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[ 0001] The present invention relates generally to pull-up riser tensioner
'systens used on offshore floating production and drilling platforns and,
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1 - nitrogen or compressed air. The size or volume of the high-pressure accumulator 204, relative to

the cylinder volume, determines the overall spring rate or stiffness of the cylinder accumulator
- system 200 as-the cylinder accumulator system 200 moves over its stroke range. The low-
pressure accumulator 206 serves to maintain a near constant pressure on the piston side of the

hydraulic cylinder 202 over the stroke range and maintains a closed system.

[0004] Current cylinder technology requires a large volume of hydraulic fluid that
is equal to at least 115% of the total cylinder swept volume. The volume of hydraulic fluid is
based on the total swept volume plus an additional 15% reserve that is used to account for any
small leaks that may occur while in operation. Maintaining this volume is required in order to
maintain fluid contact with the dynamic seals that are used on both the cylinder piston assembly

and the cylinder rod. Under extreme weather events and vessel offsets, the riser tensioner
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cylinders can be stroked into the fully extended position which pushes
nearly all of the hydraulic fluid into the high-pressure accunul ator. The
“hi gh- pressure accunul ator is sized to hold this volume plus the additional
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acconpanyduached t@Wegion ring and pressured up before the process is repeated for the remaining

cylinders. Connecting and disconnecting a cylinder from the tension ring can be a time-
consuming process, particularly given that access to the tension ring is limited on many platform

structures.



[0007] Figure 1 illustrates a prior art pull-up riser tensioner system
[0008] Figure 2A shows a cross-sectional view of a prior art pull-up

‘cylinder accunul ator system [ 0009] Figure 2B shows a
cross-sect.i onal view of tthﬁﬁslﬂEggnglgkgpnggM@mgrrent of the prior art
<ylinder accunul ator system of Figure 2A [0010] Fi gure 3A shows

a cross-sectional ) | i nder accumul a stem in
accordance with a ﬁoﬁgt %éﬂ??ﬁé‘n?gﬁl}ii‘rﬁeerﬁ?‘@gﬁws d’fs’i‘? o%‘ qgure may be
[0011] Figides®odBy RRgirdCingaAWo HedbifovaRtdds@iptibn Nﬂd&h@ae@émﬁdﬂﬁhng dears.

arrangenment of the ﬁél inder accunul ator system of Figure 3A, in accordance
with a first embodiOfEAFiBre | flstrcsagrior #f Rlrypdispidensioner system.  '0012] Fi gur e

4A shows a cross- Spobd|Eigire YASNRE adcrddbtkdctibihl &6k aﬂ@rpnalcsxugmhap RYlirlySt em
in accordance with a second enbodi ment of the present disclosure.

[0013] FiYEFBYAAEEYSAR- 4C show cross-sectional views of the piston

arrangenent of the[oopd)imges mwulcﬁisggecﬁmt @8W of thEc@inder fden drn@ear dance
with a second enbodi nent of rese | osure. [0014] Wile
enbodi menttdherior pt evlgferar aéorﬁ éﬁ“%l icted and described and are

defined by refer eng)em]@lgaxemmlsw\% BITEedédiBid] Sw@%ﬂahﬁlldxb%?ﬂnﬂ%ﬂic@mmﬂﬁﬁh
ref erences do not t he di sclosure, and no suc
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thi's di schrestrdiscis@eexanpl es only, and not exhaustive of t he scope of the
di sclosure. [0012] Figure 4A shows a cross-sectional view of a pull-up cylinder accumulator
system, in accordance with a second embodiment of the present disclosure. |
[0013] Figures 4B and 4C show cross-sectional views of the piston arrangement
of the cylinder accumulator system of Figure 4A, in accordance with a second embodiment of
the presént disclosure.
[0014] While embodiments of this disclosure have been depicted and described
and are defined by reference to exemplary embodiments of the disclosure, such references do not
.imply a limitation on the disclosure, and no such limitation is to be inferred. The subject matter
disclosed is capable of considerable modification, alteration, and equivalents in form and
function, as will occur to those skilled in the pertinent art and having the benefit of this

disclosure. The depicted and described embodiments of this disclosure are examples only, and

not exhaustive of the scope of the disclosure.



DETAI.LED DESCRI PTI ON [ 0015] The present invention rel ates
generally to pull-up riser tensioner systens used on offshore floating
‘production and drilling platforns and, nore particularly, to a pull-up
riser t ensi oner system wth a f]bHA@LﬂDQS:%@HP‘PR)NdeV' ce. [0016] The
terms "couple" or "couples" as used herein are intended to nean either an
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be made to achieve the specific inplementation goals, which wll vary from
one i npl eipaRrcHen Bhother dgrigtstiad compegtietver, it will be appreciated that such a

devel oprment  ef f or t (051 G htiusBSive UMHo8meAR b il e LANBIRBY areméganlnddetall
neverthel ess be a routine undertaking for those of ordinary skill in the
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exanpl es of certaln enbodi ments are given. In no way should the follow ng.
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cyl i nder accumul at or systens disclosed herein provide a small internal
hydr aul i 2PPIeEiPgd dghich < draclepment Rifert sUgH Oasemplex agd time é?nsuweth Motldces the

fluid reoqd&rRA R Olbufifeuna¥tkgebr thb% of efliitanill hand hvhalifeqdbéRAEAM S Of
the cylinder, additional internal cylinder volune nay be utilized to act as

an |nterrF§TP'ﬁ‘feﬁHhiﬂl‘é§r§ure accurmul ator. In turn, this may greatly reduce the

size of an externajoo) sy AGARNIREY albeBiuRIRS SR oa%tpmhﬁtnwenu@sthsmaﬁr@d
hi gh- pressure accumul ators of prior art systens. I'n one
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syst em t hghit ioPadfine &Be @oﬁeydflthenm,{ h a cylinder rod, a cylinder barrel, a
cylinder end cap, and.a cylinder piston assenbly, a first annul ar vol ume

coaxi al to the cyl POHEBAS ¥ Pyermreiaad byre of gednagy skilhinsbe aridths sYlipder
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an internal high-pressure accumulator. In turn, this may greatly reduce the size of an external,
secondary high-pressure accumulator, as compared to high-pressure accumulators of prior art

systems.

