Rl SER TENSI ONI NG SYSTEM CROSS- REFERENCE TO RELATED APPLI CATI ON Thi s
application clains the priority of U S. Provisional Application No.

61/ 325, 998of0led3ssn April 20, 2010, the disclosures of woTais2@n®33054

i ncorporated herein by reference for all purposes. 5 FIELD OF THE | NVENTI ON
The present invention relates to offshore oil and gas floating platforns,

and to a systemfor tensi onmsEaRqrEN§ W SYSTEM @ subsea wel | head to

a floating platform The systeminclude urality of hydraulic cylinders

{ranst er C°?3&%%@%@%’%@%@9?@tl\%%@t&%ﬁ%\f&iﬁhﬁ”%v%ﬁ N Var | ous

types of tensioners have been devised for use in the oil and gas 15
i ndustry. U.S. Pahisnapglicagon 1dimsi dwd psiestyaot dhPedyavisionahdphbedtom Wot h a
passive danped pneumatic-hydraulic spring system U S Patent 4,799, 827

di scl oses agfmdalgyg filedeon LA 20N &0 Oarﬂlﬁ’e ldls%loéfﬁ‘é@&‘f V%Ié@%f@%d#?é@lt@es a

variable spring rate riser tensioner. U'S. Patent 4,617,998 discloses a
riser with bra§| no. _syst lgher atents of |nterest i ncl udes U. S.
Patent s 3, oNBIEKDEY TfgTeNGedT AkBUTRSES2 100, 4, 215, 950, 4. 616, 707,

4, 721,05%, 4,799, 827, 4 828, 230,

FIELD OF THE INVENTION
The present invention relates to offshore oil and gas floating platforms,
and to a system for tensioning a riser extending from a subsea wellhead to a
floating platform. The system includes a plurality of hydraulic cylinders which
10 control the vertical position of the riser and a mechanism to transfer riser torque

to the hull.

BACKGROUND OF THE INVENTION
Various types of tensioners have been devised for use in the oil and gas
15 industry. U.S. Patent 4,039,177 discloses a compensation mechanism with a
passive damped pneumatic-hydraulic spring system. U.S. Patent 4,799,827
discloses a modular riser tensioner, and U.S. Patent 5,160,219 discloses a
variable spring rate riser tensioner. U.S. Patent 4,617,998 discloses a riser with
a braking system. Other patents of interest includes U.S. Patents 3,970,292,
20 4,004,532, 4,072,190, 4,215,950, 4,616,707, 4,721,053, 4,799,827, 4,828,230,

4,883,387, 4,883,388, 4,892,444, 5,020,942, 5,252,004, 5,283,552, 5,244,313,
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4,883, 387, 4,883,388, 4,892,444, 5,020,942, 5,252,004, 5,283,552,
5,244,313, - 1 - SUBSTI TUTE SHEET (RULE 261) 5,551,803, 5,671, 812,
5, 846, 028y02pba83s521, 6, 045, 296, 6, 585, 455, 7,112,011, PCIAB20M4/033054
7,329,070, and 7,632, 044. U S. Patent 4,787,778 discloses a riser
tensioning systemw th three tensioners pivotally secured to a holl ow

surface of bE51B08]UE;67D81R] 8184610885944 151,26/046296N6; 585,485, Pabpjodal i ons
of interest include U S 2005/0147473, U S. 2006/0108121, U.S.

2006/ 0280568,,d. : 2007/ 0196182, U.S. 2008/0205992, and
g FORBERSER 0 B

U.S. 2009/0 antages of the prior art are overcone by

the present inveption, an inproved riser tensioning systemis hereinafter
di scl osed. 10 Uzé BQI%@T‘F%BJ*@@:I—@E?{O@%L% r@@&)tengonlng system with three

tensioners pivotally secured to a hollow surface of the production platform and to
5 a tensioner ring. Publications of interest include U.S. 2005/0147473, U.S.
2006/0108121, U.S. 2006/0280560, U.S. 2007/0056739, U.S. 2007/0196182,
U.S. 2008/0205992, and U.S. 2009/0145611.
The disadvantages of the prior art are overcome by the present invention,
an improved riser tensioning system is hereinafter disclosed.

