RAMt TYPE TENSI ONER ASSEMBLY HAVI NG | NTEGRAL HYDRAULI C FLU D ACCUMULATOR 1.
Fleld O The Invention The invention relates to tensioning devices for
exerting a tensile force froma drilling vessel or drilling platform upon
a drilling or production riser, 2. Description O Related Art A marine
riser systemis enployed to provide a conduit froma floating vessel at the.
wat er surface to the bl owut preventer stack or, production tree, which is
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vessel notion induced by wave ' TOR t ensi oni ng systemis
utilized to maintain a variable tension to the riser string alleviating
the potential for conpression and in turn buckling or failure.

H storically, conventional riser tensioner systens have consisted of both
singl e and dua}ﬁecgél i nder assenblies wth a fixed cabl e sheave atone end of
the cylindbr aftflbOhbhelyrentiony ¢ sheave attached to the rod end of the,
cylinder. The senbly is then mounted in a positi-on on the vessel to allow
conveni ent r out PMHYYGRORTEIRES tp fgeionipg dericss sor exming e tansiletfmcairqnni dillinglresdie fi xed
end and strung over the noyvable sheaves. In turn, the wire rope is routed
vi a addi ti°5Hﬁ$E%M§PmﬁéW%“?W%e slip joint assenbly via a
support rizng Cﬁgﬁsci,st,i ng,of pad eyes which accept the end term nation of the
wire rope “asseffBicyPiR umat i ¢ system consisting of high pressure
air over hydraylic flLuid applied to the cylinder forces the rod and in
turn the rod eRdEREAVESYIEM L Fuplozetioprovide edsguit feams  Bentingjvestehm thaiwaer r ope and

inturnt riser..The nunber of tensioner units enployed is based on the
. tension nglgrgagés %ﬁﬁlf b{ogvomﬁflgtiarﬁtack or, production tree, vghmh is connected to the wellhead at the '

sca floor. A tensionef, or motion compensator, is incorporated into the riser string to compensate
for vessel motion induced by wave action and heave. A tensioning system is utilized to mamtam a
Ya:iable tension to the riser string aﬂeﬁaﬁng the potential for conipression and in turn buckling or
failure,
Historically, conventional riser tensioner systems have consisted of both single and dual
- cylinder assemblies with a fixed cable sheave at one end of the cylinder and a movable cable sheave
attached to the rod end of the cylinder. The assembly is then mounted in a- position on the vessel to
allow convenient routing of wire rope whicil is connected to a point at the fixed end and strung over
the movable sheaves. In turn, the wire rope is routed via additional sheaves and connected to thé
slip-joint assembly via a support ring consisting of pad eyes which accept the end termination of the
wire rope assembly. A hydro/pneumatic system consisting of high pressure air over hydraulic fluid
applied to the cylinder forces the rod and in turn the rod end sheave to stroke out thereby tensioning
the wire rope and in turn the riser.

The number of tensioner units employed is based on the tension necessary to maintain



1 support of the riser and a percentage of overpull which is dictated by
net - ocean conditions i.e., current and operational paraneters including
vari abl e mud wei ght, etc. Avail able space for installation and, the
structure necessary to support the units including weight and | oads

i nposed, particularly in deep water applications where the tension
necessary requires additional tensioners poses difficult problens for
system configurations for both new vessel designs and upgradi ng existing
vessel designs. Recent deepwater devel opment conm tnments have created a
need for new generation drilling vessels and production facilities

requiring asuppdet srkrisef an@%‘ﬂeltcaﬁﬁg of t?\%g;gﬁ WAl issé{aatteej’fl%trie?-o%)eﬁg é%}dgi@w ie.,

effectively In deep water and al’l en rsh environne

t echnol ogi %ﬂ%d@ﬂrafi&ﬁﬁfmmﬁemmgv%%ﬁgﬂ@” P t,\é%]er e reduced wei ght and

requi red space are inportant factorsto t rng contractor. The

tensi oner assenBliiRble @facd REINRGBRENind BY SR {ugqlegefs{ag,rm 9 ]8{()3 (%talﬁllf ggtglhﬁglg vant ages

over conventional nethodol ogi es by providi ng options ‘H§enent

and curr entwéigk bncCRABLRpGEED, QRicdi£SNR 4 | ications.of the basic nodul e
design are not |inited %Bg d?i 1] ng ri%gsgteéﬁ%%ﬁt%gsﬁneée th fenpipn pygeiEE sel s.
The syst emréquirtdaaditieavisiBss 588 Withfl pROEHAk) eglive sol utions in
wel | servicing/ workover, int erventi on % pr%ﬁ%léﬁﬂg ﬁﬁogsef?rbgﬁﬁw&iﬁ ons.
These appl ideﬁgxk@ﬁmup@aaﬁlfjggsﬁaébessem@@ﬁi ng production facilities including,
tension leg platform floating production facility, and production spar
variants. The sp&temRephes dbmh@bl &EmiANsI8S 2Res Lye.solution to
tensi oning requirenents and operating pgr am%t e?ﬁa.mt'%%&flﬁ %eﬁ?rﬁtf‘m%'ﬂlﬂgr ol and
dat a acqui sesbdlomd pysii@ioh Peitiéstfirind Aot ¥ nBAfANB Sk central
processor system which provides supe?bisoryncontro&gw%%%§$§ °yS “RBifsi oner
assenbl i es etctvelf intdeep trytpresid alibiPhafth ShORNLMRE PR A telAlh LidPEerudl L. the

ténsioner development where reduced weight and required space are important factors to the drilling
contractor.

The tensioner assemblies of the present invention offer operatioﬁal advantages over
conventional methodologies by providing 6ptions inriser management and current well construction
techniques. Applications of the basic module deéign are not limited to drilling risers and floating
drilling vessels. The systém further provides cost and operational effective solutions in well
servicing/workover, intervention and production riser- applications. These applications include all
floating production facilities including, tension leg platform, floating production facility, and
production spar variants. The system when installed provides an effective solution to tensioning
requirements and operating parameters. An integral control and data acquisition system provides
operating parameters to a central processor system which provides sﬁpervisory control.

Generally, tensioner assemblies are of two types, the piston type and the ram type. With the

piston typecylinder, the rod is stroked out by pressured hydraulic fluid which is stored in an external



pi ston type cylinder, the rod is stroked out bypressured hydraulic fluid
which is stored in an external 2 accumul ator charged with high pressure
air. The hydraulic fluid flows into the cylinder froman external
accurul ator and the pressurized hydraulic fluid acts on the piston to
extend the rod. The piston has a pressure barrier seal between the piston
and the inner wall of the cylinder. Wien the rod is retracted the
hydraulic fluid is displaced by the piston and rod fl ow ng back into the
external accunulator. Prior ramtype tensioner assenblies include a ram
which is sealed around its outer dianeter to the upper gland of the
cylinder. AgcirhBatd' Fds Jcnfluid. flo into the cylinder from
t he external accJﬁdﬁgégﬁh%ﬁ@ﬁﬂ%%%gg%ﬁn SFW§W@ﬁﬂPﬁ%“WéHW?@FPﬂEé%ﬁﬂ@h@
hydraul i ¢ fdxtéfdl dceusliing! s K .t he . exterpal accumnul ator. .

L8R o G preiiy hytilic fige ”éq‘ﬁ‘i <PieRdn Friend dheired. The i d

Therefore, these prior tensioner asse resr

volume to lfsteh ph feRtte B¥ribli8a1 B ..ram . which then f]ows_back into
t he external accu%l ator . Tﬁ%g%tﬁé@g?let%ﬁt%v@ﬁegﬁeﬁvémd’? Exliagers Yhemthe t ype

tensi oner aedie rdhdt@Bhd By CN:d DG i fluid accupulator is integra
with the cylinder and }?he ram alnd%?%%érpgﬁtﬁ’cf@gmgﬂ"wgbi‘c?‘&}t&ql"e‘?’“wbe
di sposed watdutmlatone cylinder cavity and the ramcavity to provide an air

over hydraulic fluid arrangenment. In this arrangenent, the tensioner

assenblies of therRrESRUnsLRYSRLLNRS Qe the . advant age of reducing the
amount of deck space required for e%c%&#gggfBhévwﬁ?égﬂﬂwa“B@E%G@Eww%xternal

hydraul i c fd tié abpacgihddl @t QindRr &s MObreRES . The_tensigner assenblies of
the present invention also provideh?%afﬁgﬁgﬁ%% uﬁgﬂgﬁﬁﬁﬁﬁﬁﬁﬂﬁvmﬁﬁﬁlmall
t hi ckness Gk esthm@alrasotiniliatop the 68% c:ltdd@s. WG AL i.d. This results in a
relatively small rise and fall of the Al bl n i gl RBsgd thus -
el i m nat i nback e theeeasi dynfubor AheRIFEMBR LA tS hiecddi tignal Ly, the
t ensi oner assenblies b Hgﬁ&%&e%bhesmqmeth&y%a ¢

fluid volume to be displaced by the piston or ram, which then flows back into the external

accumulator.

