of posts 87 and
exterior surfaces of inner pivot 83 to allow inmevot 83 to move relative to posts 87. Inner
pivot 83 may have a length such that a portiomoér pivot 83 may align with keyways 93 and
a portion may be positioned between posts 87 bdleyways 93. Inner pivot 83 includes a
tensioner ring pin bore 95 aligned with the portadnnner pivot 83 that aligns with keyways 93,
proximate to a top of inner pivot 83. Tensioneargripin bore 95 may be a cylindrical bore
passing through inner pivot 83. An axis of tensionng pin bore 95 may align with an axis of
keyways 93 when coupler 41’ is assembled. Tensidng pin bore 95 may have a diameter
substantially equivalent to tensioner ring pin ®ltlsat tensioner ring pin 91 may pass through
tensioner ring pin bore 95. In this manner, temsiaing pin 91 may couple inner pivot 83 to
posts 87 to that inner pivot 83 may pivot on thes @xf tensioner ring pin 91 relative to posts 87
and cylinder adapter 81. A person skilled in tievall understand that outer surfaces of
tensioner ring pin 91 may be in contact with inserfaces of tensioner ring pin bore 95 so that
the contacting surfaces may be a load bearingfater In the illustrated embodiment, inner
pivot 83 includes to support members 97 extendiognfopposite surfaces inner pivot 83 parallel
to an axis of tensioner ring bore 95. Support mem97 may have ends configured to abut an
interior surface of lug 93 and at least partiallyreund tensioner ring pin 91 opposite ends 89 of

posts 87.
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a lower member (43, 81) coupled to one of the cylinder assemblies (19); an intermediate member (53,
83) pivotally coupled to the lower member (43, 81) by a first pin (69, 91); and an upper member (59,
85) pivotally coupled to the intermediate member (53, 83) by a second pin (67, 109), the first pin (69,
91) and the second pin (67, 109) spaced apart and perpendicular to each other so that the upper
member (59, 83) may pivot on the second pin (67, 109) relative to the intermediate member (53, 83)
and the lower member (43, 81) may pivot on the first pin (69, 91) relative to the intermediate member

(53, 83). .Tﬁe tensioner o§hCI im 1, wherein the lower membher (43) comprises a post (47) extending

along ar SHEL TR R i U ) L B RS e e e BEF 53 BBt TolLcy

sleeve di&m’@mbaﬁoued @vot |38 eiziho sed ethviaeth p sisf B konfaemsiopestiagrius OB f\wasiniaeepost

(47) andt%h% n&%rﬁl% Yﬁn@rsz{’lv%r}%& In the illustratechbodiment, cylinder pin bore 99 is positioned
so that an axis of cylinder pin bore 99 is perpemidr to the axis of tensioner ring bore 95.

Cylinder pin bore 99 may be a cylindrical bore pags$hrough inner pivot 83.

[0043] Adapter latch assembly 85 may be a yoke or for& kember having two prongs 101
extending from a base member 103. A coupling psidn 105 extends from base member 103
opposite prongs 101 and is configured to couple teensioner ring similar to boss 71 of
tensioner ring coupler 59. Each prong 101 may feeentoured end 107 adapted to receive a
cylinder pin 109. The contour of end 107 biasdmdgr pin 109 to a medial portion of end 107.
Each prong 101 also includes a keyway 111 extermlitngardly from end 107 on a periphery of
end 107 so that an outer surface of keyway 11lushfwith an outer surface of prong 101 and
an outer surface of base member 103. Each keywWayisl configured to receive an end of

cylinder pin 109 to prevent cylinder pin 109 fronowing away from end 107 and prongs 101.

[0044] Cylinder pin bore 99 may have a diameter substingguivalent to cylinder pin 109 so

that cylinder pin 109 may pass through cylinder Ipame 99. In this manner, cylinder pin 109
may couple inner pivot 83 to prongs 101 so tha¢irpivot 83 may pivot on the axis of cylinder
pin 109 relative to prongs 101 and adapter latcerably 85. A person skilled in the art will

understand that outer surfaces of cylinder pin @@ be in contact with inner surfaces of
cylinder pin bore 99 so that the contacting susacegy be a load bearing interface. In the
illustrated embodiment, inner pivot 83 includes tawpport members 113 extending from

opposite surfaces of inner pivot 83 parallel taais of cylinder bore 99.