10
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SUMVARY OF THE | NVENTI ON A riser tensioning systemincludes a
tensioning ring 18 for secured engagenent with the riser, a plurality of
hydr aul i cwoybimadesss 12 each extendi ng between the tensi eoirnug2etingsoand a
folding platform and a gi nbal nmechanism5 bel ow the tensioning ring and
acting between the platformand the riser to allowthe riser axis to tilt

relative toSUMMARM OBrTRIE (N¥ENTIONr e torque transfer nenbers or supports
extend between the tensioning ring and the gi nbal nmechani smand al |l ow axi al

roverent of the KeiekRieng At BRIKES S bR BOPRE! 1§ 0t iRt i g

platform 10These an ures an t he presen
invention wll becone parent fro he f wing detail ed descrl

wher ei n r ef 8PGAQYMERL W&a}géhe &ISehed PFU]QE |ﬂ¥50fci}¥df€ﬂ&'0a%’iﬂ APrEnis Rgchirex \Tﬁﬁ}&y& 3
- SUBSTI TUTE SHEET ( RULE 26) BRI EF DESCRI PTI ON OF THE DRAW NGS

Figure 1 il boltgent the ensicng tiegsarchianipldiyg tpdatfaues andi agitmbab mechabisdi ment
of the invention and a portion of a hull. Figure 2 is a side view of the

Syst em sowWgejof, (;Fn'egﬂﬁhgioﬁ'mlgf‘#ﬁg%fﬁd’ adtihg bBRIEheSISFot GHEl tRETEEAL Hildw!
cross-section, the system
the riser axis to tilt relative to the platform. One or more torque transfer
members or supports extend between the tensioning ring and the gimbal
mechanism and allow axial movement of the tensioning ring and the riser with
respect to the floating platform.
10 These and further features and advantages of the present invention will

become apparent from the following detailed description, wherein reference is

made to the figures in the accompanying drawings.
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shown in Figure 1. Figure 4 is an isonetric view of a portion of the system
shown in Figure 1. Figure 5 is a side view of an alternative riser

t ensi oni O EIVBBEIS2Fi gure 6 is anot her side view of theprsyatseomsbsydn i n
Figure 5. 10Figure 7 is a cross-sectional view through the conductor shown

in Figure 6. Figure 8 is another view, partially in cross-section, of
the riser t8RIEPDEYCRIETION OFOWHEI DRAVWINGS 5. 15 - 4 - SUBSTI TUTE SHEET
(RULE 26) DETAILED DESCRI PTI ON OF PREFERRED ENMBODI MENTS Figure 1

Lt e one FIRRE, To s 505h0r RASBITE AR CacksR et | e
SyStem IS C N dimant of the Fvantion and a pdrion of 4 g, 1€ MUt ot the
Figure 2 is a side view of the system shown in Figure 1.
5 Figure 3 is another side view, partially in cross-section, of the system
shown in Figure 1.
Figure 4 is an isometric view of a portion of the system shown in Figure 1.
Figure 5 is a side view of an alternative riser tensioning system.

Figure 6 is another side view of the system shown in Figure 5.

10 Figure 7 is a cross-sectional view through the conductor shown in Figure

Figure 8 is another view, partially in cross-section, of the riser tensioning

system shown in Figure 5.

15
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5 offshore platform The tensioning system 10 includes a plurality of
circunferentially spaced cylinders 12 each having a cylindrical axis 13

i ncl i ned welzatiimessto the system central axis 15. The | owemr/uspe108308ach
cylinder may be secured to the hull H, as discussed subsequently, while the
rod end 14 is interconnected with the 10 tensioning ring 18, which is

convent i onaDBETAIDEBESESERIRTICHN OFePREFERREDEMBOBIMBNT®r e particul arly,
the rod end 14 of each cylinder 12 is connected to the |load frane 16, which

inturn is securpgu}@ Mguétn?éé W fdiody 715 Grshify BERHIEog 11 vl ¢

hydraul i ¢ cylinders na e provi or exten eac
hydraul i ¢ cyl i nder ose sélll din the art mAII preci ate t at the 15
t ensi oni ng Qﬂ*ﬁ‘ﬁh@ r@% exign @mlarha shere reJ9ifq>rna & 8 Sr?ﬁ wellhead.
substantially retracted position. The cylinders extend so that the

t ensi oni ng ThededsSoring siysient issconvenieatly suppattetsom asportiars skthiel hulldd of e
cylinder extension. As shown in Figures 1, 2 and 4, a plurality of

ci rcunf een rods 22 extend between the |load frane 16 and a

| ower suppoptgﬁééégﬂggﬁgEach 20 of the rods thus passes t hrough an opening
in an inner guid | nner

i mbal | it h i he TBR(1GTaN Y YRy RAFGEs &P ShoB g eBARLRaReAT ar ¢ o
the axis 33 (see Figure 2) of the ginbal inner ring 32. The gi nbal 42 thus
conpri ses tegindergd 2neactt ddvinggatdyéndrical medspd Bdinclinear relatbve to SUBSYSEUTE
SHEET (RULE 26)
central axis 15. The lower end of each cylinder may be secured to the hull H, as
discussed subsequently, while the rod end 14 is interconnected with the
10 tensioning ring 18, which is conventionally in secured engagement with the riser
R. More particularly, the rod end 14 of each cylinder 12 is connected to the load
frame 16, which in turn is secured to the tensioning ring 18. One or more
pressurized fluid hydraulic cylinders may be provided for extending and retracting
each hydraulic cylinder 12. Those skilled in the art will appreciate that the
15 tensioning system as shown in Figure 1 has its cylinders 12 in a substantially
retracted position. The cylinders extend so that the tensioning ring 18 and the
riser move upward as a sub-assembly during cylinder extension.
As shown in Figures 1, 2 and 4, a plurality of circumferentially spaced
rods 22 extend between the load frame 16 and a lower support frame 28. Each
20 of the rods thus passes through an opening in an inner guide ring 26. Inner ring
26 and outer ring 24 together form a gimbal, with the axis 32 of the gimbal outer

ring 24 being perpendicular to the axis 33 (see Figure 2) of the gimbal inner ring