[0020] In one embodiment, the present disclosure provides a pull-up cylinder
accumulator system that includes a cylinder with a cylinder rod, a cylinder barrel, a cylinder end
cap, and a cylinder piston assembly, a first annular volume coaxial to the cylinder rod and the
cylinder barrel, a second volume disposed within the cylinder piston assembly, an external high-
pressure accumulator, a low-pressure accumulator, and one or more tube manifolds coupling the

external high-pressure accumulator and low-pressure accumulator to the cylinder. In a second
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enbodi ment, the present disclosure provides a pull-up cylinder accunul ator
systemthat also includes a piston disposed within a bore of the second
vol ume and between a hydraulic fluid located on a first side of the piston
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cyl i nder sagtemmgisglosad wylkberdigosedray further (detailaine gorjyngidon 3atk, thy Hbuseptivender
301 may f i Gyl 4204, a cylinder barrel 341, a
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st orage cuitibgeh rgey, chapredsbiain\od asyudthe shiltdbledgas 4izdia Kaews ecaiedbf valinameskdPth may be
annul ar. Jhe d m. ¢ i ng arrangenent and/or the one or nore dynam c
seal s 31§hﬁ§§wégﬁ%fﬁ%iﬁgh%%g?ﬁguﬁﬁ d¥&ulic fluid 342 in the second vol une
320. The hydraulic fluid 342 may be used to lubricate the one or nore
dynani ¢ seal s 318 ®021]He cepin embodingntst the pulbemeetinger 3G@mulBle syseooil mayl une
320 may c .Se:.a.radjal p hel e ' A=Yl I J 2 may
be used f%grg)lgdr?lﬁ)t%lsgla s%f/gélraavt? IC #%()Ui g"’%%%&‘gi. ‘ﬁ(;gmg% 3%%%&’?%&8%15? ‘ﬁg" zt?erreans
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t he gas L : i f flLrst 302 to
the Second vaarariat REnERTD: 6P bEr RO ILRR (hEs BRAYLE b aife
hydraulic fluid 342 and the gas nedi a-316. A seal 329 | ocated bel ow t he
radi al supply hole 322 on the cylinder piston-assenbly 306 nay prevent the
hydraulic fluid 342 fromdraining out of the second volune 320. As the
hydraulic fluid 342 and the gas nedia 316 experience substantially the sane
pressure, the seal nmay experience zero differential pressure.

[ 0023] As woul d be appreciated by one of ordinary skill in the art, the
enbodi nent illustrated in Figures 3A-3C creates a small internal hydraulic
fluid dam (i.e., second volunme 320), thereby reducing the fluid

requi rements of the cylinder. The remaining internal cylinder volune (i.e.,
first annular volume 302) may then be used as a primary high-pressure gas
accurnul ator, thus reducing the size of the secondary high-pressure

accunul ator 326. [0024] Referring now to Figures 4A-4C, a
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cylinder piston assenbly 406 may be a two-pi ece assenbly, or may be an
assenbly conprised of nmultiple pieces. The cylinder rod extension 414 may
‘be used to attach the cylinder accunul ator system 400 to a tension ring

(not Shovﬂ}}lraul-[@ﬁulﬁﬁhi RARL seERHd \E)ﬁllﬁqe‘]}:hg @Héjhﬂﬂuh@ﬁﬁm 349 %aﬁ% §§é§ kPRbALL MY be

coupled to the cylinder rod 404, and the cylinder end c 0 and c¢ I|nder
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[0025] In certain enbodi nents, the pul er accumul ator system 400
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di sposed wid $iaind REmmhicRE Bl B! RELDN3 RSS HERENNE DfumdTBIY. Ming k) @db}él}ﬂ Hgpact on
the cylinder |ength. The cylinder piston assenbly 406 may further a dynamc
seal i ng at2angeneheonapniration heje dAt M9y bety masisFiecvide e Sewnd vplymes8l i ng a
hydraul i caf Ly b‘é%pfe&aie@%y%@%%rd{ﬁ%ry@Bll“lﬁ%he Jh SviNGe %ne@i‘?ro? Hypahe seal s
420 may be hi gh-pressure dynam c sea The second vol une 422 nay serve as
a st or agedigdnsvrgi the gas media B m)d%mmreumqaeﬁdofmmee first cngl@rotodrmeo}ddrie tee22 may

be annul afeondRBludhnan] scabssﬁﬁ!amyﬁ&luaﬁzﬁ@nﬁ@ge&meam{ eHydtalife ﬁh@ 395 afPHhE gslynam c
seal s 420 nay be exposed hydraul1c fluid 3% n the second vol une