The present invention is directed to ram-type tensioner assemblies in which the hydraulic .
fluid accumulator is integral with the cylinder and the ram and which includes an air transfer tube
disposed within the cylinder cavity and the ram cavity to provide an air over hydraulic fluid
arrangement. In this arrangément, the tensioner assemblics of the present invention provide the
advantage of reducing the amount of deck space required for each tensioner assembly because
external hydraulic fluid accumulators are not necessary. The tensioner assemblies of the present

invention also provide that the volume occupied by the wall thickness of the ram displaces the
hydraulic fluid. This results in a relatively small rise and fall of ﬂle fluid level in the hollow ram,
thus eliminating the necessity for an external accumulator. Additionally, the tensioner assemblies
of the present invention have reduced weight and require mini:ﬁal modifications to rig structure as

a result of the reduced weight. Moreover, less hydraulic fluid and less high pressure air or gas are




of the present invention have reduced wei ght and require m ninal
nodi fications to rig structure as a result of the reduced wei ght.
Mor eover, less hydraulic fluid and | ess high pressure air or gas are
requi red as conpared to conventional tensioners. SUMVARY OF | NVENTI ON The
f or egoi ng advant ages -have been obtai ned through the present tensioner
assenbl yhaving a fully extended position, a fully retracted position, and
a plurality of partially extended positions therebetween, conprising: a
cylinder having a cylinder first end, a cylinder second end, a cylinder
outer wall surface, a cylinder inner wall surface, and a cylinder cavity,
the cyli nd%qﬁiﬂe&&stcoﬁlﬁ%m% stiofial G¥kibqicler opening, the cylinder second end
having a first attachment nenber, an he cylinder <cavity having a first
portion of hydraulic fluid disposed therein; a stop tube having a stop tube
first end, a stop tube second end, a stop tube outer wall surface, a stop
tube inner wall surface, and agsiRfAR i the stop tube being
di sposed along at |east a porfslon 0 ‘{ﬁgﬁlgﬁ%@#@%rﬁ inner wall surface such
that the cyli ndeke hRgls MBhiagd vk BEE ofitSind nication with the stop tube
outer wall surface: aram havi ng a ?arﬁlﬁ!fdfq}rg'%%ﬁr,eseﬁﬂ?nélﬁ?q§éséwl}ﬁﬁég a ram
i nner wal | astully ixededosidhl, RIS TetrAd positidd MG prur@fith 3, LM CAVI LY, the ram
first end being seal ed and ingleudi ndma sé%%ﬁaﬁl“é%%a%ﬁﬁ%%{?eﬁﬁﬁ%g%?m{%% ram
second end thasbem@erilcdniibihy: ANGfnddi 15AAS £ 1Ak Lamouter wal l surface
and a ram openi ng for fII%Jia&rc}Igcorrrruni;g‘:ag{llone Elg%é\ﬂg’gdﬁy@ﬁgsfcgﬂﬁg%“ty hd the
cylinder cauiet wall sulffe, ad0limReMinleY wHAVHRY, Ad SE&HD tign . of 'hﬁglr aylic fluid
and a gas disposed therein in a gas over ﬁ%r%ﬁv{g}p eﬁ}c’lﬁd%ﬂﬁfsé é‘ﬁ‘éﬁ’ﬁ t he
ram out er waplindsnopbass HeeyR@csidalthdhSRga984 adhh tion.of the stop
tube inner wall surface and the ramflagge bgeer?g %HI%IP%%E rya“eﬁlﬁn’a{’édé’%%th a
porti on of cavite heytgatie portioneThydnulib NS BERRES thAcil Yo HbL ﬁavmfglalsllicdtugg urmul at or
defined as an annul ar space created by the cylinder 1 nner walt Sufface, the
ram out er ewak ftorsubeseros] entifatop P ol SRREY st Gbe it ANG A T4 | &poe: at
| east one hydraulic fluid return R

tube cavity, the stop tube being disposed along at least a portion of the cylinder 'inner wall surface

such that the cylinder inner wall surface is in communication with the stop tube outer wall surface;
aram having a ram first end, a ram second end, a ram inner wall surface, a ram outer wall surface,
and a ram cavity, the ram first end being sealed and including a second attachment member, the ram
second end héving aram ﬂﬁnge disposed along the ram outer wall surface and a ram opening for
finid communication between the ram cavity and the cylinder cavity, the ram cavity having a second |
'portion of hydraulic fluid and a gas disposed therein in a gas over hydraulic fluid arrangerment, the
ram outer wall surface being slidably engaged with a pqﬁion of the stop tube inner wall surface and
the ram flange being slidably engaged with a portion of the cylinder inmer wall surface: a hydraulic
fluid accumulator defined as an annular space created by the cylinder inner wall surface, the ram
outer wall surface, the stop tube second end, and the ram flange; at least one hydraulic fluid return

line in fluid communication with the hydraulic fluid accumulator and the cylinder cavity; and at least




line in fluid communi cation with the hydraulic fluid accunul ator and the
cylinder cavity; and at |east 4 one gas transfer tube disposed within a
portion of the cylinder cavity and within a portion of the ram cavity, the
at | east one gas transfer tube being in fluid communication with a gas

- source and the gas disposed within the ramcavity. A further feature of
the tensioner assenbly is that the cylinder second end may i nclude a gas-
passageway in fluid communication with the at | east one gas transfer tube
and the gas source. Another feature of the tensioner assenbly is that the
tensi oner assenbly cylinder second end may include a hydraulic fluid

passageway i, Hiﬂ?ﬁ&%ﬁﬂ icati.on wth e i nder cavity and the

hydraul i c fl{l}i%$ return 1 ﬁoes.ed?l i (f’mof’(?hg‘?°yﬁéj<§f°ﬁ?"8’36‘llwtﬂﬁ%am%¢®i°6ﬁhem
assenbly is t vdraulic fluid .retyrn |line may include an annul ar
mani fol.d di S%Ec}g’téhcf ag\%%sﬂé‘qé%;ﬁéﬁ%?"é“r?e %‘?‘“&‘Hgm@fﬁf‘?ﬂ‘a@ﬁ“wﬂ@ﬁ EaRsPIrceand thegss £ ui d

communi cat i gg o4t Ne H%‘r lic fluid accunul ator and the at |east one
hydraul i c flﬁfd retur n %ﬁe&’Still anot her feature of the tensioner
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in fluid communication with the hydraulic fluid accumulator and the at least one hydraulic fluid

| return line. Still another feature of the tensioner assembly is that the cylinder second end may

include a hydraulic fluid passageway in fluid communication with the cylinder cavity and the

hydraulic fluid return line. A further feature of the tensioner assembly is that the hydraulic ﬂlﬁd

return line may include an annu]ar manifold disposed along a portion of the cylinder outer wall and

in fluid communication w1th the hydraulic fluid accumulator and the at least one hydraulic fluid

return line.

The foregoing advantages have been obtained through the present tensioner assembly having

a fully extended position, a fully retracted position, and a-plurality of partially extended positions

therebetween, comprising: a cylinder having a cylinder first end, a cylinder second end, a cylindér

outer wall surface, a cylinder inner wall surface, and a cylinder cavity, the eylinder first end having

a cylinder opening, the cylinder second end having a first attachment member, and the cylinder

cavity having a first portion of hydraulic fluid disposed therein; a stop tube having a stop tube first



a cylinder opening, the cylinder second end having a first attachnent
menber, and the cylinder cavity having a first portion of hydraulic fluid
di sposed therein; a stop tube having a stop tube first 5 end, a stop tube
second end, a stop tube outer wall surface, a stop tube inner wall surface,
and a stop tube cavity, the stop tube being disposed along at |east a
portion of the cylinder inner wall surface such that the cylinder inner
wal | surface is in communication with the stop tube outer wall surface; a
ram having a ramfirst end, a ramsecond end, a raminner. wall surface, a
ramouter wall surface, and a ramcavity, the ramfirst end being seal ed
and including a second attachment nenber, the ram second end havi ng an
annular-pi§W8ﬁSEP§P®§@@ﬂambngmn&@&QOwﬂhmﬂme&hbn&u&ﬁaﬁemaﬂﬂm@mm%@hﬁpening
for fluid comuni cati on between the ramcavity and the cylinder cavity, the
annul ar pi EEKYigvingop tbe hemgstispoadalpgrat least hportianaf dr\ilindertiaet Rl @rfigcond
portion of hydraulic fluid-and a gas disposed therein in a gas over

hydraul i ¢ fhdteet fiecelingerinmnt walksheace fsrin eutemicaitn it tefsmp Q1bbeitEGa8 kirfiad| Y
engaged with a portion of the stop tube inner wall surface and the annul ar
pi ston bei AGRPavéngsIrym Erstrrdedamisechndend ot inper vl strifiee, @ ydok OB fvail Bike, Wl |
surface; a hydraulic fluid accunmul ator defined as an annul ar space created
by the cyli Amicaifzsthefam firssamd beingsealedrad inglwtiogit @rondattdchment famer, ey St Op
tube second end, and the annular piston, the hydraulic fluid accunul ator
bei ng in f FEPRA 1 hiieg AT Pigion Aispose alopk thedem outeranall bytfabdvnad ghin dgo@n@t | east
one port of the annul ar. piston; and at |east one gas transfer tube di sposed
within a pSrirgsogmpunirationbstyesa de rameavityand the cylindbricavity, thedtnilarpistd ha¥igy r am
cavity, the . at |east one gas transfer tube being in fluid comunication
with a gasdGoReruntie PReY b messersrtporion hf hydehis fuiimdegas diyposed tereir her
feature of.the tensioner _assenbly is that at | east one of the at |east one
port of th&?EARNET Hrrapicdluitprgegsmen dhe ram oter wallsunface eing siddblyspgagatvidi zs pos ed

above the at .le ne .of. the at | east one
portion oaﬁltxe sfop tube inner wall surface and the annular piston being slidably engaged with a

| portion of the cylinder inner wall surface; a hydraulic fluid accumulator defined as an annular space
created by the cylinder inner wall surface, the ram outer wall surface, the stop tube second end, and
the annular piston, the hydraulic fluid accumulator being in fluid communication with the cylinder
cavity through the at least one port of the annular piston,; and' at least one gas transfer tube disposed
within a poﬂion of the cyliﬁder cavity and within a portion of the ram cavity, the at least one gas
transfer tube being in fluid communication with a gas soun;,e and the gas disposed within the ram
cavity. -