32. The gimbal 42 thus comprises two rings mounted together on perpendicular
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axes with supports 38 extending radially outward to pivots 40, as shown in
Figure 4, which are attached to the hull H Each support 38 preferably
rot at es awounipizszsks 40, so it may be pivoted out of thecmag2@nd3ioas ger
obj ects passed through the opening in the hull prior to positioning of the
cylinders as shown in Figure 1. 5 Wen posititioned as shown in Figures 1

and 4, the auppaithsuppoits 38 skegndirg cdiallly routwvartdeopivaia 0 nas blaowis irsFigard he
hul |, and transfer lateral |oads formthe ginbal to the hull, thereby

Cent ALl 20 WG hPRuacl 1 9L, B30k AL t3’8ai? %é?@e@gﬁ%% a&?@ﬁ“r ° 7

supported on, t he huII H and t he support rods 22 ure and
enbodi ment , PYPIS 44 &y B PB{PEEdg&JIaEPfItDeéM?é{c%Hj @!ﬂﬁ&o %3 %ﬁ‘é@ héi%g'h X
support rods are used to transfer torque fromthe riser to the huII Mor e

or |ess cyl thedepeningitl the bBulppdort tor makitioning betheucyliabé® dosheemn Figure 1.
applications. Each cylinder 12 is pivotally munted to the hull by | ower

pi vot meghagysdp équtut?tﬁ@oPﬁ Shdwh $n ‘FI €S $-afet 'ﬁ@aéupgiofté"s%ftréﬁ%erfﬁgﬁci

shown in F| gure strates e clrrcur erentl y spac

passing thr h the.i ner nbal r|n h in S nbersto
Pact || tat o RBoiie GNBRNethAnRERela o Sy Aot barsTen erah AL 12 ( he
inner ring. Figure 3 also illustrates a trunion 34 which rotatably nount s
t he outer ggmuzdl toedtre rnyllabloerebpxéenti@bzinhibnet riser, cancellss 2@nvaf ashorque er
ginmbal ring are thus supported on the structure 38. The trunion for the

i nner gi mbakgR fmnbesrsperpendl cular to axis 32, but is not visible in
this section vfg%w - - SUBSTI TUTE SHEET (RULE 26) Figure 4 is a

top pictorial w of asstemsho i n, Fi urel ar

illustrates one E'rg Ui ggﬂgtsz@ob% g]%ﬁ'g tpﬁr WEh A0 ﬁ’H fghgt?é(i'nﬁ?‘?rﬁ§626 and
ext endi ng downward bel ow the outer ginbal ring 24 to the | ower support
frame 280 Tkach sdpp@2edray the hdll Hdanchther seppatoadsod?. botthgrejweablanddt e
tubular 5 to reduce weight. Figure 5 is a pictorial view of an alternative

rS% i}]:m ;L% 4%@0%%2? ?ét ﬁ@d}s%@'ﬂgar@'é'tﬂjaﬂﬁspéaféd A8&Uhd #sendndl g alipport
rods are used to transfer torque from the riser to the hull. More or less cylinders
and/or support rods may be suitable for some applications. Each cylinder 12 is
pivotally mounted to the hull by lower pivot mechanism 30.

15 Figure 3 is a cross-sectional view of the system shown in Figure 1, and
illustrates the circumferentially spaced rods 22 passing through the inner gimbal
ring 26, which includes wear members to facilitate smooth raising and lowering
of the rods 22 with respect to the inner ring. Figure 3 also illustrates a trunion 34
which rotatably mounts the outer gimbal bearing about axis 32. The trunion ends

20 of the outer gimbal ring are thus supported on the structure 38. The trunion for

the inner gimbal bearing is perpendicular to axis 32, but is not visible in this

section view.
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conponent s di scussed above. A ginbal nmechanismw th perpendi cul ar axes may
be provided for tilting relative to vertical in any direction within the
X-Y 10 plwoeypiisisgsscar to t he enbodi ment shown in Fi gur ePCT/USeN110B30S4
enbodi ment, the plurality of circunferentially spaced rods 22 are
elimnated and replaced wth a single torque transfer tubular 44 which

extends from t heFlguesl 4fis arplpictovial hiew olersysteppshdwh amfigurdi1, eargasisrang
t hrough the gi nbal nechani sm 42. Mrre particularly, the tubular 44 and the

i nbal hani . I . . .
durtaces. whP PR s tadie A bl Meir8Re 28 ressBEIREh Y L FRIHES TER, e
upward rel ative toqﬁgi nbal mechani sm 42 when t yl i nders éﬁ are extended.

