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FRAME Cross-Reference to Related Application This
application clains priority to provisional patent
application 60/879,275, filed January 8, 2007. -1
Field of the Invention This invention rel ates
generally to tensioner assenblies and in particular to
a riser tensioner assenbly associated with a riser
extendi ng from subsea well equipnent to a floating
platform -2 Background of the Invention A floating
production pl at froqwn S BY DEtINSISNER v Tdeep wat er
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extend from subsSea equi pment on the sea floor, such as
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platform A riser tensioner is nounted on the platform
to apply and maintain tension in the riser. The
tensioner typically conprises a plurality of pistons

and cylinders nmounted between the platformand a

frame secured to the riser. Fluid pressure is applied

to the <cylinders to apply tension to the riser. The

pl atform noves toward and away fromthe subsea

equi pnent in response to waves and currents. The

riser, of course, is relatively stationary at the
surface, so the novenent of the platform causes the

pi stons and cylinders to stroke inward and outward.

To avoid damage to the riser due to platform novenent,
guide rollers may be enployed to engage the riser or
Faeld ohthgdnwntionpe surroundi ng an upper portion of the
riser. The guide rollers are typically nmounted to the
platformfor novement in unison wth the platform -3
Summihiy inEhgon irgers pewsillgnericksisiea afseabiessardt ingratidulay to a
mounted to the upper portion of the
riser tensioner assembly associated with a riser extending from subsea well equipment

to a floating platform.



riser. Aplurality of pistons and cylinders are
mount ed between the franme and the floating platform
The cylinders are supplied Wth a pressurized fluid to
apply tension to the riser. A guide nmenber is nounted
to the floating platformfor novenent in unison in
response to waves and currents. A bearing support is
stationarily mounted to and extending fromthe frane.
A bearing is nounted to the bearing support in novable
engagenent with the guide nmenber as the gui de nenber

ng%esuhg Eﬁmﬁon MAth the platform In the preferred
ring conprises a set of rollers.
The guide member and the guide roller or bearlng
supp ﬁ tel esc el at i \ hg )| .
ot Rejortng pioded EnaBarRert ot e g }%%?” prgl s
lﬁ)'l:dbular and the riser extends through the g
HEE: Q16 9 HUe BRsDEFHENTom ok ge%F%t’iPIB?’}hoﬁége %?ﬁ GB‘pé‘r‘Ch as
deck and a_ | ower deck. The piston and cylinders are
a ek Ot ebsprePiggpaionderek . THtheisquingrads desrp@dy an gpening in the
mounted to the | ower deck and extends upward through
platowpenirise tersiitse is appésd aebk platfdrm to apply and maintain tension in
the riser.

The tensioner typically comprises a plurality of pistons and cylinders mounted
between the platform and a frame secured to the riser. Fluid pressure is applied to the
cylinders to apply tension to the riser. The platform moves toward and away from the
subsea equipment in response to waves and currents. The riser, of course, is relatively
stationary at the surface, so the movement of the platform causes the pistons and
cylinders to stroke inward and outward.

To avoid damage to the riser due to platform movement, guide rollers may be
employed to engage the riser or a conductor pipe surrounding an upper portion of the

riser. The guide rollers are typically mounted to the platform for movement in unison

with the platform.



Brief Description of the Drawings Figure | is a
schematic view of a riser tensioner assenbly, built in
accordance with the present invention, and in an
intermedi ate position. Figure 2 is a schematic view of
the riser tensioner assenbly of Figure 1, in an

extended position. Figure 3 is a schematic view of the
riser tensioner assenbly of Figure 1, in a retracted
position. -5 Detailed Description of the Invention
Referring to Figure 1, a riser tensioner assenbly | |

is associated with a riser 13 extending between

subsea wel | equi pnent 14 on the sea floor and a
Sroatjng production facility or platformat the