422. The HHR J6t %SGPM%}P&O%% b?%av ﬂrfe'a%éaprtlbhcrlﬁ%%% athecylinder pistaps™@Phani ¢

seal s 4203(Efm4yt}ﬁe\ﬁéﬁd ﬂh@ﬂ%atﬂicﬁuﬂi"3@5§&m%1@0&t of the second volull@826] Akfnecertain
enbodi ments, the p @f | i nder _accunul ator system 400 may furt her
i ncl ude ab.vﬁ{agtleﬂméééZ £t the @ﬁ%’r‘%‘ﬂl? ALP experiase sbgtattisily the sapw pregpiire herigg!

i ncl ude ambydparitnbczetd MitctetiPpredsiem the first annul ar vol ume 402, which may
i ncl ude the gas nedi a 418 The pi ston 408 may be an annul ar piston. As

shown in the enbod] ated i.n ures 4A-4C, pi st on 408 may be
i sposed i thin- o WHED 45t wpHR B8 aBeriTed Moot o Suwserhah YA 1 ui d
446 | ocat &ﬁboﬁiiheat fllustsdteds indBigaks BAS(LiteNa 4591811 amernalnkydgasic rfEldi dard XBe.) ocat ed
on a second of ston 408 S se t| d U|IC fluid 446
£rom & ho BERHE 708 eFerY EBicthecine e SeRBRE T pL e s bPDBEREIG ¢ he
first si diatenfal t)hﬁdepl\&)hﬁl’t (49.8ﬁrsﬂ'bkﬁ1ul}1y Ivolnﬂler30:p)| 184y0thera BS ase|ay a4lfmanpligh-onpri se
a radial supply t @ @ @onnun% tion .hole 426 | ocated %t t he
out er walf™ S‘ffea%a%S‘FcémB PR ‘6%‘%? 8ISt T AR RGP
hydraul i c32%l uid 446 to the one or nore dynam c seals 420 of the cylinder

pi ston assenbly 406. A seal 428 |ocated bel ow the radial supply hole 424 on
the cylinder pisto S gghm I 6 from
the gas nedia 418. RQ%Q ﬁ %%gﬁf??x ﬂ&3§6akaﬁn$ggﬁg§%&§é%agkg¥§%

exper i enceitls tHespresanti taiscllqsurtehe idustratedor ds §b¢\en i iguwe 4A-46aythe pgenp eyloderzer o

differ entd @ﬁm@aﬁtﬁssw{eﬁ Aﬁ)O ma Iy 1nclu(;g|3 a gn%Qeg%l Q"‘ﬁe Hlldgr mergag'pﬁlﬁlﬁ__ér%c%%ebay one

of ordi nar iment 1[1ustrat I gures 4A-4C
simlarl yCY(l:ln@alr@s4(& & Axlinderi hatrelr 44) 2 ewhadeniehd capf410i @dmloﬂerelstongembb' vol une
422), theggb t ' T

r emai ni ng‘{():%mﬁe]% Eg fl::I]; |1 r%grgléoq gu({ee{%ﬂlﬁm&i%? ann gl}%ljvljg ghem%%)m

t hen be uBkedystem 409 mayrfirthehingihdepr Brssannelatyepdurac412reialde both hlwscyhettmqung t he
size of t1hf, g&"r‘h% d¥r ﬁ%‘rrgf‘zmr%ﬁél:’;ﬁﬁd&%ﬁ&'ﬁ%'ﬁb g%g’g%ﬁpled to the cylinder Baf@28] 11N

certain enbodi nen I'n accor dance sclosure, the cylinder
end cap 3%0,and 1@y éﬁ tsedtie closd the tpaver Pr@opfmyllﬂm baree) 4€:i3m§*rm®'eacmﬁea battoppr e
fluid acc I T, i r cap
310, 410 10y PacandeQafEh) RS, RASAL LI Fnde, Wi s1al ot NERp BB oty
poi nt i n thhdorcyid plige adisdemianelof4s pevers J000sitWO0p §top, ced tredynpremido dpment s
in accor ough
i o commaraft Bhe T REREIhyR SRR o Mt TR oPRE T 205
The cylinder rod 304, 404 may conpriseb6an axial hole 328, 432 and a radi al
hol e 330, 434 |ocated at an upper end of the cylinder rod 304, 404. The
axi al hole 328, 432 may or may not be coaxial. The axial hole 328, 432 may
communi cate with the radial hole 330, 434. The axial hole 328, 432 also may
be used to provide hydraulic fluid 342, 446 to the second vol une 320, 422

| ocated in the cylinder piston assenbly 306, 406. The axial hole 328, 432
al so may be used for initial hydraulic fluid charging as well as providing
a nmeans for periodic fluid maintenance and fluid replacenent. This provides
an advantage over the prior art because fluid replacenent can be done

wi t hout di sconnecting the cylinder accunul ator systemfromthe tension
ring. A plug 332, 436 nmay be located at the bottom of the axial hole 328,
432 The plug 332 436 may be used ‘to contaln the hydraullc f|UId 342, 446
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[.0030] In certain enbodi nents, the.cylinder accunul ator systens 300, 400
may contain a | ow pressure accunul ator 327, 427 on the blind side of the
cylinder piston assenbly 306, 406. The |ow pressure accumul ator 327, 427
may ser Vecﬁﬂdé?%isfbh%s@m%l@@O@ }n%?% 4 %Sﬁe&fasstenlglysé’rstﬁ 3l qSSQll;l %%grtn sred ]:)f om
.envi ronmnent al contam nahts or” corrosion. ressure a ator 327,
427 may beulsple@ieceso Thacrlindpriod extension dnd matl bmagpda¢ pttegh ghe'cglifder apcaptilaton be
engaged V‘é}@t@mw@@ (&Y ehm{eﬁng cﬁbd aﬁow e tc§1deh§1dl AWl SRR ﬁ&qgg%s&pr 327,