tne C
The t ubul ar 389 &ERRARY Aounyaig Relowsdhe cader GiERahdHg4 tedhe dewer support
enbodi ments, the ginbal is desirably stationary and does not nove
vertically Wwatie 28ie Thensts@2nmay ibegsdlid inrmdosshseationebut prieésrably arbvtubdlang t he
need for 20 vertical rails to transfer torque to the platform For this
enbodi ment , {4 u%éiw?eiéﬂt the inner ginbal ring is of the sane el evation as
the axis of the outer”ginbal ring. The gi nbal arrangenment as shown in
Figure 2 wherel nFIIgI?J(I?e Iéwfssera rp;icggriglxiliséwl Séf an alternative system 10, including a

tensioning ring 18, cylinders 12 and gimbal mechanism 42 similar to those
components discussed above. A gimbal mechanism with perpendicular axes
may be provided for tilting relative to vertical in any direction within the X-Y
10 plane, similar to the embodiment shown in Figure 1. For this embodiment, the
plurality of circumferentially spaced rods 22 are eliminated and replaced with a
single torque transfer tubular 44 which extends from the load frame 16 to the
lower support frame while passing through the gimbal mechanism 42. More
particularly, the tubular 44 and the gimbal mechanism are rotationally locked
15 together by engaging stop surfaces while axially extending slots allow the
tensioning ring 18 to move upward relative to gimbal mechanism 42 when the
cylinders 12 are extended. The tubular 44 serves the same purpose as the rods
22. For both embodiments, the gimbal is desirably stationary and does not move
vertically with the tensioning ring 18 and the riser, thereby obviating the need for
20 vertical rails to transfer torque to the platform. For this embodiment, the axis of
the inner gimbal ring is of the same elevation as the axis of the outer gimbal ring.
The gimbal arrangement as shown in Figure 2 wherein the inner ring axis is

perpendicular to and spaced from the outer ring may be preferred to facilitate a
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per pendi cul ar to and spaced fromthe outer ring may be preferred to
facilitate a - 7 - SUBSTI TUTE SHEET (RULE 26) robust design. In the

Fi gure 5 wobodisesse, a | ower support franme 28 is rai sedprabmwseoithssosower end
of the depicted hull Hit when the cylinders 12 are extended.

Referring now to Figure 6, the tubular 44 includes a radially outward

proj ecting kshyus#designchinfthe Figareht erbocimests pdodengusparnfahre 88 @ rdised he
inner 5 ginmbal ring 26, which as previously noted is rotationally connected

to the hul | o Jer g ﬁoW?OFHH%fLﬁeﬁtlﬁ@l%aﬂ%llfl-iRWhteﬁEth%‘éthc?efrs‘fﬂatré’e%fe‘?]dBU"

t hr ough the ey an ch al osi'tion of the
tubul ar 44 and the,tensionin to nove it ve ca W th respect to
the hul | when t hBefIIRG M tgzﬁ'%% @xtt%deamafﬂﬁ‘é‘ @CFHSJ&S ﬁééﬁb%”b’s% Wﬁff
connected to the hull, as shown nore 10 clearly in Figure 8. Elevating the

gi nbal rrechgmjemﬂn@skewa\@nwhmhﬂiitguwimiﬁ avMcohrespaming dangate slawarthenidnef t he
cylinders 12 desirably reduces t he nonment arm between the |load frane 16 and

t he Iovver S t in

Fi qur os. 1. 4O B6CwRRn 4 DRARILR nORHER %&@H&@ézﬁ%&%@ééﬁgé’*@

15Fi gure 7 icts, jn a cross- ect riser |nthec ter of t he
Coburar 44, Tofa Buals@ategtes mﬂh@%UEHi%Mé Ryl vt enieaneb !
mechani sm 42. The radially outernost conponents 38 as shown in Figure 7 are
part of themachpnishi, whish allewsi tke trial pbstion wb e tubkitdr] 44 and theatarsomnity t o
the inner ginbal ring serve to keep the tubular 44 and thus the risers

cent ral i zedyih 8] B et NBAIoalI? Yithl @4pBcBrodhel RiIPwhBNARESYIRGSST 2 aldie

Figure 5 emr) i ment . palr 0 runi on 4 allowt axl s hul |
and the riser

per pendi cul Q?def‘ae%-lhe 'bg%amﬁhaﬁdﬁﬂt‘ 33?:5503’ tl@\HeH ﬁgtedﬁmbép s%ogm more
SUBSTI TUTE SHEET ( RULE 26)

10 clearly in Figure 8. Elevating the gimbal mechanism as shown in Figure 5 with
respect to the lower end of the cylinders 12 desirably reduces the moment arm
between the load frame 16 and the lower support frame 28, although a lower
gimbal position as shown in Figures 1-4 is preferred in some applications due to
available space.