[0045] In the illustrated embodiment, coupler 41’ includesi-rotation keys 115. Anti-rotation
keys 115 reside within cavities on opposite endgenéioner ring pin 91 and cylinder pin 109.
Anti-rotation keys 115 will include a portion exténg into a matching cavity formed in the
outer surfaces of prongs 101 and posts 87. Atakion keys 115 may be secured to posts 87
and prongs 101 by any suitable means, such asthéthlustrated screws. In this manner, anti-
rotation keys 115 may prevent rotation of pins B19 within keyways 93, 111, and secure pins
91, 109 to the cylinder adapter 81 and latch adassembly 85, respectively.
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the upper member (59) comprises an outer sleeve defining a cavity into which the post (47) and inner
sleeve (53) are inserted so that an outer annulus is formed between the inner sleeve (53) and the
outer sleeve (59). 3. The tensioner of Claim 1, wherein the lower member comprises a cylinder
adapter (81) coupled to an end of the cylinder assembly (19) and having two posts (87) extending from
the cylinder adapter (81) opposite the cylinder assembly; the intermediate member comprises an inner
pivot (83) positioned between the posts (87) of the cylinder adapter (81), the first pin (91) passing

through er ends of the posts (87),and an upper end of the inner pivat (83); and the upper member
comprisd S P 6P HAETB AL NN RS TR i SRS RS GH R & BURLE e o
(103) angdiaopratraglionlét @i e fiolirg firsnldoedsastativenzver (B apipositeitivepinodysdilaetbad
second pjn (109) passing through ends of the prongs (101) opposite the base, member (103) and a
ower oS W PRPBa 8. 8. o e dn e eSS T

further coesmikeEs! aboiveuleitiplesnabetposts(87 éxitRgiRgdiBom peripheral portions of the plate
opposite the cylinder assembly; and

[0047] Accordingly, the disclosed embodiments provide nume advantages over prior art
riser tensioners. For example, the disclosed emimds provide a push up riser tensioner that
can accommodate large loads on a tension leg platfdLP) using a coupler with multiple
rotational degrees of freedom at the coupling efdilinder with the tensioner ring. In addition,
the disclosed embodiments are less prone to corrassues due to their placement above the
tension leg platform deck rather than below. Télso reduces the need for additional deck
structure to support the riser tensioner. Thelolst embodiments also eliminate high pressure

accumulation while using a smaller number of cydirsd

[0048] It is understood that the present invention maye takany forms and embodiments.
Accordingly, several variations may be made inftiregoing without departing from the spirit

or scope of the invention. Having thus descrifedlgresent invention by reference to certain of
its preferred embodiments, it is noted that the @fithents disclosed are illustrative rather than
limiting in nature and that a wide range of vanas, modifications, changes, and substitutions
are contemplated in the foregoing disclosure amdpme instances, some features of the present
invention may be employed without a correspondisg of the other features. Many such
variations and modifications may be considered @lwiand desirable by those skilled in the art
based upon a review of the foregoing descriptiopreferred embodiments. Accordingly, it is
appropriate that the appended claims be constreeatlly and in a manner consistent with the

scope of the invention.
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the posts (87) having contoured ends (89) configured to receive a portion of the first pin (91). 5. The
tensioner of Claim 3, wherein the inner pivot (83) comprises: a body having a first pin bore (95)
passing through the upper portion and a second pin bore (99) passing through a lower portion, the first
pin bore (95) and the second pin bore (99) being perpendicular to each other; and support members
(113) extending from an outer surface of the body proximate to the second pin bore (99), the support
members (113) extending in a plane parallel to an axis of the second bin bore (99), the support
members (113) configured to receive a portion of the second pin (109). the prongs (101) having
contoured openings (111) configured to receive a portion of the second pin (109). 7.The tensioner of

Claim 3, further comprising anti-rotation keys (115) configured to
CLAIMS

1. A tensioner (11) for maintaining a tensile forceairriser (13) having an axis (39) and
extending from a subsea wellhead assembly throngpaning (15) in a floating platform deck

(17), the tensioner (11) comprising:
a tensioner ring (21) adapted to be coupled toitee (13);

a plurality of hydro-pneumatic cylinder assembli&8), each having a flexible coupler (37,
41) on at least one end (33, 35) for coupling tyiender assemblies (19) between the deck

(15) and the tensioner ring (21);
wherein each flexible coupler (37,41) comprises:
a lower member (43, 81) coupled to one of the a@imassemblies (19);

an intermediate member (53, 83) pivotally coupledhe lower member (43, 81) by a
first pin (69, 91); and

an upper member (59, 85) pivotally coupled to termediate member (53, 83) by a
second pin (67, 109), the first pin (69, 91) anel $kcond pin (67, 109) spaced apart and
perpendicular to each other so that the upper me(®9e 83) may pivot on the second
pin (67, 109) relative to the intermediate mem&; 83) and the lower member (43, 81)
may pivot on the first pin (69, 91) relative to ihéermediate member (53, 83).