2404 Ee. The subsea wel | equi pnent 14 may be a subsea
wel | head, production tree, nanifold or ot her

faci ftIeS or con e%tw% ids to the aping

pr oduct 1 'AOPH 1 21 ﬁ‘*?ﬂﬁ@?“‘érﬁ’&‘“@fﬂd ‘Pé’écr“%‘ %‘“0“ fthe
statlonarlly nmpunted to subsea well equipnent

rig§rs Br PIEERliLs Of ipiedrsi W) QHBEHS dFfd MeNREh d@t\mﬁ@mh@ ﬁfaﬁ@n@“d the

subsea wel | _
floating platform. The cylinders are supplied with a pressurized fluid to apply tension

to the riser. A guide member is mounted to the floating platform for movement in
unison in response to waves and currents. A bearing support is stationarily mounted to
and extending from the frame. A bearing is mounted to the bearing support in movable
engagement with the guide member as the guide member moves in unison with the
platform. In the preferred embodiment, the bearing comprises a set of rollers. The
guide member and the guide roller or bearing support are in telescoping relation ship

with one another.,

In the embodiment shown, the guide member is tubular, and the riser extends
through the guide member. In this embodiment, the platform has an upper deck and a
lower deck. The piston and cylinders are mounted to the upper deck. The guide
member is mounted to the lower deck and extends upward through an opening in the

upper deck.



equi prent 14 through an opening in the floating
platform In this enbodinent, riser 13 extends through
a conductor or guide nenber 15 nounted stationarily
on the production facility. Guide nenber 15 is
preferably tubular and has an inner dianeter |arger
than an outer dianeter of riser 13. R ser 13 extends
above guide nenber 15 to a riser mandrel 16 for
interfacing with equi pmrent on the production
facility. The | ower end of guide nenber 15 may be

| ocated at the bottomof the floating production

SLachl i h tforn1preferab|y i ncl udes a | ower
B&%@Pg¥%%Pﬁng¥§J$¥%¥%$y connected to guide nenber 15

such t hat gU|de nenber 15 is stationary relative to

Lf’!ﬁ i e o PRl e 0 e 6 ARG 4 Regeordance
tance fron1|o r deck 17,. In this exanple, upper
W&E@E”ﬁ@“%%PV@EO%ém hASAerEPdiste 8asli¢ensi oner  assembl y
to actuate from -6 Riser tensioner assenbly | |
pref rably. i nc)udes a frame 21 positioned,_ above
Uppdi BB RS £6¢ W@t\’awaﬁgﬁlvs?l AP EFSIE Y gkfieure 1. in an

mandrel ' 16. A plurality of hydro-
extended position.

Figure 3 is a schematic view of the riser tensioner assembly of Figure 1, in a

retracted position.



pneumati c cylinder assenblies 23 extend axially

downward fromfrane 21 and connect to upper deck 19.

In the preferred enbodi nent, cylinder assenblies 23 °

are circunferentially spaced around riser 13. Each
cylinder assenbly 23 conprises a cylinder or cylinder
24 and a piston 26 such that cylinder assenblies 23
actuate between an extended position as shown in

Figure 2 and a retracted position as shown in Figure

3. Preferably each cylinder 24 is nounted
Detaiteddracriptyort  thpheendeck 19 and the upper end of

each piston 26 is nounted to frane 21. However, that

ar r aRgeemaryt todogurd ! berisor eweisatissdtyly hdérasasseqblitles ri2d 13
exert an upward tensile force on riser 13 and help to
cRtkhdiNg Bé@c@habgRsyvd Neq@xingdnt I 936l $he0Ra Mosednd k3 dhtigg b@duction
moverment of the production facility toward and away

Al AMo? YRER AN 8fl UhP BB Ne 14T He Nub &I RONE B lifmMRVI@SANEe a subsea
currents. A gU|de roller or bearlng support 25 ‘extends

\\fé%\%ﬂ’a'ﬁg% M e.E alﬂ?ﬁn%:l'd ar gypd fac%cy Poqecron%f]tg, \?%}l Fltnds to the

t he exanpl e shown gw
ﬂé#?@ﬂ%é%%é%% ﬁlg{r% Fheeslof [ ]?CEHO% rﬁr@g‘g’ﬁff is %{dtlglga?l‘é)«e 1§1ﬁ§1@?§ c?g)esubsca
8 t ends a U|de menber. 15.
il Eﬁ?la@ PQ’ ﬁeﬂrm R PR dppa bisube well
order t recei ve and surrqund a portion of guide
ey 14 grough an opening in the floating platform.