15 Figure 7 depicts in a cross-section the riser R in the center of the tubular
44, with the key 43 fitting within a keyway within the gimbal mechanism 42. The
radially outermost components 38 as shown in Figure 7 are part of the
supporting structure for the gimbals. Rollers 45 attached to the inner gimbal ring
serve to keep the tubular 44 and thus the risers centralized within the gimbal.

20 Figure 8 depicts in cross-section the Figure 5 embodiment. A pair of

trunions 34 allow the axis of both the hull and the riser to tilt slightly, and to also

tilt about an axis perpendicular to the axis shown in Figure 8. With the gimbal
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mechanism riser tilting in any direction within 3600 is thus perm ssible,
while the torque on the riser is reliably transferred to the hull

The syst ewoasiidizssskosed herein uses ginbals for an angulpam/ustéizms3obet ween
the riser and the platform and prevents torsional |oads frombeing 5
directed through the hydraulic cylinders 12 while keeping the riser

central i zedm@chlhiant, iseviltingay any lirebiiahr aithinc380/1is ttiley seranissiplesivbil@lthey
nounted at an angle relative to the riser as shown in the attached figures,

so that the in dianmeter to reduce the
bendi ng rmrrte(#ga Httﬁ?ﬁggvﬂkﬁg“e{dig?@%éﬁegtémaéIlt“gr pass through a conventl onal
rotary table. ﬁ;ge di anet er éo str ﬁ_@ or tie- ba k c nnect or s tb
passed through t e sHUHIM B dpeips raifh UAgS tg«\@ r @Hdaﬁgm@h@f set
cylinders and pivoting each cylinder out of the way. Angl ed cylinders are

i nherent |y betweeest #Hd eisembndhthenplatfases and eproesvet i tossiodal doadsnimuatbengy bot h
the torsional |oads and the | ateral |oads between the riser and the hull.

15The usg Obrdciah thAlghy iRl hiorbLde ifderd qgrou@j@%bmg e AR P

torsional | oads from eten I oning’ring tot
hul | . These r,pds alsotra fer the | oads fr the riser to
gi mbal |and" PHOR 1 WAL, r Lt DYEraoiinyrs s SrRlebY TRuSToh AL AN G be

significant if one of the hydraulic cylinders should fail. The torque
transf er roddaipweoioittie riseppasshowndn @ attadhickifigaréssottbat the uppker teshsioning
arrangenment while allowng the cylinders to nove with respect to the

platform | ﬂnﬁﬁné& tb%rélﬁéﬂé’r‘%ned@ﬂ%téfetﬁt redﬁcé'tﬁ@'b%nﬁﬁ@%‘b?nén‘t‘%‘daél éiws yesed

surrounding the riser tor transmtting torsional | at er al s through
the - 9 - o ,
tensioning ring to pass through a conventional rotary table. Large diameter

10 strakes or tie-back connectors may be passed through the system by simply
detaching the upper end of the cylinders and pivoting each cylinder out of the
way. Angled cylinders are inherently less stable, which increases the benefits of
accommodating both the torsional loads and the lateral loads between the riser
and the hull.

15 The use of a plurality of cylindrical rods effectively transmits the torsional
loads from the tensioning ring through the gimbal and to the hull. These rods
also transfer the lateral loads from the riser to the gimbal and then to the
structure, and resist bending loads which could be significant if one of the
hydraulic cylinders should fail. The torque transfer rods provide support and

20 stabilization to the cylinder arrangement while allowing the cylinders to move with
respect to the platform. In an alternative embodiment, a single support tubular is

used surrounding the riser for transmitting torsional and lateral loads through the
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SUBSTI TUTE SHEET (RULE 26) ginbal and to the hull while all ow ng axi al
novenent between the riser and the ginbal. Load frame 16 serves the
pur pose oWvomeohiasiseal |y connecting the rod end of each rgunmsediio3zmysd i nder
with the tensioning ring, while also allowing for 5 adjustnment so that al

t he hydraulic cylinders, when activated, uniformy nove the tensioning
ring. The t gingoed dridatastherhulibileabllding sedal esovdneerstdigtwper plos eisaisaitdi¢hg ods
22. Al't hough specific enbodi nents of the invention have been
described h mﬂ%ﬂ in sone detail, this has been done solely for the purposes
of expl ainifAg 10 the various aspects of the invention, and is not intended
tolimt the scope of the invention as defined in the clains which follow
Those ki | 1ed i nLO# RS 6l PeryREdne fuife0seh ] MaRhaBIARUHICORREC b e
described is exenplary, and various other substitutions, alterations and
modi fi cati osad ofredohdhydrabid cylivtdel iwiilt the temstdmarseridgswhite alldoeali@ting gor
specifically discussed herein, nay be made in the 15 practice of the

v ok e eRapl B0 B SHRBE, wnehdcn SLBTH TRECRA FLE
e MR M LGNSR NR AN S T MRS
the riser; ods 22.