2. The tensioner of Claim 1, wherein

the lower member (43) comprises a post (47) extgndilong an axis (39) of the cylinder

assembly (19);

the intermediate member (53) comprises an innevsleisposed around and pivotally coupled
to the post (47) to form a post annulus betweemdtst (47) and the inner sleeve (53); and
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engage at least one of the first pin (91) and the second pin (109) to prevent rotation of the first pin and
the second pin relative to the posts (87) and the prongs (101), respectively. 8.A method applying
tension to a riser (13) extending through a deck (17) of a floating offshore platform, the method
comprising: (@) mounting a tensioner assembly (11) having a plurality of hydro-pneumatic cylinder
assemblies (19) between the deck (15) and the riser (13); (b) providing an articulated coupling (37,
41) at an end of each cylinder assembly (19), the articulated coupling (37) having a lower member (43,

81) mounted to the end of t ylinder assembly, an jntermedjate member (53, 83) pivotally coupled to
the lowel TRGHHBEY [ASTE) £9C5 FREPRHSCEGH P 4 SFVEER AP AT AR Etiit
the interimediattemambe) @2, Bisehyd sechat no{@énHedys thenfisat panw66n IhE andehelsecer(83)in
(67, 109)%b8iﬂ%s(pa§ceglgggrt fbrgign and perpendicular to each other; (c) in response to relative motion
betweenthe riserLd eor) and t%: platform, pivoting each of the cylinder assemblies (37) about the first
pin (69, 91) and the second pin (67, 109). 9.The method of Claim 8, further comprising connecting the
upper mémber [H8 g5piengeof Claim 1, wherein

the lower member comprises a cylinder adapter ¢8lipled to an end of the cylinder assembly
(19) and having two posts (87) extending from thender adapter (81) opposite the cylinder
assembly;

the intermediate member comprises an inner piva} pdsitioned between the posts (87) of the
cylinder adapter (81), the first pin (91) passingptgh upper ends of the posts (87) and an upper
end of the inner pivot (83); and

the upper member comprises an adapter latch asg€8@®)lhaving two prongs (101) extending
from a base member (103) and a protrusion (10®nelkdg from the base member (85) opposite
the prongs (101), the second pin (109) passingutirends of the prongs (101) opposite the
base member (103) and a lower portion of the ipnat (83).

4. The tensioner of Claim 3, wherein the cylinder adaf81) further comprises:

a circular plate, the posts (87) extending fromigteral portions of the plate opposite the
cylinder assembly; and

the posts (87) having contoured ends (89) confjtwaeceive a portion of the first pin (91).
5. The tensioner of Claim 3, wherein the inner pi&8) comprises:

a body having a first pin bore (95) passing throtighupper portion and a second pin bore (99)
passing through a lower portion, the first pin b¢®®) and the second pin bore (99) being
perpendicular to each other; and

support members (113) extending from an outer sartd the body proximate to the second pin
bore (99), the support members (113) extendingpraae parallel to an axis of the second bin

bore (99), the support members (113) configure@deive a portion of the second pin (109).
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riser (13). 10.The method of Claim 8, further comprising providing an articulated coupling (37, 41) for
each of the ends of each of the cylinder assemblies (19).

6. The tensioner of Claim 3, wherein the adaptehl&tcther comprises:

the prongs (101) having contoured openings (11hjigored to receive a portion of the second
pin (109).

7. The tensioner of Claim 3, further comprising awoftiation keys (115) configured to
engage at least one of the first pin (91) and #w®isd pin (109) to prevent rotation of the first

pin and the second pin relative to the posts (8d)the prongs (101), respectively.

8. A method applying tension to a riser (13) edteg through a deck (17) of a floating
offshore platform, the method comprising:

@ mounting a tensioner assembly (11) having a phlyradif hydro-pneumatic
cylinder assemblies (19) between the deck (15}a@adiser (13);

(b) providing an articulated coupling (37, 41) at arl @i each cylinder assembly
(19), the articulated coupling (37) having a lowsrmber (43, 81) mounted to the end of
the cylinder assembly, an intermediate member 833,pivotally coupled to the lower
member (43, 81) by a first pin (69, 91), and aneuppember (59, 85) pivotally coupled
to the intermediate member (53, 83) by a second63n109), the first pin (69, 91) and
the second pin (67, 109) being spaced apart frahparpendicular to each other;

(c) in response to relative motion between the ris8) @éind the platform, pivoting
each of the cylinder assemblies (37) about the firs (69, 91) and the second pin (67,
109).

9. The method of Claim 8, further comprising caetimgy the upper member (59, 85) to the
riser (13).

10.  The method of Claim 8, further comprising pding an articulated coupling (37, 41) for

each of the ends of each of the cylinder assem{@di&s

-18-