In this embodiment, riser 13 extends through a conductor or guide member 15
mounted stationarily on the production facility. Guide member 15 is preferably tubula:
and has an inner diameter larger than an outer diameter of riser 13. Riser 13 extends
above guide member 15 to a riser mandrel 16 for interfacing with equipment on the
production facility. The lower end of guide member {5 may be located at the bottom of

the floating production facility.

The platform preferably includes a lower deck 17 that is rigidly connected to
guide member !5 such that guide member [5 is stationary relative to lower deck 17 and
the rest of the platform. The platform also has an upper deck 19 that is a fixed distance
from lower deck 17. In this example, upper deck 19 serves as a base for riser tensioner

assembly 11 to actuate from.



Quide roller support 25 has a |lower end that is spaced
above the | ower end of guide nenber 15, even during a
m ni mum st roke position, as shown in Figure 3. Cuide
roller support 25 is rigidly connected to frane 21
such that guide roller support 25 is -7 stationary
with franme 21 and riser 13. Decks 17, 19 and gui de
menber 15 nove axially upward and downward rel ative
to guide roller support 25. Upper and | ower bearings
27, 29 are nounted to guide roller support 25 for

rol | Rivgr engage meRinbiy IhprtfeebBxihelndara of figtikde poEihed above
15. Each bearing is preferably a set of rollers 27,

ugfor MOk GO GRNPE BTy anBlnkRld $iYer Fhard®di 181 SA Ljﬂ@[%ﬁg/ of hydro-
circunferentially around gui de nenber 15. Upper and

ph&M‘@Jﬂcr ?l ih &k %ss@%bh%gﬁadxgcng %xFahF ABRN S IR 0Pk a:gag hi&nd co nect

relative to guirde ro ['er support as gul
5
S B Lt 5 AR

enbodi e ol lers 27, iQ e ax a .

C%?%‘dl“fd%gﬁ%dsk%?ﬁc A dFe P pSRTEr Shipies =
5., Axiall aci ng. a roIIer 27 29 hel to

cfider Ssatinder OF 26 & Pistih S A b G 21 P e between

roller support 25 so that riser tensioner assenbly | |
ap pgeigied pasition as shown in Figure 2 and a retracted position as shown in Figure 3.
Preferably each cylinder 24 is mounted stationarily to upper deck 19 and the upper end
of each piston 26 is mounted to frame 21. However, that arrangement could be
reversed. Cylinder assemblies 23 exert an upward tensiie force on riser 13 and help to

alleviate changes in axial loads on riser 13 due to movement of the production facility

toward and away from subsea equipment 14 in response to waves and currents.

A guide roller or bearing support 25 extends downward from frame 21 around
an upper portion of guide member 15, In the example shown, guide roller support 25
comprises frame members or braces spaced circumferentially apart from each other.
Each brace extends parallel with an axis of guide member 15. Alternately, guide roller
support could be tubular in order to receive and surround a portion of guide member 15.
Guide roller support 25 has a lower end that is spaced above the lower end of guide
member 15, even during a minimum stroke position, as shown in Figure 3. Guide roller

support 25 is rigidly connected to frame 21 such that guide roller support 25 is



nonment forces associated with novenents of the
production facility through guide nenber 15 and gui de
rol l'er support 25 rather than directly to riser 13.
Figure | shows tension assenbly | | in an internediate
position, with pistons 26 partly extended and frane

21 spaced above the upper end of guide nenber 15. In
Figure 2, the production vessel has noved downward or
closer to the subsea well equipnent 14 fromthe
position in Figure 1. Because riser mandrel 16 is
satiadarpRan frame Pil $hoRscr28. Maves Ext epaesifid MambAElS move axially

position in Figure |I. The upper end of gui de nenber
upRardsind aswRera b élQﬁWeftB @{T@e el A@RolcAs Figure 1. The
upper end of gU|d mber 15 is closer to the upper

set of rollers 27 than in Figure 1. -8 In Figure 3,

the ppRAUGLTIORCVESSAbS B@SQW%QQOJ@JCF ReLuifid emet @@ppo:i 25 for
subsea wel | equi prent due to waves or current

ldr?élﬂb(g1?5§%-%’@npa%ﬁ O & f%?tofgmg(p g}c}:n%? e plearc %Qzﬂ‘m JflS p%%rgtﬁy a