427 may be coupl ed | 1 nder via a tu 440A.
[0031] | Mlééﬂ%Yabmc@ﬂ?bédp ﬂvmygndea rgdaé% @aql shehciyghdep read s@pr él Oawmmnw oed 326,

430 may b&tén&@@h?@mgyglﬁiquame th Iaﬁe 6P A8t istef: 4!002%%%r e c&h%e RhEgpur €

accunul ator). This secondary high-pressure accunul e used
to store megistlioseals 4h¢ & sesling s gasancgiadt | Rrintiba firspannplae valyme MerTﬁlaG@ﬂmwlwat or.

In certai mqﬂmmmmogeﬁ bR, birheRd s U Sy O embl% @%ealmmet pgen
gas, conpresséd air, or any other suitabl g hi gh- pressure gas med nown to
one of or@finawykidiin the aft jwith fhe bapefit of thepreseat disgiestiiet of t he pr esent '
di scl osure. The secondary hi gh-pressure accumul ator 326, 430 rmay be coupl ed
Lp t he c§kindgr4§Pﬁwﬁﬂ0ﬂcMﬁ@h@mkﬂﬁ&nﬁﬁméﬁﬂlﬂ)&3@&na&$§ﬁm«ﬁ$§§%@m%g%@z o

i gures an t he nda re unul at or may be
Coupl od L85 FEMEH ArGRd GREEAPrs 1 B HRR Tl 428 58 SemooiiS8B 8 4408,
The pur posgindd pidie issdiblya06, fhinGni3ae Bny M@Bt bS tReOcydipdeyUBL @At ahardidiey e

hi gh- pressur e ef ween th sec ndary hi pr essure accunul ator 326, 430
and the prifmA 613813 | e furthe, ‘%Pﬁlﬁﬁrifa‘ﬁggc#fﬁ&sa{l@f CABPIBE LRFBT OB of

the firstdyaamniclsedls 420! fumeala{gza hyéﬂﬂh@ﬂulﬂ h46 iythd deekeid vaﬁmmaiz ATRd o) bdF 300,
400. The éjrst aqgﬁbar vol ume 302, .402 na Eg e bas on t he cylinder
stroke poBffEee @aytq?@l@é&?ﬁlﬂﬁfivlaﬁ’i“g T &BsTPd aYé’ 41251‘18?’ SYYBIS Y30 may
have a fi m@dgevmu[fﬁr fdMilﬁ’ @aﬁ:‘auhhﬂuml’44l6‘8.r%e&@&iﬂ@b&hﬁMZH&ﬂayr&VﬁmﬂlalV arhebl e

vol ume. eC|at @% one of rdlnar Eé in the art. with
{he benef PPABE SF*H’P% afjp ?’8‘§&P or {hf, 80eSF TOF dynaps tepls 2k mgy bg sxRofy P i s
based on Hhydewtiofial 446 nhEseodndotumet422. TREByickaliy f1(ikdi44e chay 6k Us¥R ko lubricate

hi gh- pressure acc mul .at o 43 nd.t he (vari abl e vol une)
accunul at i or more ynmmc“mkdgé im?ﬁﬂﬁg?@5Wﬂ”§%ﬁﬁgﬁﬁ%n an axi al vol ume 338,
442 may be | ocated within the cylinder end cap 310, 410. The axi al vol une
338, 442 may be colR?dIIn serddinvaybobiencanthé pull-upléydinderiaedumntikas mte&%&m w42 may
nor e

3$n;fneg g@%"é{%%g&t %é’gs qq%cat eg S%ﬁaz}zgtlnggthgl I nggs’g@%} cab élic mgyl uiiﬁe one or

mor e dynamideubedhid 436,0fon 60 fnawnméarmogmepdroéswhmb gy rrevhdde tigeegals snediar#18.

addi tion, | y C stop
during exﬂ% n%&gygﬁ?gpkﬁeréégﬁrléééyF§¥5 Mﬁ§§%%§%m§m?ﬂPFg%g{ qgﬁgﬁ
certai n ehbddi themiston 498 fohayi by dmysedewm\de@omnﬂ/thﬂr Sep@mlmwémnq‘ 42dnbetmn tlmaoaX| al

annul ar v i : F&Hﬂ' 4 : t:h

cyl i nder d qg%gég 66%%%(& Q“r%]:ﬁg“ gl? owsé? 39?%“0%5% ed1 wi1 %éegt()%a

di sconnec&epqmg stdeeof ¢hel pistere408f thussaphrtingihs ihmdralullcrﬂ;lld 4‘4fefr<brh mlnecgais snedinadlfied and
t hen add t t h t n thek . i nder
301, 201 . Pamddiieldtind e B bk SpfbchO i et luc it bR 00 Tk, A

cyl i nder spistfthgssenghin4iédesy eomprisef 4 radink supplyrbols 434. ngseontxécpnmumaemahmeﬂ@

ki1 ppasd.a e auier wal P b bR AnIROMAS 907 10 ke Biedd Brlas IR i g
t he t ot al flud 446 tefthezone ppaprei dynaphic peals| 420 pf ﬁlwylgldpremspmasemn@ys%em whal 428