Although specific embodiments of the invention have been described

herein in some detail, this has been done solely for the purposes of explaining

10 the various aspects of the invention, and is not intended to limit the scope of the

invention as defined in the claims which follow. Those skilled in the art will

understand that the embodiment shown and described is exemplary, and various

other substitutions, alterations and modifications, including but not limited to

those design alternatives specifically discussed herein, may be made in the

15 practice of the invention without departing from its scope.

-10 -
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5a plurality of hydraulic cylinders each extendi ng between the tensioning
ring and the floating platform a gi nbal nechani sm bel ow t he

t ensi oni ngorbng3assd acti ng between the platform and thepciraseoianssoat | ow ng
the riser axis to tilt relative to the floating platform and 10one or nore
el ongate torque transfer nenbers extending between the tensioning ring and
gi nbal nmech&HAMISICIAIMED t8: nore torque transfer nenbers transferring
riser torque fromthe tensioning ring through the ginbal nechanismand to

and the riser wiih T Séﬁéﬁ?ﬁébﬁ%%ﬁﬁ For SRR, ser SabRERG R (1O
t ensi oni ng system defined in da wherei n each of the urality of
hydraul i c C§Pb$ﬁ?ewgﬁhﬁ9&éj 9 & at'rﬁ‘@eﬁlaté@(ﬂb the,epeHERsiANNg Wé%’é@@'%lpﬂs'ﬂgbent ral

riser axis, such that a | ower end of each cylinder is spaced radially from
the riser nore thasnsioningpiag ferskcofecacgaganhemarin theGiser; 3. Ariser
tensi oni ng system as defi ned in daim1l, wherein the one or nore torque

?LSQSLSLh”‘ZQ?ELZ. St Ry FRUiCilinkeR, cakh ERIRTHeflcsh MRS/
SHEET(RULE ﬁ ﬁort fr for transferrlngtorquefromthetensmnlng
ring to the 'Fgé‘égt v E@téﬁg‘%l? 4. A riser tensioning system as

defined in daim3, further corrprl si ng:
a gimbal mechanism below the tensioning ring and acting between the

platform and the riser and allowing the riser axis to tilt relative to the floating
platform; and
10 one or more elongate torque transfer members extending between the
tensioning ring and gimbal mechanism, the one or more torque transfer
members transferring riser torque from the tensioning ring through the gimbal
mechanism and to the floating platform while allowing axial movement of the
tensioning ring and the riser with respect to the floating platform.
15
2. A riser tensioning system as defined in Claim 1, wherein each of
the plurality of hydraulic cylinders has a cylinder axis inclined with respect to a
central riser axis, such that a lower end of each cylinder is spaced radially from
the riser more than an upper end of each cylinder.
20
3. A riser tensioning system as defined in Claim 1, wherein the one or
more torque transfer members includes a plurality of circumferentially spaced

supported rods each extending through the gimbal mechanism to a lower

-11 -
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5a gui de nmenber for guiding novenent of each of the one or nore torque
transfer nmenbers when the cylinders are extended or retracted. 5 A
ri ser temwoanimgssgstem as defined in Caim1l, wherein PoE/USE108308Dr €
torque transfer menbers conprise a tubular surrounding the riser and 10
i nterconnecting the tensioning ring and a | ower support frame, each of the

tubul ar andstysort lizmte rfgr plaatfeaing itovoLedirom thestensidning mMayed ergégatimnt to
transfer torque fromthe tensioning ring to the floating platform

6. Ariser bﬁ@iﬂﬂni ng systemas defined in Caimb5, wherein one of the 15
t ubul ar and e gi nbal nmechanismis provided wth an el ongate key, and the
ot her of the tubular and the ginbal nmechanismis provided with an el ongate
slot for accommodating the key, thereby providing the stop to transfer
torque fromthe tubular to the floating platform 207.A riser tensioning
system as defined. i n Alrgentehsionirey systerias apfimedlin Gbaima3yi farthemednuplesngt pai r
of dianetrically opposite ginbal axes each perpendicular to the other

dUBsT TOTE ST HOTE T g SubiRthBlelR gt 28,47 Rhe rgfgle filge 12 -
to = {1 oati HUTBRATETSIRET N &y mdSrS AEn PRGNS LSS ol g &
tensioning ring for secured engagenent with the riser;
5. A riser tensioning system as defined in Claim 1, wherein the one or
more torque transfer members comprise a tubular surrounding the riser and
10 interconnecting the tensioning ring and a lower support frame, each of the

tubular and the floating platform including a stop for mated engagement to

transfer torque from the tensioning ring to the floating platform.