I'S subst ant I'n con
SIS, 15,0 IR U, St 1, 911,
at%gna 0u1ct]e mcmgve 15, r]Sjppe: and lower rotiers 27, 29 aid in the movement of guide
member 15 relative to guide roller support 25 as guide roller support 25 moves axially
upward and downward relative to guide rolier support 25. In the preferred embodiment,
rollers 27, 29 are axially spaced apart and mounted on the inner side of guide roller
support 25. Axially spacing apart rollers 27, 29 helps to distribute forces from guide
member 15 to guide roller support 25 so that riser tensioner assembly [[ transfers

moment forces associated with movements of the production facility through guide

member 15 and guide roller support 25 rather than directly to riser 13.

Figure 1 shows tension assembly 11 in an intermediate position, with pistons 26
partly extended and frame 21 spaced above the upper end of guide member 15. In
Figure 2, the production vessel has moved downward or closer to the subsea well
equipment 14 from the position in Figure 1. Because riser mandrel 16 is stationary,
pistons 26 have extended from the position in Figure [. The upper end of guide
member 15 Is farther from frame 21 than in Figure 1. The upper end of guide member

15 is closer to the upper set of rollers 27 than in Figure 1.

-8 -



Al t hough sonme enbodi ments of the present invention

have been described in detail, it should be

under stood t hat vari ous changes, substitutions, and
alterations can be nade hereupon w thout departing
fromthe principle and scope of the invention. For
exanpl e, rather than guide rollers to serve as the

beari ngs, bushings could be used. Al so, rather than a
single, central guide nenber that receives the riser,

a plurality of offset guide nenbers could be

enpl dyddgurditesike ofdisatonguisee nenbers faolkd: dramotithe subsea well
receive a riser, rather they would be nounted
cqiipeuitierdntd ahiey oat@udhd PR&NE D6 Bive GHEAtA@Sand RS WRRAend of
some of the cylinder assenblies. A mating upper guide

ghig lifdmiet] swoulski@alyoybase: 1t Remton . f carke fiahv@ashnas
of fset guide menber. In that instance t fset

he of
oAU ETRIREISIONL fy RS JHGCAON, AP RBRE ST e 15

nggﬂgﬂgv§egéoating platform a riser having a | ower end
Secured to  subsea equi pnent and an upper portion at

the platform an inproved riser tensioner,
Conp/&ltl’?'éLlrég'SOJne embodiments of the present invention have been described in

detail, it should be understood that various changes, substitutions, and alterations can be
made hereupon without departing from the principle and scope of the invention. For
example, rather than guide rollers to serve as the bearings, bushings could be used.
Also, rather than a single, central guide member that receives the riser, a plurality of
offset guide mqnbers could be employed. These offset guide members would not
receive a riser, rather they would be mounted circumferentially around the riser, such as
between some of the cylinder assemblics. A mating upper guide roller set would be
mounted to the top frame for each offset guide member. In that instance the offset

guide members would extend through the upper end of the top frame.



a frame stationarily nounted to the upper portion of

the riser; a plurality of pistons and cylinders, each

pi ston and cylinder being nmounted between the frame -
and the floating platform the cylinders being

supplied with a pressurized fluid to apply tension to
the riser; a guide nenber nounted to the floating
platformfor novenent in unison in response to waves
and currents; and at |east one bearing carried
stationarily by the frame and in novabl e engagenent
Claits: t he gui de nenber as the gui de nenber noves in
unison with the platform 2. The facility according to
claim1l1l, wherein: the guide nenber is tubular; and

It he alister failigmdsing hiflotgiy blhgorglhdeermiera lowerldd3ecured to
The facility according to claim1l, wherein: the
sypsad Eiipmbasnannupper pdesk aand BakdMean d86#ved B€er tensioner,
pi ston and cylinders are nounted to the upper deck;

c@hising:
a frame stationarily mounted to the upper portion of the riser;

a plurality of pistons and cylinders, each piston and cylinder being mounted
between the frame and the floating platform, the cylinders being supplied with a

pressurized fluid to apply tension to the riser;

a guide member mounted to the floating platform for movement in unison in

response to waves and currents; and

at feast one bearing catried stationarily by the frame and in movable engagement

with the guide member as the guide member moves in unison with the platform.