| MPr OVi NG BRI YRAARE Fachal E@ng% / 2R4a! nﬁﬁﬁ& fedd R4 BY) Aola el e

present disclosure. urther nce

Fi gur es 3wdmglic flyd 4ﬁ@frhmdhfnw niedig| 418e Agtthd hyzlraﬁgc fliid 486 pgt thanghaha M(SI urre
302, 402 Wﬁ%ﬂ I nder rod
304, 404,4 gg%g%%uﬁsﬁienr nal h%%?eﬁ%aﬁﬂ%%t%? mid ﬁép% ?rienﬁ?%%% d%g?nh?l&%%qﬂé ncl ude
creating the second volune 320, 422 wfhin the cylinder piston assenbly
306, 406, and minimzing the pressure difference in the second vol une 320,
422 and the internal gas accunul ator. The nethod nmay further include

provi ding a communi cation path for the hydraulic fluid 342, 446 in the
second vol une 320, 422 to lubricate the one or nore dynam c seals 318, 420
in the cylinder piston assenbly 306, 406. Finally, the nmethod nmay include
utilizing the axial hole 328, 432 in the cylinder rod 304, 404 to adjust
the amount of the hydraulic fluid 342, 446 in the second vol une 320, 422.
In certain enbodi nents, utilizing the axial hole 328, 432 in the cylinder
rod 304, 404 to adjust the amobunt of the hydraulic fluid 342, 446 may
conprises adding and/or renoving the hydraulic fluid 342, 446 fromthe
second vol unme 320, 422 wi t hout dlsconnectlng the cyllnder accunulator
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[.0035] Therefore, the present invention is well adapted to attain the ends
and advantages nentioned as well as those that are inherent therein. The

“particul ar enbodi ments discl osed above are illustrative only, as the I

- present invention pgy,bes GRAid bedpaiadaRl i Se aiflhel T AP RbtarCG val ent
.-manner s appar ent t(fnmt Hose Sktl| gipﬁr% headél avi ng1 tr& enef ‘!f'] 0 F

t eachi ngsenthedisent illusirateden figuees 4AetC Slmlltaléy croates apraall mteendjbyﬂralmctfhei dhet ai | s

of construgti r h

cl ai ns be gwsg&lm@ Vog&ﬁere o{r?%l%b r§ g‘t{’{EtthEﬁﬂﬁ qgf%}?e?’gsu |‘fyl #’

enbodi mentdagingcnssel crd@é%revcriwye l()le? aﬁlﬁ@ﬁ@dlaOWOM|402bmamnhbnabd u@dais a
variatio e esent

i nventi orq&lﬁarﬁ hf\gﬂ?’st!esgltﬁéegg "WF ﬂ esusr?r(glg% ?I%e%{ﬁlg sch%&apy hl§ Rar Syuna’rreanl ng
unl ess ot%@ﬂw@eﬂéﬁpl icitly and cl earl y defi ned by the pat entee. The _
indefinite articles "a" or "an," as used in the clains, are defined herein

to nean one or m)rEE)OP.Sf]QH c@ﬂzﬁn anbbclﬂﬁleﬁlh @abdordahédt with tl'lenf)lre&qyﬁﬁé’losurev\%-r I'S
CLAI MED | S; i nder accumul at or system conpri sing: a

cyl i nder FgAdsF P ﬁ’@ 340, é‘;}?gla%l@l? cylger rqd 34, dimiay pemnrise orernmart fluig aggees

cylinder gopd, foR zﬁﬁﬂng NGfor B0 A MutRUP TR &yﬁncﬁepeengw:épngﬁf Lh@l’ flﬁ%} i3ed £ he
cylinder rod, and a cylinder piston assenbly disposed hin the cyli nder

barrel, viPBHBFAENS e Pithadt f"b Pecetsiedhaslam st Poipithe %gdeaawwawoe SS@@&! i ng

arr angerrem) LEDYP Th Sértigh &ABLIRhenfDIicEdAbs Gith Sl ;ﬁ'eseﬁ‘t disdigatrea 'ﬁHidarﬁa}N B une
| i nder rod. and the linder barrel: a second vol unme

coaxial to the c C
di sposed ‘&ﬁ"{l?ﬁ thmgﬁlét hisypemmyaicatigng perh 3%% dhmithout sfrpkangitey gylinden 3gh 48HeBhur e
accunul at@finder rod 304, 404 may comprise an axial hole 328, 432 and a radial hole 330, 434 located at

an upper end of the cylinder rod 304, 404. The axial hole 328, 432 may or may not be coaxial.
The axial hole 328, 432 may communicate with the radial hole 330, 434. The axial hole 328,
432 also may be used to provide hydraulic fluid 342, 446 to the second volume 320, 422 located

- in the cylinder piston assembly 306, 406. The axial hole 328, 432 also may be used for initial
hydraulic fluid charging as well as providing a means for periodic fluid maintenance and fluid
replacement. This provides an advantage over the prior art because fluid replacement can be
done without disconnecting the cylinder accumulator system from the tension ring. A plug 332,
436 may be located at the bottom of the axial hole 328, 432. The plug 332, 436 may be used to
contain the hydraulic fluid 342,_446 within the axial hole 328, 432. The cylinder rod 304, 404
may have a second radial hole 350, 450 located at the lower end that communicates with the
axial hole 328, 432.