A further feature of the tensioner assembly is that at least one of the at least one port of the
annular piston may include at least one leaf spring disposed above the at least one.of the at least one
port. Another feature of the tensioner assembly is that at least one of the at least one leaf spring may
be curved upwardly toward the ram first end. An additional feature of the tensioner assembly is that

the at least one of the at least one leaf spring may include at Jeast one leaf spring opening, Still



port. Another feature of the tensioner assenbly is that at | east one of the
at |l east one leaf spring may be curved upwardly toward the ramfirst end.
An additional feature of the tensioner assenbly is that the at | east one of
the at |east one |leaf spring may include at |east one | eaf spring opening.
Still 6 another feature of the tensioner assenbly is that the cylinder
second end may include a gas passageway in fluid conmunication with the at
| east one gas transfer tube and the gas source. A further feature of the
tensi oner assenbly is that the hydraulic fluid accunul ator may include an
annul ar mani fol d di sposed along a portion of the cylinder outer wall and in
fluid communication wth the hydraulic fluid accunul ator. Another feature
of the tensetier feaure cafithetensionthassentblyeis atha uheadylinget Sdcomd smxnimél‘%ea s | east
one pair of ports. An additional feature of the tensioner assenbly”Is that
at | east orfESBEcEhE fid somaymicative withitire abfeasd Otict gas HRYFet 0BY 4l Bredhs JoBAST 4 ONE

| eaf spring di sposed above the at |east one of the at |east one pair

of ports. Stifer Eﬂ@f@féﬁhert@aiowessomblwmthmehesmmeﬁc ﬂiﬁ&%ﬁhﬂdatbﬁnatyhﬁéhai@ | east
one of the at |east one |leaf spring may be curved upwardly toward the ram
first end. *A™%mMapERld fispmsed donghiphgion effsé ofinter aa& @t layd inSuidakm@kicdigast one
of the at |east one |eaf spring may include at |east one |eaf spring

openi ng. ANGH Ry daglic fuid agfumpuator.t Arvdienfegnre aftBewidioper sSschnig s thad Bie G ujaP T
second end . may include a gas passageway in fluid communication wth the at
| east one BREMFRYHEMATat leatheucpar oftods. AgeddiSonal feaure Mihcaeliohdreahblf Bafpr € Of
the tensiongr assenbly is that the hydraulic fluid accumul ator ~may include

an annul ar *EAT 96 PHbeE g RPN of Reytsanay dnchudont It ohdieafeptins ARSI cOBbRImaal | and

in fluid ctﬁmmnigfia ion with the hydraulic fluid accunulator. Still another
feature of EHeE %8 "‘g??éka%gmpﬁpong Stiflatotieea fhtusiof hienddned 8@ mblyQu A I Of

ports may jrengl)ﬁjed% a Ileaf sgr i ng di sposed above each of the at |[|east one
pair of ports g Pt pastone leafisping ey ¢ ¢reved aprsirdnomad Seeabfiyt dod. A hahereach of
the leaf springs, disposed above each of the at |east one pair of ports
maybe cur vea™s g V\%? SPSPOE S50 BLY sithsat 4t least pnejofthe at least one leaf spring may include at Jeast

one leaf spring opening. Another feature of the {ensioner assembly is that the cylinder second end

may include a gas passageway in fluid communication with the at least one gas transfer tube and the

gas source. An additional feature of the tensioner assembly is that the hydraulic fluid accumulator

may include an annular manifold disposed along a portion of the cylinder outer wall and in fluid

communication with the hydraulic fluid accumulator. Still another feature of the tensioner assembly

is that each of the at Ieast one pair of ports may inchude a leaf spring disposed above each of the at

least one pair of ports. A further feature of the tensioner assembly is that each of the leaf springs

disposed above each of the at least one pair of ports may be curved upwardly toward the ram first

end. Another feature of the tensioner assembly is that each of the leaf springs may include at least.

one leaf spring opening disposed above each of the ports. An additional feature of the tensioner

assembly is that the cylinder second end may include a gas passageway in fluid communication with

the at least one gas transfer tube and the gas source. Still another feature of the tensioner assembly




end. Another feature of the tensioner assenbly is that each of the | eaf
springs may include at |east one |eaf spring opening disposed above each
of the ports. An additional feature of the tensioner assenbly is that the
cylinder second end may include a gas passageway in fluid conmuni cation
wth the at |east one gas transfer tube and the gas source. Still another
feature of the tensioner assenbly 7 is that the hydraulic fluid accunul ator
may i nclude an annul ar manifol d di sposed along a portion of the cylinder
outer wall and in fluid comunication with the hydraulic fluid accunul ator.
The tensioner assenblies of the present invention have the advantages of.
reducing the overall weight of the tensioner, reducing the anount of.
hydraul i ¢ fif pidhelydmilicdlyidasqumylator aey includsfn trinelar thenifall GigiseduihE Birion o2 Nd
reduci ng the anount of air or gas required for operation of the tensioner
assenbl y. B Ehndopetmvail prhn fpid pRavi@s v the hysraaliqrid dcalm4i@ss- sect i onal
vi ew of one specific_ enbodi nent of the tensioner assenbly of the present

i nventi on shownThetersipgerassemplioseof fhwaresent frosition hive the @vaages of rddidid 8
cross-sectional view of another specific enbodi nent of the tensioner

assenbl y ofPVEHbweight st tepsioperredusing Steompurt of hydranlit (il yequieddfaropaslionehd i on.
FIG 3 is a partial cross-sectional view of the tensioner assenbly shown in
FI G 2 shol@sipaer assprably, spd spdycingdhechanpups of it pregas regli@d fof opeation of BSGns@et | onal
view of the tensioner assenbly shown in FIG 2 taken along line 4-4. FIG 5
i s cross-s&8FMkal view the annul ar piston shown in FIG 4 taken along |ine
5-5. While the invention will be described in connection with the
preferred enbodi nent, it wll

_ BRIEF DESCRIPTION OF DRAWINGS
FIG.1is a partial cross—§ecti0na1 view of one specific embodiment of the tensioner assembly
of the present invention shown in the fully retracted position.
FIG. 2 is a partial cross-sectional view of another specific embodﬁnent of the tensioner
assembly of the present invention shown in the fully retracted position.
FIG. 3 is a partial cross-sectional view of the tensioner assembly shown in FIG. 2 shown in
the fully extended position.
FIG.4isa cross-sectional view of the tensioner assembly shown in FIG. 2 taken along line
4-4. |
FIG. 5 is cross-sectional view the annular pistbn shown in FIG. 4Wtaken along line 5-5.
While the invention Will be descriﬁed in connection with the preferred embodiment, it will
be understood that it is not intended to limit the invention to that embodiment. On the contrary, if
is intended to cover all alternatives, modifications, and equivalents, as may be included within the

‘ spirit and scope of the invention as defined by the appended claims.



be understood that it is not intended to limt the invention to that

enbodi nent. On the contrary, it. is intended to cover all alternatives,

nodi fications, and equivalents, as nay be included within the spirit and
scope of the invention as defined by the appended clains. DESCRI PTION OF
SPECI FI C EMBODI MENTS The invention conprises el enments that when assenbl ed
forma unitary, integral, tensioner assenbly. The tensioner assenblies of
the present invention may be used to replace both conventional and direct
acting tensioning systens. Further, variations ofthe tensioner assenbly may
be utilized in both drilling and production riser applications. As '

nment i oned above, the tengj enblies of the present invention
integrate the hydraul i cnﬁﬁf‘gﬁﬁ@@@lﬂﬁﬁ%@q%@m& nder. The hydraulic

fluidis storedlkgﬁ&gﬁmggp,Lgn1favit and is ressurized with
hi gh-pressure ait via ah arr-t Fanerer tieesstiblse &ue apnitn. integvb tawibohander
o, 27 Sy R ol SRR ) SR S P
LN U GRMER e TN B BLEARSTERL PLOYSS S B Vel oL e
nyaraulic. (o LeERE bR R Bl BaPIRHR Cho | ower  ond of tho ram o
elative to t e arrearaannl sl Elient ik fresrg srighiteane nbdrath
e e L DR
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assenbly. ram cavity. The high pressured air flows into an air space which is maintained at the upper end of

the interior of the ram, i.e., within the ram cavity. This arrangement provides an air over oil

operation, |

The air pressure acts on the internal serface of one end of the ram, sometimes referred to as

the ram head, combined with the pressurized hydraulic fluid acting on the surface arca of the lower

end of the ram to provide the force necessary to extend the ram. The ram extends with a force

relative to the air pressure, hLJWever with the lower end of the ram submerged in the hydraulic fluid,

hydraulic dampening is maintained to prevent excessive ram speeds, i.c., the rate at which the ram

is extended from within the cylinder cavity or retracted into the cylinder cavity. Therefore, the ram

speed is controlled to prevent damage to the tensioner assembly.