2. The facility according to claim 1, wherein:
the guide member is tubular; and

the riser extends through the guide member.

- 10 -



the gui de nenber is nmounted to the | ower deck and
extends upward through an opening in the upper deck,
4. The facility according toclaiml, wherein the
beari ng conprises a set of guide rollers extending
circunferentially around the guide nmenber and in
rolling engagenent wth the guide nmenber. 5. The
facility according to claim1, wherein the guide
menber has an upper end that is belowthe frane while
the piston and cylinders are in mnimum stroke
3past facdng acdrdidh® didei ll, whyregeccording to claim 1,
further conprising: a bearing support nmounted to and
extending fromthe frame; and wherein the bearing is
mountegldifari:hes he@ipen@ct URPOIdwerdedd; 7. The facility
according to claiml1l, wherein the guide nenber has a
| oner end secured to the platform 8. The facility
accofhdipngort Mdel BhdBrdare fialkBe o t@@ﬁ?{ﬁdr@&dkganca plurality
of el ongated braces spaced circunferentially around
t he gui de

the guide member is mounted to the tower deck and extends upward through an

opening in the upper deck.

4. The facility according to claim [, wherein the bearing comprises a set of guide
rollers extending circumferentially around the guide member and in rolling engagement

with the guide member,

5. The facility according to claim i, wherein the guide member has an upper end that is

below the frame while the piston and cylinders are in minimum stroke positions.

6. The facility according to claim 1, further comprising:
a bearing support mounted to and extending from the frame; and

wherein the bearing is mounted to the bearing support.



menber and nounted stationarily to the frame; and
wherein the bearing is nounted to the el ongated braces
a fixed distance fromthe frame. 9. An offshore
facility, having a floating platform a riser having a
| oner end secured to subsea equi pnent and an upper
portion extending through an opening in the platform
an inproved riser tensioner, conprising: a frame
stationarily nmounted to the upper portion of the
riser; a plurality of pistons and cylinders spaced
circunferentially around the opening, each piston and
cyl i nder bei ng nmounted between the frane and the
floating platform the cylinders being supplied with
7aTRE esBuy hazedifd Micthiha, appky thenshomcihBed g aldve®@kend secured
12 a tubul ar gui de nenber nounted to the floating
Phabhasm.for novement in unison in response to waves
and currents, the riser extending through the guide
menber; a guide roller support stationarily nounted to
and extendi ng downward fromthe frame around the
gui de nmenber; and

8. The facility according to claim 1, further comprising:

a plurality of elongated braces spaced circumferentially around the guide

member and mounted stationarily to the frame; and wherein

the bearing is mounted to the elongated braces a fixed distance from the frame.

9. An offshore facility, having a floating platform, a riser having a lower end secured to
subsea equipment and an upper portion extending through an opening in the platform,

an improved riser tensioner, comprising:
a frame stationarily mounted to the upper portion of the riser;

a plurality of pistons and cylinders spaced circumferentially around the opening,
each piston and cylinder being mounted between the frame and the floating platform,

the cylinders being supplied with a pressurized fluid to apply tension to the riser;

_12-



at | east one set of guide rollers nounted to the guide

roll er support, spaced circunferentially around the

gui de nmenber and in rolling engagenent with the guide

menber as the gui de nenber noves in unison with the

platform 10. The facility according to claim9,

wherein: the platformhas an upper deck and a | ower

deck; the frane is |ocated above the upper deck; and

t he gui de nenber is nmounted to the | ower deck and

extends upward through the wupper deck. 11. The

f aci kithiyulac@oddinfighbled nthudiem tl)ot.he vhafied Fb |k en At @@ vement in