[0029] In certain embodiments in accordance with the present disclosure, the
cylinder rod extension 3 12; 414 may be coupled to the bottom of the cylinder rod 304, 404. The
cylinder rod extension 312, 414 may provide a mechanical attachment to a tension ring (not
shown) of the system. The cylinder rod extension 312, 414 may have a radial hole 334, 438 that

- communicates with the second radial hole 350, 450 located in the cylinder rod 304, 404. A pair
of seals (not sho'wn) adjacent to the second radial hole 350, 450 may serve to contain and

channel hydraulic fluid 342, 446 to the second radial hole 350, 450 in the cylinder rod 304, 404.
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a | ow pressure accunul ator; and one or nore tube manifolds
coupling the external high-pressure accunulator and | ow pressure
“accunul ator to the cylinder. 2. The systemof claim1l, wherein the second

vol ume i s .an annul fy30/Gh WeRrin embodiméhts, HACyENERE §RuBiakk & ik 300N 8d0EhLY, t he
I n

:cylinder end cap conprises a dynam c Seal 'ng arrangene 1 conprising one or
nor e dyna‘?ﬁl@msfé&%maﬁweécwwfa}@ée@é qoche blinskrsiderad’ thf cydiddir pitanadsamdiovi ng a
hyd_r aul i 0366! &U6d T 1&\9—??&:?5%& Wcﬁrﬁul%}&%ﬁﬂ@%gy &%l 3 .Tnalintain thez}:iea%_lm%ssséﬁﬁeem of
claim1, wherein the cylinder rod conprises an axial supply hole, "and

wher ei n tSyéemxangd| protesility fram| envérgppéntad scontaimjrdnts udti corfdsiend fbe tidve-premond

vol une. IR 4 B Qfzed Pk :)!V@lﬁﬁ h3nd B6y GYbk R9&ER Rios*

assenbl y %ﬁﬁ%ﬁig%§ﬁ§n§Z§%gl cgﬁﬁﬁﬂ?catybn oﬁquygﬁﬁﬁﬁk g g@%gﬁéd?%Pﬁs
conmmuni caingeRef rvgientthe cylinder fullsi rratrasts. v Ghe tpav-presstitseacswndatar 91, #a# may be

subst ant i(%qu)l)fd@)qlé@éyirl{ﬁ&e?gOf,b@hﬂﬁgﬁﬁgﬁlﬁnf.f(gdgzéyqﬁf@k” ic fluid located in the

second vol une and t'he gas nedi a. € systemof claimi1, “Wwherein g
the dynam c seal ing arrangenment of the cylinder piston assenbly is expose
to a hydraulic fl LRGS0 EHEn RGeS} AAgeondary hlg‘?'?f.essFFFeaCE%‘tlﬁﬂﬁ . ¢1hi m 4,

wher ei n tihgy Ke)lbdated @itsidk 5t BB cAMIETDE. Yexeinth] higBpfeddukd BEmIIR6r) CORP Eéc§1§i_a§n e or
I n the radi al s? hol es provi de

T o ke S e Bl B o s o e

second Vvahél@Rinder/accumulator. In certain embodiments, the high-pressure gas media may include
nitrogen gas, compressed air, or any other suitable high-pressure gas media known to one of
ordinary skill in the art with the benefit of the present disclosure. The secondary high-pressure
accumulator 326, 430 may be coupled to the cylinder 301, 401 via a tube manifold 336B, 440B.
As shown in Figures 3A and 4A, the secondary high-pressure accumulator 326, 430 may be
coupled to the cylinder end cap 310, 410 via the tube manifold 336B, 440B. The purpose of the
tube manifold 336B, 440B is to communicate and move high-pressure gas between the
secondary high-pressure accumulator 326, 430 and the primary accumulator. The primary
accumulator may be comprised of the first annular volume 302, 402 of the cylinder accumulator
system 300, 400. The first annular volume 302, 402 may change based on the cylinder stroke
position. Thus, the secondary high-pressure accumulator 326, 430 may have a fixed volume,
whereas the primary accumulator may have a variable volume. As would be appreciated by one
of ordinary skill in the art with the benefit of this disclosure, the cylinder stiffness or spring rate
is based on the total volume of both the secondary (fixed volume) high-pressure accumulator

326, 430 and the primary (variable volume) accumulator.

[0032] In certain embodiments, an axial volume 338, 442 may be located within
the cylinder end cap 310, 410. Thé axial volume 338, 442 may be coaxial and may be annular.
The axiai volume 338, 442 may be used to lubricate a dynamic sealing arrangement comprising
one or more dynamic seals 360, 460 located in the cylinder end cap 310, 410. The one or more
dynamic seals 360, 460 may be high-pressure dynamic seals. In addition, the axial volume 338,
442 may serve as a “soft” hydraulic stop during extreme events whereby the cylinder may
become fully extended. In certain embodiments, a fluid may be added and/or removed from the

-9.



8. The systemof claim1l1l, wherein the cylinder piston assenbly conprises an
axi al communi cation hole by which a gas nedia is communi cated fromthe
“first annular volume to the second volune, nmaintaining a hydraulic fluid

| ocat ed 'aaa,tlmeanﬁ@&%ﬂnﬁfe%@mmpmg 36mBacATRA forflaocRple i &AM ERg b ough
.direct contact. 9. The systemof claim1, wherein the cylin furt

conpri ses’l§, ¢4 |Husa¢110ﬁ~éaeplacm—the @b’dp’l’lé@u& @saopeciing 'ihnéélvndbnfr@relthe famljona

cyl i nder %d ”l%tfﬁﬂislls ml&au&i i Ll Bfo X i BRE p&RTwithout the n%gt ItE(ﬁ(le%YeSt em of
claim?9, erein the cylinder rod extension conprises a ra ,