6. A riser tensioning system as defined in Claim 5, wherein one of the

15 tubular and the gimbal mechanism is provided with an elongate key, and the
other of the tubular and the gimbal mechanism is provided with an elongate slot

for accommodating the key, thereby providing the stop to transfer torque from

the tubular to the floating platform.

20 7. A riser tensioning system as defined in Claim 1, wherein the gimbal
mechanism includes a pair of diametrically opposite gimbal axes each
perpendicular to the other gimbal axis for accommodating tilting of the riser in

any direction.

-12 -
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5a plurality of hydraulic cylinders each having an inclined cylinder axis
Wth respect to a central riser axis, extending between the tensioning ring
and t he fwoavimgsghatform such that a | ower end of eaclrcTyistoid®s3oss spaced
radially fromthe riser nore than an upper end of each cylinder; a ginbal
mechani sm bel ow the tensioning ring and acting between the 10 platform and
the riser and allowing the riser axis to tilt relative to the floating
platform the ginbal mechanismincluding a pair of dianmetrically opposite
gi nbal axes eachgperp i 1ot [ & 1S f - ’TFB?H i ng
tilting of the r|8'ser gﬁ%aeﬁ;{bﬁél?é@gi%ﬁyé?gﬁgr B%esﬁﬁﬁ%%?r(gé%’l %ﬁag@gat or qﬁée
transfer nmenbers extendi ng et,vveer? tltlhe 15 tensioning ring and ginbal
mechani sm BHRSFhwelieaddpa YeatingerlalieiAy ke rigemisBsioNNg:Sysfean FPMEiiNger
torque fromthe tensioning ring through the ginbal mechanismand to the

fl oating platf or amtevigideingkihgomsecaxechengagesnenitwithf thehriset;ensi oni ng ring and
the riser wiwth respect to the floating platform 209.A riser tensioning

system ag def i neg gllgﬁiﬂygqf{ﬁﬁr%qﬂe%ﬁﬁ&r 'é%\cﬁr?%vﬁ%é\‘?frféliﬁ%& gtlfho‘e‘? %Q%f\/ﬁfh

menbers incl udes crrcunterenti a space pported rods
each extendi ng through th i mbal nmechapismto a lower - 13 - SUBSTI| TUTE
SHEET  ( RULETSRDRCt 40,80 e T 186 Ay GHETFUTGDEMREN YRy RNSIa39 (17 Ahifi%oni ng
ring to the floating platform 10. A riser tensioning system as

defined in @baling platfbrmi siech thaar losiengndsd eachdeylinderisrspfaced gadidilypfrom
novenent of each of the one or nore torque
the riser more than an upper end of each cylinder;
a gimbal mechanism below the tensioning ring and acting between the
10 platform and the riser and allowing the riser axis to tilt relative to the floating
platform, the gimbal mechanism including a pair of diametrically opposite gimbal
axes each perpendicular to the other gimbal axis for accommodating tilting of the
riser in any direction; and
one or more elongate torque transfer members extending between the
15 tensioning ring and gimbal mechanism, the one or more torque transfer
members transferring riser torque from the tensioning ring through the gimbal

mechanism and to the floating platform while allowing axial movement of the

tensioning ring and the riser with respect to the floating platform.

20 9. A riser tensioning system as defined in Claim 8, wherein the one or
more torque transfer members includes a plurality of circumferentially spaced

supported rods each extending through the gimbal mechanism to a lower

-13 -
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transfer nenbers when the cylinders are extended or retracted. 11. A
riser tensioning systemas defined in Caim8, wherein the one or nore
torque trwobari3gsabers conprise a tubul ar surroundi ng rhe/useeen3asd 10

i nterconnecting the tensioning ring and a | ower support frame, each of the
tubul ar and the floating platformincluding a stop for mated engagenent to
transfer tosapgort famé Her transiepmggorguediréd thiee tdristainggingl @t the foating

12. A riser tensioning systemas defined in Claim1l, wherein one of 15 the
t ubul ar and fa{ﬂﬁrﬂi nbal nmechanismis provided with an el ongate key, and the
ot her of thg uE)uIar and the ginbal nmechanismis provided with an el ongate
sl ot for accommobdating the key, thereby providing the stop to transfer
torque fromthe tubular to the floating platform 2013. A nethod of
tensioning a riser extending froma subsea wellhead to a floating platform
t he met hod conpri8i ngA risectansiogira $ystema@si dejinedrig Claim9 tibehen cemprising:4 -
SUBSTI TUTE SHEET ( RULE 26) providing a plurality of hydraulic
cylinderg each e | Mty ; aTaN i j

pl at f or mss étggj(l)rusﬁ {hl%onl ngﬁﬁ%?ﬁgaﬁsﬂ%@ﬁ@ﬂn@?ﬁ hgﬂot\ﬁvgmtgrkﬁeﬁné%%r% ring