In one specific embodiment, an annular piston, which acts as aspeed control valve, is located
at the lower end of the ram and may be utilized to prevent damage caused by excessive ram speed

in the event of a severed line or other situation where the load on the tensioner assembly is suddenly

absent from the tensioner assembly. The annular piston includes a number of a transfer ports, or



I n one specific enbodi nent, an annul ar piston, which acts as a speed
control valve, is located at the lower end of the ramand nmay be utilized
to-prevent damage caused by excessive ramspeed in the event of a severed
line or other situation where the |load on the tensioner assenbly is
suddenly absent fromthe tensioner assenbly. The annul ar piston includes a
nunber of a transfer ports, or 9 ports, located within the annul ar piston
at the lower end of the ram At the upper side of the ports, small
| eaf springs are situated over the opening of the port. These springs are
curved upward so that the entrances of the ports are open for hydraulic
fluid to flow through the ports. If the load on the tensioner assenbly is
suddenl y abB¥istlocated &ithin desumdar aiston aghoiowérad 50 b Lt GELE sia‘ﬁ ofdﬂe elerate
toward the fully extended position at an excessive rate, As hydraulic fluid
fl ow passi nPallkef spepgs aresitrated gvefig opaingbf thepdrt EhdOipkin@HRRESS w&%?ﬁ @kn f1ow
rate, a pressure inbalance is induced across the |eaf spri n%. en this
i nbal ance eReewdaces ¢fdhemorts agopeatfer hydratliodluidea flow diduBBthe biR. 1@ oSRE kAT | S
pushed closed over the entrance to the port, thereby restricting the flow
rate of theenfpasrasiemblyfiy eiddentytabeny the prdamrqmetitigSon OB WillldisB it b Ll hidd t he
speed of the ram Each |eaf spring preferably has an orifice, or opening,
that per ni t®8%#d gisfellyontended posdicast acexbéssiverated ARagEadlio &‘Iaidgf&wtﬁaging HeliepUCh
that the pressure inbalance will be allowed to equalize at a controlled
rate i nst edBmgrand entesiag fhe gort pugeqdh acreiainiflow rate, A Pressh@AGRAanBILY inBhed QfHéﬁlhg he
pressure has equalized the leafsprings will return to their upwardly curved
posi tion f3@@6‘?1%4%?&‘}“%@1119&6#@W@edmmgmgsommmmpﬂggﬁlmggrpgﬁgd y, the
present invention js directed to tensioner assenbly 40 having Cylinder 60,
ram 80, st §SFPSE erpntrasetoghaporty therety aestrictipshSlaw rAe S heRRkaubs HeaatYgitO
includes a _fully retracted position (FIGS. -1 and 2), a fully extended
posi tion (It—}fe(gm%j”,‘d 12 frgn. Zmifng i speegl of the raga Battelbdfypring petedly Haos direns; def i ned
t her ebet ween. .q/&kjl nder, 60 includes cylinder inner wall :
Openng; that permits a portion of hydraulic fluid to pass through the port such that the pressure

imbalance will be allowed to equalize at a controlled rate instead of “freezing” in place, i.e., no
longermoving. Once the pressure has equalized the leaf springs will return to their upwardly curved
position for continued operation.
Refering nowto F IGS. 1-3, broadly, the present invention is directed to tensioner assembly
40 having cylinder 60, ram 80, stop tube 90, and air transfer tube 50. Tensioner assembly 40
includes a fully retracted position (FIGS. 1 and 2), 2 fully extended position (FIG. 3), and a plurality
of partially extended positions defined therebetween. Cylinder 60 includes cyﬁnder inner wall
surface 61, cylinder outer wall surface 62, cylinder first end 63, and cylinder second end 64.
Cylinder second end 64 includes attachment member 65 to facilitate securing cylinder second end
64, and thus, tensioner assembly 40, to a riser string, a drilling vessel, or other equipment or devices
that are secured to the riser string. A_ttachment member 65 may be any device, e.g., bolts, ﬂanges';,

etc., known to persons of ordinary skill in the art.
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surface 61, cylinder outer wall surface 62, cylinder first end 63, and
cylinder second end 64. Cylinder second end 64 includes attachnent nenber
65 to facilitate securing cylinder second end 64, and thus, tensioner
assenbly 40, to a riser string, a drilling vessel, or other equi pnent or
devices that are secured to the riser string. Attachnent nenber 65 may be
any device, e.g., bolts, flanges, etc., known to persons of ordinary skil
inthe art. 10 Cylinder cavity 66 is disposed within cylinder 60 and
defined by cylinder inner wall surface 61. Cylinder first end 63 includes
opening 67 to permit ram80 to nove into and out of cylinder «cavity 66 as
di scussed in greater detail below Cylinder 60 also preferably includes
annul ar mani f ol §ylisler eyty$6isdisposed ditldnbylinddr bind défneDBy Ghifidetihh G541 &59&&”‘1 ram
80 and into hydraulic fluid accunulator 77 discussed in greater detai

bel ow. Ram @0 Gyhedentiesend gritichidesropeningl67saipdnait enBIa to e Mtk Al oW LyigHL T ace
82, ramfirst end, or ram head, 83, and ram second end 84. RamTirst end
83 i ncl ude<2EDqatlisspsedingreniar d8g] tiewi Gplindérbasieo preraanly infIgdds M fSlrgnd 83,
and thus, tensioner assenbly 40, to a riser string, a drilling vessel, or
ot her  equifdierrmishydgulic Gudiopheitculated arsetiuane 80 4nd irtdeydfauBEuicdcbdniSator 77
Attachment penber 85 maybe any device, e.g., bolts, flanges, etc., known
to per sons WFussrddn grewisr deiRil below.n the art. Ramcavity 86 is di sposed within
ram 80 and defined by raminner wall surface 81. Ram second end 84

i ncl udes ram op®Ht fynewles mmdmegyalt syrfive B hirdm énatwall birfacd 42| ol fePerfddi$ad Nt 0 and
fromram @aViF% 86 as discussed in greater detail below Stop tube 90

i ncl udes s $3upwl PR sesondiend|84s B St er@l B3 isdudps dttadiment thexibees fo tatiface 92,
stop tube first end 93, stop tube second end 94, and stop tube cavity 96
di sposed WPTHHE LR Bist and B ansishus fensiope psserally #) tostrisey strinh @ diilfifgvessabbrothsr | ace
91.

equipment or devices that are secured to the riser string. Attachment member 85 may be any device,
€.g., bolts, flanges, etc., known to persons of ordinary skill in the art.

Ram cavity 86 is disposed within ram 80 and déﬁned by ram inner waﬂ surface 81. Ram
second end 84 includes ram opening 88 (FIG. 3) to permit hydraulic fluid to pass into and from ram
cavity 86 as discussed in gréater detail below.

Stop tube 90 includes stop tube inner wall surface 91, stop tube outer wall surface 92, stop

_ tube first end 93, stop tube second end 94, and stop tube cavity 96 disposed within stop tube 90 and
defined by stop tube inner wall surface 91.
* In one specific embodiment, ram 80 preferably includes ram flange 89 (FIG. 1} disposed
along a portion of ram outer wall surface 82, preferably near ram second end 84. Ram flange 89
contacts stop tubg 90 when tensioner assembly 40 is in the fully extended position (F1G. 3). Assuch,
ram flange 80 facilitates maintaining ram 80 within cylinder cavity 66 and stop tube cavity 96.
Tensioner assembly 40 is assembled by inserting ram 80 into cylinder cavity 66 by placing

~ ram second end 84 through cylinder opening 67 such that air transfer tube 50 is disposed within ram

11



In one specific enbodinent, ram 80 preferably includes ramflange 89 (FIG
1) disposed along a portion of ramouter wall surface 82, preferably near
ram second end 84. Ram flange 89 contacts stop tube 90 when tensioner
assenbly 40 is in the fully extended position (FIG 3). As such, ram
flange 80 facilitates maintaining ram80 within cylinder cavity 66 and stop
tube cavity 96. Tensioner assenbly 40 is assenbled by-inserting ram 80 into
cylinder cavity 66 by placing ramsecond end 84 through cylinder opening
67 such that air transfer tube 50 is disposed within ram 11 cavity 86. Ram
80 is inserted into cylinder cavity 66 until ram second end 84 contacts
cylinder second end 64, i.e., tensioner assenbly 40 is in the fully
retracted pewity 8@ R4F8GSinsértedisto 2linddRaiityfek r yl ar pi.ston 20
(discussed in greater detail bel o%v), ar etysl ?%ggﬁ%eo%lgaeaggy\(ﬁn ts(%’) fider

i nner wal | sseanfl sud646ile., tersindryisiembly UG ishid e @il 1 § 1 d between
cyl i nder i lr}f?er 8‘\gfal | surface 61 a%;d ram out%?%l%é@ﬁ@%é@fg%%l ange
89, or annulaage 89 wronlaPstor 29 (ditchdabih yreRBAa8E 0wt Gyl Lader Enner wal |
surface 61 'SUChdfl hat no hydraulic flﬁrid or ai row?\’ngegiéééx f{kggﬁdtwb&ﬁg’ggﬂbet ween
ram f | ange @81 weoll sufacrflaandgiyatatic R acamehlE 77 RS el laeSurface 61.
Stop tube 90 is then disposed around ram 80 (i.e. ,ehrl%a}%geél\(l)@ilngeﬁlﬂ%eé?]vf‘l dinto
stop tube Eaace§l 9@yam eviat vall opfate2e RIQ e BN SLLAG distinQ0 Y hiaReL cayity 66
such that stop tube outer wall surface 92 is in conmmunicatio WEEER