wher ei n tqyén¢eaé9b|40hdq> eeneqymiiriubblesess inireqiirgd sidth prigr prd @ildup leplinslerst Fhire
cylinder 50d4 ificant fime Ay (Mo e TTE=Yoxod WTag ] EefySt €m conpri si ng:

a cyli ndeﬂr coerislrglmsllc?lg relllecy‘%lyérslder rglc, a c;q%(ﬁ({e barrel coaxial to the
cylinder rod, a cylinder end cap cou(g%ed to_the cylinder barrel and_the

cylinder rod, and EOR314siead by understoorsyans of orginapykulin flierar with the bengfit nger |

barrel, W&ﬁl@ldﬁcbﬁﬁe ,GY InbtAGE for ReERR tl@stﬁﬁmké’oﬂﬁ)lﬁﬁdm&ﬁﬁ péll- d;ya@m ténsfoad 1 Ng
arrangenent COprI’I Si ng. one_ _or nore dynam c. seal S, a first_ annul ar vol une

coaxi al t¥StERevhil AQRIng mpiptepaprettime 4od reqygiag Sitfate/rr@ks Is proyified by REPrERTRL
di sposed décldlin®. M eerfiif éntsbRAIMAALsS Wk fidhSErfidrahce to Figures 3A-4C, the method may

include utilizing the first annular volume 302, 402 located between the cylinder barrel 341, 445

and the cylinder rod 304, 404, as an internal gas accumulator. The method may further include
creating the second volume 320, 422 within the cylinder piston assembly 306, 406, and
minimizing the pressure difference in the second volume 320, 422 and the internal gas
accumulator. The method may further include providing a communication path for the hydraulic
fluid 342, 446 in the second volume 320, 422 to lubricate the one or more dynamic seals 318,
420 in the cylinder piston assembly 306, 406. Finally, the method may include utilizing the axial
hole 328, 432 in the cylinder rod 304, 404 to adjust the amount of the hydraulic fluid 342, 446 in
the second volume 320, 422. In certain embodiments, utilizing the axial hole 328, 432 in the
cylinder rod 304, 404 to adjust the amount of the hydraulic fluid 342, 446 may comprises adding
and/or removing the hydraulic fluid 342, 446 from the second volume 320, 422 without
disconnecting the cylinder accumulator system 300, 400 from the tension ring or stroking it to

remove any gas bubbles.

[0034] As would further be appreciated by one of ordinary skill in the art with the
benefit of this disclosure, the pull-up cylinder accumulator system may reduce the size
requirements of the external secondary high-pressure accumulator. Specifically, the system may
provide for reduced overall cylinder and/or accumulator weight, reduced overall cylinder and/or
accumulator cost, and a smaller external cylinder assembly size envelope, which. eases
installation. In addition, certain embodiments of the present disclosure may reduce the hydraulic
fluid volume and provide an easier and safer method for replacing it. A reduction in hydraulic
fluid volume may result in reduced cylinder and/or accumulator weight, reduced costs for
hydraulic fluid, reduced time to maintain and change out hydraulic fluid, and a reduction in size
of service/maintenance cart requirements.

_10_



a piston disposed within a bore of fhe second vol unme between a hydraulic
fluid located on a first side of the piston and a gas nedia |ocated on a
~second side of the piston, wherein the second side of the piston is
opposite the fir St 0§3ﬂefh91fefotr@qh€p %éﬂp mv@ﬁhoﬁé& %Jeﬂazlda}r{&gn) 6P 8l énds and
accunul ator; a | ow pressure accu at or one or nore tube
mani f ol dsad&mmm mgnttoned excwelt anthobd dht-gse éhetentethereioy miegagiculan dmbaimgtessur e
accumul at (ﬁgclf}sgd &tmee ¥ llllltﬂ Slve on1y, as thé'grese-ﬁpﬁlvé‘)ﬁ%;l%%t: n‘ﬁ)ldﬁ‘leﬁ] rH' raXYﬁ%ﬁJ n the
second volune 1s an annular vo The” system of "cP

wher ei n tmé‘ergraévuhe@il\aile@brmmesﬁe@pmentl tedhaqse @h@ednfn the @ndlg@ng desbeoefited rﬂm’ essed
air. Sy ]m%‘ t d Spr i ses
an axi al tgihc'ilpl{)}lgs Iﬂgllne gen\%/l%eﬁg?llrll énsaéy?g hd}d Fq}lﬁi}{%téelﬁsﬁ{co%?glgﬁ

hydr aul i odesiguhetein shavire OélelctbmS\ﬂ@Wuh@i in the Clalms_Ef_?lOWhlé lsygle@m Qﬂideoll thitrihe1 1,
wher ei n t b oul iiRdeive %ﬁle&leEtQ 'ﬁEEfo?e% b@véj)ﬁ'g? glt&@@'o} Dbl %P@%ﬁ‘%ﬂéh
conprising one or nore dynam c seal s and access port tor one of
addi ng an@np@mvtewgnsedemddwm the sgope; prfl ipﬁlt@éﬁ@@ﬁsewft\’hmtqlie Adspniigitemg | S.

the claims have their plain, ordinary meaning unless otherwise explicitly and clearly defined by
the patentee. The indefinite articles “a” or “an,” as used in the claims, are defined herein to

mean one or more than one of the element that it introduces.
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16. The system of claim 14, wherein the cylinder piston assenbly and the
cylinder rod conprise one or nore radial supply holes for providing