menber has an upper end that s at i xed di stance

ufﬁfs&mlﬁ hespupRel dack and c@nl:xgwetrle e, eﬁ%ﬁdms ﬁﬁou@h fihxedide
di stance bel ow the upper deck. -13 12, Thé facility

n@gﬁ@gdlng to claim 10, mhereln the said at | east one

set of guide rollers conprises an upper set of guide
roIIers | ocated a fixed dlstance bel ow t he franme, and

be lgg\};ulﬁg (Jl]%v\ﬁl[ppgll‘l“‘;gﬁ?l(cﬁ) 1% ﬁlxtkfﬁ%ﬁ%x%nﬁ1[15%9»\;9@1%%%%@

frame around the guide member; and

at least one set of guide rollers mounted to the guide roller support, spaced
circumferentially around the guide member and in rolling engagement with the guide

member as the guide member moves in unison with the platform.

10. The facility according to claim 9, wherein:
the platform has an upper deck and a lower deck;
the frame is located above the upper deck; and

the guide member is mounted to the lower deck and extends upward through the

upper deck.

11, The facility according to claim 10, wherein the guide member has an upper end that
is at a fixed distance from the upper deck and a lower end that is at a [ixed distance

below the upper deck.
- ] ‘J -



13. The facility according to claim9, wherein the
gui de nenber has an upper end that is below the frane
while the pistons and cylinders are in mninmm stroke -
position. 14. The facility according to claim?9,
wherein the guide roller support conprises a

plurality of braces spaced circunferentially around

t he gui de nenber, each of the braces extending
paral l el with an axis of the guide nenber. 15. The
facility according to claim9, wherein said at | east
one set of guide rollers conprises a |lower set at a

| oner end of the roller guide support and an upper set
positioned to engage the gui de nenber near an upper
tendhofactlheagoidiey wemar owhikbiein hbeaiPphskensnaftd of guide rollers
cylinders are in a maxi num stroke position. -14 16, A

coebined a@tipic@ & ARG ralldrt fRhe@XBREINENES NS YRSBEme, and a
equi pnrent to a floatlng platform which includes

sdTRH R un@e fJi@ﬁqoéd%dtMeﬁ'ﬁﬁ{mc ?agw'mé‘tg;pcﬂ&l ?f %ﬂ&’&%llex

and cylinders between the orm an

supplylng the cylinders MAth f|UId pressure to apply
tension to the riser, the inprovenent conprising: (a)
nmounting a guide nmenber to the platform

13. The facility according to claim 9, wherein the guide member has an upper end that

is below the frame while the pistons and cylinders are in minimum stroke position.

14, The facility according to claim 9, wherein the guide roller support comprises a
plurality of braces spaced circumferentially around the guide member, each of the

braces extending parallel with an axis of the guide membesr.

15, The facility according to claim 9, wherein said at least one set of guide rollers
comprises a [ower set at a lower end of the roller guide support and an upper set
positioned to engage the guide member near an upper end of the guide member while

the pistons and cylinders are in a maximum stroke position.

- 14 -



(b) mounting a guide roller support to the franme, and
mounting a set of guide rollers to the guide roller
support and in rolling engagenent with the guide

menber; and (c) in response to platform novenent

toward and away fromthe subsea equi pnent due to waves
and/ or current, noving the guide nenber in unison with
the platformand relative to the guide roller support
and set of guide rollers, which remain stationary

with the riser. 17. The nethod according to claim16,
laheh engihat eptcqaipninara her esenping Sesn exbseadingmedieto a floating
riser through the guide nmenber. 15

platform, which includes mounting a frame to the riser, and mounting pistons and
cylinders between the platform and the frame, and supplying the cylinders with fluid

pressure to apply tension to the riser, the improvement comprising:
(a) mounting a guide member to the platform;

(b) mounting a guide roller support to the frame, and mounting a set of guide

rollers to the guide roller support and in rolling engagement with the guide member; and

(¢} in response to platform movement toward and away from the subsea
equipment due to waves and/or current, moving the guide member in unison with the
platform and relative to the guide roller support and set of guide rotlers, which remain

stationary with the riser,

17. The method according to claim 16, wherein step (a) further comprises extending the

riser through the guide member,