cyl i nder i ¥i@cyligded innerwilbae2G 51 and tiat mymhxﬁ;fium,egﬂg@gﬁ@ugpg%% 1is
slidably engaged with ramouter wall surface 82. Stop tube I'S

pr ef er abl y T¥tfthee P, ooyl pister20; and eylindalidnesidifsa@Re 6L such that  stop tube is
i ncapabl e of movenent and no hydraulic fluid or air is permtted to pass

bet ween cyl i nde‘i‘OHWQPiS\MﬁismcdmmdﬁﬂaSa(icé.,ﬁmiiihﬁéﬁecl%t&QEpt\ﬂ\@echvi gg)f ace 92.
As shown in_ FIGS. 1-3, stop tube 90 is secured in place by flantg)'e and bolt

assenbl y 98 sopdgperdQisenserpiintowmlinder cavityfeaachQiat btsp Gibé hak b GREAGR Wi th ram
outer wall surface 82 such that no hydraulic fluid or air is
communication with cylinder inner wall surface 61 and stop tube inner wall surface 91 is slidably
engaged with ram outer wall surface 82. Stop tube 90 is preferably secured to cylinder inner wall
surface 61 such that stop tube is incapable of movement and no hydraulic fluid or air is pemmitted
to pass between cylinder inner wall surface 61 and stop tube outer wall surface 92. As shown inr
FIGS. 1-3, stop tube 90 is secured in place by flange and bolt assembly 95. Stop tube innér wall
surface 91 is slidably engagéd with ram outer wall surface 82 such that no hydraulic fluid or air is
permitied to pgss between stop tube inner wall surface 91 and ram outer wall surface 82.
In this arrangement, ram flange 89, or annular piston 20, is permitted to'-slide along cylinder
inner wall surface 61 until contacting stop tube 90. At the point where raﬁ flange 89 or annular
piston 20 contacts stop tube 90, tensioner assembly 40 is in the fully extended position (FIG. 3).
Disposed within cylinder cavity 66 and at least a portion of ram cavity 86 is gas, or air,

transfer tube 50. While the tensioner assembly is discussed herein as having a “air,” it is to be

understood that any gas may be used, e.g., atmospheric air or nitrogen. Air transfer tube 50 is in
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permtted to pass between stop tube inner wail surface 91 and ram outer
wal |l surface 82. In this arrangenent, tamflange 89, or annul ar piston 20,
is permtted to slide along cylinder inner wall surface 61 until
contacting stop tube 90. At the point where ramflange 89 or annul ar

pi ston 20 contacts stop tube 90, tensioner assenbly 40 is in the fully
extended position (FIG 3). D sposed within cylinder cavity 66 and at | east
a portion of ramcavity 86 is gas, or air, transfer tube 50. Wile the
tensi oner assenbly is discussed herein as having a "air,"” it is to be
understood that any gas may be used, e.g., atnospheric air or nitrogen. Ar
transfer tupe 50 is. in 12 fluid comunication with an air source (not
shown), suchHdeongprmicgtionyethan ai foupse fetihpwn) aughsesione ortrivgd air pesauré eRIs, that

pressurized ai.r into ramcavity 86 and cylinder cavity 66 to provide
tensile forRRV{s Prosgrzetdmichtomasrnsimd chlinden qasifisieto froMide tBilé Redeudes air
transfer t%be.o enigg gé. Preferably, cylinder second end 64 ‘includes air
passageway SEYY FHEEPY; Parldr tarefen tbiaQyippludes pis transfer gibe opamim Seh @ralirblys OUr Ce
to air transgﬁf tu%ﬁ 50. .Wien tensioner assenbly 40 is in the

ful Iyr et r ac? SRS prshp4 ineluges air passpgevpay 54 oy fonlitatt the triisprriitionat gitifath &b aif 77 | S
formed by ram out er |1 surface 82 and cylinder inner wall surface 61 as
an annulafow?%@agpﬁﬁﬁﬁu?%ﬁ}8o. As tensioner assenbly 40 is noved fromthe

fully retracted&&osition %gIGS”L and 2) to the fully extended position
(FIG 3), hydrauf'fterionrassaetiytiiz a s flly retasief negition(BIiS. 1 awd @), bydrahic b one i n
fluid connua!ca&io? with gch ot her and the volune of the annul ar space
formng hydFAtr LT {1 i Efmﬁg Y\ FR ep ivath surface $2cmd edigder immetywall wifeeiol acan

enbodi nent wein HiG % t?nsioner ssenbly 40 includes a . hydraulic
fluid retufn 11 nes 7014 ‘g sty Bhis moved ferrbe aily reamitdighogti®s and

Sl $4° ST A MYy B A BT 2 oo
cavity 66 become in fluid communication with each other and the volume of the annular space
- forming hydraulic fluid accumulator 77 is reduced.

In one specific embodiment shown in FIG. 1, tensioner assembly 40 includes a hydraulic
fluid return line 70 in fluid communication with annular manifold 68 and cylinder cavity 66 and thus
ram cavity 86. Preferably, cylinder second end 64 includes hydraulic fluid passageway 74 to
facilitate the transportétion dfhydraulic fluid from ram cavity 86 and cylinder cavity 66 to hydraulic
fluid return line 70. Hydraulic fluid retarn fine 70 preferably includes control valve 72 such asa
Riser Inertia Management and Control® (RIMAC®) system to facilitate regulation of the flow of
hydraulic fluid through hydrautic fluid return line 70 and to control the riser pipe in the event of an

| unexpegted separation ofram 80 from cylinder 60. Therefore, the tensile force created by tensioner
assembly 40 can be controlled such that the speed at which ram 80 moves within cylinder 70 and
stop tube 90 does not exceed a set speed at which ram 80 may be forced from its slidable engagement

with stop tube 90 or otherwise cause damage to tensioner assembly 40.
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facilitate the transportation of hydraulic fluid fromramcavity 86 and
cylinder cavity 66 to hydraulic fluid return line 70. Hydraulic fluid
return line 70 preferably includes control valve 72 such as a R ser

I nertia Managenent and Control (r) (RIMAC(r)) systemto facilitate

regul ation of the flow of hydraulic fluid through hydraulic fluid return
.line 70 and to control the riser pipe in the event of an unexpected
separation ofram 80 fromcylinder 60. Therefore, the tensile force created
by tensioner assenbly 40 can be controlled such that the speed at which
ram 80 noves within cylinder 70 and stop tube 90 does not exceed a set
speed at which ram 80 maybe forced fromits slidable engagenment wth stop
tube 90 or ot heRefmiag sew eFIEEnRGdn tu sheifivi cabadimas ol pist 20 baforBefhe! 1 | NY
now to FIGS. 2-5, in _one specific enbodi nent, annular piston 20 perforns

- the functi dhpctien ofasm flangn 8@ i ram flkege 88 rufulan piglen Bis diapvsed atdng RinSsu@R wal) | S

di sposed along ramouter wall surface 82 near ram second end' 84. Unlike
ram f | ange S¥¢Ace £ gy &am seppridcdnd Al Wnpikcomindizsget $9ehdwenat whidh oy $L0REY 0
further extension of ram 80, annular piston 20 controls the speed at -which
ram 80 noY&steHaf fpppingfinthetiextension ofinain 80, ppuln iietorP0 corbslsitlelsptell HARE rdan I GS.
4 and 5, annular piston 20 preferably includes a plurality of ports 22

t hr ough whi#@AroKss aYithin avlinder 10 andisiop prbe 99. tAsstiustratedria FEGS. ¥ @i 5, biaitepibtbs2d | Ui d
accunul ator 77 into cylinder cavity 66, and vice versa. Port 22 includes

| eaf spri ngrefeslydndydssariuglits of prets £2 thpuplpwhiclchyidianlist fridcio périmitlel ioj@sstom f | ow of
hydraul i c LI uid through port 22. Leaf spring 24 preferably includes. at

| east one PwEglisyid peghmplpter Fdnte eylinges pavity 6@ 6ndtvineaergh PatiRZinclbges leatisbingy T Ui d
IS perm’tt%gl to pass As_shown in FIGS. 4 and 5; preferably, ports 22 are
arranged i fi* PEored offrprt 22 orfaciigte castrollies the fow ofhyfrantic Aigidifeaih pp 221 Q.e2et