~communi cati on between the axial supply hole of the cylinder rod and the
second vol.une. 17. The system of claim 11, wherein the second side of
:the pi st owHAT ISICINIMEES IScont act with the gas nedia, and wherein the gas
nedia is located in the first annul ar vol une, 18. The system of claim
11, wherein tye pi top in the secogd volume is an annul ar piston. 19.
A method for Peduct SR T EPUFOYIEM SPIRIYNEdi t i onal pul | -up style

t ensi oner  system awylindericoqapidsmggcytinden r@h) aaginden tarrelatoakifladl the ichighdsadody y

ri sks conprisin

cyl i nder ‘éyer’g‘Trgegﬂ (ufg% lc‘!(’:lizp:lelra%a gﬁ’g {;yglila%{s g%ﬁl ?anhtt ‘%)lfzrg{ﬁﬁa;rggg%’ dlﬂﬁ%’?‘h%(\% &’?Stoglr eating
a second assembiyedivpokdal wittdn e |ciylirdier bapies whirestie tfdinyér piston assembly comprises a
dynamic sealing arrangement comprising one or more dynamic seals; |
a first annular volume coaxial to the cylinder rod and the cylinder barrel;
a second volume disposed within the cylinder piston assembly;
an external high-pressure accumulator;
a low-pressure accumulator; and
one or more tube manifolds coupling the external high-pressure accumulator and
low-pressure accumulator to the cylinder.

2. The system of claim 1, wherein the second volume is an annular volume.

3. The system of claim 1, wherein the cylinder-end cap comprises a dynamic sealing
arrangement comprising one or more dynamic seals and a fluid access port for one of adding and
removing a hydraulic fluid in contact with the dynamic seals.

4. The system of claim 1, wherein the cylinder rod comprises an axial supply hole,
and wherein the axial supply hole supplies a hydraulic fluid to the second volume.

5. The system of claim 1, wherein the cylinder piston assembiy comprises an axial
communication hole by which a gas media is communicated from the first annular volume to the
second volume, substantially equalizing the pressure in a hydraulic fluid located in the second
volume and the gas media.

6. The system of claim 1, wherein the dynamic sealing arrangement of the cylinder
piston assembly is exposed to a hydraulic fluid in the second volume. |

7. The system of claim 4, wherein the cylinder piston assembly and the cylinder rod
comprise one or more radial supply holes, and wherein the radial supply holes provide
communication between the axial supply hole of the cylinder rod and the second volume.

8. The system of claim 1, wherein the cylinder piston assembly comprises an axial
communication hole by which a gas media is communicated from the first annular volume to the
second volume, maintaining a hydraulic fluid located in the second volume and the gas media at
equal pressures through direct contact.

9. The system of claim 1, wherein the cylinder further comprises a cylinder head
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m ninizing the pressure difference in the second volune and the internal
gas accunul ator; providing a communi cation path for a hydraulic fluid in
the second volume to lubricate one or nore dynam c seals in the cylinder
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11. A cylinder accumulator system comprlsmg

a cylinder comprising a cylinder rod, a cylinder barrel coaxial to the cylinder rod,
a cylinder end cap coupled to the cylinder barrel and the cylinder rod, and a cylinder piston
assembly disposed within the cylinder barrel, wherein the cylinder piston assembly comprises a
dynamic sealing arrangement comprising one or more dynamic seals;

a first annular volume coaxial to the cylinder rod and the cylinder barrel;

~a second volume disposed within the cylinder piston assembly;

a piston disposed within a bore of the second volume between a hydraulic fluid
located on a first side of the piston and a gas media located on a second side of the piston,
wherein the second side of the piston is opposite the first side of the piston;

an external high-pressure accumulator;

a low-pressure accumulator; and

one or more tube manifolds coupling the external high-pressure accumulator and
low-pressure accumulator to the cylinder.

12. The syéfefn of claim 11, wherein.the second volume is an annular volume.

13.  The system of claim 11, wherein the gas media comprises at least one of nitrogen
gas or compressed air.

14.  The system of claim 11, wherein the cylinder rod comprises an axial supply hole,
and wherein the axial supply hole supplies a hydraulic fluid to the second volume.

15. The system of claim 11, wherein the cylinder end cap comprises a dynamic
sealing arrangement comprising one or more dynamic seals and a fluid access poﬁ for one of
adding and removing a hydraulic fluid in contact with the dynamic seals.

16.  The system of claim 14, wherein the cylinder pisfon assembly and the cylinder
rod comprise one or more radial supply holes for providing communication between the axial
supply hole of the cylinder rod and the second volume.

17. The system of claim 11, wherein the second side of the piston is in direct contact
with the gas media, and wherein the gas media is located in the first annular volume,

18.  The system of claim 11, wherein the piston in the second volume is an annular
piston.

19. A method for reducing the total size of a traditional pull-up style tensioner system
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while improving maintenance time and reducing safety risks comprising:
utilizing a first annular volume located between a cylinder barrel and a cylinder
rod as an internal gas accumulator;
creating a second volume within a cylinder piston assembly;
minimizing the pressure difference in the second volume and the internal gas
accumulator;
providing a communication path for a hydraulic fluid in the second volume to
lubricate one or more dynamic seals in the cylinder piston assembly;
utilizing an axial hole in the cylinder rod to adjust the amount of the hydraulic
fluid in the second volume.
20.  The method of claim 19, wherein utilizing an axial hole in the cylinder rod to
adjust the amount of the hydraulic fluid comprises one of adding and removing the hydraulic

fluid from the second volume.
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