and acting between the platformapd, the riser and allowng the riser axis
foCtint vt anglEr Mot ahenhBIcH iU a e ENENdaq o At oyt di ng one o

nore el ongate torque transfer menbers extendi ng between the tensioning ring
and gi nbal mechanism the one or nore torque transfer nenbers transferring
riser torque fromthe tensioning ring through the ginbal mechanismand to

the floating plat§ormwakl i A i B 10h hOBF N9
ring and the riser w t%?e?ﬁcqﬂgogﬁggmf%o%%\ﬁg plr%?ﬁ)rs’m i R
more torque transfer members comprise a tubular surrounding the riser and
10 interconnecting the tensioning ring and a lower support frame, each of the

tubular and the floating platform including a stop for mated engagement to

transfer torque from the tensioning ring to the floating platform.

12. A riser tensioning system as defined in Claim 11, wherein one of

15 the tubular and the gimbal mechanism is provided with an elongate key, and the
other of the tubular and the gimbal mechanism is provided with an elongate slot

for accommodating the key, thereby providing the stop to transfer torque from

the tubular to the floating platform.

20 13. A method of tensioning a riser extending from a subsea wellhead to
a floating platform, the method comprising:

securing a tensioning ring with the riser;

-14 -
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14. A method as defined in Caim13, wherein each of the plurality of
hydraul ic cylinders has a cylinder axis inclined with respect to a central
ri ser axiwosucisssshat a | ower end of each cylinder is spartad20@odsmsdy from
the riser nore than 15 an upper end of each cylinder. 15. A met hod
as defined in Caim13, wherein the one or nore torque transfer nenbers

i ncl udes a pl uraEidvidimj & plusality eof emidradlicy cyipaers eactp xtdrting ddsveat the
extendi ng through the gi nmbal nmechanismto a | ower support frame for 20

transferrin ; I QRi ring to the floating platform 16.
A net hod as%&fgﬁ%nﬁ%ﬁ@iﬁéﬁlé@?@@?{f er’ conprising: - 15 - SUBSTI TUTE
SHEET (RULE 26) .. .guidin venent, of each of the one qr nore torque
transfer nenberspQﬁB(Pﬂ'ggneacQ}ﬂ%pgﬁg}%’ anisms bty dbe Jensigningcfig . antz aglingt hod
as defined in Claim13, wherein the one or nore torque 5 transfer nenbers

conpri se a betwden thelattorndamg thehesarianerallmming thteensur raxectoi tiligretdtiee i@ tise oni ng
ring and a | ower support frame, each of the tubular and the floating

pl at f or mgi n i 4 or mated engagenent to transfer torque fromthe
t ensi oni r?g B#%@@aﬁﬂﬁﬁé"ati ng platform 1018. A nethod as defined in Caim

17, wherein one of the tubular and the ginbal nmechanismis, provided with an
el ongat e key, aanOcVKE”Q)tCH@r Bf MoAe ?'Gﬁﬂ%gp?%{ﬂblet%” EhyBREMREtsHh SXeNding

provided with an elongate slot for accommobdating the key, thereby providing
the stop tobetvweest e temsiprend riogn ame girabal eechanisime thé aate og npdrat foogque 15
19. A nethod as defined in Caim 13, wherein the ginbal nechani smincludes a

pair of dia ] i ol i t her
G mbal axi o por e ORI Er PRy SRR AR ERERTOAE R LR et 18T
gimbal mechanism and to the floating platform while allowing axial movement of

10 the tensioning ring and the riser with respect to the floating platform.

14. A method as defined in Claim 13, wherein each of the plurality of
hydraulic cylinders has a cylinder axis inclined with respect to a central riser axis,
such that a lower end of each cylinder is spaced radially from the riser more than

15 an upper end of each cylinder.

15. A method as defined in Claim 13, wherein the one or more torque
transfer members includes a plurality of circumferentially spaced supported rods
each extending through the gimbal mechanism to a lower support frame for

20 transferring torque from the tensioning ring to the floating platform.

16. A method as defined in Claim 15, further comprising:
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guiding movement of each of the one or more torque transfer members

when the cylinders are extended or retracted.

17. A method as defined in Claim 13, wherein the one or more torque
transfer members comprise a tubular surrounding the riser and interconnecting
the tensioning ring and a lower support frame, each of the tubular and the
floating platform including a stop for mated engagement to transfer torque from

the tensioning ring to the floating platform.

18. A method as defined in Claim 17, wherein one of the tubular and
the gimbal mechanism is provided with an elongate key, and the other of the
tubular and the gimbal mechanism is provided with an elongate slot for
accommodating the key, thereby providing the stop to transfer torque from the

tubular to the floating platform.

19. A method as defined in Claim 13, wherein the gimbal mechanism
includes a pair of diametrically opposite gimbal axes each perpendicular to the

other gimbal axis for accommodating tilting of the riser in any direction.
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