. di sposed abave ‘Qge ir of ports 22 with leaf spring orifice or opening 26
" di sposed alg¥e? ?:fFFQ%?SPPI“?E at lgastane leafispring ogifice os opening 2Githropgiewidéhydraulie. , | N

the di rect)on,of flrgt end 83,

As shown in FIGS. 4 and 5, preferably, ports 22 are arranged in pairs with each pair of poﬁs
22 having leaf spring 24 disposed above the pair of ports 22 with leaf spring orifice of opening 26
disposed above each port 22; Leaf'spring 26 is curved upwardly, i.e., in the direction of first end 83,
such that the flow of hydraulic fluid through port 22 in the direction of arrow 31 is buffered, or
slowed, and such that the ﬂc.wv of hydrauiic fluid through port 22 in the direction of arrow 32 is
likewise buffered, or slowed. In situations in which ram éO is being forced out of cylinder 60, 1.e.,
in the direction of arrow 31 toward the fully extended position, at a high rate of speed, leaf spring
26 is flattened out to cover a portion 6f port 22, thereby restricting the flow of hydraulic fluid
through port 22, and thus slowing the extension of ram 80 out of cylinder 60, Fastener devices, e.g.,
bolts 28, may be used to secure leaf spring 26 to annular piston 20.
While annular piston 22 is described as having a piurality of ports 22, with a plurality of leaf

springs 26, it is to be understood that annular piston 22 may only have one port, with, or without, a
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such that the flow of hydraulic fluid through port 22 in the direction of
arrow 31 is buffered, or slowed, and such that the flow of hydraulic fluid

through port 22 in the direction of arrow 32 is |ikew se buffered, or
slowed. In situations in which rain 80 is being forced out of cylinder 60,
i.e., in the direction of arrow 31 toward the fully extended position, at

a high rate of speed, leaf spring 26 is flattened out to cover a portion
of port 22, thereby restricting the flow of hydraulic fluid through port
* 22, and thus slow ng the extension of ram 80 out of cylinder 60. Fastener
devices, e.g., bolts 28, may be used to secure leaf spring 26 to annul ar -
pi ston 20. Wile annul ar piston 22 is described as having a plurality
of ports 22, legfispring26pind leaf sptiyg Wfrhayakt mapmpt bergstu®Aeaf byiring 6penfighe. under st ood
that annul ar piston 22 may only have one port, with, or without, -a 14 | eaf
spring 26, and Kssiowsinilay. 126d rayce assembied, eytindebevity6s| il €avitg 84, imgcopeni ng
26. As shown in FIGS. 1 and 2, once assenbl ed, cylinder cavity 66, ram
cavity 86, MHridiaasyaviaton T7anaype Gl vithdudrallintfioid it the smyesheprdsididdag twirkthredrydr aul i c
fluid in the spaces represented by the reference nuneral 104. Ramcavity
86 may t herBErabtM; Ramiopvityi8p may then bawagtially flledtwith dinde speprepaanicedy iy the -
reference nuneral 102 froma air source and passing through air transfer
tube 50, t Hefrserr nuaershd0? Siemng ain shiyor andl assigl icdgh eiv edanstH Quiiens tgaBy OVer
hydraulic fluid arrangenment. The pressures of the air and hydraulic fluid
do not nov&sERlithipy? gl fnid isreb L9 in aaps aveehyitaulicfiiid idangetent. Mse frensés@nEr
assenbly 40 is mpved fromthe fully retracted position (FIGS. 1 and 2) to
one . or mork¥ &Frand Riraylic fiyidiiq got meyesh 80 whendhe presswesoare 4t beiliteilny ext ended
position (FIG égf the air_in space 102 is pressurized by additional air
bei ng t r anspor t24eTIFFRFRELL AP is ootieddom thefulyrshactidpositims BIGSWaand 3o ok ough
air transfer tube 50, out of air tube opening 52, and into space 102 of ram
cavity 86. °JHo® §§ﬂ‘86“r“ﬂfg‘? extendedipasitionor the fullyjexterded pqsiion (FIG2)thy 4iwis spaeem head
83 to nnvei&ﬁsthe dir%ct'onnﬁfg rrow 31

y additional air

pressunzed cing transported from the air source, through air passageway
54, through air transfer tube 50, out of air tube opening 52, and into space 102 of ram cavity 86. In
so doing, the pressurized air in space 102 forces ram head 83 o move in the direction of arrow 31.
Additionally, the pressurized air forces hydraulic fluid level 100 to be moved downward, in the
direction of arrow 32. The pressurized hydraulic fluid in spaces 104 is compressed and facilitates
exertion of an upward force,l i.e;, in the direction of arrow 31, to force ram head 83 fo move in the
direction of 31 until tensioner assembly reaches the fully extended position (FIG. 3), or until the
pressure of the air and the préssure of the hydraulic fluid reach equilibrium. |
Additionally, with respect to the specific embodiment of tensioner assembly 40 shown in
FIGS. 2-5, as ram 80 is moved in the direction of arrow 31, hydrauli(-: fluid is transported from
‘hydraulic fluid accumulator 77 through annular piston 20 in the direction of arrow 32, by passing
through ports 22, and into cylinder cavity 66. In so doing, the volume of hydraulic fluid accumulator

77 is reduced.
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Additionally, the pressurized air forces hydraulic fluid I evel 100 to be
noved downward, in the direction of arrow 32. The pressurized hydraulic
fluid in spaces 104 is conpressed and facilitates exertion of an upward

- force, i.e., inthe direction of arrow 31," to force ramhead 83 to nove in
the direction of 31 until tensioner assenbly reaches the fully extended
position (FIG 3), or until the pressure of the air and the pressure of
the hydraulic fluid reach equilibrium Additionally, with respect to the
speci fic enbodi nent of tensioner assenbly 40 shown in FIGS. 2-5, as ram 80
is noved in the direction of arrow 31, hydraulic fluid is transported from

hydraulic fluid [0 l.at or . throu nnul af piston 20 in the direction
of arrow 32, byC%%?%%ﬁﬁﬁm?%FééﬁHwﬁ%?ggegﬁ?mﬁﬂémpﬁéﬁhE?F#%ﬂ@ﬁ“é&vWFVd66. I'n
so doing, t h aulic flui.d. accupulator 77 is reduced. 15

Conver sel y%%‘éﬁh%g?ﬁ élﬁlc’ll{shr"r’r“?ﬁl!‘ %H“IfirrPlg‘f@f%(’.ﬂ %@’E‘“’Ft&?ﬁ obter3dvbyPessing {hepughy| | c
fluid is tr r .cyl.inder cavity 66, through annular piston 20 in
t he direct iﬁgﬁéo ’ ag(?gl(t)c\’/vﬁ’@% ,ml %/iulggcécémﬁ]@tof ?j oligh doBgthe voume of iydsanlicofluid dr aul i ¢

fluid accunyl at.fkor f6 so doing, the volune of hydraulic fluid
accumul at or %s ?ﬁ%%ﬁ%@%ﬁ?'vvth respect to the specific enbodi nent of

t ensi oner assengj R ElLG.. 1 air is ransported fromthe air
source into r amtg\r/e?}%ﬁﬁg@é@pgﬁ@c FRd mf'cgtrﬁ?%ﬁs*?“gr W%{i 4P shoppan Rl leasatén of
arrow 31, i ¥ I [ anspor. frrom hydraulic fluid accunul ator
: 77, through a %ﬁ%é&niﬁgﬁ?¥%ﬁﬁ ?MTﬁvésﬁyﬁgiﬁfﬁ%l%VﬁFH“#éPHPﬁ”FWH@OWO,
t hr ough hydgaulsi © i O | i 70 thgg control__valve 72, through
hydraul i c f|ﬁ?3L33§§g%§ﬂg§kﬁ%@“§%§9?% 8M5y]|K@%ﬁmﬁﬂW%FW7@@@”@@H@Eﬂ§ély, as

the air pressiwi€es, ne ﬁ?cﬁﬁx!ﬂ@ﬂma@%ﬁ&@?&,%&%‘%ﬁﬁ%@vﬁ@f tﬁ%elg%%é d}?:;;géham

cavity 86, ramis noved in the rection
hydraul i ¢ fégdoyaive 7§,rﬂ§9@ﬂ(ﬁ5/&r§|ﬂic fﬂﬁﬁ%sageway 74, and into cylinder cavity 66.

Conversely, as the air pressure is lessened, and transported out of space 102 of ram cavity
86, ram is moved in the direction of arrow 32. In so doing, hydraulic fluid is transported from
cylinder cavity 66, through Hydrau]ic ﬂu§d passageway 74, through control valve 72, through
hydraulic fluid return line 70, into annular manifold 68, and into hydraulic fluid accumulator 77.

As will be apparent to persons of ordinary skill in the art, hydrautic fluid level 100 is
preferably always lower, i.e.., closer to cylinder second end 64, than air transfer tube opening 52.
Therefore, hydraulic fluid 104 will not be permitted to pass into air transfer tube 50.

While it is to be understood that cylinder 60, ram 80, and stop tube 90 may be formed out of
any material known to persons of ordinary skill in the art, preferably, cylinder 60, ram 80, and stop
tube 90 are manufactured from a light weight material that helps to reduce the overall weight of
tensioner assembly 40, helps to eliminate friction and metal contact within cylinder 60 and stop tube
90, and helps reduce the potential for electrolysis and galvanic action causing corrosion, Examples

include, but are not limited to, carbon steel, stainless steel, aluminum and titanium.

16



cylinder cavity 66, through hydraulic fluid passageway 74, through control
valve 72, through hydraulic fluid return line 70, into annular manifold

68, and into hydraulic fluid accunulator 77. As will be apparent to persons
of ordinary skill in the art, hydraulic fluid level 100 is preferably
al ways lower, i.e., closer to cylinder second end 64, than air transfer

tube opening 52. Therefore, hydraulic fluid 104 will not be permtted to
pass into air transfer tube 50. While it is to be understood that cylinder
60, ram 80, and stop tube 90 nmaybe forned out of any material known to
persons of ordinary skill in the art, preferably, cylinder 60, ram 80, and

stop tube 90 arg manufactured froma |jght weight material that helps to
reduce the over(;{?E %%%CFE%# Sn'f’)étffscfnlf’r‘?@?d ‘g’?@@ﬁ%@?nﬁoﬁm@rmlr@éﬁekﬁemmat e

friction ang,t ct Wit hi |l i nder 60 and stop tube 90, and hel ps

reduce the por.%k t@t%ng?c%?%t ?nsgf'%réfs%tﬂ?{(%%a BRdg g Ahsriericawhishdpeilitatessomgeting

corrosion. @%ﬂﬁgj ' e. but are not limted to, carbon steel,

stainl ess steel, ag%ﬁ‘ﬁ#’%ﬁ#ﬂ a?n%se{sl hium 16 Tensioner assenbly 40 nay be

by Connect i ng-t SHsF o ar ARl e Bl SR tncompen o v ci

- facilitates,caRngsk | i.oner. assenbly 40 to the riser string.

- Tensi oner asserrblzl}%/\lé X%Q%?J’lﬁ%gedg? aegsgﬁ?r%(r?w& TYSRITREATE bRPr Grample; fd tensgioner

o owout pr event o i vl Bembicah iRt syt ipraced. o

di sposed, inRvERIMMA Sk ' ancoil. drilling vessel and the riser or

bl owout pr-é)vgnt er st ac’%ﬂ_sr}?u! nﬁqf%a?gﬁ%kﬁhet“ﬁgk%%ean fromthe wellbore. _

assenly of " ine preag PR SRRGY MR nbl R Rk i erceermy vianei on 1 n

e ram by b ac ng tha T A a0 e S e
| the pressure in the cylinder and the ram by placing the ram o air transfer tube and air source in

communication with at least one control source.

It is to be understood that the invention is not limited to the exact details of construction,
operation, exact materials, or embodiments shown and described, as obvious modifications and
equivalents w111 be apparent to one skilled in the art. For example, the annular piston may include
only one port. Further, eaéh port in the annular piston does not require a leaf spring, thereby
permitting each port in the annular piston to be modified to restrict the flow of hydraulic fluid. Also,
the tensioner assembly may be assembled using bolts, welding, or any other device or method known
to persons of ordinary skill in the art. Additional]y, the stop tube may be a flange or ledge formed
integral with the cylinder inner wall surface and disposed within the cylinder cavity. Moreover, the
individual corponents may be manufactured out of any material and through any method known to

persons of ordinary skill in the art. Accordingly, the invention is therefore to be limited only by the

scope of the claims.
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conmmuni cation with at | east one control source. It is to be understood that
the invention is not [imted to the exact details of construction,
operation, exact materials, or enbodi nents shown and descri bed, as obvi ous
nodi fications and equivalents will be apparent to one skilled in the art.
For exanple, the annular piston may include only one port. Further, each
port in the annul ar piston does not require a | eaf spring, thereby
permtting each port in the annular piston to be nodified to restrict the
flow of hydraulic fluid. Al so, the tensioner assenbly maybe assenbl ed
using bolts, welding, or any other device or nethod known to persons of
ordinary skill in the art. Additionally, the stop tube may be a fl ange or

| edge formed integral with the cyli &é&dMSnner wall surface and di sposed

wi thin the ! vity. Mreover, the individual conponents nay be
nanufacturéﬁﬁéggggiﬂiﬁ?n terial and through any nethod known to persons
of ordi nary sk;kl iin the art. Accordingly, the invention is therefore to be
linmited oni'y by*{HEONEaBHROIEhavinga fally prignded mositipm aMBINSEAE pSeiinAMER 1 S | A

t ensi oner ) l.y havin fully extended position, a fully retracted
posi ti on, gf\“r(fﬁgj%f ﬁaﬁ]ﬁlei“??ﬁaeﬁf’“ﬁ’él%@fmewe@kmefeidg:posi tions therebetween,
conprising. a cylJ. dq{ havgag a c¥linde[ first end, a cylinder second end,
a cylinder out @rcyb{/rééﬁ AL f Sylider fizst eady 3 gydiader sepondrendualeylindervhiacwell sarfiste,a
cylinder cavi.ty,.the | inder, first end having a cylinder opening, the

A inder “ﬁ‘ﬁ%‘ffﬁ F> gndea; cylindergavitycthesyindendiratisad haviap acylibder aphing der

cylinder second end
CEve. B el S g R R shenb e panitice.
outer wal | poﬁ%glfo?ﬁ)%raulic fluid disposed therein; |
a stop tube having a stop tube first end, a stop tube second end, a stop tube outer wall surface,
a stop tube inner wall surface, apd a stop tube cavity, the stop tube being disposed along at least a
portion of the cylinder inmer wall surface such that the cylinder inner wall surface is in
communication with the stop tube outer wall surface;
a ram having a ram first end, a ram second end, a ram inner wall surface, a ram outer wall
surface, and a ram cavity, the ram first end being sealed and including a second attachment member,
the ram second end having a ram flange disposed along the ram outer wall surface and a ram opening
for fluid cormgtmication between the ram cavity and the cylinder cavity, the ram cavity havinga
second portion of hydraulic fluid and a gas disposed tﬁerein in a gas over’ hydraulic fluid
arrangement, the ram outer wall surface being slidably engaged with a portion of the stop tube inner
_wall surface @d the ram flange being slidably engaged with a portion of the cylinder inner wall
surface; |
a hydraulic fluid accumulator defined as an annular space created by the cylinder inner wall

surface, the ram outer wall surface, the stop tube second end, and the ram flange;
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a stop tube inner wall surface, and a stop tube cavity~ the stop tube being
di sposed along at least a portion of the cylinder inner wall surface such
that the cylinder inner wall. surface is in conmmunication with the stop
tube outer wall surface; a ramhaving a ramfirst end, a ram second end, a
raminner wall surface, a ramouter wall surface, and a ramcavity, the
ramfirst end being sealed and including a second attachnment nenber, the
ram second end having a ram flange di sposed al ong the ram outer wall
surface and a ramopening for fluid comruni cati on between the ramcavity
and the cylinder cavity, the ramcavity having a second portion of
hydraulic fluid %nd a gas disposed therein mM a gas over hydraulic fluid
arrangenent, th# Faéh?lﬁﬂlyéﬁau}iﬁafﬁ?d bt beain lidnggmedunidatioh ywithnigaR@eiuid fidd a
portion of the stop tube inner wall surface and the ram fl ange ‘being
sli dably eﬁ&ﬁﬂ@gmﬁfﬁ Sovledet si:88d t he cylinder inner wall surface; a
hydraulic fluid accunul ator defined as an annul ar space created by the
cylinder inner H&iftongeas frapséer tubp disposed withiney postioin|of the cflinde cavity@ndShign 4 ube
second end, nd-é&f ranlflaqge; 18 at | east one hydraulic fluid return line
Cn 1 Ui BRHERPICERTR RV e o st ¥y @rsdnansias bk being in fluid vouhati@tiorawit alghe
cylinder cavity; and at |east one gas transfer tube disposed within a
portion of S‘E“ﬁ”éaE@ﬁF ﬁﬁgfspasa%mﬂynﬁlﬁmamm na portion of the ramcavity, the
at | east one gas transfer tube being in fluid communication with a gas
source and the gas disposed within the ramcavity. 2. The tensioner
assenbly of cl 'nul,.mherein the cylinder second end includes a gas .
passageway i n f10i'd CBIRmEY 9t Sk ke tvhemsia the cylindert seomd cgdidnciadanspar t ube
and the gas, . Source. %i The tensiqner assenbly of claim2, wherein the

%ﬂvag AU h TR aten TG the gt feast pegpsransfer tube and the gas source.

cyl i nder seco

3. The tensioner assembly of claim 2, wherein the cylinder second end includes a hydraulic fluid

passageway in fluid communication with the cylinder cavity and the hydranlic fluid return Jine.

4, The tensioner assembly of claim 3, wherein the hydraulic fluid return line includes an annular
manifold disposed along a portion of the cylinder outer wall and in fluid communication with the

hydraulic fluid accumulator and the at least one hydraulic fluid return line,

5. The tensioner assembly of claim 1, wherein the cylinder second end includes a hydraulic fluid

- passageway in fluid communication with the cylinder cavity and the hydraulic fluid return line.
6. The tensioner assembly of claim 5, wherein the hydraulic fluid return line includes an annular

magifold disposed along a portion of the cylinder outer wall and in fluid communication with the

. hydraulic fluid accumnulator and the at least one hydraulic fluid return line.
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passageway in fluid communication with the cylinder cavity and the
hydraulic fluid return line. 4. The tensioner assenbly of claim3, wherein
the hydraulic fluid return line includes an annular rmanifold disposed
along a portion of the cylinder outer wall and in fluid conmunication with
the hydraulic fluid accumul ator and the at |east one hydraulic fluid
return line. 5. The tensioner assenbly of claim1l, wherein the cylinder
second.end includes a hydraulic fluid passageway in fluid conmuni cation
with the cylinder cavity and the hydraulic fluid return line. 6. The

tensi oner assenbly of claim5, wherein the hydraulic fluid return |line

i ncl udes an7 annyl ar, mani fol d di sposed al ong a portion of the cylinder
outer wall ‘and frcFloBFEserhbaiTians fily ewiernded peritionns Bills stiacted pasitign,aad anul at or
and the at &\lyﬁ-%St one, hydraulic fluid return line. 19 7. A tensioner
assenbly h 1 of PetielX extepdedimgstonp Berebatween, camprifingy et ract ed position, and
a plurality of rtially extendedpositions therebetween, conprising: a

cyl i nder havi ng? gﬁe‘éﬂrﬁﬂ'b‘éﬁ cplindes firgtiead, a gylideriserard end cacqyheflenonter wall eyfacander
outer wall surface, cylinder inner wall surface, and a cylinder cavity,
the cyli ndé‘r“k"lﬂ“?é‘fméﬁ%l el acvigder ¢y the pdinges rst end havingay ciiindenroperingpnd  end
having a first attach 8‘5 menber, and the cylinder cavity having a first
portion of MRl ?effo"rFIE bpvine 8 Jisst atechment giembergand ths s vkindpiecarisn ianigg a fist op t ube

first end, a,sto 1&‘:';‘36 econd end, a stop tube outer wall surface, a stop
tube i nner PHAPY ‘@H ’(?él,%“daﬂ‘r“’ﬂ"s&‘?g‘ﬁrﬁﬁ? tube cavity, the stop tube being
di sposed al ong a? Ih%agt .a trQor hi 1%3{ of the cylinder inner wall surface such
that the cyli ndSfPPREFHRAF PP Whitirserd. p don b secopdiinfiastar berud whll surfaces t op
t ube outer a\é\?l lubésyrgrqv%ﬁ;s‘g% r argohavitu a.ramfirst end, a ramsecond end, a
raminner Wa P Mg urrace, Faft 8!.ls[m@r _ AYLLY g fqpLubs bemg disposed-alang aldpasia  t he
ram ‘f Irst scﬂgotp &t B8 c%/ﬁr?‘ ef Cllnn%‘rn gvafl ns%l"fé’c':g ! S[]lg] ats %Ocr}]' md(?e';E En?igrhgael? tsuxfrggcgbise{n’
communication with the stop tube outer wall surface;
a ram having a ram first end, a ram second end, a ram inner wall surface, a ram outer wall
surface, and a ram cavity, the ram first end being sealed and including a second attachment member,
the ram second end having an annular piston disposed along the ram outer wall surface and a ram
opening for fluid communication between the ram cavity and the cylinder cavity, the annular piston
having at least one port, the ram cavity having a second portion of hydraulic fluid and a gas disposed
therein in a gas over hydraulic fluid arrangement, the ram outer wall surface being slidably engaged
with a portion of the stop tube inner wall surface and the annular piston being slidably engaged with N
a portion of the cylinder inner wall surface; |
a hydraulic fluid accumulator defined as an annular space created by the cylinder inner wall
surface, the ram outer wall surface, the stop tube second end, and the annular piston, the hydraulic

fluid accumulator being in fluid communication with the cylinder cavity through the at least one port

of the annular piston; and
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the ram second end having an annul ar pi ston di sposed al ong the ram outer
wal | surface and a ram opening for fluid comunicati on between the ram
cavity and the cylinder cavity, the annular piston having at |east one
port, the ramcavity having a second portion of hydraulic fluid and a gas
di sposed therein in a gas over hydraulic fluid arrangenent, the ram outer
wal | surface being slidably engaged with a portion of the stop tube inner
wal | surface and the annul ar piston being slidably engaged with a portion
of the cylinder inner wall surface; a hydraulic fluid accunul ator defined
as an annul ar space created by the cylinder inner wall surface, the ram
outer wall surfgﬁ t he st%#¥t be_ second end, and the annul ar piston, the
erbtlgjlie

hydraulic fl ui g%“c%“c A (fEPessd witkip a pertpmefitiecatindencavint dad tvitkingy| | nder

cavity thr | east one port of the annular piston; and 20 at
| east one agnfj %gﬁg%rca?ﬁb%eﬂ?e%%%ﬂﬂs FnefhT Hbedeigg intfluiscommutibaion with ngher

cavity and s%g.ﬂ§$££p%%£n. f the ramcavity, the at |east one gas
ein NATEm

transfer tube. ' In ui Fe%ion with a gas .source and the gas
di sposed within the ramcavity. 8. The tensioner assenbly of claim?7,
wherein at | east one of the at |east one port of the annular piston

i ncl udes atg | e f rd i osed above the at | east one of the at
| east one port. A iﬁ%ér?s E%%hﬁsgquﬁﬂﬁggﬁ 3 leapt opg of fhepteasignepat afthatirhiaast  one

of the at Lgasgt: SpLi-ng. is. curyed upwardly toward the ramfirst
end. 10. ,bTﬁ’ehtcglﬁ%i%ﬁ%frt m}'fg%agﬁf‘%a‘fﬁos Iaé?"ﬁlﬂ?,atlﬁﬁé?f@iOﬁﬂlﬁ Adeagtont past one of

the at | east one |eaf spring includes at |east one | eaf spring opening.
11. The tension assenbly of claim 10, wherein the cylinder second end

i ncl udes aggas MRS aGEVANAil, & Jid ccommuni cation with the at |east one gas
transfer tube and the gas. sﬂc??ﬁ?ijccea.’m 8, Whcrein a Teast one of the at least one leaf spring is

curved upwardly toward the ram first end.

10. 'I'h@ tensioner assembly of claim 9, wherein the at least one of the at least one leaf spring

includes at least one leaf spring opening.

11.  The tension assembly of claim 10, wherein the cylinder second end includes a gas

pagsageway in fluid communication with the at least one gas transfer tube and the gas source
12.  The tensioner assembly of claim 1 1, wherein the hydraulic fluid accumulator includes an

annular manifold disposed along a portion of the cylinder outer wall and in fluid communication

with the hydraulic fluid accumnulator.

13.  The tensioner assembly of claim 7, wherein the annular piston includes at least one pair of

ports.
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12. The tensioner assenbly of claim1l, wherein the hydraulic fluid

accunul ator includes an annular manifold di sposed along a portion of the
cylinder outer wall and in fluid communication wth the hydraulic fluid
accunul ator. 13. The tensioner assenbly of claim?7, wherein the annul ar

pi ston includes at |east one pair of ports. 21 14, The tensioner assenbly
of claim 13, wherein at |east one of the at |east one pair of ports

i ncl udes .at | east one | eaf spring disposed above the at |east one of the at
"l east one pair of ports. 15. The tensioner assenbly of claim 14, wherein at
| east one of the at |east one leaf spring is curved upwardly toward the
ramfirst epd. 16  The tensi oner assenbly of claim 15, wherein at |east one
of the at |east one T &xf asé%‘?q%?fdaf‘ﬁé?suﬂ@@lwleﬁ%asetofolmeatlle@afonéslﬁhﬁridirgmgpeni ng.
17. The tenﬂﬂg@esgﬁgepbl f .claim16, wherein the cylinder second end

i ncl udes a gas passaﬁg%\?\%&pﬂnﬂ‘ 1P dlsrriiba iridesst aon ofthe 41 I enayiairlopsts. ONe gas
transfer tube and the gas source. 18. The tensioner assenbly of claim 17,
wherein the hydraulic fluid accumul ator includes an annular manifold

di sposed alng rtion of the cylinder outer wall and in fluid

comuni cat i lg'n \;i:nh {) ST HE ﬁﬁFH’rbh'Lﬂ%idém% J4uiereie €Upast @ Of the dJeasihe lsabspahORET
assenbl y of .m.1 wherein each of the at | east one pair of ports

i ncl udes efuﬁgg{flﬂasaf)c%tﬁgargfbf%% teove each of the at |east one pair of
ports. 20. The tensioner assenbly of claim19, wherein each of the |eaf
springs di sposed above each of the at |east one pair of ports is curved

upwardly t r m first . 22
p y Lqga drﬁeﬁ&s{oﬁ‘er assem!?ly of ngllm 13, wherein at least one of the at least one leaf spring

includes at least one leaf spring opening.

17. The tension assembly of claim 16, wherein the cylinder sec;md end includes a gas

passageway in fluid communication with the at least one gas transfer tube and the gas source

18. The tensioner assembly of claim 17, wherein the hydraulic fluid accumulator includes an

annular manifold disposed along a portion of the cylinder outer wall and in fluid communication

with the hydraulic fluid accumulator.

19.  The tensioner assembly of claim 13, wherein each of the at least one pair (ﬁ‘ ports includes |

a leaf spring disposed above each of the at least one pair of ports.

- 20.  The tensioner assembly of claim 19, wherein each of the leaf springs disposed above each

of the at least one pair of ports is curved upwardly toward the ram first end.
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21. The tensioner assenbly of claim?20, wherein each of the |eaf springs
i ncludes at | east one |eaf spring opening disposed above each of the
ports. 22. The tension assenbly of claim 21, wherein the cylinder second
end includes a gas passageway in fluid communication with the at |east one .
gas transfer tube and the gas source. 23. The tensioner assenbly of claim
22, wherein the hydraulic fluid accumul ator includes an annular manifold
di sposed along a portion of the cylinder outer wall and in fluid
comuni cation wth the hydraulic fluid accunmulator. -23

21.  Thetensioner assembly of claim 20, wherein each of the leaf springs includes at least one leaf

spring opening disposed above each of the ports.

22,  The tension assembly of claim 21, wherein the cylinder second end includes a gas

passageway in fluid communication with the at least one gas transfer tube arid the gas source
23.  The tensioner assembly of claim 22, wherein the hydraulic fluid accumulator includes an

annular manifold disposed along a portion of the cylinder outer wall and in fluid communication

with the hydraulic fluid accumulator.
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